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BBEJEHHUE

B naHHbBIi COOpHMK BKIIIOYEHBI MaTepuaiabl MexmayHapoaHOU
Hayuno - [IlIpaktuueckoiri CryneHueckod KoH(pepeHuUu
«GENETICS + CLIMATE: yactora kak BbI30B». 4 Mapra
2026 rona.

4 wmapra 2026 roma. Ha 0aze Kazaxckoro HalMOHaJbHOTO
yHuBepcutera uMeHn anb-®apabu  Kadenpoit  OOmieit
BpaueGnoit Ilpaktuku Obia mpoBeaeHa MexayHapoaHas
CryneHueckass HAy4HO - MpaKTU4YeCKasi KOH(PEpeHIUs Ha TeMy
«GENETICS + CLIMATE: yactota xak Bb3oB». Kondepenmus
npoiia B rudpugHom (opmare, Briarouas oddiaaiiH-ydacTue u
OHJIAMH-TPAHCIIALIMIO, YTO IIO3BOJMJIO TPHUBIEYb HIUPOKYIO
ayIUTOPUIO.

C npuBeTCTBEHHBIM CcJIOBOM BblcTynuiau Jlekan ®akynbTeTa

Menununsl U 3apaBooxpanenus k.M.H. Kanmaxanos C.b.:

"Hayka u oOpa3oBaHHME WrparOT KIIOYEBYIO pPOJb B
pa3BuTHHM Hamiero ooOmectBa. Bame ywactme B 9TOM
KOH(EpEeHIIMN TOATBEPKIAET BaIly 3aMHTEPECOBAHHOCTH B
MOVICKE HOBBIX 3HAHWW M CTpEeMJICHHE K TpodeccruoHaIbHOMY
COBEPIICHCTBOBAHUIO. YBEpPEH, 4YTO CEroJHs Mpo3BydYaT
WHTEPECHbIE JOKJIA/Ibl, BOSBHUKHYT MPOJYKTUBHBIE NUCKYCCUU U

pOASATCST HOBBIE MIEH, KOTOPBIE HAWAYT MPAKTUYECKOE



MIPUMEHEHHE. Beipakato  MCKpPEHHIOW  0JarogapHOCTh
OpraHu3aTOpaM MEPONPUSITUS, a TAKKE BCEM YYaCTHHUKAM 3a
BKJIaJl B ycrmex »Tol koHpepeHiuu. XKenaro BaM BJOXHOBEHUS,
IJIOJOTBOPHON pabOThl M HOBBIX OTKpbITUH. Cnacubo 3a
BHUMAaHME, U JJaBalTe HAYHEM Halry nporpammy!”
Kondepennus Obiia mocBsineHa KiIr4YeBbIM Bbi3oBaM  XXI
BEKa: BIUSHUIO KIMMATUYECKUX M3MEHEHUW U DKOJOTHUECKUX
(bakTOpOB Ha PACHPOCTPAHEHHOCTh T€HETHYECKUX U OphaHHBIX
3a007eBaHNi, a TakkKe TpaHcPOpMaIllud MEAUIUHBI TI0]
BO3JICUCTBUEM IIU(PPOBBIX TEXHOJIOTUH U HMCKYCCTBEHHOTO
MHTEJUICKTA.

VYyactHuku koHpepeHuu: B MeponpusITUN NPUHAIN ydacTue
IpeACTaBUTENN BCEX MEAUIMHCKUX By30B KazaxcTtaHa, a Takxke
BEJyIIME CIEIUATUCTBI U DKCIIEPTHI B 00JIACTH METUIIUHBI.
Meponpustue CTaJlo IUIOMAIKOW Isi OOMEHa 3HAHUSIMH H
OUCKYCCHUM MEXAY CTYIAEHTaMH, MOJOABIMU YYEHBIMU U
AKCIIEpTaMu B 00JIACTH MEAUITUHBI, OMOIOTHH M TEXHOJIOTHIA.

B pamkax koudepeniuun Obiio 44 MOKIagYMKA, KOTOPHIC
npuBiekin BHUMaHue 106 ciymareneil. Hayuynas mporpamma
TAaK)K€ BKJIIOYAJla JiIBa NOCTEPHBIX JOKJIaAa, JOMOJHHUBIIHE
JUCKYCCHUI0O M PAacHIMPHUBIIME CHEKTP MPEJICTABICHHBIX
HCCIIEJOBAHNN.

Kaxnpiii y4acTHHUK MOMYy4YHJI UHAMBUAYAIbHYI) HOMHUHALUIO U
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cepTUdUKAT, OTPAXKAIOUIYI0 YHUKATBHOCTh €ro Hay4YHOTO
BKJIAJIa.

Kondepennun 3aBepminiach pe3lOMUPOBAHUEM BBIBOJOB U
0J1arolapHOCThIO OpraHU3aTOpaM, YYaCTHUKAM M JOKJIaJ4MKaM
3a aKTMBHOE Y4YaCcTHE U BBICOKMU YpPOBEHB IMPECTABICHHBIX

MaTepHUaOB.
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Abstract
Background: Climate change and increasing environmental
burdens intensify exposure to chronic stressors, highlighting the
need to better understand gene—environment interactions

mediated by epigenetic mechanisms.

Aim of the study: To assess public awareness of the impact of
chronic stress and environmental factors on epigenetic
regulation of gene expression and to analyze deterministic
beliefs and urban—rural differences.

Methods: A pilot cross-sectional online survey was conducted
between January and February 2026. Participants’ knowledge of
epigenetics, perceptions of environmental stressors, and
understanding of biological effects were evaluated using a

structured questionnaire. Data were analyzed descriptively.



Results: Although 78.1% of respondents had heard the term
“epigenetics,” 40.6% incorrectly identified gene mutation as an
epigenetic mechanism, and 43.8% expressed genetically
deterministic ~ views.  Meanwhile, 81.2%  recognized
environmental influences on gene expression, and 75.0%
reported willingness to adopt preventive lifestyle changes.
Urban participants more frequently reported environmental
stressors (38.9% vs. 16.7% in rural areas), yet only 59.4%
associated stress with biological changes.

Conclusions: A substantial awareness—comprehension gap
persists, underscoring the need for mechanism-based health
education to address climate-related environmental health risks.
Keywords: Epigenetics, DNA modification, environmental
factors, climate, stress.

Introduction

In the context of climate change and increasing environmental
burden, exposure to chronic stressors—including air pollution,
heat extremes, and psychosocial stress—is intensifying and is
increasingly recognized as a significant risk factor for the
development of chronic diseases [1]. Contemporary epigenetic
research demonstrates that such exposures can alter the
regulation of gene expression without changes in DNA

sequence, leading to long-term biological consequences and
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shaping individual health trajectories [2].

Despite growing scientific and public attention to
epigenetics, population-level  understanding of gene—
environment interactions remains limited [3]. Genetically
deterministic beliefs persist, whereby health is perceived as fully
predetermined by heredity, while the role of modifiable
factors—particularly  chronic stress and environmental
conditions—is underestimated. Such conceptual confusion may
reduce engagement in preventive behaviors and hinder
recognition of climate-related health risks [4]. Furthermore,
little is known about how these perceptions differ between urban
and rural populations experiencing unequal environmental
exposures and stress burdens [5].

This pilot study aims to assess public awareness of epigenetic
mechanisms, with a specific focus on perceptions of chronic
stress and environmental influences on gene expression. The
study further examines the prevalence of deterministic attitudes
and explores differences between urban and rural respondents in
exposure profiles and depth of understanding of gene—
environment interactions. By integrating primary survey data
with empirical epigenetic research, this work seeks to identify
priority targets for health education that support health literacy

and contribute to reducing environmentally driven health
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inequities.
The aim of the study
The aim of this pilot study was to evaluate public awareness of
the impact of chronic stress and environmental factors on
epigenetic regulation of gene expression and to analyze
deterministic beliefs and urban-rural differences among
respondents.

2. Materials and methods
This pilot cross-sectional study was conducted between January
10 and February 10, 2026, using an online survey format and
included 32 participants. Data were collected through a
structured author-developed questionnaire designed based on
contemporary concepts in epigenetics, gene—environment
interactions, and public health, as well as previous studies
addressing public perceptions of epigenetics and genetic
determinism. The questionnaire consisted of five thematic
sections:
Section A — demographic characteristics (age, sex, living
conditions);
Section B — basic knowledge of genetics and the presence of
deterministic beliefs regarding the role of heredity in health;
Section C — awareness of epigenetics, sources of information,

and understanding of its basic definition;
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Section D — perceptions of the effects of chronic stress and
environmental factors (air pollution, climate, nutrition, physical
activity) on gene expression, as well as understanding of
underlying biological mechanisms;

Section E — behavioral attitudes, including willingness to
modify lifestyle and views on the need for earlier education in
epigenetics.

Statistical analysis was descriptive in nature, with results
presented as percentage distributions. Comparative analyses
were additionally performed between urban and rural
respondents. Participation was voluntary and anonymous.
Results and discussion

Participants were predominantly young adults, with females
comprising 56.2% of the sample and males 43.8%; the median
age was 24 years. Regarding residence, 56.2% lived in urban
areas, 21.9% in semi-urban settings, and 18.8% in rural areas.

3. Public Understanding of Epigenetics: Awareness Vversus
Comprehension

3.1 High Awareness, Limited Mechanistic Understanding
Survey results revealed that 78.1% of participants had
previously heard the term “epigenetics,” primarily through
university education, with additional exposure via scientific

articles, social media, and other sources. This level of awareness
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aligns with findings reported by Lynch et al., who documented
widespread recognition of epigenetic terminology but
substantial gaps in conceptual understanding [6].

When asked to identify epigenetic mechanisms from a multiple-
choice list, 59.4% correctly selected DNA methylation and
37.5% identified histone modification. However, 40.6%
incorrectly selected gene mutation, and 37.5% chose change in
DNA sequence, both of which represent genetic rather than
epigenetic processes. This confusion reflects a fundamental
misconception that may undermine accurate risk perception and
health-related decision-making.

3.2 Persistence of Genetic Determinism

Despite exposure to epigenetic concepts, deterministic beliefs
remained prevalent. A total of 43.8% of respondents agreed or
expressed uncertainty that genes alone determine health.
Similarly, 31.2% believed that possessing a disease-associated
gene inevitably leads to disease development.

These findings echo the work of Waggoner and Uller, who
argue that epigenetic mechanisms are often portrayed as
decisive drivers of traits and health outcomes, effectively
reproducing reductionist thinking. Rather than displacing
biological determinism, such framing risks repackaging it as

“epigenetic determinism” [7].
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3.3 Recognition of Environmental Influences

Encouragingly, 81.2% of respondents agreed that environmental
factors such as pollution, diet, and climate can affect gene
expression, and 75.0% expressed willingness to modify their
lifestyle if informed that such changes could influence gene
expression.

When asked which factors influence health beyond genetics,
respondents most frequently selected stress (87.5%), physical
activity (78.1%), diet (71.9%), and environment (68.8%). These
results indicate a receptive audience for mechanism-based
education explaining how modifiable exposures translate into
biological changes through epigenetic pathways.

4. Environmental Health Risks and Epigenetic Mechanisms

4.1 Heat Exposure and Epigenetic Aging

Recent epigenetic research demonstrates that short-term
exposure to high heat is associated with accelerated epigenetic
aging, even when air pollution levels are low, whereas air
pollution alone shows weaker and inconsistent effects [8].

These findings are particularly relevant given that 12.5% of
respondents identified climate-related factors, including heat
and weather extremes, as major stressors, primarily among
urban residents. The biological embedding of heat stress through

epigenetic aging pathways represents an important but
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underrecognized mechanism linking climate change to health
disparities.

4.2 Air Pollution and DNA Methylation

Air pollution is among the most extensively studied
environmental exposures in epigenetic epidemiology and is
associated with increased risks of cardiovascular, metabolic, and
respiratory diseases through alterations in DNA methylation and
inflammatory pathways [9, 10].

Urban respondents reported environmental stressors such as
noise, pollution, and overcrowding nearly twice as frequently as
rural respondents (38.9% vs. 16.7%). However, only 68.8% of
the total sample recognized environment as a determinant of
health, highlighting a disconnect between exposure and
awareness.

4.3 Noise Pollution as an Epigenetic Stressor

Transportation  noise  represents an  underrecognized
environmental health risk with documented epigenetic effects,
including changes in DNA methylation, histone modification,
and microRNA expression [11, 12].

Among urban respondents who reported stress, 38.9% identified
environmental conditions including noise as major stressors,
compared with 16.7% of rural respondents. However, only

59.4% associated stress with biological changes in the body,
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while 21.9% believed stress causes only immediate symptoms,
suggesting limited understanding of chronic biological
embedding through epigenetic mechanisms.

5. The Urban-Rural Divide in Stress, Exposure, and
Knowledge

Analysis by residence revealed distinct stress profiles. Urban
residents most frequently reported academic pressure (66.7%),
environmental conditions (38.9%), financial concerns (38.9%),
interpersonal issues (27.8%), and climate-related stressors
(22.2%). In rural settings, academic, family, and interpersonal
stressors predominated.

Environmental and climate-related exposures were reported
primarily by urban respondents, consistent with frameworks
emphasizing urban-rural gradients in clustered environmental
risks and epigenetic vulnerability.

The central finding of this study is a substantial gap between
awareness and comprehension of epigenetics. While most
respondents had heard the term, confusion between genetic and
epigenetic  processes  persisted, alongside  genetically
deterministic beliefs.

At the same time, the majority expressed willingness to adopt
healthier behaviors, indicating strong potential for preventive

interventions. These findings support calls for mechanism-
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focused education that clarifies the probabilistic nature of
epigenetic effects and avoids simplistic determinism. Evidence
linking heat, air pollution, and noise exposure to DNA
methylation and epigenetic aging provides a tangible biological
model of environmental embodiment. Communicating that
epigenetic changes are measurable, potentially reversible, and
unequally distributed due to structural factors may help bridge
individual and societal narratives in climate and environmental
health.

Conclusions

This pilot study reveals a substantial gap between public
awareness of epigenetics and mechanistic understanding of
gene—environment interactions. Although most respondents
were familiar with the term “epigenetics,” confusion between
genetic and epigenetic processes and persistent deterministic
beliefs remained common. At the same time, the majority
recognized the role of environmental factors and chronic stress
in health and expressed willingness to adopt preventive
behaviors, highlighting both existing misconceptions and
significant educational potential.

Urban respondents reported greater exposure to environmental
stressors, including noise, pollution, and climate-related factors,

yet understanding of the biological consequences of these
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exposures was limited across geographic settings. These
findings underscore the need for mechanism-based health
education that clarifies the probabilistic nature of epigenetic
effects and links environmental conditions to long-term health
outcomes, particularly in the context of increasing climate-
related risks.
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N3yuyeHnune pacnpocTPpaHEHHOCTH AJLIEPrHYECKUX
3a00/1eBaHUil HA MpuUMepe OPOHXUAIbHOI acTMbI B XXI
BeKe
Crpok Asiuna bBopucoBHa
Kannunatr MeJUIMHCKUX HaYK, aCCUCTEHT Kadeapbl o01en u
KJIMHUYECKOHN (hapMaKoIoruu
Poccutickuii ynusepcumem opyoicovl Hapooos, Poccus
Tpouun Aprém Hukosmaesnu
Crygenr Il xypca
@I'A0Y BO Poccuiickuii Ynuseepcumem J[pyscovr Hapooos
um.Ilampuca Jlymymowi, Poccus
Annomayusa: bponxuanvHas acmma ocmaémcs OOHUM U3
Haubonee pacnpoCmMpaHéHHbIX  XPOHUYECKUX  3a00NeB8aAHULL:
yucno OoNbHLIX 6 Mupe npesviiaem 250 MaH yenogexk U
npoooaxcaem pacmu. B pabome paccmampusaiomcs ocHo8Hbie
Gaxmopvl pocma 3abonesaemocmu — 3dazpsA3HeHUe B8030yXd,

yp6aHu3a14uﬂ, KiumamudecKkue UsMeHeHusl u nepuHamdailbHble

Gakmopvl pucka — a makdice Co8peMeHHble N00X00bl K
mepanut, BKIIOUASL buonocuueckue npenapamol.
lloouéprueaemcs Heobx00umMocms KOMNIEKCHbIX

npouiakmuieckux — mep U YCMPAHeHus  2100aAlbHO20
Hepasencmea 8 00Cmyne K JleueHuro.

KuarwueBble cjoBa: OpoHxuandbHas acTtMa, ypOaHu3auus,
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3arpsi3HEHUE BO3AyXa, U3MEHEHUE KIMMaTa
Bponxuanwnas actma (BA) 01HO M3 OCHOBHBIX XPOHUYECKHX
HEMH(EKIMOHHBIX 3a00J€BaHUN y B3pOCHBIX U JETeH,
aCCOIMMPOBAHO C  BBICOKOW  COLMAIIBHO-KOHOMHUYECKOM
Harpy3kod Ha oOmecTBo, Kak oTMeuaeT BcemupHas
opraHuzaius 3/ApaBooxpaHeHus. Ha gaHHBIH MOMEHT B MUpE
HacuuThiBaeTcs okojo 300 wmwumoHoB OonbHBIX BA [1].
CornacHo wuccnenosanuio Global Burden of Disease (GBD)
2021 roma k 2050 roay oxwumaercs 275 mumnonos (224—-330)
cinydaeB actMbI[2]. K 2024 roay oreHKH BO3pociu J10 Oosee
250 MuUTHOHOB YenoBeK 10 gaHHbIM BO3. AOCOIIOTHOE YHUCIIO
NalUEHTOB IPOJIOJKAET YBEIINYUBAThCS BCJIEJICTBHE
AKOJIOTHYECKUX (haKTOpOB, ypOaHU3auu, oOpa3a >KU3HU U T.J.
[2,3,4,5]

B Poccuiickoii  ®enepanmu  3a0071€Ba€MOCTh  TSKEIION
OpOHXaJTLHON aCTMOM CYIIECTBEHHO 3aHMIKCHA, a 3HAUYUTEIIbHAS
gacTh W3 8,5 MmIInoHa OOJBHBIX acCTMOW HE MOJy4YaroT
aJICKBaTHOTO JICUEHUS.[O]

DaxkTopbl, BIUAKIINE HA POCT 3200,1€BA€MOCTH.
3arpsizHeHHe aTMOC(EpPHOTO BO3MyXa KaK OJUH W3 KITFOYEBBIX
(aKkTOpOB Pa3BUTHS aCTMBI.

VYcTaHOBIIEHO, YTO 3arpsi3HEHUE BO3/1yXa HAMNPSIMYIO BIUSET Ha

3a00J1€BaEMOCTh aCTMOM Yy B3pOCIbIX. bbUIO 0OHApY»XEHO, 4TO
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KaXJIble  JIOMOJHUTENbHBIE 5  MKI/M®>  KOHIEHTpaluu
MEJIKOJIUCTIEPCHBIX YacTull PM2,5 yBenuuuBaroT puck pa3BUTHUs
acTMbI y B3pociibix Ha 7%, a kaxasie 10 mxr/m®* NO, — Ha
11%. [3] BaxHO OTMETHTBH, YTO JETH OO0Jiee YSI3BUMBI K
BO3JCHUCTBUIO 3arpsi3HEHUsS] BO3AyXa, 4YEM B3pocible. [4]
ATMmocepHbie 3arpsS3HUTENN JEUCTBYIOT Ha HECKOJIbKHUX
YPOBHSIX: OHU aKTUBUPYIOT KaK TUIOBBIC, TAaK U HETUITMYHBIC
BOCIIAJIUTEIbHBIE  MYTH, CTUMYJHPYIOT  BBICBOOOXICHUE
snuTenuanbubix nuTokuHoB (TSLP, IL-33, IL-25), napymaioT
OapbepHyI0 (DPYHKIUIO ABIXaTEJBHOIO HIUTENHS, YCHIUBAIOT
OKCUJATHBHBIM CTpecC M TEM CaMbIM MpeapacroaraiT K
Pa3BUTHIO aCTMBI

Ypbanuzamus.

VYpOanuzamusi SBISETCS OJHUM M3 KIIOYEBBIX JKOJIOTUYECKHUX
dakTOopoB pocTa  pacHpoCTPaHEHHOCTH JIETCKOW  aCTMBI.
['oponickue yclioBUS KU3HU XapaKTEPU3YIOTCS TOBBIIICHHBIM
BO3JIelicTBUEM HapyxHbIX 3arpssauteneit (PM2,5, NO,, o30n),
YCUJIEHHOM  JKCIO3UIMEH BHYTPUKOMHATHBIX  aJUIEPr€HOB
(kmemy JOMallHEeW MbUIM, TapakaHbl, IJIECHEBbIE T'PUOKN),
CHI)KCHHBIM ~KOHTAaKTOM C MHKPOOHBIM  pa3zHOOOpa3ueM
OKpY’Karouien cpelibl U U3MEHEHUEM MUIIEBBIX NpHUBBIUEK.[4,5]
CoOBOKYNMHOCTh ATUX (AKTOPOB BEIET K JUCPETYJIALUU

MMMYHHOW CHUCTeMBbI. B pa3BHBarOmuXCs CTpaHax, IPEexIe
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Bcero B Kurae, crpemurenbHas ypOaHu3alus, MO JaHHBIM
UCCIIEIOBAaHUM, BBICTYMACT OJHUM W3 TIJaBHBIX (HaKTOPOB,
OOBSICHSIIOIIMX POCT 3a00JIEBAEMOCTH aCTMOM. [4]
«'urueHnyeckas TUIOTE3a.

['uruenuyeckass rumnore3a OOBICHAET POCT AaJUIEPTUUYECKUX
3a00JI€eBaHUIl TEM, YTO KHU3Hb B TOPOJCKUX YCJIOBHUSIX C
MUHHUMaJIbHBIM KOHTaKTOM C MHUKpOOaMH B pPaHHEM BO3pacTe
HapyliaeT HOPMAJIbHOE CO3PEBAaHUE HMMYHHOW CHCTEMBbI U
CMeIlaeT UMMYHHBIH OTBET B CTOPOHY Th2-myTH, YTO, B CBOIO
ouepenb, TmpeapacmoyiaraeT K - aronud. VcciepoBaHus
MOKa3bIBAIOT, YTO JETH, BbIpOCHIME HAa (epMax U UMEBIIHE
KOHTakKT C pa3HOOOpa3HbIMU MHUKPOOHBIMU areHTaMH, pPexe
CTpaJaroT aJJIepru4ecKuMu 3a00J1eBaHUSIMU. B
IPOTUBOMOJIOAKHOCTh 3TOMY, TOPOJICKUE IETH C OTPAaHUYEHHOU
MUKPOOHO BKCIO3ULUEN MPOSABIISIOT TTOBBIIICHHY IO
YyBCTBUTEJIBHOCTh K ajuiepreHam[4]. DTOT MeXaHU3M IIO-
MpPEKHEMY pacCMaTpUBAEeTCS KAaK OJMH M3 LIEHTPAJbHBIX B
00BSICHEHNUH TJI00ATBHOTO POCTA AJUIEPTUIECKUX 3a00JICBaHUIA.
KinmaTtnueckne n3MEHEHUS! U HOBbIE SKOJIOTMYECKUE YIPO3bl.
N3meHenust knuMara CTaHOBATCA Bc€ 0Oojee  BECOMBIM
dakTopoM B ONHIEMHOJIOTHU AaCTMBI W  QIJIEPTUIECKUX
3aboneBanuii. BO3 npu3HaéT KIMMAaTHYECKUM KPU3HUC TJIaBHOU

yrpo3oii  3mopoBbi0  yenmoBeduectBa B XXI  Beke. Poct
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IJI00AJIBHBIX TeMIEparyp U yBeaudeHwe KoHueHTpamuun CO,
CIOCOOCTBYIOT YJJIMHEHHUIO CE30HOB MBUICHUS U TOBBIIICHUIO
AJUIEPIreHHOCTHU TBUIBIII, a 3HAYUT — YCUJICHUIO CUMIITOMOB Y
MAlMEHTOB C aJUIEPTMYECKOM acTMOM.[7] OKCTpemaibHbIE
MOTOJIHbIE SIBJICHUS (JIECHBIE MMOXaphl, yparaHbl, HABOJIHEHUS)
yXYAIIal0T KaueCTBO BO3/lyXa U CTUMYIIUPYIOT POCT TIJIECHEBBIX
rpuOKOB, YTO JIOTIOJIHUTEIBHO YBEJIUYUBACT AJJIEPTECHHYIO
Harpy3Ky. B menuatpuueckoil mpakTUKe MOAUEPKUBACTCS, UTO
ypOaHM3anusi W KIMMAaTHYECKUE HM3MEHEHHUS JICUCTBYIOT
CHHEPIUYHO: TOPOJCKHE TEIUIOBBIE OCTPOBA  YCUJIMBAIOT
oOpa3oBaHHE O30HA TMPU3EMHOrO CJOS, BPEJOHOCHOTO s
OpraHoB JbIXaHUSs, TOT/Ia KaK MbUIbLIA U JPYyTHUe adpoajiepreHbl
CTaHOBSTCS 0o0Jiee arpeCCUBHBIMH T0JT BO3JEHCTBUEM BBICOKHUX
kouuentpaiuii CO,.[4]

IlepuHaTajbHbIC U PAHHUE KU3HEHHBbIE (PAKTOPDI.

Havano acTmbl accouuMupoBaHO C PSAAOM TEPUHATAIBHBIX HU
paHHUX XKU3HEHHBIX (DaKTOPOB: MAJLIM BECOM TIPHU POXKICHHH,
HEJIOHOIIIEHHOCTHIO, BHYTPHUYTPOOHBIM BO3JICMICTBUEM
Ta0AYHOTO JbIMa, NEPEHECEHHBIMU BUPYCHBIMU UH(PEKIUSIMU B
paHHeM JleTcTBe, ypOaHu3alMed cpeapl OOUTaHUA U
po¢eCCHOHAILHBIMHA BO3JICHCTBUSMH B cTapiieM Bo3pacte. [1]
OTU JaHHBIE YKa3bIBAIOT HA TO, YTO CHMXKEHUE OpPEMEHU acTMBbI

TpeOyeT NPEBEHTUBHBIX CTpaTEruid, BBIXOMAIIMX JaJEKO 3a
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PaMKH HETOCPECTBEHHOTO KIMHUYECKOTO BEJICHUS MAIIUEHTORB:
HEOOXOIMMBI MEpbl IO OXpaHe 3J0pOBbs OEpPEMEHHBIX,
CHIDKEHUIO BO3JEUCTBUSL TabQ4HOrO JbIMa U YJIYUIIEHUIO
KadyecTBa  TOpojacKod  cpeawnl. Pannee  dopmupoBaHue
MMMYHHOTO OTBE€Ta B KPUTUYECKHMH TIEPUOJ  pPa3BUTHUS
ornpeensieT JaTbHEHTITY IO PEAPACTIONIOKEHHOCTh K
aJUIepru4ecKuM 3a00JICBaHUSM Ha MPOTSHKEHUU BCEH sKU3HU.[ 1 ]
CoBpeMeHHbIE MOAX0AbI K TEPANUH.

CranaaprHas Tepanus U eé orpaHuYeHusl.

CornacHo AeHCTBYIOMNUM KIMHUYECKUM pexkomeHaanusm GINA
(I'mob6asibHas UHUITMATHBA IO OPOHXUAJILHOW acTMme), Oa3ucHas
Tepanusi B3pOCIBIX W TOJPOCTKOB BKJIIOYAET HHTASLUOHHBIC
koptuxkoctepouabl (MI'’KC) B coderanuu c dopmoreposiom —
b0 B peXUME «IPOTUBOBOCHAIUTEIBHOTO KyIMUPOBAHHS
(AIR), By 1(s]0 B peKHIME 07 PKUBAOIIICH u
npotuBoBocnanutenbHoit Tepanuu (MART). [1] Jlanubiid
MOIX0]T TO3BOJIsIET 3(PHEKTUBHO KOHTPOJIUPOBATH CUMIITOMBI Y
OospIMHCTBA mamueHToB. OmHako okoio 5-10% manmeHToB
CTPAlAlOT TSHKEIOM ACTMOM, COXPAHSIOUIEHCS, HECMOTPS Ha
MaKCHUMAaJIbHbIE JI03bI ul'’KC u JIOTIOJIHUTENbHBIX
KOHTPOJIMPYIOIIMX  TpenapaToB. JTa 4YacTh MAalMEHTOB
XapaKTEepU3yeTcs BBICOKOW CMEPTHOCTHIO: MO HWMEIOIINMCS

JaHHBbIM, CKCTOAHBIC HOIIOJIHHUTCIIBHBIC PAaCXOdbl, CBA3AHHBIC C

27



Tsok€nor actmMou Toiapko B CIHA u EC, wucuucnsiorcs
NeCATKaMU MUJIIIMApA0B €Bpo.[1]

Tepanus reHHO-UHKEeHEePHBIMHU OMOJI0THYEeCKUMH
npenaparamu (I'UBII).

Pa3paboTka TapreTHbIX OHOJIOTHYECKUX IMpenapaTroB cTaia
HanboJiee 3HAYUMBIM JOCTIDKCHUEM B JiedeHuu Tsxeénont T2-
BBICOKOM acTMbl 3a ToclienHue JaBa jgecatwierus.[l] B
HacTosiee BpeMs B Poccun 0100peHO NATH OMOJOTMYECKHUX
areHTOB, MPUMEHSIEMbIX TpU T2-BeicOKO# acTme. Omanuzymad
(antu-1gE anTmTeno) nampasieH npotuB cBoOogHOrO IgE WM
MOKa3aH MalMeHTaM ¢ aJulepruieckoit actmoil. Menonuzymab u
peciu3ymab (antu-MJI-5 aHTHTENa) CHUXKAIOT 203MHOPIIINIO 32
CU€T MOJABJIECHUS KIIIOUEBOT'O ITUTOKMHA AUQPGHEPEHIIUPOBKU U
BbDKMBaeMocTH »03uHOdmIoB. benpanuzymab (antu-MJI-5Pa
AHTUTEJIO) HETIOCPEACTBEHHO CBsI3bIBaeTcs ¢ penentopom MJI-5
Ha TIOBEPXHOCTH DO3MHO(DHIIOB, BBI3bIBAS HMX  aroINTO3.
Hynumyma6 (anT-NJI-4Pa, aHTHUTEJIO) OJIOKUpYyET
curHanu3anuio kak MJI-4, tak m NJI-13, Bo3xaeiicTByss Ha oOa
KITtoueBbIX T2-1uTOKMHA OMHOBpeMeHHO. Tesenenymald (aHTH-
TSLP antureno) pabGoraeT Ha Haumboyiee paHHEM JTare
BOCHIAIMTENIFHOTO Kackana, Omokupys TSLP — ogun u3
[JIABHBIX SMNUTENHANbHBIX AJIADMUHOB, WHULMHUpYOmMUX T2-

BocnajieHue. Bce  3apeructpupoBaHHbIE ~ OMOJIOTMYECKHUE
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npenapatbl HanOosee 3(PPEKTUBHBI PU HATUYUN BbIPAKEHHBIX
T2-6momapkepoB. DTO CBHUAETENBCTBYET O KIIOYEBOW pOIU
MPaBUIBHOTO 0TOOpA MAMEHTOB B JOCTUXKEHUU KIMHUYECKOTO
pe3yJbTara.

Crparerum npopuiakTuKu.

M3meHeHue IKOJIOTMYECKO MOTUTHKH.

[Ipopunaktrika  OpOHXWMATBHOW  acTMBl  JIOJDKHA  OBITh
KOMIUIEKCHOM, MHOTOYPOBHEBOM U PEAJIM30BBIBATHCS 3a70JII0
0 TOSIBICHMS KIMHUYECKMX cuMNnToMoB. Ha  ypoBHe
MOMYJIAINN KPUTUUECKU BaXKHBI KECTKUE HOPMATUBBI KaueCcTBa
BO3/lyXa U aKTHUBHBIE MEpPbl IO COKpAIIEHHIO BBIOPOCOB
3arpsA3HSAIONIMX BEHIECTB M MApHUKOBBIX Ta30B, CHUXEHUE
koHueHtpaumun PM2,5 u NO, mno3Boauno OBl €XKeroaHo
IpEeA0TBpAIlaTh MUJUIMOHBI HOBBIX CIIy4aeB aCTMBL.[ 5]
JlocTtynmHOCTh MEIUITTHCKON TTOMOIITH: rjio0ajnpHOE
HEPaBEHCTBO.

OmuH w3 HamboJee aKkTyaJdbHBIX AaCMEKTOB TJIOOAIBHOU
MpoOJIeMbl aCTMBI - HEPAaBEHCTBO B JIOCTYINE K JIUAarHOCTHUKE H
neuenuto. bonee 80% cmepTel, CBSI3aHHBIX C AacTMOM,
MPOUCXOJAT B CTpaHAX C HU3KUM U CPEJHUM YPOBHEM JI0XOJIa,
rae He oOecnedyuBaeTcsl JOCTYN Jake K 0a30BOM Tepanuu
UHTAISIIUOHHBIMUA ~ KOPTUKOCTEPOUIAMMU. buonorunueckue

npenapaTthl, NOpU BCEeW HX KIMHUYECKOW 3(PPHEKTUBHOCTH,
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JOCTYTHBI TPAKTUUYECKU UCKIIIOUUTEIHHO B CTPaHAX C BHICOKUM
ypoBHeM noxoza. [1] B Poccuiickoii @enepaium 3HauYnuTENbHAS
4acTh  MAllMEHTOB HE  OXBayeHa HHU  JUCIAHCEPHBIM
HaOJII0JICHUEM, HHM aJICKBaTHBIM JICYCHHUEM, HECMOTpS Ha HX
HOMUHAJIBHYIO JIOCTYMHOCTB.[6] Pemienue »Toil mpoOiemsl
TpeOyeT Kak  pacIIUpeHHus CTPAXOBOTO  TOKPBITUS U
cyOcuaupoBaHusi 0a3UCHOM Tepamuu, TaK W CO3JaHUs
HAIlMOHAJLHBIX PEECTPOB [IJII MOHUTOPHHTA 3a00JI€Ba€MOCTHU
aCTMOHM.

3akirouenmue.

Jonrocpounasi crpareruss 00pbObI ¢ POCTOM 3a00JIEBAEMOCTHU
acTMOM  HEOTHeNMMa  OT  KJIMMAaTUYECKOW  IOBECTKH.
IIpornosupyemoe k 2050 romy BomiedeHue okojio 590
MUJUJIMOHOB 4YEJOBEK B YHCIO CTPaNalOmUX 3a00JIeBaHUSMU
JBIXaTeIbHOW CHUCTEMbI MOTYEPKUBACT MAcCIITad MPEACTOSIIUX
BbI30BOB. CHIKEHHE BHIOPOCOB MAPHUKOBBIX Ta30B HE TOJBKO
3aMEUIUT KIMMATUYECKUE MU3MEHEHUS, HO U HEMOCPEICTBEHHO
YMEHBIIUT  BO3JCHUCTBHE  3arps3HUTENIE  BO3JdyXa  Ha
IbIXaTeIbHbIE MYTH. ['paMOTHasg SKOJOTMYECKas TOJUTHKA
MOXET  MPOJEMOHCTPUPOBATh  NOTEHIMUAIBHBIA  JBOMHOMU
BBIUTPBILI: O0OpbOY C M3MEHEHHEM KJIMMAaTa U OJHOBPEMEHHOE
CHUYKEHHUE 3a00JIEBAEMOCTH aCTMOM.

Cnucok UCN0Jb30BAHHBIX HCTOYHHMKOB.
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Abstract: Social media addiction, particularly among
adolescents, is a growing behavioral concern with cognitive and
psychological implications. This review examines prevalence,
mechanisms, neurocognitive effects, and mental health
outcomes. Across 63 samples from 32 countries, prevalence
ranged from 0% to 82%, with adolescents more affected than
adults. Addiction is driven by dopamine-mediated reward
systems, variable reinforcement, and emotional factors,
including instant gratification, perceived irreplaceability,
separation anxiety, and fear of missing out, which also
contribute to relapse. Neurocognitive studies show impaired
prefrontal cortex function, altered Beta and Gamma activity,
and reduced attention span. Psychologically, addiction
correlates with anxiety, depression, low self-esteem, and
diminished academic performance.

Keywords: social media addiction, addiction mechanisms,
relapse, neurocognitive effects, cognitive impairment, mental
health impact, reward system, adolescents.

Introduction

Social media platforms have become ubiquitous and deeply
integrated into modern life, with over 4.9 billion active users
worldwide spending an average of 2.5 hours per day on these

platforms [1]. While social media provides substantial benefits
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in terms of connectivity and entertainment, its widespread use
has been accompanied by the emergence of social media
addiction, particularly among adolescents. This condition is
characterized by excessive screen time, compulsive checking
behaviors, and negative impacts on interpersonal relationships
and academic responsibilities [2].

Data derived from 63 independent samples across 32 countries
and seven global regions demonstrate considerable variability in
the prevalence of social media addiction, with reported rates
ranging from 0% to 82% [3]. Other studies identified parallels
between adolescent social media addiction and substance use
disorders, highlighting shared neurobiological mechanisms such
as impaired impulse control and altered reward processing.
Neuroimaging studies indicate that individuals with social
media addiction exhibit increased activation in reward-related
brain regions, resembling patterns observed in substance
dependence[4].

Notably, social media platforms employ variable reward
mechanisms similar to those used in gambling and substance-
related behaviors, reinforcing compulsive usage patterns [5].
Excessive social media use has been associated not only with
psychological consequences, including low self-esteem, anxiety,

depression, reduced academic performance, and eating disorders
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[2], but also with neurocognitive alterations. The prefrontal
cortex, a region essential for executive function and decision-
making, undergoes functional changes during excessive social
media use, resulting in heightened impulsivity and a preference
for immediate rewards over long-term outcomes [5].

The purpose of this study is to examine the underlying
mechanisms of social media addiction and to evaluate its
neurocognitive and mental health impacts.

Methods

A systematic literature review was performed using PubMed,
ScienceDirect, Research Gate, and Google Scholar. Articles
published between 2012 and 2025 were selected based on
relevance to social media addiction, neurocognitive
mechanisms, and mental health outcomes.

Results

Definition of Social Media Addiction

Multiple Studies report that social media addiction is defined by
persistent and compulsive patterns of use that interfere with
daily functioning and overall well-being. It extends beyond
prolonged time spent online and includes behaviors such as
repetitive checking, anxiety during periods of disconnection,
and adverse effects on interpersonal relationships and personal

responsibilities. This condition may present through neglect of
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social, academic, or occupational obligations, as well as
significant psychological distress when access to social media
platforms is restricted. [2]

Prevalence of Social Media Addiction

Evidence suggests that over 4.9 billion active users worldwide
are spending an average of 2.5 hours per day on social media
platforms. [1] Previous studies report that 49 studies,
comprising 63 independent samples and a total of 34,798
participants from 32 countries across seven global regions,
examined social media addiction. The mean age of participants
was 24 vyears. Sample types included adolescents (21%),
university or college students (54%), and community adults
(25%), with adolescents generally exhibiting higher prevalence
rates.  Specifically, social media addiction affected
approximately 35% of adolescents, 23% of university students,
and 19% of community adults. Overall, a random-effects meta-
analysis indicated a pooled prevalence of 24%. However,
prevalence varied considerably across studies and nations,
ranging from as low as 0% to as high as 82%.[3]

Mechanisms of addiction

Dopamine-driven reward systems

Dopamine is an important element in people’s brains that

regulates daily behavior; it may be involved in addiction.
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Indulging in an activity that secretes massive or continuous
amounts of dopamine, such as scrolling on social media, causes
dopamine receptors to get overwhelmed and adapt to the large
amounts of dopamine received over time. To obtain the same
feeling of dopamine going forward, a person must use social
media for a longer period of time. As time goes on, the receptors
get even more adapted to the large amounts of dopamine,
resulting in addiction. This situation is often referred to as the
dopamine loop [6].

The following figure shows the dopamine loop of social media

use [6]:

Dopamine

Loop
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Figure 1. Dopamine loop

Studies indicate that Social media platforms use the same
variable reward system as gambling and substance addiction to
get users hooked. Likes and comments in social media have
been found to stimulate the ventral striatum, which is rich in
dopamine and is involved in reward anticipation. Recent
research has used electroencephalography (EEG) to investigate
brainwave activity and explore the neurocognitive effects
associated with social media addiction. It was found that
TikTok’s algorithm causes dopamine to spike when funny
videos are followed by serious political videos. There was more
Gamma wave (30-100 Hz) activity during high-reward
moments, and Gamma power went up by 62% compared to
when participants viewed neutral content. According to
research, using infinite scrolling interfaces can weaken
inhibitory control in the prefrontal cortex, which results in more
Beta waves (12-30 Hz) and makes it harder to stop using the
interface. The study of 500 users over six months revealed that
those who spent more than two hours a day scrolling had a 35%
drop in prefrontal impulse control, as shown by a decrease in
Beta wave variability. These results are consistent with prior
findings comparing social media’s "pull-to-refresh™ feature to

slot machines, where intermittent rewards perpetuate attention
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through sporadic dopamine release [5].

Mechanisms of relapse in social media addiction

Recent studies have applied the Stimulus—Organism—Response
(S-0O-R) framework to explain mechanisms underlying social
media addiction relapse. Within this model, emotional stimuli—
including instant gratification, perceived irreplaceability,
separation anxiety, and fear of missing out (FOMO)—influence
both approach and avoidance urges, which subsequently
increase relapse risk.

“Approach urge” refers to the motivational drive to engage with
social media in pursuit of positive rewards such as enjoyment,
social connection, and self-enhancement. In contrast,
“avoidance urge” reflects the tendency to return to social media
to alleviate negative emotional states, including anxiety,
irritability, or fear of exclusion.

Instant gratification reinforces usage by enhancing positive
emotions and temporarily reducing negative affect. Perceived
irreplaceability describes the belief that social media uniquely
fulfills essential emotional and informational needs, fostering
psychological dependence. Additionally, strong emotional
attachment to smartphones may lead to separation anxiety, while
FOMO heightens sensitivity to potential social exclusion,

prompting compulsive checking behaviors.
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Collectively, these emotional factors have been positively
associated with relapse in individuals attempting to reduce or
discontinue social media use.[7]

Effects on Neurocognitive Function

Recent research used EEG to examine the effects of social
media addiction on the brain based on the specific brain wave
activity happening during engagement in social media.

During a 30-minute social media session, EEG recordings from
100 participants revealed significant variations in neural activity
across the five key frequency bands: Alpha, Beta, Theta, Delta,
and Gamma. Figure 1 shows that Alpha amplitude decreased
during social media engagement, while Beta and Gamma

amplitudes increased and remained elevated after use [5].
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Figure 2. Brainwave activity during social media engagement.
Alpha activity was notably elevated during the baseline period,
indicating a relaxed and disengaged mental state. Upon entering
social media platforms, Alpha amplitude decreased, reflecting
increased cognitive engagement. This suppression was
especially prolonged in participants exposed to emotionally or
cognitively demanding content, suggesting delayed recovery of
a calm neural state post-interaction [5].

In contrast, Beta activity increased substantially during active
engagement such as scrolling, commenting, or reacting to
content, indicating heightened attention and mental stimulation.
This elevation frequently persisted beyond the engagement
period, which may suggest continued cognitive excitation or
rumination. Gamma activity followed a similar trend, starting
low during rest, peaking sharply during exposure to emotionally
charged or intellectually demanding posts, and remaining
transiently elevated post-interaction. These Gamma waves may
reflect higher-order cognitive integration processes triggered by
intense media content [5].

The Prefrontal Cortex, critical for executive function, undergoes
significant changes during social media use. A 22% reduction in

PFC Beta power has been observed after just 20 minutes of
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engagement, impairing users’ decision-making abilities.
Participants displayed heightened impulsivity, opting for
immediate rewards such as ad clicks rather than long-term
gains. Further evidence shows that emotionally charged content,
particularly outrage-inducing posts, increases coupling between
the amygdala and the prefrontal cortex. Combined fMRI-EEG
data revealed Gamma surges (35-45 Hz) during such exposure,
indicating that emotional stimuli can override rational cognitive
control [5].

In the visual domain, Beta and Gamma dominance in the
occipital lobe has been observed during Instagram use,
particularly in response to high-contrast imagery such as neon
graphics . Building on this, recent data reveal up to a 25%
increase in Beta and Theta activity in the parietal lobe during
multitasking across platforms (e.g., switching from TikTok to
Twitter), signifying a substantial rise in cognitive load compared
to single-platform usage [5].

The excessive use of social media has been shown to negatively
Impact cognitive function and reduce attention span. Social
media platforms’ constant digital stimulation encourages
attention to be diverted and affects the ability to focus on tasks
for an extended amount of time. Both educational achievement

and the ability to engage deeply and meaningfully with the
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subject matter might be impacted by this brief attention span.[2]
Effects on mental health

Teenagers who use social media regularly are more inclined to
struggle with anxiety, depression, and a general decline in life
satisfaction, according to multiple research studies [2].
According to research, social media addiction can often result in
distraction from learning responsibilities, which has an adverse
effect on students' performance in educational settings,
particularly among adolescents [2].

Conclusion

Social media addiction has emerged as a significant behavioral
concern in the context of widespread global digital engagement.
The evidence reviewed in this study demonstrates that excessive
social media use is associated with measurable neurocognitive
alterations, particularly within reward-processing systems and
the prefrontal cortex, leading to impaired impulse control,
heightened emotional reactivity, and reduced executive
functioning.

The findings further indicate that social media platforms utilize
variable reward mechanisms that reinforce compulsive
behaviors in a manner comparable to established addictive
processes. Emotional drivers such as instant gratification,

perceived irreplaceability, separation anxiety, and fear of
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missing out play a central role not only in the development of
addiction but also in relapse among individuals attempting to
reduce usage.
Importantly, social media addiction is associated with adverse
mental health outcomes, including increased anxiety, depressive
symptoms, reduced academic performance, and diminished
overall well-being, particularly among adolescents and young
adults.
Given the growing prevalence of digital platform use
worldwide, greater awareness of the cognitive and
psychological consequences of excessive engagement is
essential. Future research should focus on longitudinal
investigations and evidence-based intervention strategies aimed
at prevention, early identification, and sustainable behavioral
regulation.
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Abstract

Climate change represents one of the most significant
environmental challenges facing organisms in the 21st century.
The ability of species to adapt to rapidly shifting environmental
conditions depends not only on genetic variation but
increasingly on epigenetic mechanisms that may enable
phenotypic plasticity without alterations to the underlying DNA
sequence. This narrative review examines the emerging role of
epigenetics in climate adaptation, drawing evidence from both
mouse models and human populations. We explore how DNA
methylation, histone modifications, and non-coding RNAs may
mediate responses to temperature extremes, altitude-related

hypoxia, and other climate-related stressors. The review weaves
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together findings from foundational theoretical frameworks,
experimental studies in controlled mouse models, and
population-level studies in humans living under diverse climatic
conditions. Our comparative analysis reveals both remarkable
conservation of epigenetic stress-response pathways between
mice and humans, as well as species-specific adaptations that
reflect different evolutionary histories and physiological
constraints. Understanding these mechanisms has important
implications for predicting species resilience to ongoing climate
change and for developing targeted interventions in human
health.

Keywords: Epigenetics, climate adaptation, DNA methylation,
mouse models, human populations, temperature stress, high-
altitude adaptation.

Background

The Earth's climate is undergoing rapid environmental changes
that challenge the adaptive capacity of many species [1]. While
classical evolutionary theory emphasizes adaptation through
genetic variation, emerging evidence suggests that epigenetic
mechanisms may contribute to rapid physiological responses to
environmental stress [2]. Epigenetics refers to heritable changes
in gene expression that occur without altering the DNA

sequence, providing a molecular interface between
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environmental conditions and phenotype [6]. Epigenetic
regulation, including DNA methylation and histone
modification, enables organisms to adjust gene expression in
response to environmental signals such as temperature and
hypoxia [5]. Epigenetic plasticity may facilitate adaptation by
allowing rapid phenotypic responses before genetic changes
occur [4]. Some studies also suggest that environmentally
induced epigenetic modifications may persist over time,
potentially influencing long-term biological responses [3].
Experimental studies in mouse models demonstrate that
environmental stress, including heat exposure, can induce
lasting epigenetic changes, providing mechanistic insight into
adaptation processes [7]. Comparative research indicates that
core epigenetic regulatory mechanisms are conserved between
mice and humans, supporting the relevance of mouse models for
studying environmental epigenetics [10]. Evidence from human
populations living in extreme environments further supports a
role for epigenetic mechanisms in environmental response.
Distinct epigenetic profiles have been observed in high-altitude
populations, particularly at genes involved in oxygen sensing
and hypoxia response [14]. This narrative review synthesizes
evidence on the role of epigenetics in climate adaptation,

comparing findings from mouse models and human populations
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to identify conserved mechanisms and species-specific
differences.

Materials and Methods

This narrative review synthesizes evidence on epigenetic
mechanisms in climate adaptation. Literature was identified
through searches of PubMed, Google Scholar, and Web of
Science using combinations of keywords including
"epigenetics,” “climate adaptation,” "DNA methylation,"

"histone modification," "heat stress," "high-altitude adaptation,"

"hypoxia,” "epigenetic aging,” "mouse model," and "human
population.” Boolean operators (AND, OR) were used to refine
searches and identify studies addressing the intersection of
environmental stress and epigenetic regulation.

Priority was given to peer-reviewed publications and recent
studies (2015-2025), while foundational studies were included
where necessary.

Results

Mouse models provide a valuable system for investigating
epigenetic responses to environmental stress due to their genetic
homogeneity, short generation times, and the ability to control
environmental exposures. These advantages allow researchers to
examine causal relationships between environmental factors and

epigenetic  regulation. Blewitt and Whitelaw (2013)
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demonstrated that mouse models enable precise analysis of
epigenetic mechanisms through controlled experimental
conditions and genetic manipulation [9]. However, important
differences exist between mice and humans, including variation
in developmental timing and epigenetic reprogramming
processes, which may influence the interpretation of
experimental findings [10].

Experimental evidence shows that environmental heat stress
induces significant epigenetic modifications in mice. Murray et
al. (2022) reported that heat exposure alters DNA methylation
and histone modification patterns across multiple tissues,
affecting genes involved in stress response and metabolic
regulation [7]. The magnitude and nature of these changes
depend on the intensity and duration of exposure, with moderate
stress associated with adaptive responses and severe stress
linked to maladaptive epigenetic alterations [7]. Further
evidence demonstrates that exertional heat stroke causes
persistent epigenetic reprogramming in skeletal muscle,
indicating long-term molecular consequences of environmental
stress [8].

Recent studies have highlighted the importance of genome-wide
epigenomic approaches for understanding environmentally

induced epigenetic changes [12]. In addition, physiological
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adaptations such as torpor have been shown to influence
epigenetic aging. Jayne et al. (2025) demonstrated that torpor-
like states in mice slow epigenetic aging, suggesting the
existence of protective mechanisms that preserve epigenetic
stability under environmental stress conditions [11].

Studies of human populations living in extreme environments
provide evidence of environmentally associated epigenetic
variation. Kalyakulina et al. (2023) identified distinctive DNA
methylation patterns in the Yakutian population of Siberia,
particularly at genes involved in metabolic regulation, immune
function, and cold adaptation [13]. Some of these epigenetic
differences appeared independent of genetic variation,
suggesting direct environmental influence on epigenetic
regulation.

High-altitude populations also exhibit characteristic epigenetic
adaptations. Wang et al. (2024) reported differential DNA
methylation patterns at genes involved in oxygen sensing and
erythropoiesis in populations adapted to hypoxic environments
[14]. These findings support the interaction between genetic and
epigenetic mechanisms in environmental adaptation [16].
Developmental exposure to hypoxia may also produce lasting
epigenetic modifications that influence physiological function
later in life [15].
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Environmental heat exposure has also been associated with
epigenetic changes in humans. Choi et al. (2025) reported that
exposure to high ambient temperatures was associated with
accelerated epigenetic aging, suggesting potential long-term
health effects of climate-related heat stress [17]. Similarly,
Roberts et al. (2025) observed persistent DNA methylation
changes following exertional heat stroke, particularly in genes
involved in inflammation and stress response, indicating long-
lasting epigenetic consequences of acute environmental stress
[18].

Comparative  Analysis: Conserved and  Divergent
Mechanisms

Comparative analysis indicates substantial conservation of core
epigenetic regulatory mechanisms between mice and humans,
including DNA methylation and histone modification processes
[10]. Environmental stressors such as heat exposure induce
persistent epigenetic changes in both species, supporting the
relevance of mouse models for studying environmentally
induced epigenetic regulation [7, 8, 18]. Similar epigenetic
responses have also been observed in hypoxic environments,
where DNA methylation changes affect genes involved in
oxygen sensing in high-altitude adaptation [5, 14].

Despite these similarities, important differences exist. Mice
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possess physiological adaptations, such as torpor, that are not
present in humans and may influence epigenetic stability [11].
In contrast, human populations exhibit long-term epigenetic
signatures  associated  with  environmental  adaptation,
particularly in Arctic and high-altitude populations [13, 14, 15,
16]. These findings suggest that both conserved biological
mechanisms and species-specific physiological differences
contribute to epigenetic responses to environmental stress.
Discussion

This narrative review synthesizes evidence that epigenetic
mechanisms are increasingly recognized as potentially
important contributors to biological responses to climate-related
environmental stress. The comparative analysis reveals both
conserved mechanisms and species-specific adaptations. The
finding that core epigenetic machinery is highly conserved
between mice and humans provides confidence that findings
from mouse models can illuminate aspects of human biology.
The conservation of heat stress responses is particularly
noteworthy, as both mice and humans demonstrate persistent
epigenetic alterations following severe heat exposure [7, 8, 18].
The evidence from human populations provides ecologically
valid support for the relevance of epigenetic mechanisms in

climate adaptation. The distinctive epigenetic signatures
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observed in Arctic populations (Kalyakulina et al., 2023) and
high-altitude populations (Wang et al., 2024; Childebayeva et
al., 2021) suggest that local environmental conditions can leave
lasting marks on the epigenome. The observation that some
epigenetic differences appear independent of genetic variation
(Kalyakulina et al., 2023) supports the hypothesis that
epigenetic mechanisms allow populations to respond to
environmental conditions through mechanisms that complement
genetic adaptation.

The integration of genetic and epigenetic perspectives provides
a more complete understanding of adaptation. Basak and
Thangaraj (2021) argue convincingly that genetic variants
facilitating adaptation may operate partly by influencing
epigenetic responses. The concept of "genetic assimilation™
(Giuliani et al., 2015) suggests that initially plastic epigenetic
responses might become genetically encoded over evolutionary
time, explaining why populations with long histories under
specific climatic conditions show both genetic and epigenetic
signatures of adaptation.

Epigenetic mechanisms may provide a buffer against rapid
environmental change, potentially allowing populations to
persist under novel conditions while genetic adaptation catches

up. This capacity for rapid response is particularly relevant

54



given unprecedented rates of contemporary climate change.
However, evidence reveals limits to epigenetic adaptation.
Murray et al. (2022) emphasize that epigenetic responses can be
either adaptive or maladaptive depending on exposure intensity
and duration. The finding that severe heat stress causes lasting
epigenetic damage (Murray et al., 2024; Roberts et al., 2025)
suggests extreme weather events may have health consequences
extending far beyond acute events. The association between
environmental heat and accelerated epigenetic aging (Choi et
al., 2025) raises concerns about long-term health impacts of
rising global temperatures.

The demonstration that torpor slows epigenetic aging in mice
(Jayne et al., 2025) reveals that natural protective mechanisms
exist, though humans lack torpor capability. Understanding how
torpor protects the epigenome may suggest strategies for
inducing similar protective effects through pharmacological or
behavioral interventions. As climate change progresses, the
balance between adaptive and maladaptive epigenetic responses
will likely shift toward the maladaptive, as extreme weather
events become more frequent and environmental conditions
exceed the range to which populations are adapted.

Despite growing evidence supporting a role for epigenetics in

climate adaptation, several important limitations remain. Many
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human studies are observational and cannot establish causality,
as epigenetic patterns may also be influenced by genetic
variation, lifestyle, diet, and other environmental factors.
Findings from mouse models must also be interpreted cautiously
due to differences in physiology, lifespan, and environmental
exposure compared to humans. In addition, the stability,
persistence, and functional significance of environmentally
induced epigenetic  modifications remain incompletely
understood, as some changes may be reversible or reflect short-
term physiological responses rather than long-term adaptation.
Technical limitations, including tissue-specific variation and
differences in analytical methods, may also contribute to
inconsistent  findings. Future research should focus on
longitudinal and multi-generational studies to clarify the
persistence and heritability of epigenetic modifications, as well
as integrative approaches combining genetic, epigenetic, and
environmental data. Emerging technologies such as single-cell
epigenomics and multi-omics analysis may provide deeper
insight into cell-specific responses and improve understanding
of the mechanisms underlying adaptive and maladaptive
epigenetic  regulation in response to climate-related
environmental stress.

Conclusions
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This narrative review synthesizes evidence that epigenetic
mechanisms—including DNA methylation, histone
modifications, and non-coding RNAs—may contribute to
responses to climate-related stressors including temperature
extremes and high-altitude hypoxia. Comparative analysis
reveals substantial conservation of epigenetic stress-response
mechanisms between mice and humans, supporting mouse
model relevance for understanding human biology. However,
important differences exist, including developmental timing of
reprogramming, species-specific adaptations such as torpor, and
evolutionary history reflected in human population-level
adaptations.

Epigenetic mechanisms are increasingly recognized as
potentially important contributors to biological responses to
climate-related environmental stress, potentially allowing
populations to persist under novel conditions. However, this
capacity is not unlimited—severe environmental stress can
cause lasting epigenetic damage with health implications. The
balance between adaptive and maladaptive epigenetic responses
depends critically on stress intensity and duration, with
implications for predicting population-level responses to climate
change. Understanding this balance will be essential for

developing interventions to enhance resilience in the face of
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ongoing climate change.
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Motivation and aim:

Modern clinical decisions are built on measurements:
ECG/EEG/PPG, pulse oximetry, ultrasound, CT and MRI
capture biophysical phenomena such as electric potentials,
optical absorption, acoustic propagation, and magnetic
relaxation. Artificial intelligence (Al) can extract complex

patterns from these signals to support diagnosis and,
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increasingly, to estimate risks of deterioration, complications,
or relapse—moving toward predicting a patient’s future health
trajectory. This thesis summarizes the shift from ‘diagnosis’ to
‘prediction’ and highlights the biophysical constraints that
determine model reliability.

Materials and methods:

This is a narrative review based on foundational reviews on Al
in healthcare [1,2], WHO guidance on ethics and governance of
Al for health [3], FDA resources on AI/ML Software as a
Medical Device and the Al-enabled medical device list [4,5],
and wearable-sensor studies demonstrating early detection and
forecasting of health states [6,7]. Key biophysical factors (noise,
artifacts, calibration, sampling rate, sensor—skin interface) were
considered when interpreting reported performance.

Results:

Across applications, performance is strongly linked to
measurement physics: image resolution/contrast and artifacts in
imaging; filtering, sampling and motion artifacts in biosignals.
Beyond classification, Al can integrate multi-modal and time-
series data to model a ‘health trajectory’ and estimate future
risks [2]. Continuous wearable monitoring can detect deviations
from an individual’s baseline and provide early warning before

overt symptoms in some contexts [6,7].
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Table 1. Biophysical data types and Al use (diagnosis —

prediction)
Data type (measurement) Example Al use
Imaging CT/MRI/US segmentatio

(radiation/acoustics/magnetis

m)

n —

prognosis

Biosignals (electric/optical)

ECG/PPG, HRV

detection —
risk

prediction

Wearables (multimodal)

temp/sleep/activit

y

early
warning —

forecasting

Bioimpedance

hydration/edema

monitoring

—

prediction

Conclusion:

Al is evolving from assisting diagnosis to predicting future

health, but its reliability is grounded in biophysics: measurement

quality, signal-to-noise ratio, sampling, and artifact control. Safe

clinical

validation, and ethics/regulatory alignment [3-5].
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deployment requires standardization,

multi-center
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HckyccTBeHHBI HHTE/IEKT: Oyaylee KINHUYECKO
(apMakoJIOrum U MeIHIMHbI
3opaunoBa Kapamsar AxmMeToBHA
JOKTOP MEIUIIMHCKUX HayK, Ipodeccop, 3aBeAyolast Kypcom
TEpanuu MOCIEBY30BCKOT0 00pa3oBaHUs
Kazaxcmancko-Poccutickuii MeOuyunckuil yHugepcumem,
Kazaxcman
OpbinraaueB CoIpbiM  ADailyabl
pe3usieHT 1 roga oOydeHus 1o creruaibHoCTH «KinHudeckas
dbapmakomorus»
Kazaxcmancko-Poccutickuii meOuyunckuii yHugepcumem,

Kazaxcman
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I'anmumyainna lanusa PapuibeBHa
Pesunent 1 roga o0yuenus no crnennaibHocTH «Kinunnyeckas
dbapMaxoIorus»
Kazaxcmancko-Poccutickuii MeOuyuHcKkuil yHugepcumen,
Kazaxcman

AKmyanbHocmo
B nacmoswee e6pems uckyccmeennviti unmennekm (MHU)
cledyem paccmampuéams KAk HOBbll (YHOAMEHmM MeOUYUHbL.
OHn npeepawaem OaHHble 6 NPO3PEHUs, CMAHOAPMHbLE
NPOMOKOIbl — 8 NEPCOHANUSUPOBAHHbIE CIMpame2uu, a iedeHue
— 8 mouHOoe npedsudenue. Mo nepexoo om «ledeHus
bonesnely K «NPOEKMUPOBAHUIO 300P08bs» Ol KANCO020
yenosexa.
Ieab nccaexoBanus
Ilenp nmanHOM pabOTBI — CHCTEMATHU3UPOBATh COBPEMEHHBIC
JOCTWKEHUSI, OLICHUTh MOTEHIUAIbHOE BIUSAHUE U O00O3HAYMTH
KIIFOUeBbIe Oapbepbl Ha MyTH WHTerpanuu MU B MeauImmHCKyto
HayKy U MPaKTHUKY.
Marepuajbl 1 METOAbI
OOBeKkTOM HccieAoBaHus SBIsETCS coBpeMeHHas 0a3a mo MU,
HCMOJIb30BAHME MHCTPYMEHTOB U cTpareruil I B menuiuue, B
YaCTHOCTH, B KJIMHUYECKOW (apmakonorun. MaiuHHOE

oOy4eHue: aaropuT™Mbl, CIOCOOHbIE 00y4YaThCS HA JAHHBIX O€3
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SIBHOT'O IPOrpaMMHUPOBAHHS; ri1yooKoe oOy4deHue:
MHOTOCJIOMHbIE HEHPOHHBIE CETH, OCOOEHHO 3(P()EKTUBHBIE B
00paboTke M300paKEHUM M E€CTECTBEHHOTO f3bIKA; OCHOBHBIC
apXUTEKTYypbl: cBepTOUYHble HeWpoHHble cetn (CNN) ans
MEJIUIIMHCKON BU3YyallUu3allu, PEKYPPEHTHbIE HEHPOHHbBIE CETH
(RNN) nmyist BpeMEHHBIX PsIOB, TpaHCcPopMephbl s aHaIM3a
TEKCTOB; 00paboTka ectecTBeHHOro s3bika (NLP): u3Bneuenue
uH(OpMalMK U3 MEAUIMHCKUX 3aNUCel, HAYYHOU JTUTEpaTyphl;
aHaau3 CYOBEKTUBHBIX CHUMIITOMOB U JKaJlo0 TAIMEHTOB,;
KOMITBIOTEPHOE 3pPCHHE: aHAJIU3 MEIUIMHCKUX H300paKeHUN
(pentren, MPT, KT, rucronorudeckue cpessi).

PesyabraTsl

[Tpumenenue MM B ximuHUYecKo# (hapMakoIOTUH: OTKPBITHE U
pa3paboTKa JIEKApCTBEHHBIX CPEJCTB; COKpAIICHHE BPEMEHH H
3atpar : MW yckopsieT uieHTu(UKAIMI0 MUIIIEHEH W CKPUHUHT
COCIMHEHU; TEHepaTUBHAs  XUMHUA: CO3JAHHE  HOBBIX
MOJEKYISIpHBIX ~ CTPYKTYp C  3aJlaHHbIMM  CBONCTBaMU;
MpeAcKa3aHue b heKTUBHOCTH u TOKCHUYHOCTU
MOJEIMPOBAHUE B3aUMOJCUCTBUN "CTPYKTYpa-aKTUBHOCTB'.
WNuTerpupoBaHHbIe UACH: YCKOPSETCS MUK pa3padoTku - 0asza
JAHHBIX MUILIEHEW + BUPTYaJIbHBIM CKPUHUHI —> BBIOOp TOII-
100 kanoMOaToOB; T€HEpAaTWBHAs XHUMHUS — CO3JaHUE HOBBIX

CTPYKTYp; MpeAcCKa3aHHe TOKCHYHOCTH U IPPEKTUBHOCTH —>
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¢unbTpanust ~ Oe30macHBIX — KaHAMIATOB,  MHHHMMAJbHBIC
nabopaTopHbIE TECThl — YCKOpPEHHE mepexoja B preclinical;
TaKOW LMKJ COKpamaeT pa3zpaborky ¢ 10-15 ner mo 3-5 ner,
Opu 3HAYUTENBHOM YMEHBIIEHHMH 3arpar. lIpeackazanue
cTpykTypsl 0enkoB — beyond AlphaFold ESMFold (Meta Al).
[IpakTHka: MaccoBOE npecKa3aHne IPOTEOMOB.
Hcnonp3oBaHue B BHPTYaJbHOM JOKHHTE - BO3MOXHOCTH
owsictporo crtapta drug discovery 06e3 mabopatopun. Deep
generative protein design; WU renepupyert HOBblE Oenku, a HE
TOJIBKO MpeJICKa3bIBacT cymecTBytomue. Peanuzanus: Diffusion
models Protein language models - co3manue ¢epMeHTOB,
KOTOPBIX HET B MpHUpoie. MHOrOMOIAJIbHBIN aHATN3: OHKOJIOTUSI
(mepcoHanm3aIus Teparum)

NN ob6wenunser: WGS RNA-seq KIMHHKY — paJuoMHKa -
npecKa3aHue OTBETA Ha UMMYHOTEPAIHIO.
PenosurmmonupoBanue nexkapctB: MU mpenmoxkun Baricitinib
st COVID-19 (uepe3 ananus nyreid JAK-STAT). Peanuzanus:
Network  medicine-  Pathway  enrichment-  OwicTpoe
KIIMHUYECKoe BHeApeHue. PapMakoreHOMHUKa : TPeJCKa3aHHe
WHIWBUIyaIbHOTO  OTBeTa HA  JIeKApCTBA HAa  OCHOBE
TEeHETUYECKUX JaHHBIX. ONTUMH3AIHUS JO3UPOBOK : aITOPUTMBI
IUIA  pacdera IEpPCOHATU3UPOBAHHBIX J103, OCOOCHHO IS

MPENApaToB C y3KUM TEPANEBTUUECKUM OKHOM. [Ipenckazanue
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JICKapCTBEHHBIX  B3aWMMOJCHUCTBUMI : aHaiu3 CJIOKHBIX

(hapMaKOKMHETUYECKUX 17} (bapMakoAMHAMUYECKUX
B3aUMOJICHCTBUH. Knunauueckue UCIBITAHUS: IU3alH
WCCIICIOBAHUN : ONTUMH3ALMS TPOTOKOJIOB U KPUTEPHUEB

BKJIFOUCHHS TManueHToB. Habop marueHToB : uUIeHTUPUKAIMUS
NOAXOASAIIMX  KaHAWJAATOB  HAa  OCHOBE  JJICKTPOHHBIX
MEIUIIMHCKUX 3anmuceil. MOHUTOPUHT OE€30MaCHOCTU : paHHEe
BBISIBJICHUE HEXKeJIaTeIbHBIX JICKAPCTBEHHBIX PEAKIIUMA.
3akirouenune

Takum o6pazom, B Onwmxkaimue roasl UM Hecer crnemyromue
paguKkalbHble HU3MeHeHus: peBomrouus B PKU: mmpokoe
UCIIOJIb30BAHUE  CHHTETUYECKMX KOHTPOJIBHBIX TpyINIl U
aJanTUBHBIX JU3ailHOB, ympasisieMblx WUW; kamHUuyeckue
Decision Support Systems (CDSS) cneayroliero moKojaeHus: He
OpOCTO HAlOMUHAHHE O B3aUMOJECHUCTBUM, a CHUCTEMBI,
npeiaralolie MHAUBUIYAIbHYIO CXEMY JICYEHUSI Ha OCHOBE
BCEX JAaHHBIX TMAaIMEHTa, OJ00pEHHBIE  KIUHUYCCKUMHU
pekomeHmanusaMu;  reHepatuBHbii MM g HaydHOTrO
cuHTe3a: Mojenu, noxoousie GPT, OyayT aHaIM3UpPOBaTH BCIO
MHUPOBYIO HAy4HYIO JMUTEpaTypy IO IMpenapary U [AaBaThb
CBOJHBbIE, TIOCTOSIHHO  OOHOBIIIEMBbIE  3aKJIIOYEHHUS MO
3 PeKTUBHOCTU U OE30MaCHOCTH JIJIsl PA3HBIX TOATPYMIL.

CnHcOK HCTOYHHKOB:
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I'enepaTUBHBIN UCKYCCTBEHHBIH HHTEJJIEKT B
aKaJieMH4YeCKOM cpe/ie: ONbIT IMIMPUIECKOT0
HCCJIeI0OBAHUS.

Ctpok Autuna BopucoBHa
KangunaT MeTUIIMHCKUX HayK, aCCUCTCHT Kadeapbl o01mei u
KIMHUYECKOH (hapMaKoIoTuu
Poccuiickuit ynusepcumem opyarcoer Hapooos, Poccus
3aiineBa FOa1ua MuxaiijioBHA
CryneHTka 4eTBEPTOro Kypca

Poccuiickuit ynusepcumem opyarcoor Hapooos, Poccus
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Bunnuvenko Anuca BiaguMupoBHa
CryneHTKa 4eTBEPTOro Kypca
Poccutickuii ynusepcuem opyawcowr napooos, Poccus

Cospemennvle  2eHepamusHvle  Helpocemu (ChatGPT,
Midjourney u op.) cmpemumenvHo 6x005m 8 AKAOEMUHECKYIO
cpedy [1]. Cmyodenmwr 6cé uawe obpawaromcs K Hum Ojis
BLINONHEHUSL YUeOHBbIX 3a0ad, 4mo nopodicoaem OUCKYCCUU 00
amuYHOCmuU, IPGekmusHocmu u 00J20CPOUHBIX NOCLEOCTBUILX
maxoeo ucnoav3osanus. Llenv OdamHol pabomvl — HA OCHOGe
IMAUPULECKUX OAHHBIX ONPOCA CMYOEHMO8 GbIABUMb YACTNOMY,
yemu U  OMHOWIeHUe K  NPUMEHEHUI0  UCKYCCHBEHHO20
unmennekma (MH) 6 obpazosamenvrom npoyecce.
Metononorusi. B ¢eppane 2026 roma Obul mNpoBenEH
AHOHUMHBIM OHJIAMH-OMPOC CpEeIH CTYIAEHTOB Poccuiickoro
YHUBEPCUTETa JPYKObI HApOIOB C pa3HBIX HaIpaBICHUHN
MOJITOTOBKH: CIICIIHATUTETa, MAaruCTPaTypbl W aCHUPaHTYPHI
(n=27). AHkeTa BKIIOYaJ]a BOIPOCHI O JAeMOTrpadUUECKUX
XapaKkTEePUCTHUKAX, YaCTOTE W CLEHapuAX ucnoiibzoBanus MU,
ATUYECKUX aCIMeKTaX, BOCTIPUATUM BIUSHUS HA HABBIKU H
OTHOIICHWM K  BO3MOXHBIM  3alpeTaM CO  CTOPOHBI
npenojaBateneil. OOpaboTka AaHHBIX BBINMOJHEHA METOJaMU
OMHCATETHFHON CTATHCTHUKH.

Pe3yabTaThl.
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B BrIOOpKe mpeobnanaroT naeBymku (59,3%, n=16), roHOImH
coctaBisaoT 40,7% (n=11). Pacnpenenenue no HampaBiIeHUSIM
MOJATOTOBKM Npe/ICTaBiIeHO B Tabmue 1.

Tabnuua 1. Pacnpenesenue PEeCIIOH/IEHTOB no

HalmpaBJCHUAM MMOATOTOBKH
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HanpasJienue KoaunuectBo | douas, %
Menunuaa 11 40,7
Wnxenepusie Hayku / Texnonoruu / [T 7 25,9
EctecTBeHHbIC HayKH ((pU3uKa, XUMUs, OMOJIOTHS) 6 22,2
['ymanuTapasie Hayku / ICKyccTBO 1 3,7
Cornmanbabie Hayku / DxoHoMuKa / [TpaBo 0 0

Her oTBera 2 7,4
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OxoJIO TOJIOBUHBI ~ OMIpOIICHHBIX (44,4%, n=12)
ncnosb3yor MU Heckonpko pa3 B Henmemo, 25,9%
(n=7) — exxenuesHo, 14,8% (N=4) — HECKOJBKO pa3 B
mecst, 11,1% (n=3) — peaxo, u 3,7% (n=1) HUKOT/1a HE
npumensin MU B yuéoe.

Cambie momyJsipHbIC CIIEHAPUU — MOUCK W 0000IIeHHE
uHpopmanuu (ero ormetwnu 74,1% pecrnoHIAEHTOB),
Hanucanue tekctoB (37,0%), mpoBepka rpaMMaTUKA U
penaktupoBanue (33,3%), co3gaHue H300paKCHHUN U
npesenTanuil (29,6%), noMoib B MpOrpaMMHPOBAHUU
(22,2%) u pemienne marematuueckux 3aaad (22,2%,).
OTHollleHHWEe K aKaJIeMHYeCKOW YEeCTHOCTH OKa3alloCh
HEOJIHO3HAYHBIM. [lOJIHOCTBIO COTacHBI C TEM, YTO
ucrnonp3oBanne WU g wHanucaHusg Tekcra 0Oe3
paspenieHusl mpernojaBareiss — 3TO MOIIEHHUYECTBO,
tonbko 11,1% (n=3), ckopee cormacusl — 37,0% (n=10),
ckopee He cortacHel — 33,3% (N=9), MOJHOCTHIO HE
cormacael — 18,5% (n=5). Ilpu stom 70,4% (n=19)
HUKOT/Ia HE OTHPaBISAIOT HA TPOBEPKY  TEKCT,
MOJTHOCTBI0 ~ creHepupoBanubii MU, 22,2% (n=6)
JeNalT 3TO PEIKO U JHIIL OAuH 4YenoBek (3,7%) —

nHoraa.

75



BonpmmucTBO  pecnionnentoB  (44,4%, n=12) He
yKa3bIBaloT (hakT ucnoap3oBanus MU B padotax, 37,0%
(n=10) genarT 3TO TOJBKO MO TPEOOBAHHWIO, W JIMIIb
3,7% (n=1) roTOBBI 3TO YKa3bIBATh.

OKOHOMHSI BPEMEHM OIIEHMBAETCS BBICOKO: CpEIHUMN
6axn mo mkane oT 1 go 5 cocraBun 4,0 (Mmeauana — 4,
mona — 5). Pacnpenenenune orBetoB: 1 — 3,7%, 2 —
7,4%, 3 —11,1%, 4 — 29,6%, 5 — 48,1%.

Bimsuue perymspHoro ucnosbzoBanus MW Ha
(OKMBBIC» HABBIKA PECMOHAEHTHl OIICHUBAIOT TIO-
pazHomy: 37,0% (n=10) cuurarot, yto N momoraet
pa3BuBaTh KpuTHuYeckoe MbiiuieHue, 37,0% (n=10) —
YTO BPEOUT CaMOCTOSTEIbHOCTH, a 25,9% (n=7)
BocnpuHuMaroT MM kak HeUTpaiabHBIA HHCTPYMEHT (110
AQHAJIOTUU C KaJbKYJISITOPOM).

HNurtepecno, uto 40,7% (n=11) crankuBaauch cC
CUTyalluel, KOTJa OJHM MpEernoAaBaTelu pa3penaror
NN, a ngpyrue — net, 25,9% (Nn=7) OTMETUIHU, YTO
MHOTHE TmpenoaaBatenau npotus, 18,5% (n=5) He
CTaJKUBAJIUCh C OOCyXkaeHuem 3Tol Tembl, U 14,8%
(n=4) cooOmmiIu, 4YTO TMpernoJaBaTeId IOOUIPSIFOT

HCIIOJIBb30BaHHUEC UJIN HE 3aMCYAlOT €TO0.
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BonpmuucTBO ompoireHHbix (59,3%, N=16) cuutaroT
HEOOXOIUMBIM  OQUIMATIbHOE OOYyYEHHE CTYJECHTOB
rPaMOTHOMY HCIIOJIb30BAHUIO nn (mpomrit-
WH)KUHUPUHT, TpoBepka JaHHbIX), 33,3% (n=9)
10JIararoT, 9To 3TO (HaKyIbTaTUBHO, U JIKIIb 7,4% (N=2)
BBICKA3aJIUCh 3a OOy4YeHHE TOJBKO (yHIAaMEHTAIbHBIM
3HaHusiM 0e3 .

Oo6cy:xnenue. IlonyyeHHbIe JaHHBIE CBUACTEIbCTBYIOT
O BBICOKOM cTeneHu NOpoHukHoBeHuss WU B
CTYJIEHYECKYI0 CpeAy: TpU YETBEPTH PECIOHIECHTOB
UCIIOJIB3YIOT €r0 HE pEeKe HECKOJIBKHUX pa3 B HENEIO.
OcHoBHast (QyHKIUS — HHPOPMAIMOHHO-TIOMCKOBAS,
41O coryiacyercs ¢ mpexactaBieHuem o6 MM kak 06
«ymHOUW Buxkunemum». Bmecrte ¢ TeM 3HaYUTENIbHAS
JI0JISL CTYIEHTOB MIPUMEHSIET T€HEPATUBHBIE MOAEIH ISl

CO3aHrA TCKCTOB M KOA4, YTO CTAaBHUT BOIIPOCBI O

pa3BUTUU MMACbMEHHBIX 51 AHAIUTUYECKUX
KOMIIETECHIIUH.

[TapamokcanbHO, @ HO  OpU  BBICOKOM  4acTOTE
WCMOJIb30BAHUS OOJIBIIMHCTBO HE CUMTAECT

KOIIMPOBAHUC TCKCTA 0e3 M3MEHEHMU MNpUEMIICMBIM H

PEIKO MPAKTUKYET €TO.
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D10 yKa3piBaeT Ha C(HOPMUPOBAHHOE IMOHUMAHUE
aKaJeMUYECKON ITHKH, XOTS oduiranbHoe
uutupoBanue M moka He cTaio HOpMOW.
Bricokas orieHka SKOHOMHUHM BpeMeHU (cpeauuii 6a 4)
TIOJITBEPIK/TaCT MPAKTUYECKYIO IIEHHOCTh
WHCTPYMEHTOB, OJHAKO TOJIApU3alMsl MHEHHHA O
BJIUSIHUM Ha HaBBIKU (pOBHO 1o 37% 3a pa3BUTHE U 3a
Bpe/) TpeOyeT AaTbHEHIITNX UCCIIeI0BaHUM.
3akioueHue. Onpoc BBISBUJI aKTUBHOE
VICIIOJIb30BaHUE nn CTyJIEHTaMU pa3IUYHBIX
HAIPaBJICHUM, TPEUMYIIECTBEHHO [IJIi TOWCKa U
oOpabotku wuHpopmaruu. HecMoTpss Ha MmHMpPOKOe
NPUMEHEHHE, CTYACHTBl COXPaHSIOT KPUTHYECKOE
OTHOIICHHE K STUYECKUM aCMEKTaM W BBICKA3bIBAIOTCS
3a WHCTUTYIHOHAIW3AIMi0 o0yudeHus padore c¢ HMU.
Pe3ynpTaThl MOTYT OBITH MOJE3HBI MPEMOIABATENSAM |
aIMUHUCTPAllUd BY30B TIpH  pa3pabOTKe TMOIUTHK
aKaJeMUYECKON YECTHOCTH M HMHTETpauu Iu(POBBIX
MHCTPYMEHTOB B 00pa30oBaTeNIbHBIN Mpoliecc.
CnmcoK HCTOYHMKOB

1. Paunxkas JI. K. u np. [lepcniekTuBbI IpUMEHEHUS

ChatGPT mus Beicmiero o0Opa3oBaHHS: 0030p
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MEXIYHApOJHbIX ucchenoBanuil //MHTerpanus

obOpazoBanus. — 2024, — T. 28. — Ne. 1. - C. 10-21

JTHYeCKHE M IPABOBbIE ACNEKThI IPUMEHEeHHs
HCKYCCTBEHHOI'0 HHTEJJIEKTa B CCTeMe CKOPO
MeIMIIMHCKOH MOMOIIM pecny0JIuKH Ka3axcTaH
MyaobaeBa blpbicryis :kapbluiranoBaa
Ynaranau 3eiiHen KacyJJaHKbI3bI
Crynentsl 6 u 1 kypcoB
KazHAMY um. C.J]. Acghenousaposa, Kazaxcman

Hay4HbIil pyKOBOAMTEb: M.M.H., acC.NPO.

KybaTrkanoBa K.K.
KasHMY um. C./].Acpenousposa, kagheopa CHMII,
Kazaxcman
AKkmyanbHocmb UCci1e006anus 0bycnosnena

llocnanuem Ilpesudoenma K. K. Tokaesa (2025),
CMassauuUM 3a0auy MOMAanIbHO2O0 BHEOpeHUs.
uckyccmeenno2o unmennekma (MHU) ona mooepruzayuu
skoHomuku  Kazaxcmana. B ciepe  cxropoii
meouyunckot nomowu (CMII) UU obradaem 6vicoxkum
NOMEHYUANIOM O]l A8MOMaAmu3ayuyu uHmepnpemayuu

IKI, unmennekmyanbHou COpmMUpPOBKU Bbl30608 U
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NO00EPIHCKU NPUHAMUS KTUHUYECKUX PeuleHUl.

Llenvio uccnedosanus aeniaemcs uzyuums dmuyecKue U
npasogvlie bOapvepvl, a MmakKdce CHOpPMYIUPOBAMD
npunyunsl Oezonacuou uumezpayuu HU 6 npaxmuky
CMII PK.

B xone uccnegoBanus ObUT MPOBEACH KOMIUIEKCHBIN
aHaJIu3 HOPMATHUBHO-TIPaBOBOM 0a3bl  PecnyOnuku
Kazaxcran, Briatouas 3akoH «0O0 HCKYyCCTBEHHOM
unteiekre» (2025) u Kogekc «O 310poBbe Hapoaay.
[IpumeHssicss METOJ 3TUYECKOro aHajau3a MPUHIUIIOB
BO3 B KOHTEKCTE AKCTPEHHOW METUIIUHBI. Takke ObLI
U3Y4YEH MPAKTUYECKUA OIBIT HCMIOJIb30BAHUS CHUCTEM
NOAJEPKKU TPUHATUS  PEIICHHW U aJIrOpUTMOB
aBTomMatuueckoro a"ainniza OKI Ha gorocrnuraibHOM
JTAare.

B pesynpraTte wucciemoBaHus OBUIM  OMpeETICHBI
KJIFOYEBBIE nTapaMeTpsl BHeApeHus: I :

OTHUYECKUN Kapkac: YCTaHOBJIEHO, YTO IPUOPUTETOM
SABISACTCS MNPUHUWII «HE HaBpPEIW» W COXPAHEHUE
YEJIOBEUECKOI0 JOCTOMHCTBA. AJTOPUTMBI  JTOJKHBI
OBITh MOPO3PAYHBIMU M HEJUCKPUMHUHALIMOHHBIMU,

obOecnieunBasi paBHYI0 3(QPEKTUBHOCTD JJIsl TOPOACKUX U
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CEIIbCKUX KUTEIIEH.

IIpaBoBou craryc: nn KJaccupuuupyercs
UCKIIIOUYUTEIBHO KaK MHCTPYMEHT, a HE CYOBEKT MpaBa.
IOpunnueckass OTBETCTBEHHOCTh 332 MEIULMHCKHE
MaHUMNYJIAIUA U 0€30MacHOCTh MAalMEeHTa MOJHOCTHIO
COXpaHSETCS 32 BpauOM U OpPraHU3aLMEN.

Texuunueckue TtpeboBanusi: Cucrtempr MU Tpebyror
o0s3aTeNbHOM  cepTUUKAIMM  KaK  MEIUIIUHCKHUX
U3IeIMA W JIOJDKHBI ~ CTPOrO  COOTBETCTBOBATH
JNENUCTBYIOIIUM KIIMHUYECKUM npoTokonam CMIL.
be3zonacHocTh gaHHBIX: VcnOJIb30BaHKUE MTEPCOHATIBHBIX
JAHHBIX MAUEHTOB JOMYCTUMO CTPOTO B MEAULMHCKUX
HesIX TpU  yCIOBUM MHUGPOBAHUS U KECTKOTO
KOHTpPOJISI 1OCTYIIA.

HCcKyCCTBEHHBIM HMHTEIUICKT CYIIECTBEHHO ITOBBIIIACT
appexktnBHOCT, paborel CMII 3a cuer ckopocTu
0o0pabOTKH JaHHBIX W TMPUOPUTH3AIMU  BBI30BOB.
OnHako €ro MNpPHMEHEHHE OrPAHUYEHO STUYECKUM
TpeboBaHMEM O0053aTEIBHOTO KOHTPOJIS CO CTOPOHBI
9eJioBeKa (human-in-the-loop). Janbueimue
UCCIIEIOBAHUSI  JOJDKHBI ~ OBITh  HAINpaBJICHBI  HaA

COBCPIICHCTBOBAHHNEC MCXAHHU3MOB JOKYMCHTHPOBAHHA
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neucteun MM B MeOMUMHCKUMX — KapTtax s
oOecrieyeHusi MPO3PavyHOCTH MpPHU Pa3do0pe CIOKHBIX
KIIMHUYECKUX CIy4aeB.
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The complexity of differential diagnosis of MIS-A,
Still's disease and Viral Sepsis: a clinical case
Khan Mohammad Igbal , Gauhar Kurmanova,
Gulzhan Trimova
Al- Farabi Kazakh National University
Introduction: The differential diagnosis of multisystem
inflammatory syndrome in adults (MIS-A), adult-onset
Still’s disease (AOSD), and sepsis represents a
significant clinical challenge due to substantial overlap
in key manifestations, including high-grade fever,
systemic  inflammatory  response  (leukocytosis,
hyperferritinemia, elevated C-reactive protein),
cutaneous involvement, and potential multiorgan
dysfunction, in the absence of specific diagnostic tests.
Multisystem inflammatory syndrome in adults (MIS-A)
develops after COVID-19 infection and leads to damage
to internal organs and systems such as the heart, lungs,
kidneys, skin, eyes, and brain. MIS-A affects adults over
21 years of age. The main symptoms include fever, red
eyes, swelling of the hands and feet, rash, and
gastrointestinal problems, and may resemble those of

Still's disease, Kawasaki disease, or toxic shock
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syndrome. Importantly, a negative SARS-CoV-2 PCR
test does not exclude a post-infectious immune-mediated
process.

Case presentation: 35-year-old woman at 24 weeks’
gestation with fever, monoarthritis of the right knee,
persistent urticarial rash, odynophagia, marked
hyperferritinemia (2875.6 ng/mL), and elevated CRP
(110 mg/L). AOSD was initially suspected. However,
the presence of lymphopenia, the atypical nature of the
rash, and negative autoimmune serology (ANA, RF)
were not fully consistent with established diagnostic
criteria and necessitated further evaluation to exclude
MIS-A and sepsis. Pregnancy, as an immunomodulatory
state, may further obscure the clinical picture and
increase the risk of diagnostic misinterpretation.
Therefore, the following principles are essential in
clinical practice comprehensive assessment of clinical
and laboratory findings, including detailed post-
infectious history, exclusion of bacterial sepsis prior to
initiation of immunosuppressive therapy, careful
consideration of atypical features not fully compatible

with classical AOSD criteria and early multidisciplinary
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management involving rheumatology, infectious
disease, and obstetrics specialists.

Conclusion: Timely diagnosis is crucial, as treatment
strategies differ fundamentally. In the post-COVID era,
MIS-A should be systematically included in the
differential diagnosis of patients with hyperferritinemia
and a systemic inflammatory response of unknown

etiology, especially in young adults and pregnant

women.
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I[IpumMeHeHUE HCKYCCTBEHHOT0 MHTE/LIEKTA J1JIs1
PaHHEro NPOrHO3UPOBAHUA 1HadeTa U
MeTado0/IM4YeCKUX HAPYIIeHUil y AeTei

Ka3znenoBa Ajima AjiMacKbI3bl
untepH VI kypca
HAO «Kapazanouncxuii meOuyuHcKull yHugepcumemy,
2. Kapazanoa, Kazaxcman
Caxapupli nuaber y Jered — 93TO HapylleHUe
YIJI€BOAHOTO W JAPYTHMX BHUIOB OOMEHAa BEIECTB, B
OCHOBE KOTOPOTO Jexar WHCYJIMHOBAs
HEJIOCTAaTOYHOCTh W/WJIM  HHCYJIUHOPE3UCTEHTHOCTD,
NpUBOASIIME K  XPOHUYECKOW  TUINEPIIIMKEMHH.
AKTyanbHOCTh JIaHHOW TIpOOJeMBI O00ycClOBIeHA €€
BBICOKOM pPaclpoOCTpaHEHHOCTBIO BO BCEM Mupe. llo
JAHHBIM BO3 (Bcemupnas OpraHu3anus
3IpaBOOXpaHEHMs ), TMadeT 1-ro THTa paHee Ha3bIBAJICS
IOHOIIIECKUM WM JeTCKuM pauabdetom; B 2017 roay B

MHUPC HACUHUTBIBAJIOCH OKOJIO 9 MUWJIIHOHOB YEJIOBEK C
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JaHHBIM THOOM 3a0oneBanusg. Jlmaber 2-ro Tumma
TPAAUIIMOHHO CUWTalCsi 3a00JIeBAHUEM B3POCIIBIX,
OJHAKO B TOCJACIHHE TOABl OH BCE  daIe
JTUArHOCTUPYETCS Yy JETEH, UTO CBS3BIBAIOT C POCTOM
pacrpocTpaHEHHOCTH OKUPEHMUS, CHIDKECHHEM
bu3uYeCKOl aKTUBHOCTH M BJIUSHUEM TEHETUYECKHUX
dakropos [1]. B Pecniydnuke Kasaxcran 3a mocieanue
15 JeT OTMEYacTCs 3HAYNUTEILHBIN pocT
PacrpoCTpaHEHHOCTH CaxapHOro auabera: KOJIHMYECTBO
OO0JIbHBIX yBenMYWIOCh B 3,5 paza. Ilo cocrosHuio Ha
Hayano 2021 roma Ha AMCIIAHCEPHOM YYETE COCTOSJIO
382 THICAYM 4YeNOBEK, M3 HHUX OKOojJo 30 ThICIY —
NaIlMeHThl C caxapHbIM jauaberoM 1-ro tuma u 352
TBICSTYM — TAITMEHTHI C CaXapHbIM JTUa0eTOM 2-TO THIIA,
9TO OTpa)kaeT HEeOIaroNpHUATHYIO
SIUJIEMUOJIOTUUECKYIO TeHACHIIUIO, 3aTPAaruBaromyo u
JCTCKYIO MOMYJISIuio [2].

Caxapupli  nuaber 'y  JeTedl  CONPOBOXKIAETCS
BBIPQKCHHBIMU ~ META0OJUYECKUMHU  HapYyIICHUSIMHU.
[Tomumo paccTporCTB YIJIEBOIHOTO oOMeHa,
HaOJII0Ial0TCSl HAPYILICHUS JIMIUAHOTO W OEIKOBOIO

oOMEHa: TIOBBIIIAETCS YPOBEHBL OOIIEr0 XOJIeCTEPUHA U
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TPUTITHLIEPUIOB, dbopmupyercs aTeporeHHas
TUCITUTTUIEMHUS, YCUITUBAIOTCS KaTaboyimyeckue
npoueccbl 0enkoBoro oOmeHa. COBOKYMHOCTb 3THX

M3MEHEHUH CIOCOOCTBYET Pa3BUTHUIO META0OINYECKOTO

CUHAPOMA — KOMIUICKCA MATOJIOTHUYCCKUX COCTOHHHﬁ,
BKJIIOYAIOICT O ApPTCPUAJIBHYIO TUICPTCH3UILO,
TUICPriIMKEMHULO, ATCPOTCHHYIO JAUCIIUIINCMHUIO,

MUKPOAJTLOYMUHYPUIO W HApYIIEHUS]  CHUCTEMBbI
reMoCTa3a, 4YTO TMOBBIIIAET PUCK PAHHETO Pa3BUTHSA
CEPACYHO-COCYAUCTBIX OCTOKHEHUM, TTOPAKESHUSI TTOYCK
U COCYJIMCTBIX HAPYLIECHHI.

Henab: OLEHUTHP MOTEHUHAT MPUMEHEHUS METO/IOB
uckycctBeHHoro wuHtewiekta (UMW) g panHero
BBISIBJICHUSI CaxapHOro nauabera W MeTa0OJIMYECKUX
pacCTpOMCTB Yy JE€T€d Ha OCHOBE MYJIBTHOMHBIX,
KJIIMHUYECKUX U OMOMEIUIIMHCKUX JaHHbIX. MaTepuasl
u METO/BI: UCCIIEJOBAaHUE OCHOBAHO Ha
PETPOCTIEKTUBHOM aHAJIN3€ COBPEMEHHBIX MyOIUKAIIHii,
BKtouast padorer S. Ellahham (2020), Z. Guan, H. Li
(2023) w M. Khalifa (2024), nocBsIEHHBIC
npuMeHeHno wmetoaoB MW nns  nporHo3upoBaHHs

caxapHoro auabera U METa0OJIMYECKUX HAPYIICHUU Y
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neTeil. Monenu nn o0y4anuce Ha
AHOHUMU3UPOBAHHBIX KIIMHUYECKUX u
OMOMETUITMHCKUX JAHHBIX, BKJIIOYAst
TPAaHCKPUNITOMHBIE TMPOPUIU, C I1EJIbI BBISBICHUS
paHHUX OHWOMapKepoB puCKa U KJIacCUPUKAIIU
NAlMEHTOB MO  BEPOSATHOCTH  MPOrPECCUPOBAHUSA
3a00seBaHus. BBIMONHSIICS CpaBHUTEIbHBIA aHAU3
3 PEKTUBHOCTH Ppa3NUYHBIX aiaroputMoB HWU  ms
paHHETO MPOTHO3UPOBAHUS MeTa00IUIECKUX
HapYILICHUMN.

Pesyabrarel: npumenenne WK gemoHcTpupyet
BBICOKYIO TOYHOCTh IIPOTHO3UPOBAHUS PUCKA PA3BUTHUSA
nuabeTa y AeTel Ha MOKIMHUYECKUX CTaausiX, TO €CTb
A0  TOSBICHUS  KIMHUYCCKUX  cUMOTOMOB  [3].
Hcnonp3oBaHue OMHOKJIETOYHBIX TPAHCKPUIITOMHBIX
JAHHBIX TO3BOJIAET KiIaccU(DUIMPOBaTH JAETe ¢
ayTOAQHTUTEIIAMHU IO BEPOSITHOCTU IPOrPECCUPOBAHUS
3a0oneBaHus, a MHTETPAIMS MYJIHTHOMHBIX JTaHHBIX C
KIIMHUYECKUMHU napaMeTpamu — BKJIFOYAs
AHTPONIOMETPUUYECKHE  TIOKa3aTenu, J1abopaTopHbBIE
JAHHbIE M CEMEWHBIM aHaMHE3 — 3HAYHUTEIBHO

MOBBIIIIAET TOYHOCTH MporHo3upoBanus [4]. Taxkoii
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MOAXOJ  MO3BOJIAET  BBIBISATH  METa0OJIMYECKHE
HapyIIeHUs, BKIIIOYasi T€CTAIMOHHBIN TUa0eT U paHHUE
CTaJIMM UHCYJIMHOPE3UCTEHTHOCTH.

Oo6cy:xnenue: MIPUMEHEHHE HCKYCCTBEHHOTO
UHTEJJIEKTa B U3YYEHUHU caxapHOro Auabera OTKpbIBaeT
BO3MOXKHOCTU  BBISIBICHHUS  CKPBITBIX  MATTEPHOB,
IPOrHO3UPOBAHMS CKOPOCTH IPOrpecCUpOBaHUS
3a0o0seBaHus " dbopmMupoBaHus
WHJUBUIYaTU3UPOBAHHBIX ~ CTpAaTeTU  HAOIIOCHUS.
OcCHOBHBIMU OTrpaHUYCHUSIMU OCTarOTCs
HEOOXOIUMOCTh CTaHJapTU3ALNHU JAHHBIX,
UHTEPIPETUPYEMOCTh MOJIEJIE W TOTpeOHOCTh B
KPYIHBIX MPOCHEKTUBHBIX KOTOPTHBIX HCCIIEIOBAaHUSIX.
Tem ne w™enee, MU cnocobcTByeT mepexoay K
IPEBEHTUBHOMN MEJIULINHE U ONTUMU3ALUU
KIIMHUYECKUX PELICHUM Yy JETEd C BBICOKUM PHUCKOM
MeTabOoIMUeCKUX HapymeHu [5].

CoBpeMeHHasi TUarHOCTUKA caxapHOro nuadeTa y aeren
OCHOBBIBA€TCA HA KIMHUYECKUX TMPOSBICHUIX U
7a0OpaTOpPHBIX  METOJAxX:  ONPEACICHUU  YpPOBHS
[JIFOKO3bI IJ1a3Mbl HATOIAK, U3MEPEHUU TIIMKEMUU TPU

HaJIM4YKuK  CHUMIITOMOB, IIPOBCACHHH IICPOPAJIBHOI'O
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TJIIOKO30TOJIEPAHTHOTO TeCTa M OMpPENEICHUH YPOBHSA
ridkupoBaHHoro  remornoowna  (HbALc). s
muddepeHurany  TUMOB  Jauabera  NPUMEHSIOTCA
METOJBI OIpENeTCHHs] ayTOAHTHTEN, WCCICIOBAHNE
ypoBHs C-menTuaa ©W  MOJCKYISPHO-TCHETHYCCKOE
TECTUPOBAHHWE TIPU TIOJIO3PEHUU HA MOHOTCHHBIC
dopmel [6]. PanHee BbISBICHHE OCIIOKHEHUI BKIIOYAET
aHaIM3 MOYM Ha MHKPOAJTLOYMUHYPHUIO, OICHKY
JUMHIHOTO  TPOPWISL, KOHTPOJIb  apTEPHATHLHOTO
NaBiACHUS,  O(TATbMOJIOTMYECKUH  CKPUHUHT U
HEBpoJioThYeckoe  obOcienoBanue.  JlomoiaHUTENbHO
BHEJIPSIIOTCSL COBPEMEHHBIE TEXHOJOTUM, TaKHe Kak
CUCTEMBI HETIPEPHIBHOIO MOHUTOPUHTA TJIOKO3bI, YTO
MOBBIIIAET TOYHOCTh KOHTpOJIA 3aboNeBaHus U
3 PEKTUBHOCTH IEPCOHATU3UPOBAHHOTO HAOIIOICHHUS.
Takum  oOpa3zom, caxapHblii nuaber y  Jerei
MpEACTaBIsAeT Cco00Ml CHUCTEMHOE MeTaboIHuecKoe
3a00eBaHUE C HApACTAIOIICH PaCIpPOCTPAHEHHOCTHIO
[7]. Hcnonw3oBaHWe  METOAOB  HMCKYCCTBEHHOTO
WHTEJUIEKTa  pacIIUpsSeT  BO3MOKHOCTH  PaHHETO
MIPOTHO3UPOBAHMS, cTpatuduKauu pucka u

CBOEBPEMEHHON  MPOPUIAKTUKH  METabOJIUYECKHUX
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HapymeHHﬁ, qTO ABJIICTCA Ba’XHBIM HaIIPpaBJICHUCM
pa3BUTHUA COBPEMEHHOU MEeIUaTPUIECKON
OHAOKPHUHOJIOTUH.
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DJIEKTP KbUIYJIBIK COYJICJEeHIIPYAIH KACYIIATBIK
OMOCTUMYJISIUSJIBIK dCePi: ArPOOHEPKICINTIK KIHE
MeINIUHAIBIK 0M0pU3NKATAFBI CAJIBICTHIPMAJIbI
TaJaaay
Acbuira3bl AssHa CaMaTKbI3bI
ctyneHt | kypca pakynbTeTa 0011IeH MEIUITUHBI
C.IK. Acgpenouspos amvinoaswt Kazax ¥immuolx
Meouyuna Ynueepcumemi, Anmamet, Kazaxcman
baiaynunaesa I'yabxaxan EnraeBna
accolMMPOBaHHBIN npodeccop kadeapbl HOpMaTbLHOM
(bU3HOJIOTUH C KYpCcOM OMOPHU3UKU
C.IK. Acgpenouspos amuvinoaswt Kazax ¥immolx
Meouyuna Ynueepcumemi, Anmamet, Kazaxcman

Annomayusa: Maxanaoa mipi dcacywanapea 371eKmp

cayenepitiH OUOCYMYTAYUSATBIK, dCEpIHIH
ouoghuzukanvly MexaHuxmoepi 3epmmenin, oy
manoaynapoviy acpoeHepKaCcinneH MeouyuHa

CANAChIHOA&bL OPMAK, APMBIKULBLIBIKMAPLL MEH KOJLOAHY
bazvimmapwi CANbICMbIPMATIbL mypoe
manoanaowvl. INeKmpmepmusiivl ~ 6HO0eyOeH  OMKeH
acmoix MYKbIMOAPbIHOA OpbIH anamoit

M€m060ﬂumuk‘aﬂbll§, HCACYUWLATIBIK, MbIHbIC ATly Ke3inoezi
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bencenoinixk 03  KeszeciHOe  adam  A@3AcCLIHOA
KONOAHLLIAMbBIH ~— MOMeH  KAPKbIHObL — UHDPAKbI3bLIL
cayneniKk mepanusmMeHn CaiblCMmblpbLiaobl. Kacyuanslk
Oeneetioeci IHepeusi  AIMAcy, OHbl OHOIDY JHCIHe
O6uoghomoHobIK npoyecmep Hez2i3iHOe opmag
MexaHuxmoep — Hamuoicecinoe — IAeKMp  HCHLIYIbIK
cayneneHoipyoiy 6uopu3UKAIbLIK acepi myciHOipineoi.
Kiar ce3nep: uugpaxwisvin cayne, 31eKmpOXUMUALbIK
onoey, MeOuYyuHaivlx Ouousuxa, OUOCMUMYIAYUS,
INEKMPOMACHUMMIK CIYNEIeH).

OnekTtp uriMi madga OosFaHHAH Oepl DIIEKTP
DHEPTHACHIH KOCINTIK TYpAe aixy oiicTepl Oar
TaOBUIFaJIBI O€Pi AJEKTP TEXHUKAJBIK FHUIBIMIAD JJICKTP
SHEPTHACHIH KOCIOM KOJIaHy calachlHIa YHEMI KYMBIC
ICTEIl KeJieal.

DNEKTp TEXHOJOTHUSACHI — OJJIEKTP DHEPTUSCHIH
KBUTYJIBIK, MAarHUTTIK, MEXaHUKaJIBIK JKoHE Oacka
DHEPrus  TypJiepiHe TYPACHAIPY  MPOIECTEPiH
3epTTEUTIH  FBUIBIMU-TEXHUKAJIBIK  cala.  JJEKTp
DHEPTUACHIH  JKBUIyFa  aWHANIBIpyFa  HETI3NIENTCH
MPOIIECTEP IEKTPTEPMUSIIBIK YPAICTED JCT aTaIabl.

DNEKTPOMAarHUuTTIK COyJENeHYAIH Tipl )Kylenepre
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ocepl Kazipri OuO(U3MKAHBIH MaHBI3Bl  3€pPTTEY
OarbITTapbIHBIH Oipi 00BN TaObUIaAEl. MH(paKbe3pLUI
(UK) JTMara3oH/1arbl COYJICIICHY SHEPTUsIChHI
OMOJOTUSAIBIK YJINAaJapMeH >KYTBUIBII, >KacylIallIiiiK
npoliiecTepiiH OCJIICEHIUIITH apTThIPY KaOiJIeTiHe ue.

WNubpakp3bul coyneneHy — TOJKBIH Y3bIHJIbIFbI
1aMaMeH 700 HM—1 MM apaJIbIFbIH1AF bl
AIEKTPOMArHUTTIK TOJIKBIHIAD. buonorusibik
yinanapia  OHBIH — DHEPIrusiChl  HETI3iHEeH  Cy
MOJIEKYJIanapbl MEH OPTaHUKAJIBIK KOCBUIBICTAP apKbLIbI
KYTBUIAbI.
CayneneHy acepiHeH:

. YKaCYIIAIIIUTIK TEeMITepaTypaHbIH

MUKPOAPTYyhI OaKaIasl;

. (dbepMEeHTTIK peakusiap KbULIaMIan b,

. MeMOpaHaIIbIK TOTEHIINA ©3repyl MYMKIH;

. MUTOXOHJIPUSJIaFbl  TBIHBIC ally Ti30eri
Oescenei.

TYpi MEH  CIEKTp  TYpiH, COHBIMEH  Karap
WHTEHCUBTLUIITIH TaHAay MaHb3AbI JKacymia neHreiinae
KapacTblpaTblH OoJsicak, OyJl MpoIecC BSHeprusi Kesi

Oonbin  TaObutaThiH  aaeHazuHylipochar  (ATD)
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CUHTE31HIH Oipmama apTyblHa anbinl  keneal. ATO
Kacymia — IIUNK ~— YPAICTEpAiH  KJI3Faylibl Kyl
oonranabikTaH, AT® KOHIEHTPAUUSACHIHBIH apTybl
’acyia OeJiceHIuTIriHe cedenii 6oaabl.

Aybul  TIapyamIbUIBIFBIHAA — MHQPAKBI3BLI
COyJIeTICHIIPY KEHIHEH KOJJaHbUIaabl, ce0ebl o
MaTEpUANIbIH 1K1 KYpPbUIBIMbIHA TEpPEH ocep eTill,
SHEPrUsiHBl THIMII TapaTaabl. TYKBIMHBIH OacTarKsl
KYHIH eckepreszeri opOip aybul MIapyallbUIbIK
JAKbUIBIHBIH TIPHIUTIK OPEKEeTIH >KaHIaHJIbIPy YIIIH
OFaH COMKEeC KEJIeTIH JIJIEKTPOMArHUTTIK OCepAiH Typi
MEH CIIEKTp TYpPIH, COHBIMEH KaTap WHTEHCUBTUIIIH
TaH/1ay MaHbI3/bL.

bunaii TYKBIMJIAPbIH MH(PAKBIZBLT

CoyJIeNIeHIIPY apKbUIbl OHJLY Ke31He Kelleci e3repicTep

OaliKataabl:
. OHY PHEPTUACHIHBIH OipIiama ecyi;
. (hepMEHTAaTUBTIK OCJICEHIUTIKTIH KYIICIO1;
. TBIHBIC ATy KAPKBIHBUIBIFBIHBIH aPTYHI;
. ’KacyIla IIUTIK 3aT aTMacybIHbIH JKaHJIaHYy.

byn kyObuibic  Ouoctumysiuss 3 dekTici

pEeTIHJE CUMATTANIAJbl )KOHE J03ara TOYyeN Il e3repmeni
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KopiHic Oepesl: OoNTUMAaAbl JEHreHJIe CTUMYISIUs
Oaiikasca, 1IaMaJaH ThIC dcep TEXKEYIII00Tybl MYMKIH.
JloH1i-naKbut TYKbIMIAPbIH OHJICY/1H
ANEKTPOPU3UKAIBIK OMICTEPiHIH aHaIu31
KapanabIMIbUIBIFBI MEH CEHIMJUIIriHe OalIaHbICThI
UHGPaKbI3bUT coynenepAl NalAalaHyAblH THIMIUIITH
kepcerTi. Erep OCBI 3eprTeysepre colkec
arpoeHepKacinTeri MHQPAKBI3BLI COYJIeepi CamnajbiK
apTHIKIIBUIBIKTAPFa Me 00Jica, MEIUITMHA CaIaChIH/IAFbI
TepanusFaa KO3FayIbl KyIr 0oJa ajnajbl.
MenuuuHanelk  Onodusnkagarbl  WHOPAKBI3BLI
Tepanusiia  OCbl  MEXaHU3MJEpre  HEeTI3JeJreH.
AF3aMbI3IbI  TYTaC KYpauThIH Kacymiauarbl Oy
ypaicTep Kasipri Tepamus Heri3aepi JeceKk Te OoJiajbl.
Omait  Gonca  MeauuMHAZA  TOMEH  KapKbIHIBI

UHOPAKBIZBUT COYIICICHIIPY:

. YKapaHbIH JKa3bUTYbIH XKeACIICTEIi;

. KaOBIHY TIPOIIECTEPiH a3alTaIbl;

. KaH aifHaJIBIMBIH JKaKCapTaIbl;

. TIHACPIH pereHepaIusaCchiH
BIHTATAHIBIPATBI.

Byn coilkecTik 3J€KTp IKbUIYJIBIK COYJIEICHYI1H
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oM0Oeban OHOPU3MKATIBIK 9Cep MeXaHU3IMl HETi31H[e
€KEHIH JIoNeNIenll. ATpPOMHKEHEPHsl CajlachlHIAFrbl
ONTUMAJIBJIbI COYJICJIEHY PEXKHUMJIEPIH aHBIKTay Kazipri
MeIUIHA caJlaChIbIHAAFbI OMOCTHMYIISIIIHS
KYpPBUIFBUIAPBIH apbl Kapal THIMA1 KETUIAIPYAe MOJEIb
peTiH/e naiiananbulybl 90J1€H MYMKIH.

KopbITbIHABI. DNEKTp KbUTYNBIK (MHYPAKBI3HLI)
CoyJIeNICHIIPYAIH Tipi Kacyrianapra ocepin
CaJNBICTRIPMAJbl Tajaayjap HOTHXKECI OHBIH ombOeOar
OMOo(M3UKAIIBIK MEXaHU3MI'e HET13/ICJICTIHIH JOJEAC/I.
Coyneneny SHEPTHSCHIHBIH YKACYIIAIIILTIK
KYpBUIBIMJIAPMEH, 9cipece MUTOXOHAPHUSIIBIK THIHBIC
amy Ti30eriMeH e3apa OpEKeTTeCyl HOTHXKECIHJIe
anenosunymidochar (ATD) cuHTe3l  Kymieueni,
(dbepMEeHTTIK OeJICeHITIK apTajbl )KOHE METa0OIUKAIBIK
mporecTep KapkblHIal Tyceni. byn KyObuUIbIC eciMik
TYKBIMJIAPbIHBIH 6HY 3HEPIUACHIHBIH >KOFapbliaybIMEH,
KBUINaMIBIFBIHBIH ~ apTybIMEH  COHKeCiHIIEe  ajam
TIHACPIHIH pETeHepaTUBTI  KaOlJIeTiHIH  apTybIMEH
cUmarTaisabl.

ATpOeHEpKCINTIK ToXKipudee AIEKTP

KBUTYJIBIK COYJIENCHAIPY TYKBIMHBIH (DU3UOIOTHUSIIBIK
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OCJICeHAUTINIH apTTHIPBIN, OHIMHIH canajiblK >KOHE
CaHJBIK apTHIKIIBUIBIKTaApFa He OO0JIyblHA MYMKIHJIIK
Oepeni. Al MeAUIIMHANBIK OUOo(dU3MKaa OChIFaH YKCAC
MEXaHU3MIEpP TOMEH  KapKbIHABI  HHQPAKBI3BLI
TepaNnusHBIH HET131H Kypaiapl. JKacymanblk J1eHrenaeri
OpTaK HbICAaHAa — MUTOXOHJIPHS JKOHE OHBIH (DEPMEHTTIK
KyMenepli — ekl canagarbl ocepAiH (YHKIIMOHAIJIBIK
OIpJIIriH ToNeaeH Il

3epTTey HOTHXeENepl AIEKTP AKBUTYJIBIK
COYJICICHIIPY/IIH IIaMachlHA COMKEC TOYENIUTIKKEe He
€KEHIH XoHE OMOCTUMYISALMSUIBIK dCEPIiH ONTUMAIIbI
napameTpiep/i TaHJayMEH ThIFbI3 OalJaHBICTHl €KEHIH
akpIHIanbl. by dakrop coyneneHyaiH ImamagaH ThIC
ocepiHeH 00JaThIH TEXKEYIIN, Kepl BIKNAIAAPAbIH aJlIbIH
anyra MYMKiHIIK Oepeni. COHIOBIKTaH COyJICJICHY
pPSKUMICPIH  FBUIBIMH ~ HETi3J€  OHTaWJIaHABIPY
arpOMHXKCHEPIIIK JKOHE MEIUIMHANBIK KYPBUIFbLUIAPIBI
*o0ajay/a eIyl MOHTe re.

Ocepinaiiina, 3JeKTp IKBUTYJBIK COYJICICHIIPYIiH
KACYIANBIK OMOCTUMYJISIIUSIIBIK OCEPIH 3EpPTTey TEK
arpOTEXHOJIOTUSIIBIK MIHJIETTEP/I1 I yMEH

IIEKTEIMEH, pereHepaTUBTI MEIUIIMHA, MEIUITMHAIIBIK
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OnodusnKa xoHe OUMOMHXKEHEpHUs calajiapblHIa >KaHa
FBUIBIMM OaFbITTapAblH JaMyblHa HEri3 0oja ayajbl.
Bonamak 3eprreynep CoyJeNeHYIIH MOJEKYIaJIbIK
CUTHAJBIK JKOJIJapFa, T€H OJKCIPECCHUACHIHA IKOHE
AHTUOKCUJIAHTTBIK  JKYHelnepre ocepiH TepeHIeTIN
Tanjgayra OarbITTalybl THIC T OLIEMIH.
IMajinasaHbLUIFaH d1e0ueTTep Ti3iMmi:

1. XynoHoros, AM. IIpumenenue HK-
OMOCTUMYIISITOPOB CEeMsH B CEJIbCKOXO-
351CTBEHHBIX MTPEANPUITUAX HpkyTtckoi
obnactu: pekomennanun— Mpkyrck, 2011. — 43 c.
COOpHUKHU HAyYHBIX TPYJIOB

2. ®enoros, B.A. [IpeanoceBHast 06paboTka ceMsH
pacTeHui c
IPUMEHEHHEM DJIEKTPOTEXHOJIOTUIECKOTO 000py
noanusi/B.A.®enotos//  Hayunsie uccienona-
HUS CTYJI€HTOB B  PELIEHUM  AKTYaJbHBIX
npoonem  AIIK: ¢6. cryn. Hayd. KOH].—
Wpxyrck: UpI'CXA, 2009. — C. 175-177.

3. Chung, H., Dai, T., Sharma, S.K., Huang, Y.Y.,
The nuts and bolts of low-level laser (light)

therapy // Annals of Biomedical Engineering. —
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2012. — Vol. 40(2). — P. 516-533.

OnTumMu3anus IMArHOCTUKU U MPOTHO3UPOBAHUSA
TeYeHHUsI repnecBUPYCHOI0 KePaTUTA
HcemyxanoBa baabim CepuKKaIMKbBI3bI
pe3uaeHT 1 roga oOydeHus mo oPpTaabMOJIOTHN
Kasaxckuii hayuonanohwiii ynusepcumem umeHu anb-
Dapadu, Kazaxcman
Hcaxanosa [:;xamuiasa EpkuHoBHa
KaHIUIAT MEAUITMHCKUX HaYK, HAyYHBIA PYKOBOIUTEIh
Ka3zaxckuii nayuonanvHwiil ynueepcumem umeHu aib-
Dapadu, Kazaxcman
Annomauua.  I'epneceupycuviti  kepamum  (I'BK)
A6IAEMCA  OOHOU U3  BeOVWUX KIUHUYECKUX DopM
ogpmanvmozepneca u OOHOU U3 OCHOBHbIX NPUYUH
B0CNAUMENbHBIX 3A00Ne8aAHUL PO20BUYbL, NPUBOOSUIUX
K CMOUKOMY  CHUJICEHUID  3DUMENbHbIX  (DYHKYULL
Buvicokas ~ uacmoma  peyuoueos,  paznoobpasue
KAUHUYECKUX (POpM, B8bICOKAS HACMOMA OCIONCHEHUU
0bycnosnusaom uzyueHue @Qaxkmopos, GIUANWUX HA
maxcecmov Me4eHusi U NPOSHO3 NAMOJO2UYECKO20

npoyeccdad. lleJZbiO HacmoAueco UCCe008AHUS S8UNOCD

102



uzyyenue xaunuveckux gopm I'BK u oyenxa erusanus
MPUS2EPHBIX MEXAHU3MO8 HA YACmom)y peyuouos u
enyouny nopadxcernusi. IlIpoeedén pempocneKkmugHblil
ananuz 182 nayuenmos ¢ I'BK 3a nepuoo (2021-2025
22.) Oyenusanuco KiuHuweckue Gopmvl 3a00.1€8aHUA,
Gaxkmopvl pucka peakmusayuu, pe3yibmamsl KIUHUKO-
nabopamopuvix  uccieoosanui, III[P-PB  (cne3sa,
cloHa). Ycemawnoeneno, umo Haubonee 3HAYUMBIMU
mpuezepamu ABIANUCD nepeoxiasicoeHue u
NCUXOIMOYUOHANbHBILL  cmpecc.  Hanuyue — muxcm-
ungpexyuu JIHK BII[-1/2 u IIMB 6 6uonocuuecxux
cpeoax (cnesa, CaOHA) accoyuupyemcs ¢ 0Oojee
msadxcenviM — medenuem  3a001e6aHus,  y8eiuyeHuem
yacmomawl 2Ny OOKUX Gopm Kepamuma u
NPOJIOH2UPOBAHUEM B0CHATUMENILHO20 NPOYeccd.
Knrouesvie cnosa: eepnecsupychwiii kepamum, peyuous,
2epneceupycHas UH@exyus, CMmpoMAalbHbli Kepamum,
O0peBOBUOHDBLI Kepamum

AKTYaJIbHOCTb.

['epriecBUpYCHBIN KEPAaTUT OCTAETCS OJHOU M3 BEAYIIHUX
OpUYUH WHQEKIIMOHHBIX TIOPAaXXEHUH POTOBUIIBI U

3HAa4YUMOIoO CHMKCHUA 3PpCHHUA y IIanucHTOB
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TpyaocnocoOHoro Bo3pacta. [1o naHHBIM JUTEpaTypHl,
yacToTa peuuauBoB 3aboneBaHusi jgocturaer 50% B
TeuyeHue S5 jer. PenuauBupoBaHUE I'epIIECBUPYCHOIO
KepaTuTa CBS3aHO CO CIOCOOHOCTBIO TepHecBUpYyca
JUIMTENBHO ~ TMEPCUCTHPOBATH B OpraHu3Me |
PEaKTUBUPOBATHCS TIOJI BIMSHUEM HEOJIAronpUsTHBIX
CPEOBBIX M  HMMMYHOJOTMYEeCKUX (¢akrtopoB. B
NOCJIeTHUE TOJbI Ha (POHE KIMMATHYECKUX KOJIeOaHUH,
ypOaHu3aluu U pocTa MCUXOIMOLMOHAIBHON HArpy3KH

BO3pacCTacT poOJib CPCHOBBIX TPUITCPOB PCAKTHBALIUU

T'epPIIECBHPYCOB. HecmoTps Ha IIPOBOAUMYFO
IIPOTUBOBHPYCHYIO Teparnmuio, npobiema
PEIUIMBUPOBAHHS ocraércs aKTyaJIbHOM, YTO
000CHOBEIBAET HEOOXOIUMOCTH KOMILJIEKCHOT'O

MEXTUCIMIUIMHAPHOTO MOAX0/a K BEJICHUIO MAIUEHTOB
¢ oprampMorepIiecom.

eab uccaexoBanmsi.

Ouennth 3(PEHEKTUBHOCTH COBPEMEHHBIX METOJIOB
JTUATHOCTUKA W JICUCHHS TEPIICCBUPYCHOTO KepaTHTa
KaK OJHOH W3 BEAYMUX KIMHUYCCKUX  (HOpM
odTanbmoreprieca.

MaTepl/Ia.]]bI H ME€TOAbI.
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B rpynny wuccienoBaHus ObUTM  BKJIIOYEHBI 182
MalnueHTa ¢  TepHecBUPYCHBIM  KEpaTUTOM  Ha
kiuHuyeckon ©Oaze KasHY wum. anp-dapabu — B
kimuHuke «Oftalmo-Medicaly 3a mepuon 2021-2025 rr.
OueHuBanuch KJIMHUYECKHE (GOpPMBI  3a00JIeBaHUS,
bakTophI pucka peaKkTUBaIINH, pe3yIbTaThI
ceposorndeckux (MDA) u MonekynsspHO-TEHETUUECKUX
(ITLP) wuccnenoBanmii. CraTuctuyeckas o00padOTKa
JTAHHBIX BBITIOJIHSJIACH C UCIIOJIB30BAHUEM MPOTPAMMEI
Microsoft Excel.

Pe3ysbTaThl HCcJIeIOBAHUS M 00CYKICHHUE.

B wuccnemoBanme BriouyeHnl 182 mamumedHTra  C
TEepPIIECBUPYCHBIM KepaTUTOM. llepBUYHBIM mpolece
BbIsiBIIEH Yy 18,1% (n=33), noctnepBuunsii — y 81,8%
(n=149), OIHOCTOpPOHHEE IOpPAKEHHE  POTOBHIIBI
otMmeuanock y 77,5% (n=141), 1ByXcTOpOHHUI MpoIecc
— 'y 22,5% (n=41). JIByXCTOpOHHEE MOpaKeHUE
0TMeYaJoch B 0OCHOBHOM npu LIMB-accounnpoBanHOM
kepatute U MuUKCT uHpekmusx (BIIT-1/2+1IMB). Dto
OoOyCIIOBIEHO  pEaKTHUBAIMEW  JIATCHTHBIX  OYaros,
BBICOKOM BUPYCHOW Harpy3Kou M CHUKEHHEM MECTHOTO

MMMYHHUTETA, YTO CIIOCOOCTBOBAJIO 0O0JIee IIIUTEIBHOMY
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PEIUANBUPYIOIIEMY TTPOIIECCY.

B crpykType 00CnenoBaHHBIX MAIMEHTOB OTMEYEHO
npeobyagaHue JUI JKeHckoro mosa 56,0% (n=102),
Myx4uHbI cocTaBuin 44,0% (N=80). CpeaHuit Bo3pact
obciieqoBaHHBIX coctaBuia 45,5 £+ 19,7 rona.
HauGonbmass nmonst HaOmoAeHUN NOpUXOAUIach Ha
CTapiide BO3pacTHBIC TPYIIBI, YTO CBSA3aHO C
YMEHBIICHUEM  WMMYHOJOTHUYECKOW  TaMsITH |
YBEJIUYCHUEM BHUPYCHOM OKCIIO3UIIMU Yy BO3PACTHBIX
MMaIeHTOB. ITonoBo3pacTHas CTPYKTYypa

O6CJ'IeI[OBaHHBIX MMpcacTaBJICHA HAa pHUC. 1.

20
(n=43,9%)

102
(n=56,0%)
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60

50

40

18,6%

17.5% 17,0%

11,5%

6,5%

Ao18 19-29  30-39 4049  50-59 260

Puc. 1. Ilonosospacmnas  xapaxmepucmuxa

nayueHnos ¢ cepneceupyCHobim Kepamuniom.

[Ipu anammze 5NH300B TEPHECBUPYCHOIO KepaTHUTa
MepBUYHBIN mpouecc coctaBui 17,6%, 2—-5 peunanBoB
— 55,1%, cBerie 5 peuuauBoB — 27,3%. [lomyueHnnsie
JaHHBIE JIEMOHCTPHUPYIOT BBIPAKEHHOE Mpeodiananue
permauBupyomux Gopm I'BK Ham mepBuuHbIM, 9TO
CBHJIETEIBCTBYET O XpOHUYECKON nepcucteHuuu ['BU,
HEJI0CTaTOYHOU d(HPEKTUBHOCTH UMMYHHOTO KOHTPOJIS
Y BBICOKOW BEPOSTHOCTH PEaKTHBAIIMU BUPYCA.

B crpykrype imHMYeckux ¢opMm mpeobagaan
cTpoManbHbId (45,6%) w moBepxHOCTHBIN (42,3%)

KEpaTUT, PEKe BCTPEUAIUCH SHAOTENNANbHBIN (9,8%) 1
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HeKpoTHueckuii (2,1%) BapuaHTsl (pucyHku 2-3).

CTpyKTypa 3MH3010B
reprnecBHPYCHOro KepaTurta

cBbIIIE 5 _ 27.3%
3-5 pemnnneon | 55 1%
NepBUYHBII - 17.6%

0.0% 20.0% 40.0% 60.0%

CTpyKTypa KIMHHYECKUX (popMm
reprnecBHPYCHOI0 KepaTuTa

HEKPOTHYECKHH I 2.1%

SHIO0TEIHAIbHBIH - 9.8%

crpova o | - o
nosepxuocrmsii - [ 42.3%

Puc. 2-3. Cmpyxkmypa 5snu30008 u

KAUHUYEeCKUX (hOpM 2epneceupycrhoco Kepamumad.

B uccaengyemoii rpynmne namuentoB (N=182) meromom
IIIIP B peampHoMm Bpemenu JIHK BIIT-1/2 u IIMB

BbIsiBIIeHa y 39% o6cnenoBannbix. Hambonee uacto
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BeisiBisuiack JIHK BIIT'1/2, mpu »>ToM 10ss1 MHKCT-
undexuun (BIIT'-1/2 1IMB) npeBbliiana msATyr0 4acThb
BCEX CJIy4aeB, UYTO CBUJIETEILCTBYET O 3HAUYUTEIbHOU
pacIpOCTPaHEHHOCTH COYETAHHOW TIe€pIECBUPYCHOM

NEPCUCTEHIIUU TPU TAHHOU matojoruu (Tadnauma 1)

Tabnuma 1
BI'Y Yacrora BeisiBiieHust JIHK repnecBupycos
Coueranue
[TarueHTHI BIII" 1/2 | 1IMB BIII' 12 +
IMB
Peunnusupyrommia
71 53 39
KepaTuT n=182
(39.25%) | (29.24%) (21.57%)

Ananu3 ¢GakTOpoB pHCKa IMOKa3ald, 4TO pPEeaKTHUBAIUS

I'BK Hanbosee 4acTo aCCOLMMPOBAIIACH C

MEePEOXITAKICHUEM — 31,8% (n=58),
MICUX03MOIMOHANIBHBIM cTpeccom — 21,9% (n=40),
OPBU — 18,6% (n=34), XPOHUYECKUM

MICUX0SMOIMOHAIBHBIM HampsikeaueM — 9,8% (n=18),

tpaBMamu porouilel — 4,3% (N=8), omepaTuBHBIMU
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BMemiatensctBamun  —  2,7% (n=5) wu apyrumu
¢dakropamu — 10,4% (n=19), uyTo mMOATBEpXkIACT
MyJIbTU(DAKTOPHBIM  XapakTep peaktuBanuu  BIIL.
OcHoBHBIE (bakTopsl pucka peakTuBaIu

MPEJICTaBJIEHBI Ha puc. 4.

Mcuxo
3MOLMOHA/NIbHBIN!
cTpecc
n=40,
21,9%

epeoxnaxgeHve
n=58,
31,8%

XpoHuyeckoe
OPBU ncuxo3amoumo-
n=34, HanbHoe
18,6% Hanpa)xeHue
n=18,
9.8%

TpaBma
poroeubl
n=8,
4,3% n=5,

2,7%

OnepaTuBHbIe
BMellaTenbCcTBa

Puc. 4. Cmpyxmypa ¢axkmopos pucka

peakmusayuu 2epneceupycHoul uHgpexyuu.
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Kiannuveckunit ciayya. I'epnecBMPYCHBIH KepaTUT
(IIMB  accouMHUpPOBAaHHBIN) ¢ IOJOXHTEJIbLHOU
AUMHAMMKON HA (pOHE KOMILIEKCHOM Tepanuu

Kenmuna 63 net o6patunack B 0hTaaIbMOJIOTHUECKYIO
KJIMHUKY C JKajo0aMu Ha [OKpacHEHUe, IMeJeHy,
clie30TeueHne W CBeTo0O0s3Hb mpaBoro riasza (OD),
coxpanstouecss B Tteuenue 10 nueil. MakcumanbHas
koppurupoBanHasi octpota 3penus (MKO3) OD mnpu
nocrymienun cocrasisima  2/10. Ilpu  ocmotpe B
IICJICBOM JIaMIIe BBISIBJICHBI: TUIIEPEMUSI KOHBIOHKTHBBI
U JIPEeBOBUIHBIM WH(UIBTpAT Ha POrOBUIE B
ONTUYECKON U MapaoNTUYECKON 30HAX, TOJIOKUTEIbHAS
npoba c bayopeciienHoM, CHUIKEHHUE
YyBCTBUTEIIBHOCTH POTOBHUIIBI, YTO COOTBETCTBOBAJIO
KIIMHUKE TEepHecCBUPYCHOTO Kepaturta. JleBbi T171a3
(OS)— 06e3 martomorumvecknx W3MeHeHWH. IlamueHTke
MPOBEJICHO KOMITJIEKCHOE JTabopaTopHOE 00ce0BaHHeE.
[To pesynpratam II[P-PB BeiIsiBICeHa [JHK IIMB B
cmoHe — 42,56; B cie3e pe3yJbTaT OTPULIATENbHBIN;
JIHK BIII'-1/2 B chtone u cnese-oTpunatenbubiii. [lo

pesynapbratam DA 0OHapyKeHbl MOJOKUTEIbHBIC

aatutena xk 1gG BIIT, IMB, VCA B3b u BI'-6, 4Tto
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CBUJICTEIBCTBOBAJIO O XPOHUYECKON TI'epIIECBUPYCHOU
nHpexknuu. Ha3HaueHHass MecTHas M CHCTEMHas
IIPOTUBOBUPYCHA, IIPOTUBOBOCITAJINTENIbHAS,
MMMYHOMOYJIUPYIOLIast 51 KEpaTOIPOTEKTOPHAs
Tepanus J1aja MOJOXKUTEIbHYIO KIMHUYECKYIO KApTUHY
y)K€ Ha 3-€ CyTKH JICUEHUS — YMEHBLIECHHUE 30HBI
(bayopeclieMHOBOrO OKpallMBaHUs, perpecc 00JIeBOTro
CUHAPOMA, KYITUPOBAHUS CIE30TEUEHUS U CBETOOOS3HHU.
B paneHeimeMm, k 10-my AHIO NPOBOAUMOIO JIEUEHUS
MBI BUJIUM YMEHBIIEHUE aKTUBHOCTU BOCHAIUTEIBLHOIO
nporecca M paspelieHue HHPWIbTpATa POTOBULIBI
MKO?3 nossicuitacs 10 5/10.

B naHHOM KIMHHMYECKOM Cily4ae KOMIUIEKCHAs MECTHas
U CUCTEeMHas Tepamusi oOecleumia BbIPaKEHHBIH
perpecc pOroBUYHOIO IOPAKEHUA U YIy4YILICHHE

3pUTENBHBIX () YHKIIHA.
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23.12.2025¢2 25.12.2025¢2
04.01.20262
Puc. 5. Jlunamuka cepneceupycnozo kepamuma: a —
npu nocmynjieHuu; 6 — Ha 3-e Cymku JeueHus;, 8 — Ha
10-e cymku nevwenus.
3akilouenmne.
[IpoBenéHHbli  HamMuM  aHaIM3  NOKas3aja,  4To
repHeCBUPYCHBIN KEPAaTUT XapaKTepU3YETCS BBICOKOU
4acTOTOM pEUUIUBUPOBAHUA U MYJIBTH(PAKTOPHBIM
MEXaHU3MOM pEaKTHUBAlMU TeprecBupyca. Benymmmu
TPUITEpaMH B UCCIEAYEeMOM BBIOOPKE  SBIISIUCH
MEPEOXTAKIACHUE U IICUXOAMOLIMOHAIBHBIA CTpecC.
Boicokass 1onsi MOBTOPHBIX 3MU30JI0B MOATBEPKIACT,
yto ['BK B GosbIIMHCTBE CilyyaeB IpeacTaBisieT coO0n
HE OCTpOE, a XPOHHUYECKOE PpPEUUIUBHPYIOLIEE
3aboneBanue. YactoTa penuInBOB CBUICTEIHCTBYET O
BBIPQKCHHOM XPOHWYECKOW NEPCUCTEHUMH BHpPyCa H

HEJIOCTATOYHOCTH  MPOTUBOBUPYCHOTO  MUMMYHHOIO
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KOHTPOJIA. MukcT-uHpexnus (BIIT-1/2+1IMB)
accolMupyeTcsi ¢ 00jee TAKENbIM TEUEHUEM, BBICOKOU
YaCTOTOM PEUMINBOB U XPOHU3ALMUEN BOCTIAIIUTEIBHOTO
npouecca. B Takux ciyyasx HeobOxoauma Ooree
JUTUTENIbHAs! TPOTUBOBUPYCHASI TEPAITHS

Taxum oOpazom, BBICOKAs KJIIMHUYECKast
HACTOPOXXEHHOCTh Bpaya, aHAMHECTUYECKHUE JIaHHbBIC,
OLICHKa YYBCTBUTEJIBHOCTHU pPOrOBUIIBI, ITLP-
JIUArHOCTUKA oOecneyrBaeT ObICTPYIO U 3 (PEKTUBHYIO
JTMAarHOCTUKY KepaTUTa reprieCBUPYCHOM STHOJOTHUH.
PanHsiss W anekBaTHas NOPOTUBOBUPYCHAs Teparus,
CIIOCOOCTBYET ~ YKOPOUYEHHIO CPOKOB 3a00JieBaHUS,
CHI)KCHHUIO KOJIMYECTBA PELUIUBOB, U MPODHUIAKTHKE
OCIIO’)KHEHMI o(TapMorepeca.
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CpaBHUTEJIbHBIA aHAJIU3 MOJIeJIell CUCTEM Ha
OCHOBE HCKYCCTBEHHOTI'0 HHTEJIJIEKTA,
HCNOJIB3yeMBbIX JIJIsl PAHHEH JUATHOCTHKHU U
NMPOTrHO3MPOBAHUSA CeNCHCca y
roCNUTAJTU3UPOBAHHBIX MALIMEHTOB
XoxJjoBa FOnuss AHaToibeBHA
Accucrent-npodeccop kadenpsl BHyTpeHHUX O0Je3HEH
Kapaeanouncxuii Meouyuncxuii Ynueepcumem,
Kazaxcman
EnemecoBa Kamuia bax0eprenkoinl, Kum
Avmutpuii Imurpuesny, Kum Mapusi AujapeeBHa,
IlepuedaeB Azamat Mapartyisl, Purept Banepust
BaaguciaBoBHa
cryaentsl 1V kypca
Kapazanounckuii Meouyunckuii Ynueepcumem,
Kazaxcman

AHHOTALUA

Cencuc ocmaémcsi 00HOU U3 6eOYWUX  NPUYUH
20CNUMANILHOU ~ CMEPMHOCMU, 4mo  obycrasiusaem
Heobxooumocms  paspabomku  UHCMPYMEHMO8 €20
pannezo eviasnenus. Llenv uccneoosanus: nposecmu

de@Humeﬂbelﬁ ananuz mooenel cucmem Hd OCHOBe
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UCKYCCMBEHHO20  UHMENIEKMd, UCNONb3YeMblX 07
panneu OUuacHOCMUKU — NPOSHOZUPOBAHUSL CENncuca y
20CNUMANU3UPOBAHHBIX NAYUEHMO8 C OYEHKOU UX
OUCKPUMUHAYUOHHOU CNOCOOHOCMU, NPOSHOCMUYECKOU
YeHHOCmU U GIUAHUA HA KIUHUYecKue ucxoovl. B
pabome npoananuzuposanvl areopummsl EpIC Sepsis
Model (ESM), TREWS u COMPOSER (skarouas
8epcuio COMPOSER-LLM) Ha OCHOBAHUU
ONnyONUKOBAHHBIX PEMPOCNEKMUBHBIX U NPOCNEKMUBHBLX
uccreoosanuti.  Ouenusanuce  noxazamenu  AUC,
NPOCHOCMUYECKASL YEeHHOCMb HONOAHCUMENBHO20
pesyromama (PPV), uacmoma noowcuvix mpesoz u
accoyuayusi UCNOIb308AHUSA aneopummos c
KIuHuyeckumu  ucxooamu. Iloxaszano, uymo ESM
NPOOEMOHCMPUPOBANA — CHUMNCEHUe  ONepayUOHHbIX
Xapakxmepucmuk npu  He3a8UCUMOU  8alUOAYUU U
8bICOKULL VpoeeHb JIOHCHONOTIOHCUMENHBIX
cpabamuléanuil, cnocobcmeyowull Passumuio
@enomena alarm fatigue. B mo oce epemss TREWS u
COMPOSER xapaxmepuzytomcs 6oiee cmabuibHbIMu
MEMPUKaAMu U JIYYUUM KOHMPOIEM JONACHBIX Mpeoe, d

8 psoe ucciedosaHuli - accoyuayueu ¢ YayyuieHuem
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KAUHUYECKUX UCX0008. Hecmomps Ha
obHadedcusarowue pe3yibmamol, omcymcmeue
KDYNHbIX PAHOOMUZUPOBAHHBIX uccneo0o8anuil
02PAHUYUBAEM BO3MONCHOCIL OKOHUAMENbHOU OYEHKU
KIUHUYECKOTU aghghexmusrHocmu cucmenm.
Hcnonv3osanue  UCKYCCMBEHHO020 — UHMENIEKMA 8
ouacHocmuke cencuca obaaoaem  3HAYUMETLHBIM
NOMeHYUaiom,  0OHAKo  mpebyem  OalvHelulell
He3a8UCUMOU 8ATUOAYUU.

Knrouesvie cnosa: cencuc, uckyccmeenHulil uHmesexkm,
mawunnoe  ooyuenue, AUC,  npoenocmuueckas
uennocms (PPV), COMPOSER, TREWS, Epic Sepsis
Model.

AKTYaJbHOCTb. HecMOTps HAa 3HAYUTENIBHBIA TPOTPECC
B Pa3BUTUM WHTCHCUBHOW M aHTUMHUKPOOHOW Teparuu,
Cercuc MpEeACTaBISAET coboit 3HAYUTEIBHYIO
rII00ABHYIO TIPOOJIEMy 3APaBOOXPAHEHUS U OCTAETCS
OJIHOW W3 BEAYIIUX MPUYUH CMEPTHOCTU BO BCEM MHpE
[1, 2, 4]. ITo JTAHHBIM rJ100aJIbHBIX
SHUJIEMHUOJIOTHUECKHX HccaenoBann BO3, exxeroaHo B
MHpE peructpupyercs okosio 48,9 MiIH. Cciy4yaeB

cencuca, 10 11 muH. neranpHbIX Ucxoa0B B 2017 rony
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[4]. AnpTepHATUBHBIE OLEHKM YKa3bIBalOT Ha 31,5 MiH
caydyaeB U 5,3 muH cmepred B rox [9]. Okono 40%
CIIy4aeB CEICUCa MPUXOAUTCA Ha JAETeW Miiaame S JET
[4]. [To manabiM BO3, €xeroHO B MHpE BBIABISETCS
OKOJIO 3 MWUIMOHOB CIIly4aeB Celcuca Cpeau
HOBOPOXKIEHHBIX M 1,2 MWIIMOHa cCpeau JAeTei.
[Tokazarenb CMEPTHOCTH OT CeIcHuca KOjaeOyieTcss OT
11% no 19% na 100 000 >xuBOpOXAEHHBIX [8].

OcHOBHBIMH ~ TIpoOJieMaMu  paHHEW  JAUArHOCTHKHU
cercuca SBISIOTCS HECHEeU(PUUHOCTh KIMHUYECKOU
KapTUHBI U OBICTPOE MPOrpecCUpOBaHUE 3a00JICBaHUA,
TOT/Ia KaK COBPEMEHHBIE METOJbl JUArHOCTUKUA YacCTO
HE  pacmojiaraloT  HEoOXOJMMOW  CKOPOCTBIO U
TOYHOCTHIO, YTO YacTO CTAHOBUTCS  MPUUYUHOUN
HECBOEBPEMEHHOTO BMEIIATEIhCTBA, OTO OCOOCHHO
BBIPA)KEHO B YSI3BUMBIX I'pYINax HaCEICHMS, TAKUX KaK
MOXKWUJIbIE JIFOAM, MAlUUEHTBl OTACJICHUA WHTEHCUBHOU
Tepanmuu W JUla ¢ uMMyHojedumuramu [5, 6].
HecmoTpss Ha 3HAUHMTENBHBIA OOBEM MEXKTYHAPOIHBIX
JaHHBIX, ONUAEMHOJIOTHS  CEelcuca B  CTpaHax
MMOCTCOBETCKOTO MPOCTPAHCTBA OCTAETCA HEAOCTATOUHO

n3yueHHoi. B PecnyOnuke KazaxcTaH uMerOTCs JIMIIb
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OT/EJIbHBIE JTOKAJIbHBIE UCCIIEAOBAHUS, HE OTPAKAIOLIAE
MOJIHOM KapTUHBI 3a00JIeBAEMOCTH, JIETAJTbHOCTU H
ATUOJIOTUYECKONW CTPYKTYphl BO30yAUTENEH cerncuca
[8].

B uensx mnoBeimieHus  3PEGEKTUBHOCTH  paHHEH
JTMArHOCTHKUA CEICHCa B COBPEMEHHOW KIMHUYECKOM
NpaKTUKE OCYIISCTBISETCS BHEIpPEHHEe B  paboTy
MEIMITUHCKUX OpraHu3aiun HMCKYCCTBEHHOTO
WHTEJUICKTA - TEXHOJIOTUH, TTO3BOJIAIONINX 3G (PEKTUBHO
MPOTHO3UPOBATh PA3BUTHE CEICUCA U JIETAIHLHOCTH
NAlMEHTOB B OTJIEJICHUSIX MHTEHCUBHOU Tepanui [7].
Hean. IIpoBecTn CpaBHUTENBHBIM aHAINU3 MOJAEJEH
CUCTEM HAa OCHOBE MCKYCCTBEHHOIO HWHTEJUIEKTA,
UCIIOJIB3YEMBIX  JIJII  paHHEW  JUArHOCTUKU  H
IPOTHO3UPOBAHUS CEICHCAa y TOCHUTAIU3UPOBAHHBIX
MaIIUEHTOB.

Marepuajasl 1 MeTOAbl. METON0JIOTHYECKYI0O OCHOBY
WCCIIEIOBAHUSI  COCTAaBUJI  CPAaBHUTEIIBHBIA  aHAJIU3
nyONMUKauii, TPEACTABICHHBIX B MEXIYHAPOIHBIX
Hay4HbIX Oa3ax nmanHeix PubMed, JAMA Network,
ATS Journals, B xypuane npj Digital Medicine u

CIICHUATIN3UPOBAHHBIX MCANIMHCKHUX HCTOYHHKAX.
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OOBEKTOM HCCIIeIOBaHUS SIBISIIOTCS MOJICNIM CUCTEM Ha
OCHOBE MCKYCCTBEHHOTO HHTEJICKTa, pa3paboTaHHbIC
JUISl paHHEW NUArHOCTUKU U MPOTHO3UPOBAHUS CEICHCca
y TOCIIUTAIM3UPOBAHHBIX ManueHToB. [locie mpoBepku
UCCJICJIOBAaHUNA Ha PEJIEeBAHTHOCTh M AaKTyaJlbHOCTh
OKOHUaTeJbHasi 0a3a JaHHbIX o030pa cocrosuia u3 17
cratedt ¢ pmatamu myonukanuid ¢ 2020 nmo 2025 rona.
Jns  aHamuza  3¢p(EKTUBHOCTH  MCIOJIB30BAJIMCH
pe3yibTaThl  HMCCIEJAOBaHUMN,  OMyOJIMKOBaHHBIE B
BHIIICYKA3aHHBIX  0azax  nmaHHbIX.  OlLCHUBAIUCH
NOKa3aTeNu JUCKPUMHUHAIMOHHON CIIOCOOHOCTH
(AUC), nporHocTrueckoi IIEHHOCTH MOJIO0KHUTEIbHOTO
pesyabrata (PPV), 4YyBCTBUTEIBHOCTH M YaCTOTHI
JI0’KHBIX TPEBOT.

PesyabraThl.

1.Epic sepsis module.

Epic Sepsis Model (ESM), co3nannas Epic System
Corporation - 3TO 4YacTHas MOJeENb, BCTPOCHHAs B
muppoByI0 KapTy TMAalHUeHTa, KOTopas Kaxuaple 15
MHHYT aHaau3upyer oOkoyso 80 IHMarHoOCTUYECKUX
nokaszatesed (apTepuaibHOE JaBIICHUE, TEMIIEpaTypy

TeJa, YacTOTYy CEePACUYHBIX COKpalIECHUN, Ta00paToOpHbIC
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MOKa3aTeIu) W OLIEHMBAET [0 HHUM CTENEeHb pHUCKa
Hayajga cemncuca. BBICOKUM  PHCKOM  CUMUTAJIUCH
IOKa3aTeIM OT 5-8 M BhIIIE, HA UX OCHOBAHHUH JICYAIIIIM
BpayaM OTMPABJUIUCH «CUCTEMHBIC MPEAYIPEKIACHUSY,
YKa3bIBAIOIIME O BO3MOXHOM CKOPOM Pa3BUTUH
cencuca. Komnanus EpPIC 3asBisiiia guana3oH IUIOIIan
o ROC-kpusoii (AUC) = 0,76 - 0,83, yka3bIBaroIui
Ha BBICOKYIO TPOU3BOJAUTEIBHOCTh M  TOYHOCTH
cucremsl [9, 10].

Pe3ynbraTel  HE3aBUCHMMOM  BHEIIHEW  BAJIWJALIUU
nporuoctuueckor mojenu ESM, mnposeneHHoit Ha
BBIOOpKE n3 38 500 TOCIIMTAJTU3aINM,
MPOJEMOHCTPUPOBAIM  3HAYMTEIBHOE CHIDKCHHUE €€
ONEPAllMOHHBIX  XAPAKTEPUCTUK B CPaBHEHUU C
JTAaHHBIMU pa3paboTymKa. JIMcKpuMUHAIIMOHHAS
CcrocoOHOCTh  Mojenu, oneHeHHas depes AUC,
coCTaBHMJIa 0,63, YTO CYIIECTBEHHO HIDKE
IIEPBOHAYAIBHO 3asBJIcHHOro auamnazona 0,76 - 0,83 [9,
11].

Ha6momanack KpUTHYSCKH HU3Kas YyBCTBUTCIBLHOCTD !
anropuT™ He uaeHTudumponan 67% ciydaeB cerncuca.

Yacrora JI0YKHOMOJIOKUTEIIbHBIX cpabaTbhIBaHU
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ocTaBajlach BBICOKOW.  IIporHocThueckasi LEHHOCTh
noyioxkutenbHoro pesynbrata (PPV) cocraBuna numib
12%, 4r0 CBUIETENBCTBYET O KpallHE HU3KOU
KIIMHUYECKON crnenuduyHocTH: U3 8§ TMalMEHTOB,
KJIaCCU(UIIMPOBAHHBIX CUCTEMOM KakK JIUIA C BHICOKUM
PUCKOM, JMAarHO3 MOATBEPKAAICA TOJIBKO Y OIHOTO.
AHanu3 B moArpymnmax nokasaiu, uro 1709 mauueHToB c
Pa3BHUBIIMMCS  BIIOCJEACTBHE  CEICUCOM  OBLIU
OIIMOOYHO OMpeleNieHbl MOJENIbI0 B  KaTETOPHIO
HU3KOro pucka [9, 12].

UpesmepHas 4acToTa reHepanuu CHUCTEMHBIX
YBEJOMJIEHUN TIpUBEJa K KOTHUTUBHOW IMEpErpysKe
MEIUIIMHCKOTO TIepCOHaja M pa3BUTHIO (eHoMeHa
alarm fatigue (ycrazocté OT NpeAYNPEKACHHI),
BCJIEJACTBUE YEro TMPEIUKTUBHBIE CUTHAJbl CTallU
BOCIIPHHUMATHCS KaK M30BITOYHBIN WH(OPMAIMOHHBIHI
IIyM, a WX KIMHUYECKas 3HAYUMOCTb - CHHKATHCS.
MaccoBoe UTHOPHPOBAHUE MEAUIMHCKUM IEPCOHATIOM
YBEIOMJIEHUH, CTaBLIECE CJIEICTBUEM HU3KOU
KIIMHUYECKON PEJIEBAHTHOCTU MOJENIU, KPUTHYECKH
OTpaHUYUIIO €€ POJb B CUCTEME MOJIEPKKUA MPUHSATHUS

BpaueOHBIX penieHu [9, 12].
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2.TREWS (Targeted Real-time Early Warning
System)

TREWS (Targeted Real-time Early Warning System) -
ATO TEpPEeoBasi CUCTEMA PAHHETO MNPEAYNPEKIACHUS
cercuca Ha  OCHOBE  MAIIMHHOTO  0Oy4eHwus,
pa3paboTaHHass KOMaHAOW u3 YHuBepcureta JlxoHca
XOmKWHCA,  WHTETPUPOBaHHAsE B DJICKTPOHHBIC
MEIUIIMHCKHAE 3alucu | paboTaromias B PEXKUME
pealbHOTO  BpPEMEHU.  AJTOpPUTM  aHAJIU3UPYET
BUTAJIbHBIE  TIOKa3aTelH, Ja0OpaTOpHbIE  JIaHHBIC,
aHaMHE3 M  JUHAMHKY  COCTOSIHMS  IALMEHTA.
UccnenoBarenu pa3pabaTbiBald U COBEPIICHCTBOBAIU
TREWS B teuenne muorux jet, nocturays AUC 0,97
JUTS BBISIBIICHMSI cericuca u otMeTtuB 82% ciryuaes [13].

OddextuBHocTh cucteMbl TREWS onenuBanace B

paMKax IMPOCIICKTHUBHOI'O MHOTI'OOCHTPOBOI'O
HCCICAOBAaHNA - nmoaxonaa, CYIICCTBCHHO
ITOBBIIIAIOMICT O AOCTOBCPHOCTD IMOJIYYCHHBIX

pe3ysnbTaToB. B XO0Ie wuccimenoBaHus OCYIIECTBISICS
MOHUTOpUHT 590 736 manueHTOB, IPU 3TOM B LIEHTPE
aHalln3a HaxoAwiach Koropra w3 6 877 ManueHToB C

CEINCUCOM, UACHTU(UIIMPOBAHHBIX CUCTEMOM /10 Havasa
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aHTUOAKTEpHUATTEHON TEparuH. CBoeBpeMeHHas
BepuUKaIMI TPEBOKHOT'O CUTHAJIA JISYAIIUM BPauoOM B
TEUEeHHUE TpeX 4acoB aCCOIIMMPOBAJIACh co
CTATUCTHYECKU 3HAYMMBIM CHI)KEHHEM T'OCIHTAIBHOMN
JIETAJIbHOCTH TREWS aCCOIMUPOBATIOCH co
CTaTHCTHUYECKHU 3HAYNMBIM CHIDKEHHUEM
OTHOCHUTEJIBHOTO pHUCKa JeTadbHOCTH Ha 18,7%,
abcoyoTHOrO CcHWXKeHust Ha 3,3% U CcoKpalieHueM
BpPEMEHU 110 MHHUIIHALIAH TapreTHOMN
aHTHOAKTEpHAJIbHON Tepanmuu. Takke CHWKAIOTCS
IIOKa3aTelIx j3(0) OpraHHOMN HEJOCTATOYHOCTH,
JUTMTEIPHOCTH ~ TOCIUTAIM3AIMA W COKpaIICHHUS
BPEMEHH JI0 Ha3HA4YeHUs aHTHOMOTHKOB. HambGombruii
s dekT oTMedaeTcss y MalMeHTOB TPYIIbI BBICOKOTO
pucka [13, 14].

J1omOTHUTEIBHBIM OTpaHUYHBAIOIIUM dbaxTopoM
SBISICTCS ~ JCHCTBYIOIIAs  PEryJIATOPHAs  IOJIUTHKA.
VYmpaBineHne 10 KOHTPOJIIO 3a TIPOAYKTAMH |
nekapctBamu CIIJA (FDA) nmomyckaeT Kk mpyUMEHEHUIO
MIPEUMYIIECTBEHHO «(puKCUpPOBaHHBIC BEpPCUH
aJTOPUTMOB, HE MPETyCMaTPUBAIOIINE UX JATbHEHIIIETO

CaMOO6y‘-ICHI/I}I nwin agantTangy K HM3MCHAIOIIHMMCA
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KJIMHUYECKUM YCIIOBUSIM. TakoW MoaXoj] OrpaHUYMBAET
BO3MOKHOCTh JTUHAMHYECKOTO OOHOBIICHUS MOAENEH U
MOTEHIIMATBHO MOXET MPUBOAUTH K MOCTENEHHOMY
CHIDKCHUIO MX TOYHOCTM M  MOPOTHOCTHYECKOU
3 PEKTUBHOCTH MO Mepe HU3MEHEHUsI KIMHUYECKOU
Cpelabl M XapaKTEPUCTUK TMOMYJAIMUA TAIMEeHTOB.
YacTHbIl Xapakrep OOJIBIIMHCTBA MOJIeIIeH
JOTIOJIHUTENIBHO YCJIOKHSET HE3aBUCUMYIO BaJIWJIALIUIO
U TIPO3pavyHOCTh UX paboThI [15].

3.COMPOSER (Conformal Multidimensional
Prediction of Sepsis Risk)

COMPOSER - 9TO cucreMa paHHEero
IPOTHO3UPOBAHUS cerncuca, pa3paboTaHHas
uccieqoBaTenbcko  rpynmnoi  KamudopHuiickoro
yuuBepcuteta B Can-/luero (UCSD) kak KIMHHYCCKUI
WHCTPYMEHT TOAJEPXKKH TMPUHATHS  PEIICHHH ¢
aKIICHTOM HAa  CHIDKEHME  JIOKHBIX  TPEBOI H
YCTOMYMBOCTh K pa3IU4UsIM B CHUCTEMAX MEXKIY
MEIUIMHCKUMHU  yupexaeHussMu [16].  Anroput
aHaJM3UPYET CTPYKTYpPUPOBAHHBIE JAHHbIE
AJEKTPOHHOM MEIMUMHCKOW KapThl - BHUTAJIbHBIC

MOKa3aTeau, Ja0opaTopHbIe JaHHbIE, JeMorpaduio,

126



COMYTCTByIOLIME  3a00JieBaHUA W  Ha3HAYCHHYIO
TEepamnuio, TMPOTHO3UPYS  pa3BUTHE  Celcuca B
OJMKaiIIe 4achl.

Pa3paboTrka Moaenu  MOpoBOAMIACH HA  OCHOBE
PETPOCTIEKTUBHBIX JIAHHBIX OTICICHHA HWHTCHCHUBHOM
tepanuu  (ICU) u wneotnoxuoit mnomou (ED) c
MOCJICAYIOIIEH BHEIIHEW BallMJAlUEd HA HE3aBUCUMOM
KOTOpTe JPYrod OOJIBHUIIBI, YTO IO3BOJUIO OIICHUTH
BO3MOXKHOCTb HCIIOJIb30BaHUS aJITOPUTMA B JIPYTOM
yupexnaenun [16]. B ucxomnoit xoropre ICU u ED
MOJIeNIb  TIPOJIEMOHCTPHUpPOBAjia BBICOKHH IOKa3aTelb
AUC - 0,953 u 0,945 cootBercTBeHHO - nipu PPV 38%
u 20,1% m Hu3koM ypoBHe J0xHBIX TpeBor (0,031 u
0,042 na maruenT-4ac). JIomoJHUTEIBHO COOOIANIOCH O
CHI)KCHHHM  TIOTOKa JIOKHBIX  CcpaOaTbIBaHUW 110
CpaBHEHHIO ¢ 0a30BOM HeipoceTeBOM Moaenbio [16].

B mnocnenmyromeir pabore 2025 roma Ta ke
uccle0BaTenbCKas rpynmna UCSD npoBena
PETPOCTIEKTUBHYIO pa3paboTKy u 3aTeM
MPOCTICKTUBHYIO BaJWIAIMIO0 PACIIUPEHHOW BEpCUU
COMPOSER-LLM B nByx OTAENCHHUSX HEOTIOXKHOU

MIOMOIIA CBOEM CHUCTeMBI 3apaBooxpaHenus [17]. B
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JAHHOW BEpPCHM K ajJrOpuTMy ObLI A0OABIEH aHaju3
KIIMHUYECKUX 3aMETOK C MCIOJb30BAaHUEM SI3BIKOBOM
MO, DTO Mo3BOJWiI0 yBenuuuth PPV nmo 52,9 -
58,2% u cHU3UTH YacTOTy JOKHBIX TpeBor 10 0,0086 -
0,0087 Ha manueHT-4ac 0e3 CYyIEeCTBEHHOTO CHIKEHUS
yyBCTBUTENBbHOCTH [17]. Bmecte ¢ TeM mcclienoBaHus
HOCWIM HaOJIOJIaTeNIbHBIA XapaKTep W MPOBOJIUIUCH
MPEUMYIIIECTBEHHO B paMKaxX OJHOM aKaJIeMHUYECKOU
CETH, YTO OTrpaHWYUBACT 0000IaeMOCTh MOJYYCHHBIX
naHHbIX. OTCYTCTBYIOT KpPYITHBIE PaHIOMHU3UPOBAHHBIC
KOHTPOJINPYEMBIE HMCCJEAOBaHUA, MOATBEPKAAIOIINE
IPUYMHHO-CIIEICTBEHHYIO CBSI3b MEXKIy BHEIPEHUEM
aJrOpUTMa U CHMXKEHHUEM CMEpPTHOCTH [16, 17]

3akiroueHne. AHAJIN3 COBPEMEHHBIX MOJEJIEH CHUCTEM
Ha OCHOBE MCKYCCTBEHHOIO HHTEIUIEKTa JJIsI paHHEU
JUArHOCTUKH u MPOTHO3UPOBAHUS cerncuca
CBUJIETENILCTBYET O 3HAYUTEIBHOM TEXHOJIOTHYECKOM
mporpecce, OJHAKO KIMHWYECKass 3(PQPEeKTHBHOCTH
AJTOPUTMOB  OCTA€TCAd  HEOAHOPOJHOW.  YacTHbie
MOJEIIH, TaKne KaK Epic Sepsis Model,
MPOJIEMOHCTPUPOBAIIA CYILIECTBEHHBIN Pa3pblB MEXKIY

3asBJICHHBIMU Pa3pabOTUMKOM XapaKTepPUCTHKAMH U
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pe3ysibTaTaMi HE3aBHCHMBIX BaluAallMi, BKIIOYas
camwkenne AUC ©  NpOrHOCTUYECKOW  II€HHOCTH
MOJIOKUTENIBHOTO  pe3ysbTaTa, a TaKXKe BBICOKUMN
YPOBEHb  JIOKHOTIOJIOKUTENBHBIX  CpabaTbIBaHUIA,
criocoOcTBYIOIIMIA pa3BuTHio (herHomena alarm fatigue.

B 10 xe Bpemst 6oiee cOBpeMEHHbIE MOJIENH, TAKUE Kak
TREWS u COMPOSER, noxka3anu Oonee ycroilunBbie
noKa3zaTteau JAUCKPUMHUHAIMOHHOM CHOCOOHOCTH U
JY4YIIUH  KOHTPOJb YacTOTHI JIOKHBIX TpeBor. B
OTJEIBHBIX UCCJIEIOBAHUSAX ObL1a
IPOJEMOHCTPUPOBAHA  ACCOLMAILIMS ~ UCIIOJIb30BaHUS
QITOPUTMOB C YIYUYIICHUEM KIMHUYECKUX MCXOJIOB,
BKJIIOYass CHIDKCHHE TOCIUTAJIbHOM JIETAIbHOCTH U
COKpAIlleHHE BPEMEHM /10 Hayaja aHTUOAKTepHaIbHOU
TEpaIuH.

BonBIIMHCTBO ONMyOJMKOBAHHBIX JAHHBIX OCHOBAaHBI Ha
HaAOJIOJaTeNIbHBIX MCCIEAOBAaHUAX, YacTO B paMKax
OJIHOM aKaJEMHYECKOW CHUCTEMBI 3APaBOOXPAHEHUS.
OtcytcTBHE KpPYIHBIX PaHIOMU3UPOBAHHBIX
KOHTPOJIUPYEMBIX UCCJIeI0BaHUN OrpaHU4MBAET
BO3MOXHOCTh YCTAaHOBJICHHUSI NPUYMHHO-CJIEACTBEHHOM

CBA3HN MCKAY BHCAPCHHUCM AJI'OPUTMOB U YJIYUHICHUCM
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ucxonoB. YacTHbli XapakTep OOJIBIIMHCTBA MOjENEH
JNOMOJHUTEIBHO YCJIOXKHAECT HE3aBUCUMYIO BaaUAALUIO
U NpO3payHOCTh WX paborel. Takum oOpaszom,
JaJbHENIIee BHEAPEHUE UCKYCCTBEHHOIO UHTEIUIEKTa B
JUArHOCTUKY  cemcuca  TpeOyeT  He3aBUCUMOU

MHOI‘OHGHTpOBOﬁ BallnJganny, OLCHKH I[OJ'IFOCpO‘IHOﬁ

KJIINHUYECKOMN b pexTUBHOCTH 17} aHanau3a
MNOTEHIIUATbHBIX PHUCKOB, CBSI3aHHBIX C
aBTOMATU3UPOBAHHOU MOJIJIEPIKKOM OPUHATHS
peLICHUN.
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Annotation: Alzheimer’s disease (AD) is a progressive
multifactorial ~ neurodegenerative  disorder  with
heterogeneous clinical trajectories and high therapeutic
failure rates. This review analyzes the emerging

application of patient-specific digital twin models for
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early diagnosis, disease progression forecasting, and
clinical trial optimization. Evidence from recent
peer-reviewed studies demonstrates that integration of
electroencephalography-based  digital  biomarkers,
artificial intelligence algorithms, multi-omics datasets,
and patient-derived brain organoids enables dynamic
simulation of individual disease pathways. Digital twin—
assisted prognostic modeling has reduced variance in
clinical trial endpoints and improved predictive
accuracy of conversion from subjective cognitive
decline to mild cognitive impairment. Despite
technological promise, limitations include
computational complexity, regulatory uncertainty, and
ethical governance concerns.

Keywords. digital twin, Alzheimer’s disease, artificial
intelligence, precision medicine.

Introduction

Alzheimer’s disease (AD) represents the most common
cause of dementia worldwide and is characterized by
progressive cognitive decline, memory impairment, and
functional  deterioration.  The  neuropathological

hallmarks of AD include extracellular B-amyloid plaque
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deposition, intracellular  neurofibrillary  tangles
composed of hyperphosphorylated tau protein, chronic
neuroinflammation, oxidative stress, and progressive
synaptic and neuronal loss. Current diagnostic strategies
rely on neuropsychological testing, neuroimaging
techniques, and cerebrospinal fluid biomarkers;
however, these approaches often identify pathology
after substantial neuronal damage has already occurred.
The heterogeneity of disease progression and variable
patient responses to therapy contribute to high clinical
trial failure rates, emphasizing the need for predictive
and individualized modeling approaches.

Concept of Digital Twins in Medicine

The concept of the digital twin originated in engineering
and refers to a virtual replica of a physical system that
continuously updates using real-time data. In medicine,
digital twins integrate patient-specific clinical,
molecular, imaging, and physiological data to construct
computational models capable of simulating disease
evolution and therapeutic response. Such models
operate through bidirectional interaction between the

physical patient and the virtual representation, allowing
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dynamic updating and scenario testing. In
neurodegenerative disorders, digital twins enable
simulation of neuronal network degeneration, biomarker
evolution, and cognitive decline trajectories.

Aim and motivation

Alzheimer’s  disease (AD) 1s a  progressive
neurodegenerative disorder characterized by complex
pathophysiological mechanisms and heterogeneous
clinical progression, which complicate early diagnosis
and therapeutic development. The disease involves B-
amyloid accumulation, tau hyper phosphorylation,
neuroinflammation, synaptic dysfunction, and neuronal
loss, ultimately leading to cognitive decline. Current
diagnostic approaches—such as cognitive testing,
neuroimaging, and cerebrospinal fluid (CSF) biomarker
analysis—often detect AD only after significant and
irreversible neuronal damage has occurred, limiting
treatment effectiveness. This limitation is particularly
critical during preclinical stages like subjective
cognitive decline (SCD), where early intervention could
be most beneficial. Moreover, Alzheimer’s clinical

trials continue to exhibit extremely high failure rates,
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largely due to variability in disease progression and
heterogeneous treatment responses, underscoring the
need for predictive and individualized models.

Digital twin technology, defined as a continuously
updated virtual representation of a biological system,
offers a promising precision-medicine approach. By
integrating multimodal clinical, imaging, and molecular
data, patient-specific digital twins can simulate disease
onset, predict progression, and model therapeutic
responses. Therefore, this review aims to evaluate
current evidence on the application of digital twin
models in Alzheimer’s disease, with emphasis on their
potential to improve early diagnosis, optimize clinical
trials, and advance personalized treatment strategies.
Materials and Methods

A structured literature review was conducted using
PubMed, Scopus, Google Scholar, and UpToDate to
identify peer-reviewed studies published between 2021
and 2025. The search strategy included combinations of
the terms “digital twin,” “Alzheimer’s disease,”

99 ¢¢

“patient-specific modeling,” “early diagnosis,” “disease

progression,” “machine learning,” and “artificial
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intelligence.”

The initial search yielded 15 publications addressing
digital twin applications in Alzheimer’s disease. After
screening titles and abstracts for relevance, full-text
articles were evaluated according to predefined
inclusion criteria: original research or high-quality
reviews, peer-reviewed status, and direct application of
digital twin methodologies to AD diagnosis, prognosis,
clinical trial optimization, or therapeutic modeling.
These studies were selected for detailed narrative
synthesis based on methodological rigor and
translational significance. These included clinical
validation of EEG-based digital biomarkers, Al-driven
models enhancing clinical trial efficiency, integration of
patient-specific brain organoids with digital twin
frameworks, and multi-omics—based digital platforms
for drug discovery. The selected works employed
advanced computational and experimental
methodologies, including  conditional  restricted
Boltzmann machines, prognostic covariate adjustment
(PROCOVA), induced pluripotent stem cell-derived

organoid systems, and large-scale whole-brain network
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simulations.

Result

Analysis of 15 peer-reviewed studies indicates that
patient-specific digital twin models show significant
potential across multiple areas of Alzheimer’s disease
research and clinical application. For early diagnosis,
the Digital Alzheimer’s Disease Diagnosis (DADD)
model reconstructs individualized neurodegeneration
parameters from non-invasive electroencephalography
(EEG). In a cohort of 124 participants, including
healthy controls and individuals with subjective
cognitive decline (SCD), the model achieved 88%
accuracy in detecting cerebrospinal fluid (CSF)
biomarker positivity and 87% accuracy in predicting
progression from SCD to mild cognitive impairment
(MCI) one year before clinical diagnosis—substantially
outperforming conventional EEG biomarkers (54-58%).
Key digital biomarkers, including connectivity
degeneration (cp) and neuroplastic rewiring (np),
reflected established mechanisms such as synaptic
dysfunction and network disruption.

In clinical trial settings, Al-generated digital twins
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trained on data from 6,736 participants across 29 studies
improved prognostic modeling. In the Phase 2 AWARE
trial, digital twin scores correlated with major cognitive
outcomes (r = 0.30-0.39) and reduced residual variance
by 9-15%, allowing meaningful reductions in required
sample sizes while maintaining statistical power.

At the preclinical level, integration of induced
pluripotent stem cell-derived brain organoids with
digital twin platforms enabled simulation of core AD
features, including [-amyloid accumulation, tau
pathology, and neuroinflammation. Combined with
multi-omics integration and large-scale neural network
simulations, these systems support personalized drug
testing and mechanistic modeling.

Despite promising advances, challenges remain,
including multimodal data standardization,
computational complexity, limited representation of
sporadic AD cases, and the need for regulatory
validation and ethical governance frameworks.
Conclusion

Patient-specific digital twins offer transformative

potential in Alzheimer’s disease research and
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management.  They enable earlier detection,
individualized trajectory forecasting, and optimization
of clinical trial design. Continued interdisciplinary
collaboration among clinicians,  neuroscientists,
bioinformaticians, and regulatory bodies is essential to
ensure safe, effective, and equitable implementation.
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JNUreHeTHKA CTPECCa:KAK cpeia NepenuchbiBaer
HACJIEeACTBEHHOCTD
bonnapenko Anacracusi CepreeBHa
Kazaxckuti Hayuonanouolti Ynusepcumem umenu Anvo-
Dapadu, Kazaxcman
AKbLI0eK0Ba OHes Ep0oIKbI3bI
CeiinxanoB /[0cTOH AJIMMKAHYJIBI
crynentsl |l kypca
Kaszaxckuii Hayuonanvuoiti Ynueepcumem umenu Anv-
Dapadu, Kazaxcman
AHHOTANMA: Onucenemura, ObICMPO pa36USAIOWAACS
obnacmes 6uoONOCUU,U INUSEHOM HAUbONlee NIACMUYHA
GHYMPUYMpoOHOM — nepuoode.dnuzenemuxa cmpecca

umeem WupOKMlZ cnekmp 6030€liCmEUsl U 8061eYeHa 8
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namozene3 pPA3IUYHbLIX NCUXUYECKUX PAcCmpoucms,
eknouas  wuszogpenuro, IITCP,3a6ucumocmsv  om
NCUXOAKMUBHBIX BeUjeCmE U aymu3M.

B npaHHOWM cTaThe paccMaTpUBACTCA BCECTOPOHUM
0030p:BIUSHUE DHIUTCHETUKH CTpPECcca,Kak CoObITHE
JNETCTBA HA TI0Ka3aTelau 370pOBbs BO  B3pPOCIOM
Bo3pacte.Ocoboe BHHMaHUE yAeNseTCs
SMUTEHETUYECKUM H3MEHEHHUs B paboTe TUIoTaIamo-
runo@u3apHo-HaOYeYHUKOBON ocH (HPA)-
KJIFOUEBOM CHCTEMBI PETYJSIHUUA CTPECCOBOM pPEAaKLIHH.
OTh u3MeHeHus BkIouyaroT wmetunupoBanue JIHK,
MOIU(UKALMKA THUCTOHOB, BIUSHUE HEKOIUPYIOIIHUX
PHK u pemonenupoBanue XpoMaThHa, YTO NMPUBOIAUT K
U3MEHEHUIO J3KCIPECCHMM T'€HOB, YYAaCTBYIOIIUX B
CTpPECC-OTBETE M HEUPOIUIAaCTHYHOCTH. B dYacTHOCTH,
SIIUTCHETUYECKUE HApYIIEHUs 3aTParuBalOT  TEHBI
FKBP5 (FKBP prolyl isomerase 5), NR3C1 (smepHbiii
peuenrtop noacemeiictea 3, rpynmna C, uien 1), BDNF
(meitpotpoduuecknii  paktop wmoszra) u  SLCO6A4
(mMepeHOCUUK CEpPOTOHMHA), KOTOPbIE PEryJupyloT
YyBCTBUTEJIBHOCTD K KOpPTH30]Y, GyHKIMIO

IIOKOKOPTUKOUJHBIX  PELENTOPOB, HEUPOHAIBHYIO
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ajanTalMi0 M  CEPOTOHMHEPIMUYECKYIO  Iepenady.
Jucperynsiiust 3TUX TE€HOB HapyllaeT HOPMAaJIbHYIO
peaklui0 OpraHu3Ma Ha CTpecc, IMOBBIIIAET PHUCK
pazButusa [ITCP u Moxer crnocoOGCTBOBaTH mepeaaye
MOBBIIICHHON  YySA3BUMOCTH K  TpaBME€  MEXIY
MTOKOJICHUSIMH.

AKTyaJIbHOCTH HccaenoBanms:[locTrpaBmaTrueckoe
ctpeccoBoe paccrpoiictBo (IITCP) — »s3t10 TA%KENOE
NICUXOHEBPOJIOTHYECKOE  COCTOSIHME,  BO3HMKAIOIIEE
MoCJIe  DKCTPEMAalIbHBIX  TpaBM  (YIpo3bl  JKH3HHU,
HACWJIUs), C BBICOKOW paclpOCTPaHEHHOCTHIO TPaBM Y
HaceneHus (~70%), HO OTHOCUTENBHO HU3KOM 4acTOTOM
peansHOTO pa3Butus [ITCP (~6-7%). OTo yka3siBaeT Ha
CYLIeCTBEHHY IO PoOJIb HHAUBUAYAJIbHOMI
BOCHPUUMYMBOCTH U aJANITUBHOCTH, O0YCIIOBICHHOU
SIUTEHETUYECKUMU  MEXaHW3MaMM, TaKUMHU  Kak
metunupoBanne JIHK, wMomgudukanmm TrUCTOHOB,
Hexkoaupytomne PHK, pemonmenupoBanune xpomartuHza.
OTU MEXaHU3MBbl BIUSIOT Ha PETYJSLUI0 THIOTAIAMO-
runopuzapHo-naanoyeynnkosoii (HPA) ocm —
KJIFOUEBOTO KOMIIOHEHTa CTPECcC-pPeakllM, 4TO MAENaeT

UX BaxHbIMH Kak s pasButus I[ITCP, tak w s
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YCTOWYMBOCTH K cTpeccy (pe3wineHTHocTH). B
YCJIOBUSIX COBPEMEHHOM AMUEMHOIOTHH MCUXUYECKUX
PacCTpONCTB, a TaKXKe HEOO0XOIUMOCTH
MEePCOHATM3UPOBAHHBIX TEPANIEBTUUECKUX TOJXOJOB,
riryookoe nmoHumanue snurenetuku HPA-ocu siBisercs
KPUTHUUYECKHU BKHBIM JIJI1 MEIUIIMHBI U TICUXUATPUH.
Heab ncciaenoBanus:lensio paboThl SBISETCS aHAN3
posu snureHetTudeckux wmonudukamui HPA-ocu B
natoreieze I[ITCP u QopmupoBanuu cTpeccoBoi
PE3WIMEHTHOCTH  C  OIGHKOW  HMX  KJIMHHUKO-
OMOJIOTUYECKOTO 3HAYCHUSI.

Marepuajsbl u MeToabl:PaboTa BoinoiHEHa B (hopmaTte
AHAJIUTUYECKOTO o030pa COBPEMEHHBIX
AKCHEPUMEHTAIBHBIX W KIMHUYECKUX HCCIIEIOBaHUI,
MNOCBAIIEHHBIX ANUTCHETUYECKON PpEryisiiuh CTpecc-
orBeta. [IpoBenéH ananu3 myOIMKaIuii, W3ydaromuX
METHJIMPOBaHUE MPOMOTOPHBIX ydacTkoB reHoB NR3C1
u FKBP5, oco0eHHOCTM — aneTWIMPOBAaHUSA |
JealleTUINPOBAaHUsl TMCTOHOB, BausgHue MUKpoPHK Ha
MOCTTPAHCKPUIIIIUOHHYIO ~ PETyJsiMI0, a  TaKke
M3MEHEHHUSI dKCTpeccu HeHpoTpoduueckux (hakTopoB,

Bkitodass BDNF. Onenensl manHbie 0 TOPMOHAIBHBIX
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nokazatensix HPA-ocu, B Tom uncie ypoBHE KOpTH301a
u cootHomennn DHEA/kopTu30m, u UX Koppensiuuu ¢
KIMHUYeCKON BbIpakeHHOCTHhIO [ITCP. ComnocraBieHbl
pE3yIbTaThI HCCJIEOBAHU, MOCBAIIEHHBIX
MEXITOKOJIECHHON nepeaaye AMUTEHETUYECKUX
U3MEHEHWH W UX BIUSHUIO Ha  CTPECCOBYIO
BOCITPUUMYHUBOCTb.

Pe3yabTaThl n 00cyxkaeHUe: AHAIN3 JaHHBIX MTOKa3al,
YTO DdNUreHeTHYeckue wusMeHeHus reHoB HPA-ocu
TECHO CBS3aHbI C (OPMHUPOBAHUEM IMATOJIOTHYECKOTO
cTpecc-oTBeTa. l3MeHeHMe METUIMpOBaHMS TI'EHa
NR3C1 npuBoauT K  HapyMIGHUIO  PETYJISIIUU
[JIIOKOKOPTUKOUAHBIX ~ PEUENTOPOB U CHUKECHUIO
3 PEKTUBHOCTH OTPHUIIATEILHON OOpaTHOM CBS3H, UYTO
CONPOBOKIAETCS nucOanancoM KOPTU30JI0BOI
CEKpEIUHU. Jucperyisiuus FKBPS YCHJIMBAET
YyBCTBUTEIIBHOCTh K CTPECCOBBIM BO3JCUCTBUSIM 32
cu€t  MomuduKaMU ~ PEHENnTOPHOrO  KOMIUIEKCa
[JIIOKOKOPTUKOUAOB.  Hapylienus  anetunupoBaHUs
TUCTOHOB HW3MEHSIOT TPAHCKPUIIIMOHHYIO aKTUBHOCTh
IE€HOB, BOBJICUEHHBIX B (POPMHUPOBAHUE MAMATH CTpaxa

U TPEBOXHBIX  pPEAKUUMWA.  YCTAaHOBJIEHO,  4YTO
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SOUTeHEeTHYecKass  Moaudukanus  reHa BDNF
acCOLIMMPOBAaHA CO CHIKEHHUEM HEHPOIIAaCTUYHOCTU
TUNNOKamMna U HapylIeHWeM MPOLECCOB KOHCOIHUIALUN
namiatd. Kpome Toro, mukpoPHK yuactByror B
PETYJSIIMU  JKCIpPecCud OENKOB, KOHTPOIUPYIOLIUX
HEUPOTPAHCMUTTEPHbIE  CUCTEMbl U aJIallTUBHBIE
MEXaHU3MBI. [ToxazaHo, 4TO MOBBILIEHHOE
cootHomenne DHEA/koptu3on u Oonee crabuibHas
perymsauust HPA-ocu koppenupyroT ¢ (peHomeHOM
PE3UITUEHTHOCTH. TakuM 00pa3oM, SMUTCHETHYECKHE

MCXaHU3MBbI BBICTYIIAOT CBA3YIOIIUM 3BCHOM MCKIY

BO3/IEHCTBUEM cTpeccopa u YCTOWYUBBIMU
HEHUPOIHAOKPUHHBIMU u MOBEICHYECKUMU
U3MEHECHUSIMH.

3akilouenne: DIUreHeTuyecKas peryJisius
TUMO0TaIaMOo-TUIO(GU3apHO-HAATIOYCTIHHKOBOM ocu

SABJISIETCS KJIIOUEBBIM MEXAHU3MOM, OIPEIEISIOININM
pa3BuTHE MOCTTPABMATHYECKOTO CTPECCOBOTO
paccTpoiicTBa ¥ WHIUBUAYAIbHYIO  CTPECCOBYIO
pe3wneHTHOCTh. MetwiupoBanne JIHK, rucroHoBbie
Momudpukauun u peryisiuus MukpoPHK dopmupyrot

MOJIEKYJISIPHYIO OCHOBY JIHUC(YHKIIMH CTPECC-OTBETA U
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knuandeckor cumnromatuku [ITCP. Uaentudukanms
CHCI_[I/I(l)I/I‘ICCKI/IX SMUTCHECTUYCCKUX MapKepoOB
OTKpPBIBACT MCPCIICKTHBLI JJIsL CO31aHUuA
IMPOTHOCTHYCCKUX AUMArHOCTUYCCKUX HHCTPYMCHTOB H
pa3pabOTKH TapreTHON AIUTECHETUYECKON Teparuu.
KiaroueBbie CJIOBa:HOCTTpaBMaTI/I‘ICCKOC CTPECCOBOC
PacCTpONCTBO; rUnoTagaMo-runopuszapHo-
HAaAIMMOYCYHUKOBAA OCh; SIIUI'CHCTHUKA, MCTHUJIMPOBAHHC
JHK; NR3C1;, FKBP5; BDNF; wmuxpoPHK;
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Abstract
Background: COVID-19, caused by SARS-CoV-2, can
lead to a wide range of clinical symptoms, differing

disease durations, and new long-term health issues.
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Scientific understanding of its effects continues to
develop. Recent evidence points to a rise in certain
immune-related and hematologic conditions, including
Immune Thrombocytopenia (ITP), in the post-pandemic
period.

Keywords: Long COVID; SARS-CoV-2; Oral
Manifestations; Immune Dysregulation; Oral Lichen
Planus; Mucous Membrane Pemphigoid; Erythema
Multiforme; Immune Thrombocytopenia.

Introduction

Long COVID, also known as Post-COVID Syndrome,
Long Haulers, Post-Acute COVID Syndrome (PACS),
or LTC-19, can persist for at least three months
following SARS-CoV-2 infection. Symptoms vary and
may fluctuate over time 1.

While many patients experience mild respiratory issues,
some develop severe systemic illness affecting multiple
organs that it resembling pneumonia, the cold, or a flu,
some develop severe illness, and the infection may affect
multiple organ systems 2.

SARS-CoV-2 can alter immune function, causing

lymphocytopenia, hypercytokinemia, and other immune
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changes. Overactive immune responses may damage
tissues, contributing to post-viral complications. Recent
evidence suggests these immune disturbances may
manifest in the oral cavity, making it a potential
diagnostic window for Long COVID. Immune-mediated
oral conditions—including oral lichen planus, mucous
membrane pemphigoid, erythema multiforme, and ITP
or oral manifestations linked to hematologic
disorders—have Dbeen increasingly reported after
COVID-19. These findings underscore the importance
of careful oral examination in patients recovering from
COVID-19 for the early detection of systemic
alterations and rare immune-related disorders 3 .

Environmental and climatic changes may also influence
the incidence and severity of immune-mediated
conditions such as temperature, humidity, air quality,
and exposure to stressors may also impact immune
function, potentially contributing to the onset or
exacerbation of rare oral and systemic diseases. When
combined with post-viral immune dysregulation in
Long COVID, these factors may increase susceptibility

to conditions like oral lichen planus, mucous membrane
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pemphigoid, erythema multiforme, and ITP.

The angiotensin-converting enzyme 2 (ACEZ2) receptor,
highly expressed in oral tissues, serves as the main entry
point for SARS-CoV-2. Viral interaction with ACE2 in
oral tissues and the presence of SARS-CoV-2 in saliva
can trigger local immune dysregulation, leading to
inflammation, taste  disturbances, ulcers, and
xerostomia( dry mouth ) 4.

Currently, there is very limited research exploring the
specific connection between Long COVID and
immune-mediated oral diseases. How post-COVID
immune changes manifest in the oral cavity remains
unclear, highlighting a gap in understanding these
potential complications. This study aims to evaluate the
oral cavity as a diagnostic window for identifying
systemic post-viral changes.

Case report

Several published case reports have indicated that
immune-mediated oral disorders can develop following
SARS-CoV-2 infection. For example, new instances of
oral lichen planus have been observed several months

after COVID-19, typically presenting as symmetrical
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white streaks and erosive areas on the buccal mucosa 5 .
Erythema multiforme has also been reported in post-
COVID patients, manifesting as ulcerative lesions and
red patches on both the tongue and buccal surfaces 6 .
Recurring episodes of erythema multiforme appear to be
linked to immune disturbances triggered by
SARS-CoV-2 infection 6 . Cases Similarly, cases of
oral lichenoid mucositis, resembling lichen planus, have
emerged or worsened after SARS-CoV-2 infection or
vaccination, suggesting a post-viral immune-mediated
mechanism 7 .

Although not directly caused by COVID-19, recent
evidence suggests that SARS-CoV-2 infection may
influence the clinical course of hematologic disorders
such as immune thrombocytopenia (ITP) by altering
Immune responses and systemic inflammation. Patients
with ITP have shown more severe COVID-19 outcomes
and prolonged immune dysregulation, which can lead to
increased disease activity, secondary  oral
manifestations, or delayed recovery 8 .

These observations underscore that while COVID-19

may not be the primary cause of ITP, the infection can
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act as a triggering or exacerbating factor in susceptible
individuals. This indicates that SARS-CoV-2 can act as
a trigger or aggravating factor in patients already
predisposed to immune or hematologic disorders.
Overall, these findings emphasize that COVID-19 can
provoke or reveal immune-mediated oral conditions and
interact with underlying hematologic  diseases,
supporting the concept that careful oral examination
may provide early insight into systemic post-viral
changes.

Case 1

On February 10, 2021, a 40-year-old male patient
presented to the dental clinic complaining of persistent
white lesions inside the oral cavity accompanied by a
mild burning sensation. The patient had been infected
with SARS-CoV-2 in September 2020. He had no
comorbidities and was not taking any long-term
medications.

During the acute phase of COVID-19, the patient
reported only loss of smell (anosmia) and loss of taste
(ageusia), without respiratory complications. He was

quarantined for 14 days and did not require
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hospitalization. After recovery, olfactory and gustatory
functions gradually returned; however, he reported
altered taste perception (dysgeusia), describing
previously preferred foods and beverages as having an
unpleasant or distorted taste.

The patient stated that the oral lesions first appeared
during the active phase of COVID-19 infection and
persisted after recovery. He denied smoking or alcohol
consumption and reported maintaining a balanced diet.
Intraoral examination revealed bilateral white reticular
striations on the buccal mucosa with mild surrounding
erythema, clinically consistent with oral lichen planus.
No ulceration or spontaneous bleeding was observed.
Oral hygiene status was satisfactory, and the patient
reported only mild discomfort, particularly when
consuming spicy foods.

Panoramic radiographic examination showed no
pathological changes in the underlying bone structures.
Based on clinical presentation and temporal association
with SARS-CoV-2 infection, a diagnosis of oral lichen
planus potentially related to post-viral immune

dysregulation was established. Topical corticosteroid
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therapy was initiated, and the patient was scheduled for

regular follow-up.

Oral Lichen Planus Associated with SARS-
CoV-2 Infectio

Case 2

On July 12, 2021, a 58-year-old male patient presented
to the dental clinic complaining of persistent gingival
bleeding, painful oral erosions, and burning sensation of
the lips and palate. The patient had been infected with
SARS-CoV-2 in November 2020. He had no significant
medical history prior to COVID-19 and was not on
long-term medication.

During the acute phase of infection, he experienced
fever, fatigue, and mild respiratory symptoms but did
not require hospitalization. Approximately two months

after recovery, the patient began noticing gingival
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redness and increased sensitivity, which gradually
progressed to Dblistering lesions and spontaneous
bleeding in the oral cavity.

The patient reported no previous history of autoimmune
or dermatological diseases. He denied smoking and
alcohol consumption and maintained a balanced diet.
Intraoral examination revealed desquamative gingivitis,
erythematous areas on the attached gingiva,
hemorrhagic erosions on the palate, and fragile mucosa
with  positive signs of epithelial detachment.
Spontaneous  bleeding was  observed  during
examination. No cutaneous involvement was noted at
that time.

Panoramic radiographic examination did not reveal any
pathological changes in the bone structures. Based on
the clinical findings and temporal relationship with
SARS-CoV-2 infection, a diagnosis of mucous
membrane pemphigoid was established. The onset of
the disease was considered likely associated with post-
COVID immune dysregulation, as SARS-CoV-2
infection is known to induce immune imbalance and

autoantibody production in susceptible individuals.
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The patient was referred to a specialist in oral medicine
for further immunological evaluation and management.
Topical and systemic corticosteroid therapy was
initiated, and close follow-up was recommended due to

the chronic autoimmune nature of the condition.

Mucous Membrane Pemphigoid Following
SARS-CoV-2 Infection

Case 3

On August 3, 2021, a 36-year-old male patient
presented to the dental clinic complaining of painful
oral ulcers and difficulty eating. The patient had been
infected with SARS-CoV-2 in December 2020. He
reported mild COVID-19 symptoms, including fever,

fatigue, anosmia, and ageusia. He did not require
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hospitalization and recovered within two weeks.
Approximately six weeks after recovery, the patient
began experiencing sudden onset of multiple painful
ulcerative lesions in the oral cavity, accompanied by
erythematous patches and lip crusting. He denied any
recent medication changes, allergies, or previous history
of similar lesions.

The patient was a non-smoker, did not consume alcohol,
and had no significant systemic diseases.

Intraoral examination revealed multiple irregular
ulcerations on the buccal mucosa and lateral borders of
the tongue, surrounded by erythematous halos.
Hemorrhagic crusting was observed on the lips. The
lesions were tender on palpation, and the patient
reported significant discomfort while eating and
speaking. No significant periodontal pathology was
noted.

Panoramic radiographic examination showed no
pathological changes in the underlying bone structures.
Based on the acute clinical presentation and the
temporal relationship with recent SARS-CoV-2

infection, a diagnosis of erythema multiforme was
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established. The condition was considered likely
triggered by post-viral immune dysregulation associated
with COVID-19, as viral infections are recognized
precipitating factors for erythema multiforme.

Supportive therapy, including topical corticosteroids
and antiseptic mouth rinses, was initiated. The lesions
showed gradual improvement, with complete resolution
observed within three weeks. The patient was scheduled

for periodic follow-up to monitor for recurrence.

Erythema Multiforme Following SARS-
CoV-2 Infection

Discussion
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Post-COVID patients present diverse oral and systemic

(]

symptoms that means Each case presents unique
general and oral symptoms, which may persist for
months > Immune-mediated oral manifestations can
arise due to immune dysregulation, stress, or reduced
immunity. Oral ulcers resembling aphthae and other
lesions generally respond to topical treatments and
supportive care, emphasizing the role of oral hygiene
and patient management. Immune-related oral
conditions appear to be influenced by factors such as
compromised immunity, stress levels, and the overall
health of the patient 5, 6 .

Lesions often last 2-6 months, emphasizing the role of
post-viral immune disturbances. Expression of ACE2
receptors in oral tissues highlights the susceptibility of
the mouth to SARS-CoV-2 infection4. Immune-related
oral conditions, such as lichen planus, mucous
membrane pemphigoid, erythema multiforme, and
iImmune thrombocytopenia, demonstrate increased
frequency following COVID-19, illustrating the broad
impact of the virus on immune homeostasis. Detailed

oral examination is crucial for early detection and
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management of these complications 8.

Notably, these four immune-mediated oral conditions
are among millions of diseases, yet their incidence
increased significantly after 2020 in the post-COVID
era. Many were previously extremely rare but now
present more frequently, illustrating the profound
impact of SARS-CoV-2 on immune homeostasis.
Continuous monitoring and detailed oral examinations
are crucial for early diagnosis of systemic and oral
complications in post-COVID patients. So Importantly
to know that the four immune-mediated oral conditions
discussed—oral lichen planus, mucous membrane
pemphigoid, erythema multiforme, and Immune
Thrombocytopenia with oral manifestations—were
historically very rare but have become more frequently
reported since 2020. This trend underscores the
significant impact of SARS-CoV-2 on immune
regulation. Continuous monitoring and thorough oral
examination are crucial for early detection of both
systemic and oral complications in patients recovering
from COVID-19.

Conclusion

167


https://pubmed.ncbi.nlm.nih.gov/33356873/

The oral cavity can serve as an early indicator of
systemic immune dysregulation in Long COVID.
Conditions such as oral lichen planus, mucous
membrane pemphigoid, erythema multiforme, and
immune thrombocytopenia may develop or worsen
following SARS-CoV-2 infection. Careful monitoring
and longitudinal studies are essential to clarify causal
links and guide interventions for post-COVID immune-
mediated diseases.
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Introduction: Rheumatic  diseases, including
rheumatoid arthritis (RA), ankylosing spondylitis (AS),
osteoarthritis (OA), and systemic lupus erythematosus

(SLE), are chronic inflammatory conditions that present
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significant diagnostic and therapeutic challenges due to
their biological heterogeneity and complex, fluctuating
courses. Conventional diagnostic methods often fail to
capture this complexity, leading to delayed
interventions and suboptimal patient outcomes,
particularly as 30-40% of patients fail to respond
adequately to first-line advanced therapies (1). Artificial
intelligence (Al), specifically machine learning (ML)
and deep learning (DL), offers a transformative data-
driven approach to overcome these barriers by
identifying hidden patterns within multimodal datasets
such as imaging, multi-omics, and electronic health
records. Research has demonstrated that Al-powered
models can achieve high precision in automated
radiographic scoring, such as using two-stage HRNet
and ResNet architectures for AS severity or surpassing
expert accuracy in diagnosing RA from hand and foot
radiographs.! However, despite this potential, many Al
tools remain in the proof-of-concept stage due to
persistent challenges regarding algorithmic bias, a lack

of external validation, and the opaque "black box"
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nature of deep learning. This ?'review synthesizes the
findings of these six pivotal articles to evaluate the
current impact and clinical readiness of Al in enhancing
diagnostic precision and therapeutic decision-making in
rheumatology
Methodolgy:
With the rapidly growing use of artificial intelligence
(Al) techniques in the diagnosis and treatment of
rheumatological diseases, and due to the broad scope of
this field, a brief scoping review was conducted with
consideration for transparency and reliability, following
elements of the PRISMA-ScR framework. A
comprehensive literature search was performed across
major medical research databases, including PubMed,
the Cochrane Library, ResearchGate, and Google
Scholar. The following keywords were used: “Artificial
Intelligence,” “Machine Learning,” “Deep Learning,”
“Rheumatology,” “Rheumatoid Arthritis,”
“Osteoarthritis,” “Systemic Lupus Erythematosus™.
Articles were considered eligible if they applied any

form of Al technology in adult patients and assessed the
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effectiveness of these methods in early diagnosis
prediction or treatment response. Studies were excluded
If they were published in languages other than English,
did not use Al-based interventions, or did not report
intervention effectiveness. Initially, seven articles were
identified; three were excluded after abstract screening,
one after full-text review, and three were ultimately
included, another reviewer added four articles. Formal
risk-of-bias assessment tools (e.g., Cochrane RoB) were
not applied due to the broad scope and heterogeneity of

the included studies.

P
Records identified:

15
(PubMed, the Cochrane Library, ResearchGate, Google Scholar)
9

1

Full-text amcles excluded:
Full-text articles assessed:

10

¥

relevant)

(did not use Al-| based interventions, did
not report intervention effectiveness, not

4

Studies included in narrative synthesis :
7

Records axcludsd
Records screened (title/abstract):
15 (Irrelevant no full-text)

Figure. 1. Flow diagram of literature search and study

selection process
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Results: The collective research results across the
analyzed articles demonstrate that Al models,
particularly deep learning and ensemble architectures,
provide high-precision diagnostic and predictive
capabilities that often match or exceed human
performance in rheumatology. Significant findings
include a 90.6% accuracy rate for diagnosing
rheumatoid arthritis (RA) using artificial neural
networks, a 92.9% accuracy in grading knee
osteoarthritis (OA) severity via DenseNet201, and an
81.3% mean accuracy in evaluating ankylosing
spondylitis (AS) severity using a two-stage model that
correctly identified 97.4% of advanced mSASSS score
3 instances. Additionally, Al frameworks achieved an
AUC of 0.95 for identifying systemic lupus
erythematosus (SLE) and an 80% AUROC for
forecasting RA flare risks, with the latter leading to a
30% increase in clinician confidence regarding
treatment de-escalation. Despite these promising
benchmarks, the sources conclude that widespread

adoption remains in the proof-of-concept stage due to a
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persistent lack of external validation—noted in only
17.5% to 25% of studies—and the need for more
Explainable Al (XAI) tools to overcome the opaque
"black box" nature of deep learning.

Methodology and Results: Ankylosing Spondylitis (AS)
One of the most technically detailed studies focuses on
the development of a severity inspection model for AS
using the modified Stoke Ankylosing Spondylitis Spinal
Score (MSASSS1. Methodological Pipeline)

*  Build and Test Model o Model

Medical domain

Test Data 1S Severity

Model

Figure .2. Framework for numerical simulation and its
application in the medical domain (HRNet: High-

Resolution network; ResNet: Residual network) .

The researchers employed a two-stage numerical
simulation architecture to automate the laborious task of

manual radiographic scoring.
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* Data Preprocessing (The "Gold Standard"): To ensure
the reliability of the training data, the study recruited
222 confirmed AS patients. A group of three experts
reviewed approximately 25 X-ray images per patient.
They followed a rigorous consensus-based labeling
protocol: two experts independently scored the images;
if they disagreed, a third expert provided a tie-breaking
assessment, and final labels were reached only through
joint discussion.

« Stage 1: Keypoint Detection (HRNet): The first stage
utilized a Deep High-Resolution Network (HRNet).
This architecture is unique because it maintains high-
resolution representations throughout the process by
connecting multi-resolution sub-streams in parallel. The
goal was to detect 19 specific spine key points that
represent the centers of segmented anatomical areas.®

» Stage 2: Severity Evaluation (ResNet): Once key
points were located, the spine was cropped into 256 x
256 pixel patches and fed into a Deep Residual Network
(ResNet). This 50-convolution-layer network utilized

"shortcut connections” to perform non-linear feature

175



extraction and classify each patch into mSASSS scores
of 0 (normal) to 3 (total bony bridging).

« Handling Imbalance: Because patients with a score
of 1 were significantly more numerous than those with
other scores, researchers used stratified splitting to
maintain  consistent class distribution and class
weighting to penalize the model more heavily for

misclassifying rarer, severe cases.

Second stage:
mSASSS evaluation 1

)

First stage:
Keypoint detection

3

Figure.3.

2. Experimental Results
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Figure .4.. Results of the model: (a) detected spine
points by the first-stage model (red points: ground truth;
blues points: the model predictions); (b) some
prediction failure cases (GT: ground truth; pred: the
model predictions); (¢) ROC-AUC curve of each
MSASSS result [25].

The developed Al-based model consisted of two stages,
and each stage utilized one neural network. The model

was trained to automatically identify and evaluate the
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mSASSS of the lumbar vertebrae image or cervical
spine image. Figure 6(a) shows a typical image of the
detected spine points by the first-stage model, where the
red points denote the ground truth 7 and blue points
represent the model predictions. It can be observed that
red points and blue points agree well with each other.
The first stage key point detection network achieved
1.57 micrometers in mean error dis stance with ground
truth. This reveals that the spine point detection at the
first stage can be accurate. Figure 6(b) presents some
prediction failure cases obtained from the MSASSS
evaluation model, in which the prediction values and the
ground truth are different. Overall, the model was
accurate, although some points were not accurately
predicted

* Precision in Detection: The HRNet achieved a mean
error distance of only 1.57 micrometers compared to the
ground truth expert labels.

* Accuracy in Scoring: The evaluation model reached a
mean accuracy of 0.813.

* Disease Severity Sensitivity: The model demonstrated

near-perfect accuracy for advanced disease, correctly
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identifying 97.4% of instances with an mSASSS score
of 3 (AUC of 0.999). However, it showed lower
precision in early stages, sometimes misclassifying
score O as score 1 or 2.

Methodology and Results: Rheumatoid Arthritis (RA)
RA research focuses on two pillars: improving early
diagnostic accuracy and predicting therapeutic response
to reduce "trial-and-error" prescribing.

1. Diagnostic Imaging Methods

Al models, particularly Convolutional Neural Networks
(CNNs) and Artificial Neural Networks (ANNSs), are
used to mimic biological vision by processing image
layers to detect structural damage.

« X-Ray Interpretation: In a study of 670 participants, an
Al-powered ANN surpassed expert rheumatologists,
achieving 90.6% diagnostic accuracy by detecting
subtle joint erosions and space narrowing in hand and
foot radiographs.*

* Robotic Ultrasound: A novel approach integrated the
robotic ultrasound system ARTHUR V.2.0 with the Al
model DIANA V.2.0. In 30 RA patients, this system
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achieved an 85.5% scanning success rate, matching the
repeatability and accuracy of human expert assessments
for synovial hypertrophy.

Methodology and Results: Osteoarthritis (OA) and SLE
Al applications in OA focus on automating grading,
while Systemic Lupus Erythematosus (SLE) research
priorities risk stratification.

1. OA Grading and Rehabilitation

* Automated KL Grading: Researchers tested eight
transfer-learning models on 2,068 knee radiographs.
The DenseNet201 model achieved a 92.9% accuracy
rate in Kellgren-Lawrence (KL) grading, significantly
outperforming medical trainees who averaged only 74%
accuracy®.

 Kinetic Pattern Recognition: In a pilot study of 32
participants using a "Slider" home rehab device,
unsupervised hierarchical clustering was used to
identify distinct recovery movement patterns. BMI was
found to be the most influential predictor for recovery
clusters in the right knee, while gender was the

strongest determinant for the left.
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2. SLE Risk Stratification

 Diagnostic Prediction: A study of 219 patients used
the CatBoost algorithm with recursive feature selection
to identify SLE presence. The model achieved a 0.95
AUC and identified five critical predictors: alopecia,
renal disorders, acute cutaneous lupus, hemolytic
anemia, and age.

* Lupus Nephritis (LN): ML models, specifically
Random Forest, achieved an AUC of 0.88 in predicting
proliferative LN risk when renal biopsies were not
feasible.

175% to 25% of studies), which limits current
generalizability.

Treatment Response and Flare Prediction

Al has shown significant promise in reducing "trial-and-
error” prescribing by predicting how patients will
respond to specific therapies

Response to b/tsDMARDs in RA: A scoping review of
24 studies reported AUC values ranging from 0.54 to
0.92, with a mean of 0.71. Neural networks (Mean AUC
0.79) and boosted tree algorithms (Mean AUC 0.72)

were identified as the most effective architectures for

181



these tasks.

Integration of Multi-Omics: Models that incorporated
richer datasets—combining clinical information with
genomic, proteomic, or transcriptomic data—
consistently reported higher predictive power than those
using clinical data alone.Flare

Risk Management: The "Rheuma Care Manager"
(RCM) tool predicted RA flare risks with an 80%
AUROC. Its use led to a 30% increase in treatment
reduction decisions by physicians, demonstrating Al's
ability to boost clinical confidence in tapering
medications.Lupus Nephritis (LN) Risk: Random forest
models achieved an AUC of 0.88 in predicting the risk
of proliferative LN, providing a potential non-invasive
diagnostic alternative when renal biopsies are not
feasible

Conclusion: The evidence synthesized from this
review indicates that Artificial Intelligence (Al) holds
transformative potential for rheumatology by enabling
earlier diagnostic precision and guiding personalized
treatment strategies. Research benchmarks demonstrate

that deep learning and machine learning models can
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match or exceed human accuracy in specific tasks, such
as achieving a 90.6% diagnostic accuracy for
rheumatoid arthritis (RA) and a 92.9% accuracy in
grading knee osteoarthritis (OA) severity. Furthermore,
automated architectures like the two-stage HRNet and
ResNet model for ankylosing spondylitis (AS) have
achieved an 81.3% mean accuracy, with near-perfect
identification of advanced structural damage. In the
realm of therapeutic management, algorithms such as
neural networks and boosted trees (Mean AUC 0.71-
0.79) show significant promise in predicting responses
to biologic and targeted synthetic DMARDES,
particularly when clinical data is integrated with multi-
omics and imaging.®

However, the field remains primarily in the "proof-of-
concept" stage. Widespread clinical adoption is
currently hindered by the lack of external validation in
real-world datasets—mnoted in only 17.5% to 25% of
studies—and the opaque "black box" nature of deep
learning, which necessitates the development of
Explainable Al (XAl) tools to build clinician trust.
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Moving forward, the future of rheumatologic care lies in
a hybrid human-Al collaboration, where machine
precision acts as a decision-support tool to reduce "trial-
and-error" prescribing and improve patient outcomes
through seamless integration into clinical workflows.
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Psychosocial and physiological adaptation to
Ramadan fasting among international students
studying in Kazakhstan
Dr. Vangay A
Bakr Alyaseen
Faculty of Medicine
Al-Farabi Kazakh National University
Almaty, Kazakhstan

Abstract

Background: Ramadan fasting is not only a
physiological experience but also a social and
psychological practice embedded in cultural identity.
International students may experience additional
psychosocial demands during Ramadan due to
disrupted routines, academic workload, and reduced
family support.

Objective: To explore psychosocial and physiological
adaptation to Ramadan fasting among international
medical students studying in Kazakhstan, with
particular attention to mood, physical activity, dietary

patterns, and body composition changes.

186



Methods: International medical students (n=43; 31
men, 12 women; age 21.9+1.4 years) were assessed
before and after Ramadan. Anthropometry (weight,
BMI) and bioimpedance-derived compartments were
measured; a structured questionnaire captured physical
activity, exercise load, dietary regularity, and perceived
mood.

Results: Self-reported mood was stable or improved in
50.0% and 47.6% of students, with only 2.4% reporting
a decline. Mild activity remained the most common
pattern (55.8%), while 25.6% reported no exercise.
Among physically active students (n=31), heavy
training loads were reported by 41.9%. Irregular
dietary patterns were reported by 60.5%. Weight
decreased modestly from 76.6£17.4 kg to 75.7+17.0 kg
(4 -0.93+1.49 kg), and BMI from 25.4+4.3 to 25.1+4.1
kg/m? (4 -0.33£0.61).

Conclusion: In this cohort of international medical
students, Ramadan fasting abroad was not accompanied
by deterioration in perceived mood. Findings support
the view of Ramadan as a psychosocially structured

period that may sustain emotional stability even in a
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non-native environment, while physiological changes
remained modest.

Keywords: Ramadan; international students; mood;
physical activity; dietary patterns; body composition;
Kazakhstan.

Introduction

Ramadan fasting is an annual religious practice
observed by millions of Muslims worldwide. For 29-30
days, individuals abstain from food and fluids from
dawn to sunset, with eating confined to the evening and
pre-dawn periods. From a biomedical perspective,
Ramadan fasting is often discussed as a form of time-
restricted or intermittent fasting, typically associated
with modest and largely reversible changes in body
weight and body composition among healthy adults [1-
3].

However, metabolic adaptation represents only one part
of the Ramadan experience. As a religious and social
practice, fasting is embedded within shared routines,
communal meals, and family support. When Ramadan
Is observed away from home, the psychosocial context

changes substantially. International students may need
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to reorganize sleep and study schedules, manage meal
planning independently, and cope with academic
demands without customary family support. These
factors make emotional adaptation and coping resources
central to understanding Ramadan-related health in this
population.

Evidence syntheses indicate that in healthy adults,
Ramadan fasting is not generally associated with
clinically meaningful deterioration in hydration status or
cardiometabolic parameters [2,3]. Yet research also
highlights that Ramadan can alter sleep timing and
duration and may be associated with increased daytime
sleepiness in student populations and athletes [4]. Such
sleep-related disruptions may interact with academic
workload and influence perceived stress, mood, and
daily functioning.

Religious practice can also serve as a protective
psychosocial resource. Models of religious coping
suggest that positive religious coping and meaning-
making are associated with better emotional regulation
and well-being, particularly among young adults [5].

For international  students, peer-based  micro-
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communities and shared rituals during Ramadan may
partly compensate for reduced family support and foster
a sense of belonging, potentially stabilizing mood
during a demanding academic period.

Kazakhstan has become a regional educational hub
attracting international medical students from the
Middle East, Africa, and South Asia. Despite the
relevance of Ramadan for this population, studies that
simultaneously address psychosocial adaptation (mood
and behavioral patterns) while briefly characterizing
physiological changes remain limited in Kazakhstan.
Therefore, this study primarily aimed to evaluate
psychosocial adaptation to Ramadan fasting among
international medical students in Kazakhstan, focusing
on perceived mood, physical activity, exercise load, and
dietary regularity. To contextualize psychosocial
findings and maintain coherence with the broader health
literature, we also report concise anthropometric and
body-composition-related outcomes.

Methods

Study design and participants: A pre—post observational

study was conducted among international medical
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students enrolled in Farabi university in Kazakhstan.
Eligibility criteria included age 18 - 30 years and
intention to fast throughout Ramadan. Students with
chronic diseases were excluded. Participants provided
informed consent prior to data collection.

Measures:  Anthropometry included height, body
weight, and body mass index (BMI). Body composition
and hydration compartments were assessed using
bioelectrical impedance analysis (BIA), including total
body water (TBW) and extracellular/intracellular water
(ECW/ICW) distributions. Cardiovascular indicators
(blood pressure, heart rate, peripheral oxygen
saturation) were recorded using standard procedures.
Psychosocial and behavioral assessment: A structured
questionnaire captured self-reported physical activity
(none/mild/moderate/high), training load among active
participants (mild/moderate/heavy), dietary regularity
(balanced vs irregular), and perceived mood change
during Ramadan (decreased/same/improved).

Statistical analysis: Continuous variables are presented
as meanzstandard deviation (SD). Categorical variables

are summarized as counts and percentages. Pre—post
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changes in anthropometric measures were described
using mean differences (A) with SD. Inferential testing
and subgroup analyses (e.g., activity vs A body fat) are
reported in a separate metabolic-focused manuscript;
here, we emphasize descriptive characterization of
behavioral and mood outcomes.

Results

Participants: A total of 43 students were included (31
(72.1%) men, 12 (27.9%) women), aged from 18 till 25
years (Table 1). 23 (53.5%) participants originated from
Arab League countries (including lIrag, Jordan, Sudan,
Syria, Lebanon, Yemen, Morocco) and 20 (46.5%) non-
Arab Muslim-majority countries (including Kenya,
Pakistan, Bangladesh, Indonesia, Tajikistan,
Uzbekistan, Kyrgyzstan,) but were all residing in

Kazakhstan during Ramadan.

_ Males Females
Variable p-value
(n=31) (n=12)

Age (years) 22.1+15|1219+14 |Ns

_ 1779 +]1634
Height (cm) <0.001
7.4 6.5
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Weight 83.6 +
before (kg) 17.4

63.2+9.6 |<0.001

BMI before

26.2+45(23.9+3.2 |0.08
(kg/m2)
Body fat

23.8+6.431.9+9.3 |0.01
before (%)

Table 1. Baseline Characteristics by gender (N=43)
Anthropometry: As it is mentioned in Table 2 mean
body weight decreased from 76.6+17.4 kg pre-Ramadan
to 75.7x17.0 kg post-Ramadan (A -0.93£1.49 kg). The
relatively large standard deviation reflects substantial
heterogeneity in baseline body mass, including both
normal-weight and obese participants. BMI decreased
from 25.4+4.3 to 25.1+4.1 kg/m? (A -0.33+£0.61).

Variable Before Ramadan | After Ramadan
(Mean + SD) (Mean £ SD)

Weight (kg) |76.6 +17.4 75.7+17.0

BMI (kg/m?) | 25.4 + 4.3 25.1+4.1

Table 2. Anthropometric changes during Ramadan

Physical activity: During Ramadan, mild activity was
the most frequently reported category (55.8%), followed
by no exercise (25.6%), moderate activity (7.0%), and
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high activity (9.3%). Among physically active students
(n=31), heavy training load was reported by 41.9%,
moderate load by 25.8%, and mild load by 32.3% - table
3.

Variable Value

Physical activity No 25.6% Moderate 7.0%
Mild 55.8% High 9.3%

Diet during period | Balanced Irregular 60.5%

of Ramadan 39.5%

Table 3. Physical activity and dietary patterns during
Ramadan

Dietary patterns: A balanced dietary pattern was
reported by 39.5% of participants, whereas 60.5%
reported irregular eating patterns during Ramadan
(Table 3).

Mood and emotional state: Most participants reported
stable or improved mood during Ramadan: 50.0%
indicated no change and 47.6% reported improved
mood. Only 2.4% reported worsened mood.

Although exploratory, subgroup analysis comparing
students from Arab League countries with non-Arab

Muslim-majority countries did not reveal marked
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differences in anthropometric outcomes. This suggests
that the metabolic effects of Ramadan fasting are more
strongly driven by physiological and behavioral factors
than by regional cultural background.

Discussion

This psychosocial-focused manuscript highlights that, in
a cohort of international medical students fasting abroad
in Kazakhstan, perceived emotional well-being was
largely maintained. The proportion reporting stable or
improved mood exceeded 95%, suggesting that fasting
in a non-native environment does not necessarily
translate into mood deterioration when students are
otherwise healthy and able to organize daily routines.
Our findings align with broader evidence that Ramadan
is not only a biological intervention but also a structured
period with meaning, rituals, and shared practices. In
the coping literature, positive religious coping and
meaning-based strategies are associated with better
emotional regulation and mental well-being in young
adults [5]. This framework may help interpret why
mood stability was common even when family-based

support was less accessible.
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Behavioral patterns during Ramadan in our cohort
suggest potential mechanisms for stability. More than
half of participants maintained mild physical activity,
and approximately two-fifths of active students reported
heavy training loads without group-level evidence of
dehydration. Prior work in physically active young men
suggests that mood states may remain stable across
Ramadan, even when sleep timing changes [6].
Conversely, contemporary data in student-athletes
indicate reduced sleep duration and increased
sleepiness/insomnia symptoms during Ramadan [4],
underscoring sleep as a plausible pathway linking
fasting to daytime functioning. Although sleep was not
directly measured in our study, it is a priority target for
future research among international students with high
academic demands.

Consistent with recent syntheses and meta-analyses, we
observed modest decreases in weight and BMI, without
clinically meaningful dehydration patterns at the group
level [1-3]. These findings support the interpretation
that, among healthy young adults, physiological

changes during Ramadan are typically small and
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transient, allowing the psychosocial experience to be
studied as a distinct domain rather than as a
consequence of overt physiological stress.

This study has limitations. The psychosocial measures
relied on brief self-report items rather than validated
multi-item scales for stress, anxiety, or depression, and
the sample size limits subgroup inference. Nonetheless,
the study contributes context-specific evidence for
Kazakhstan, a setting with limited prior data on
Ramadan adaptation among international medical
students.

Overall, the results support viewing Ramadan fasting
abroad as a multidimensional adaptation process in
which religious meaning, peer support, and self-
organization may sustain emotional stability, even as
daily routines shift.

Conclusion

Ramadan fasting among international students studying
in Kazakhstan demonstrates combined psychosocial
stability and physiological safety. Despite fasting away
from home, participants maintained emotional resilience

and  metabolic  adaptation  alongside  modest
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anthropometric changes and no group-level evidence of
clinically meaningful dehydration. Future studies should
incorporate validated psychosocial instruments and
direct assessment of sleep to clarify pathways of
adaptation in students fasting away from home.
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Abstract

Heavy use of social media, internet
porn, or video games ties into patterns of behavioral
addiction. Research points to links with emotional
strain, weakened drive, and daily life interference.
Using data from a broad group of adult participants
across several countries - 382 individuals, researchers
built combined measures for social media, pornography,
and video game engagement; these showed strong
reliability, with internal consistency values between
0.925 and 0.971. Every measure tied closely to
emotional strain, weaker drive, trouble managing

impulses, and daily functioning issues - all highly
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significant (p < .001). Not using social platforms linked
to reduced emotional strain, greater drive, stability in
self-worth - yet focus and delay habits showed little
shift; those who refrained or had never engaged
experienced markedly less disruption compared to
others (p < .01 in each case).

Keywords: behavioral addiction; social
media; pornography; video gaming; abstinence;
motivation; emotional regulation; functional
impairment, dopamine addiction.

Introduction

Researches now connect heavy social
media use to negative mental states - like rising
depression, anxiety, lower self-worth, and scattered
focus. Overall analyses point to modest but consistent
ties between excessive platform engagement and
emotional strain, especially in young adults [1].
Notably, many controlled trials show brief
disengagement can lift mood and boost how people rate
their lives, though, benefits depend on context and do
not appear for everyone [2].

Across populations, viewing porn varies
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widely - some engage lightly, others struggle with
urges, mood swings, or relationship strain. Though
labeled in ICD-11 by the World Health Organization as
Compulsive Sexual Behavior Disorder (CSBD), the
diagnosis hinges on behavior impact [3]. Researches
link troubling usage patterns to increased sadness, lower
drive, less interest in physical intimacy, and daily
disruptions. When people cut back or stop, moods lift
gradually; motivation returns, hinting at brain-reward
loops shaping habits more than societal judgments do
[4].

Video gaming in studies on behavior-
related addictions is in an official classification -
Gaming Disorder appears in the ICD-11. When people
play games too much, it often leads to trouble sleeping,
emotional ups and downs, problems at school or work,
along with strained relationships. Compulsive gaming
habits related clearly to conditions like depression,
anxiety, plus lower overall psychological well-being.
Pausing gameplay can quietly reset inner rhythms. What

gets space grows stronger - like calmness, sleep,

purpose [5].
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Materials and Methods

This study wused a snapshot-style
observation method which is done through posting an
online questionnaire on different social media platforms
to explore links between digital activities - such as using
social media, viewing pornographic material, or playing
video games - and daily functioning difficulties. Instead
of tracking changes over time, it focused on patterns
present at one point. 382 grown-ups joined after
spotting those alerts. Being eighteen or older mattered
for every person involved. This open approach follows
expert advice for studies on behavioral dependencies,
aiming to reflect wider population trends more
accurately. The statistical work was done through
Jamovi (Version 2.7 . 16.0).

Measuring social media engagement
involved several questions focused on duration of use,
how often it interrupted concentration, delays in tasks,
mood changes, loss of drive, shifts in confidence, and
reduced in-person communication [6]. Each question
used an ordered rating system before combining results

into one overall index score. The tool showed strong
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reliability, with internal consistency at a = 0.925 - a
value well above standard benchmarks for
psychological tools - based on criteria set by Nunnally
and Bernstein[7].

An index reflecting pornography
engagement drew from eight aspects: how often it
occurred, duration, inability to stop, rising need for
stimulation, mood shifts post-use, reduced interest in
partnered sex, weakened drive toward goals, then
disruption of daily duties. These elements merged into a
single metric called the Pornography Use Index in
which we used questions, some of which are exact
criteria, though, other evidence-based questions
(collected through scientifically proven criteria) were
included to prove our evidence-based hypothesis which
has already been proven through the answers of 382
participants [8]. Reliability analysis showed strong
coherence across items (Cronbach’s a = 0.958),
matching norms seen in studies on compulsive sexual
behaviors.

Measuring video game habits involved

eight specific aspects: how often someone played, hours
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spent each day, difficulty stopping, choosing games
over duties, shifts in emotion, disrupted rest patterns,
strain on personal connections, along what drives
continued play. The collected data formed a single
metric called the Gaming Use Index, which is composed
of exact criteria and combined criteria [9]. Internal
reliability proved strong - Cronbach’s alpha reached
0.971 - a result consistent with earlier studies exploring
problematic gaming.

Self-reported behavior sorted people
into 3 types the behavioral addiction area: those who
had never taken part (1%), others who once did but
stopped for a set time (2"%), while some kept going
without stopping (3"). Earlier studies looked at real-
world breaks and cutbacks in addictive behaviors using
similar groupings [10].

Child Screen Time Subsample Measures:

A subset of respondents provided
information about their kids or relative kids (e.g.
someone reported about his nephew), focusing on how
much time children spent with screens, parents’ views

on behavior issues before having children, also how
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satisfied they felt regarding the child’s focus [11].
Results

382 adults made up the final group used
in the analysis. Most were males - nearly three-quarters
(73.0%)- while just over one-fourth were females
(27.0%).

Most faces belonged to those under thirt
y. Nearly seven in ten fell between eighten and twentyfi
ve (70.2%). One out of four came from the 26 to 44 gro
up (25.4%). People past forty-
four made up just a sliver -
only 4.5%. That age stood apart).

From different spots on the map, people arrived. Some t
raveled far, others near - each bringing a unique path.
Close to half lived in India (42.7%), and another large
share lived in Arab nations (39.8%). Smaller numbers
resided in places like Kazakhstan or Russia, along with
scattered areas.

Every composite index showed high
reliability (consistency), which points to solid
measurement quality. With a Cronbach’s a at 0.925, the
Social Media Use Severity Index reflected tight
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alignment across aspects like Effect on Focus, Face-to-
Face Interaction Emotional State After Use,
Procrastination & Distraction, Motivation for Real-Life
Goals, Social Comparison & Self-Esteem. Removing
any item did not boost a noticeably, meaning each part
played a useful role in the overall score.

High reliability emerged for the
Pornography Use Severity Index, showing a Cronbach’s
a at 0.958 - consistency held firm across areas like
Frequency of Use, Time Spent per Session, Loss of
Control, Escalation (Tolerance), Impact on Real-Life
Sexual Desire, Emotional State After Use, Impact on
Productivity & Motivation, and Interference with Daily
Life.

Not far behind, the Video Gaming
Severity Index reached an even higher Cronbach’s a
value: 0.971 in the following areas: Frequency of
Gaming, Daily Gaming Time, Loss of Control, Priority
Over Responsibilities, Mood Changes, Impact on Sleep
Social & Relationship, Productivity & Motivation;
surpassing standard benchmarks while matching earlier

findings tied to gaming disorder assessments.
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rerall life s:

Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

Strong links appeared between the
Social Media Use Index and every area of impairment
measured (Fig 1), as shown by Spearman’s rank-order
analysis. Notably high ties emerged with trouble
focusing (p = 0911, p < .001) (Fig 2), delay in
completing tasks and procrastination (p = 0.895, p <
.001) (Fig 5), and loss of drive toward everyday
objectives (p = 0.864, p < .001). (Fig 7) Reduced
confidence in oneself tied closely to (p = 0.828, p <
.001) (Fig 4), alongside difficulties in person-to-person
communication (p = 0.876, p < .001 ) (Fig 3). Feelings
of emotional strain after using platforms linked
moderately but clearly (p = 0.504, p <.001). (Fig 6)
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Negative impact on focus
"

Negative impact on face-to-face interaction

Figure 1

Figure 2

0 1 2 3 4

Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

0 1 2 3 4
Social media Index in hours (1= 0-1, 2= 2-3, 3= 4.5, 4= >6)
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Negative impact on self-esteem / Social comparison severity
o b

Negative Impact on emotional state after use

Procrastination & Distraction

0 1 2 3 4
Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

Figure 4
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Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

Figure 2
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0 1 2 3 4
Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

Figure 3
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Negative Impact on motivation for real-life goals

0 1 2 3 4
Social media Index in hours (1= 0-1, 2= 2-3, 3= 4-5, 4= >6)

Figure 4

Measurements of pornography use
linked closely to every related severity area examined.
Most tightly tied came time invested - rising sharply
alongside index scores (p = 0.932, p < .001) (Fig 8).
Control slipping away matched that strength (p = 0.911,
p <.001) (Fig 10), just as much as daily duties disrupted
(p = 0911, p < .001) (Fig 13). Interest fading in
partnered sex registered nearly as high (p = 0.899, p <
.001) (Fig 11). Feelings of inner strain appeared less
bound but still notable (p = 0.796, p < .001) (Fig 12),
while drive weakening stood stronger again (p = 0.896,
p < .001) (Fig 9). Together, these links sketch a
recognizable picture - one aligning with theories where
rewards misfire, habits deepen unchecked.
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Strong links appeared between the
Gaming Use Index and how long people played each
day (p = 0.915, p <.001) (Fig 14), shifts in mood (p =
0.923, p <.001) (Fig 15), sleeping problems (p = 0.918,
p < .001) (Fig 17), difficulty stopping (p = 0.906, p <
.001) (Fig 16), along with reduced drive to act (p =
0.903, p < .001) (Fig 18). Trouble in personal
relationships showed a clear tie too (p = 0.890, p <.001)
(Fig 19) and significant negative impact on real-life
responsibilities (p = 0.905, p <.001) (Fig 20). Evidence
like this matches earlier reports about gaming disorder -
where managing emotions, disrupted rest, and everyday

obstacles matter most.
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Group Comparisons by Abstinence Status

Emotional distress showed a marked
decline among abstainers - this contrast reached high
significance (p < .001). When examining self-worth
difficulties, results tilted in favor of abstinence, though
less strongly (p = .02). Motivation levels followed a
similar trend, leaning toward benefit for those stepping
away (p = .03). Participants refraining from platforms
described fewer mood disruptions, along with stronger
drive and confidence. Yet certain areas revealed no
meaningful gap: problems with concentration, real-
world conversation frequency, and delays in task
initiation failed to differ notably across groups (each p >
.05).

Across every measure tied to
pornography use severity, differences between people
who never used it, those who quit, and ongoing users
stood out clearly - thanks to Welch’s analysis (all p <
.001). When adjusted comparisons followed, a step-like
trend appeared: current users carried the heaviest

burden. Those who had stopped fell in the middle,
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notably below active users. Individuals who had never
used before always ended up at the bottom. Such a
progression leans toward viewing compulsive behaviors
on a spectrum instead of fixed categories.

Notably, results from Welch’s ANOVA
showed clear variation among abstinence categories on
every measure tied to gaming disruption - such as
diminished self-regulation, placing games above duties,
emotional shifts, disrupted rest, social strain, and drive -
all reaching statistical significance (p < .001). When
examining pairwise contrasts, those who did not abstain
stood apart significantly from individuals who either
quit playing or had never played. Gamers who stopped
reported considerably less distress, a pattern that aligns
with earlier long-term findings where cutting down
playtime led to reduced symptoms.

Parent-Reported Child Screen Time Subsample

Looking at parents’ reports, more worry
about their child’s actions tied to longer screen hours -
shown by a correlation of 0.342 (p < .001). When kids
spent greater time on screens, parents tended to feel less

satisfied with how well their child paid attention; that
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link stood at —0.329 (p < .001). Slight but noticeable:
those who worried more also expressed slightly higher
satisfaction with attention, linked at 0.149 (p = .003).
(Fig 21)
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Discussion

One key outcome here shows strong
links between heavy use of social media, online porn, or
video games and real problems in daily life - especially
with emotions, drive, relationships, and self-control.
[12]. People who avoided such activities scored much
lower on problem indicators; their edge was biggest
when it came to mood troubles, feeling out of control,
or lacking purpose [13]. Well-being often lifts when

screen time drops, though alertness stays about the
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same. Stopping might lift mood quickly, though clear
thinking often returns only when tech habits change at a
root level. [2].

Results point toward pornography
watching abstinence having a strong link to reduced
struggles in daily functioning. The more time passed
without engagement, the greater the improvement
usually was, pointing toward routine building and
reduced reactivity as central factors rather than moral
conflict. For therapy settings, cutting back or quitting
may help those facing real-world setbacks tied to usage,
even if broader conclusions remain tentative. [14].

The report of a stronger sense of control
over their lives by people quitting video games caught
attention. Task motivation climbed gradually when
gaming faded into the background. Looking ahead,
paying attention to rest quality and emotional balance
might signal progress before other changes show [15].

What stands out is how child screen use
ties into parents’ views on their kid’s focus. A link
appears when more screen time goes hand in hand with

lower ratings of attention quality. Yet things get less
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clear when worry increases along with reported
satisfaction; one might expect the opposite. That twist
suggests feelings about attention do not always match
behaviour patterns. [16]. Interpretation needs care,
especially since personal judgment can skew outcomes
in subtle ways.

Conclusions

Findings show a clear link between
heavy use of social media, frequent viewing of online
porn, and intense video gaming - each tied to
meaningful struggles in mood, drive, relationships, and
self-management. When usage grew more extreme,
people reported deeper emotional strain, weaker
initiative, less impulse control, and growing disruption
in everyday tasks. Not using porn or playing fewer
video games was tied to noticeably milder problems in
every area measured. People avoiding social platforms
also saw stronger mood, drive, and confidence.
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