RUSSIAN BULLETIN OF HYGIENE

SCIENTIFIC MEDICAL JOURNAL
FOUNDED BY: BURDENKO VORONEZH STATE MEDICAL UNIVERSITY AND
PIROGOV RUSSIAN NATIONAL RESEARCH MEDICAL UNIVERSITY

EDITOR-IN-CHIEF Olga Milushkina, corr. member of RAS, DSc (Med), professor (Moscow, Russia)

DEPUTY EDITOR-IN-CHIEF Valery Popov, corr. member of RAS, DSc (Med), professor (Voronezh, Russia)

SCIENCE EDITOR Natalya Skoblina, DSc (Med), professor

EXECUTIVE EDITOR Yekaterina Melikhova, Csc (Biol), associate professor
EDITORIAL COORDINATOR Anna Kirillova

EDITOR Nadezhda Tikhomirova

TECHNICAL EDITOR Anna Kirillova

TRANSLATOR Nadezhda Tikhomirova, Vyacheslav Vityuk

DESIGN Maria Kruglova

ASSOCIATE EDITORS

Averyanova IV, DSc (Biol), professor (Magadan, Russia)
Avchinnikov AV, DSc (Med), professor (Smolensk, Russia)
Alexandrova IE, DSc (Med), (Moscow, Russia)

Bogomolov AV, DSc (Tech), professor (Moscow, Russia)
Bogomolova ES, DSc (Med), professor (Nizhnii Novgorod, Russia)
Gavryushin MYu, CSc (Med), associate professor (Samara, Russia)
Gorbachev DO, DSc (Med), associate professor (Samara, Russia)
Guzik YeO, DSc (Med), professor (Minsk, Belarus)

Gudinova ZhV, DSc (Med), professor (Omsk, Russia)

Dementiyev AA, DSc (Med), associate professor (Ryazan, Russia)
Eliseev YuYu, DSc (Med), professor (Saratov, Russia)

Efimova NV, DSc (Med), professor (Angarsk, Russia)

Ivanov VYu, DSc (Med), (Moscow, Russia)

Latyshevskaya NI, DSc (Med), professor (Volgograd, Russia)
Levushkin SP, DSc (Biol), professor (Moscow, Russia)

Mochalkin PA, DSc (Med), associate professor (Ufa, Russia)
Nasybullina GM, DSc (Med), professor (Yekaterinburg, Russia)
Naumov IA, DSC (Med), professor (Grodno, Belarus)

Novikova Il, DSc (Med), professor (Novosibirsk, Russia)

EDITORIAL BOARD

Bukhtiyarov IV, member of RAS, DSc (Med), professor (Moscow, Russia)

Vilk MF, member of RAS, DSc (Med), professor (Moscow, Russia)

Daniela D'Alessandro, professor (Rome, Italy)

Kaptsov VA, corr. member of RAS, DSc (Med), professor (Moscow, Russia)
Kuchma VR, corr. member of RAS, DSc (Med), professor (Moscow, Russia)
Lorenzo Capasso, professor (Chieti, Italy)

Nikityuk DB, member of RAS, DSc (Med), professor (Moscow, Russia)
Rakitskiy VN, member of RAS, DSc (Med), professor (Moscow, Russia)
Romanovich IK, member of RAS, DSc (Med), professor (Saint-Petersburg, Russia)

SUBMISSION https://rbh.rsmu.press/
COLLABORATION kirillova_av4@rsmu.ru
ADDRESS Ostrovityanov St. 1, Moscow, 119997, Russia

Indexed in RSCI. IF 2018: 0,5

HAYYHAS SAEKTPOHHAS
BUBAUOTEKA

LIBRARY.RU

Patz NV, CSc (Med), associate professor (Grodno, Belarus)
Sazonova OV, DSc (Med), professor (Samara, Russia)

Salomova Fl, DSc (Med), professor (Tashkent, Uzbekistan)

Setko NP, DSc (Med), professor (Orenburg, Russia)

Sokolova NV, DSc (Biol), professor (Voronezh, Russia)

Sukhova AV, DSc (Med), (Moscow, Russia)

Tapeshkina NV, Dsc (Med), associate professor (Novokuznetsk, Russia)
Tarasov AV, DSc (Med), associate professor (Kaliningrad, Russia)
Tarmaeva IYu, DSc (Med), professor (Moscow, Russia)
Timerzyanov MI, DSc (Med), associate professor (Kazan, Russia)
Tokarev SA, DSc (Med), (Nadym, Russia)

Trankovskaya LV, DSc (Med), professor (Vladivostok, Russia)
Fedotov DM, CSc (Med), associate professor (Arkhangelsk, Russia)
Khamidulina KK, DSc (Med), professor (Moscow, Russia)
Shulayev AV, DSc (Med), professor (Kazan, Russia)

Shik OYu, CSc (Med), associate professor (Krasnoyarsk, Russia)
Yusupova NZ, DSc (Med), associate professor (Kazan, Russia)
Yanushanets Ol, DSc (Med), (Saint-Petersburg, Russia)

Rusakov NV, member of RAS, DSc (Med), professor (Moscow, Russia)
Samoilov AS, corr. member of RAS, DSc (Med), professor (Moscow, Russia)
Sinitsyna OO, corr. member of RAS, DSc (Med), professor (Moscow, Russia)
Tuteliyan VA, member of RAS, DSc (Med), professor (Moscow, Russia)

Ushakov 1B, member of RAS, DSc (Med), professor (Moscow, Russia)
Khotimchenko SA, corr. member of RAS, DSc (Med), professor (Moscow, Russia)
Chubirko MI, DSc (Med), professor (Voronezh, Russia)

Shcherbo AP, corr. member of RAS, DSc (Med), professor (Saint-Petersburg, Russia)

Open access to archive

GYBERLENINKA

Issue DOI: 10.24075/rbh.2026-03
The mass media registration certificate Pl series Ne FS77-80908 dated April 21, 2021
Founders: Burdenko Voronezh State Medical University (Voronezh, Russia)
Pirogov Russian National Research Medical University (Moscow, Russia).
Publisher: Pirogov Russian National Research Medical University; adress: Ostrovityanov Street 1, Moscow 119997 Russia
The journal is distributed under the terms of Creative Commons Attribution 4.0 International License www.creativecommons.org

(0@

Approved for print 30.09.2026
Circulation: 100 copies. Printed by Print.Formula
www.print-formula.ru



POCCUNCKUN BECTHUK TMTMEHDI

HAYYHbBIV MEOVLVHCK XKYPHAT BOPOHEXKCKOIO FOCYAAPCTBEHHOIO
MEOVLUMHCKOTI O YHVBEPCUTETA M. H. H. BYPOEHKO
1 POCCUINCKOIO HALWIOHATIBHOIO NCCNEOOBATE/ILCKOIrO
MEOVLMHCKOTI O YHUBEPCUTETA M. H. . TINPOIOBA

NABHbIW PEOAKTOP Onbra MunyuikuHa, Yner-kopp. PAH, A. M. H., npotheccop

3AMECTUTEJIb TMABHOINO PEAAKTOPA Banepuii [onos, 4neH-kopp. PAH, a. M. H., npodeccop

HAYYHbIN PEQAKTOP Haranss CkobauHa, f. M. H., npoeccop
OTBETCTBEHHbI CEKPETAPb ExkatepuHa MennxoBa, K. 6. H., OOLEHT
SABEAYIOLNN PEAAKLMEN AxHa Kupunnosa

PEOAKTOP Hapexpa Tuxommposa

TEXHUYECKWUN PEOAKTOP Anta Kupunnosa

NEPEBOAYUK Hapexpaa Tuxomuposa, Badecnas BuTiok

BEPCTKA N AU3ANH Mapus Kpyrnosa

PEJAKLIMOHHAS KOJIErUst

. B. ABepbsiHOBa, A. 6. H., npoceccop OBO PAH (MaragaH, Poccus)
. B. ABYUMHHUMKOB, A. M. H., Nnpoceccop (CmoneHck, Poccus)
. 9. AnekcaHgpoBa, 4. M. H. (Mocksa, Poccus)
. B. Boromonos, 4. T. H., npodeccop (Mocksa, Poccus)
. C. BoromonoBa, 1. M. H., npodeccop (HwkHmin HoBropog, Poccuisi)
. 0. MaBptowuH, K. M. H., goueHT (Camapa, Poccuisi)
. 0. lop6ayes, a. M. H., goueHT (Camapa, Poccus)
. 0. Ty3uK, 4. M. H., npoceccop (MuHck, Benapycs)
. B. [yauHoBa, 1. M. H., npodeccop (OMck, Poccus)
. A. leMeHTbEB, 4. M. H., AOLEHT (Psi3aHb, Poccus)
. 10. Enucees, g. M. H., npoceccop (Capatos, Poccusi)
. EdoumoBa, a. m. H., npodeccop (AHrapck, Poccusy)
. UBaHoB, 4. M. H. (Mockea, Poccus)
. NatbiweBckasn, 4. M. H., npoceccop (Bonrorpaa, Poccus)
. JleBywwikuH, 1. 6. H., npocbeccop (Mocksa, Poccusi)
. MouankuH, a. M. H., goueHT (Ydha, Poccus)
. HacblbynnuHa, f. M. H., npodeccop (EkatepuHbypr, Poccusi)
. Haymos, a. m. H., npoteccop (fpogHo, Benapych)
. HoBukoga, . M. H., npocheccop (HoBocnbupck, Poccus)

*m]:gm>s>s

ss—|:|o::m::5>
S>§>:|35m

PEAAKLVOHHbIN COBET

W. B. ByxTtusipos, akagemunk PAH, a. m. H., npodeccop (Mocksa, Poccuisi)

M. ®. Bunbk, akagemvik PAH, a. M. H., npodeccop (Mocksa, Poccus)
Daxunana ’Aneccanppo, npodeccop (Pvm, ViTanus)

B. A. Kanuos, 4neH-kopp. PAH, a. M. H., npodeccop (Mockaa, Poccuisi)

B. P. Kyuma, uneH-kopp. PAH, a. M. H., npodeccop (Mockga, Poccus)
NopeHuo Kanacco, npoceccop (KbeTu, tanus)

. B. HuknTiok, akagemrk PAH, a. M. H., npodeccop (Mockaa, Poccus)

B. H. Pakutckuit, akanemunk PAH, a. m. H., npodeccop (Mockaa, Poccuisi)

N. K. PomaHoBuY, akanemrk PAH, a. m. H., npodeccop (CaHkT-MNeTtepbypr;, Poccuisy)

MOAAYA PYKOMUCEMN https://rbh.rsmu.press/
COTPYAHUYECTBO kirillova_av4@rsmu.ru
AOPEC PEOAKLUMUW yn. OcTposuTsiHoBa, .1, . Mockea, 119997, Poccus

JKypHan skntoyeH B PUHLL. IF 2018: 0,5

HAYYHAS 3AEKTPOHHAS
BUBAUOTEKA

LIBRARY.RU

Vspatens: POCCUNCKNIA HALMOHANBHBIN NCCNeAoBaTENLCKUIN MeAVLIMHCKWIA yHMBepcuTeT uMenn H.. Muporosa; agpec: 117997, . Mocksa, yn. OctposuTtaHoBa, A.1, Ten.: 8 (495)434-03-29

OTIOPXRIAOZISP>PIPITIOOT

B. Mau, K. M. H., goueHT (MpogHo, Benapycy)

. B. Ca3oHoBa, 1. M. H., npodeccop (Camapa, Poccus)

. CanomoBa, . M. H., npodeccop (TalwkeHT, Y36ekmcTaH)
M. Cetko, . M. H., npoceccop (OpeHbypr, Poccus)

B. CokonoBa, a. 6. H., npocbeccop (BopoHex, Poccusi)

B. CyxoBa, a. M. H. (Mocksa, Poccus)

B. TanewkwuHa, a. M. H., JoueHT (HoBoKy3HeuK, Poccus)

B. Tapacos, f. M. H., JoUeHT (KanmHuHrpan, Poccusy)

0. TapmaeBa, . M. H., npodeccop (Mocksa, Poccus)

. W. Tumep3ssaHoB., a. M. H., JoueHT (KasaHb, Poccus)

A. Tokapes, A. M. H. (Hageim, Poccus)

B. TpaHkoBcKas, 4. M. H., npodeccop (BnagnmsocTok, Poccus)
M. ®epoToB, K. M. H., JOLEHT (ApxaHrenbck, Poccus)

X. Xamunpynuna, f. M. H., npodeccop (Mocksea, Poccus)

B. WWynaes, a. M. H., npodeccop (KadaHb, Poccus)

0. Wuk, K. M. H., foueHT (KpacHospck, Poccus)

3. KOcynoea, 4. M. H., goueHT (KasaHb, Poccus)

W. Anywaneu, 4. M. H., . H. . (CaHkT-lNeTepbypr, Poccus)

H. B. PycakoB, akagemvik PAH, a. M. H., npodheccop (Mocksa, Poccus)

A. C. Camoiinos, 4neH-kopp. PAH, a. m. H., npoceccop (Mocksa, Poccus)
0.
B
n
C

O. CuHuupIHa, YneH-kopp. PAH, a. m. H., npodeccop (Mocksa, Poccus)

. A. TytenbsiH, akagemuk PAH, . m. H., npoceccop (Mocksa, Poccus)
. B. Ywakos, akagemunk PAH, a. M. H., mpodeccop (Mocksa, Poccusy)
. A. XoTumueHko, uneH-kopp. PAH, o. M. H., npodeccop (Mocksa, Poccus)

M. U. Yy6upko, A. M. H., npodeccop (BopoHex, Poccus)

A

M. Wep6o, 1neH-kopp. PAH, A. M. H., npoceccop (CaHkT-MNeTepbypr, Poccus)

3eCh HaXOANTCA OTKPBITBIN aPXVMB XypHara

GYBERLENINKA

DOl Bbinycka: 10.24075/rbh.2026-03
CBuWAETENBCTBO O perucTpaumm cpenctaa Maccosor nHopmauum cepus MiA Ne @C77-80908 ot 21 anpenst 2021 1.
Y4ypepnutenu: BOpOHEXXCKUIN rocyaapCTBEHHbI MeavLmMHCKWIA yHBepeuTeT um. H.H. Bypaexko (BopoHex, Poccus);
Poccuitcknin HaumoHanbHbIN NCCNeaoBaTENBCKUIA MEAVULIMHCKIIA YHMBEpCUTET uMern H.W. Muporoea (Mocksa, Poccuis)

2KypHan pacnpocTpaHseTcs no nvueHsun Creative Commons Attribution 4.0 International www.creativecommons.org

(0. ®

Mopnucaro B nevats 30.09.2026
Tupaxx 100 ak3. OTnedataHo B Trnorpaduv Print.Formula
www.print-formula.ru



RUSSIAN BULLETIN OF HYGIENE 3, 2026
POCCUNCKI BECTHUK TUTMEHB!

Contents
CopeprxaHne

ORIGINAL RESEARCH

Functional indicators and physical fitness in comprehensive assessment of the health of children with disabilities or special health needs
Gudinova ZhV, Rybkin AA, Demakova LV
DyHKLUMOHaNbHble NoKasaTtenu u puanyeckas NoaroToBleHHOCTb B KOMIMIEKCHO OLieHKe 300p0Bbs AeTeil-MHBanngoB

N C orpaHN4eHHbIMU BO3MOXXHOCTAMU 300POBbA
K. B. lyamHoBa, A. A. PbibkuH, J1. B. [lemakosa

ORIGINAL RESEARCH

11

Ten-year trends in school-related morbidity among children and adolescents in Russia
Rapoport IK, Kuchma VR, Chubarovskiy VV, Sokolova SB

ﬂeCﬂTVmeTHﬂﬂ ANHaMunkKa 3aboneBaemMocTu ,quel?l U NogpoCTKOB Poccun luKOﬂbHO-OGyCﬂOBﬂeHHbIMI/I 6onesHaMu
M. K. Panonopr, B. P. Kyuma, B. B. Hybaposckuit, C. B. Cokonosa

ORIGINAL RESEARCH

19

Key occupational hazards associated with the water filling of passenger rail cars
Kaptsov VA, Ovechkina ZhV, Korolik WV, Kozyreva FU, Tikhonova YulL

Be,qyu.wle npon3BoACTBEHHbIE (baKTOpr npu 3anpaBke NacCaXXMpPCKUX BaroHoB BO[J.OI7I
B. A. Kanuos, XK. B. OeykuHa, B. B. Koponuk, ®. Y. Kosbipesa, tO. J1. TuxoHosa

OPINION

26

Methodological approaches to substantiating quality and safety standards for various types of water and soil in populated areas
using the Danio rerio biological model
Zaitseva NV, Zemlyanova MA, Kamenskikh DM, Peskova EV

MeTopuyeckue noaxopabl K 060CHOBaHMIO HOPMATMBOB KavyecTBa U 6e30MacHOCTU PasnuyHbIX BUAOB BOA U MOYBbI HACENEHHbIX

MecT Ha 6uonorudeckoi mogenu Danio rerio
H. B. 3aruesa, M. A. 3emnsaHosa, [. M. KameHckux, E. B. MNeckosa

ORIGINAL RESEARCH

33

Association of cortisol with anxiety and depressive conditions in students at various stages of training
Tarasov AV, Rakhmanov RS, Razgulin S, Skoblina NA, Kiselev SV

Accoupmauus KopTusona ¢ TPEBOXHO-AENPECCUBHBIMU COCTOSIHUSIMU Y CTYAEHTOB Ha PasfIMyHbIX aTanax oby4yeHus
A. B. Tapacos, P. C. PaxmaHog, C. A. PaarynuH, H. A. CkobnuHa, C. B. Kucenes

OPINION

41

Methodological aspects of the hygienic regulation of ionizing radiation
Eryomin AL, Bogatov NM, Bey NE, Baranov VA, Klenevskii AV, Dahuzhev TS

MeToau4yeckune acnekTbl FTMrMeHN4ecKoro HOpMUpOBaHUA NOHU3NPYOLWNX I/I3.l1y‘-|eHI/II7I
A. J1. EpemuH, H. M. BoraTos, H. E. Beir, B. A. Baparos, A. B. Knenesckui, T. C. [axyxes

ORIGINAL RESEARCH

50

Approaches to assessing nutritional effects on obesity and the autonomic nervous system
Mazhaeva TV, Potapkina EP, Kutergina NI, Chernova YuS

nO[J,XO,D,bI K OUEHKe BJINAHUA NUTAHNA HA OXXKUPEeHNE N BereTaTuBHYO HEPBHYIO CUCTEMY
T. B. Maxaesa, E. I. MNotankuHa, H. . KyteprunHa, HO. C. YepHosa

METHOD

58

Experimental assessment of the effect of antipsychotics BY wedge-shaped dehydration
Drugova ED, Sheina NI, Korolik VW

Ol.l,eHKa BNNAHUA HeﬁpoﬂeﬂTMKOB MeToa0oM KJ1I/IHOBI/IJJ,HOI7I aerngparauumn B aKCnepumMmeHTe
E. [1. Opyrosa, H. L. LLlenHa, B. B. Koponunk

ORIGINAL RESEARCH

65

Analysis of publication trends in the domain of hygiene education
Milushkina OYu, Skoblina NA, Markelova SV, Tikhonova YuL, Gayidina TA, Delitsyn DA, Krivoshonok KV, Fedotova Tl

AHanus I'Iy611I/IKaLWIOHHOI7I aKTMBHOCTU NO BONpOCaM rmrmeHN4eCcKoro BoCnmTaHus
O. HO. MunywwkuHa, H. A. CkobnuHa, C. B. Mapkenosa, tO. J1. TuxoHosa, T. A. languHa, . A. OJenvupiH, K. B. KpusowwoHok, T. V. ®epoTosa

ORIGINAL RESEARCH

71

Hygienic features of physical activity among medical university students
Dementiev AA, Fadeeva MD, Soloviev DA, Tsukareva EA

MrneHnyeckne oco6eHHOCTM ABUraTeNnbHONW akTUBHOCTU CTYAEHTOB MEAULIMHCKOIO YHUBEPCUTETA
A. A. Jemertees, M. [1. ageesa, [. A. Conosbes, E. A. Llykapesa

RUSSIAN BULLETIN OF HYGIENE | 3, 2026 | RBH.RSMU.PRESS




ORIGINAL RESEARCH

FUNCTIONAL INDICATORS AND PHYSICAL FITNESS IN COMPREHENSIVE ASSESSMENT
OF THE HEALTH OF CHILDREN WITH DISABILITIES OR SPECIAL HEALTH NEEDS

Gudinova ZhV', Rybkin AAT?5 Demakova LV

" Omsk State Medical University, Omsk, Russia

2 Tyumen Oblast Directorate of the Federal Service for Supervision of Consumer Rights Protection and Human Welfare, Tyumen, Russia

In the context of declining birth rates, maintaining the health of children with disabilities and special health needs (SHN) is one of the state’s tasks. A comprehensive
assessment of children's health is essential for solving this problem. The study aimed to justify the inclusion of quantitative indicators of functional state, physical
development and physical fitness in the comprehensive assessment of the health of children with disabilities and SHN. A cross-sectiona; study was conducted
in September 2025 at the boarding school for disabled children and children with SHN (1 = 69) and the ordinary school (n = 69). Students aged 7-17 years
were matched by gender, age, and body length. During the study we assessed physical development, psycho-functional state, physical fitness, and nutrition.
The cluster analysis (k-means) was performed based on 11 indicators in a combined sample (n = 138). As a result, two clusters were allocated: “dysfunctional”
(64 children, among them 35.9% from the ordinary school) with poor adaptation, excess body weight, high fat consumption; “functional” (74 children, among
them 37.8% from the boarding school) with good adaptation, normal body weight, but low caloric intake. Contradictions have been identified between health groups
and medical groups for physical education. The data obtained indicate that children with disabilities have various psycho-functional states that change during their stay
in an educational organization, comparable in some cases to those of children from the ordinary school. It is recommended to supplement the comprehensive
health assessment of children with disabilities and children with SHN by defining quantitative indicators of physical development, body’s functional state, and data
on the children’s physical fitness. Furthermore, the child's lifestyle, typical for children of his/her age, should be taken into account.

Keywords: comprehensive health assessment, health groups, medical groups for physical education, functional state, disabled children, children with special
health needs, schoolchildren, cluster analysis

Author contribution: Gudinova ZhV — research supervision, study concept, development of methodology, data analysis and systematization, critical revision
and editing of the manuscript, drawing conclusions; Rybkin AA — collection, analysis and generalization of literature data, data collection, application of statistical
and mathematical methods for data analysis, interpretation of the study results, manuscript writing, graphics; Demakova LV — collection, analysis and generalization
of literature data.
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®YHKLUNOHANBbHbIE NOKASATENN U ®U3NYECKASA NOAMOTOBIEHHOCTb B KOMIMJIEKCHOW
OLIEHKE 300POBbSAl AETEN-MHBANNAOB U C OrPAHUYEHHBIMW BOSMOXXHOCTAMU 300POBbS

XK. B. l'youHosa', A. A. Peibkun'2E2, J1. B. [emakosa'

" OMCKMIA rocyapCTBEHHbIN MeOULMHCKIIA yHMBEpCUTET, OMCK, Poccust

2 Ynpasnerne defepanbHoi cny»<Obl Mo HAA30py B cdhepe 3almThbl Npas NoTpeduTenein 1 Gnarononyymst Yenoseka rno TroMeHCKo obnactu, TromeHb, Poccust

B ycnosusix cnafia poXkaaemMocTy CoXpaHeHve 340p0Bbst AETEN-MHBANMAOB U C OrPaHNYEHHbIMN BO3MOXXHOCTSIMI 300p0Bbs (OB3) ABNSieTCst OAHOM U3 roCyAapCTBEHHbIX
3apa4. 3HauYMMON 41 PeLLeHIs STOM 3aaqum SIBNSIETCS KOMIJIEKCHas OLeHKa 300poBbst AeTel. Lienbto nccnenosaHiist 610 060CHOBATL BKITKOHEHIE KOMMHECTBEHHBIX
rokaszarenein (yHKLUMOHaNbHOrO COCTOSHMS, (M3UHECKOrO PasBUTUS 1 (IN3NHECKON MOArOTOBKY B KOMIMJIEKCHYIO OLIEHKY 3[00P0BbLs AETEN C MHBaNMaHOCTHO 1 OB3.
lMonepe4Hoe nccnenoBaHvie MPOBEAEHO B CeHTAOPe 2025 I Ha 6a3e LUKOMbI-MHTEpHaTa AN1a AeTen-uHBanaos 1 ¢ OB3 (n = 69) 1 00bI4HOM LLKOMbI (N = 69). Y4alumecs
B Bo3pacTte 7-17 net 6binv nogobpaHbl Mo nosy, BO3pacTy 1 anHe Tena. B xone nccnepoBaHus oLeHvBany randeckoe passuTie, NCUXohyHKLMOHaIbHOe
COCTOsIHVE, (D13NHECKYHO MOArOTOBNEHHOCTb 1 NUTaHKe. BbiNonHeH KnacTepHbii aHanma (k-cpegHrx) no 11 nokasartensM Ha 06bearHeHHo BbiGopke (N = 138).
B pesynbrate BbideneHbl ABa knactepa: «Hebnaronony4Hbiin» (64 pebeHka, na Hux 35,9% 13 0ObIMHON LUKOMbI) C MIOXOM afanTauvelt, n3bbITkoM Maccebl Tena,
BbICOKMM MOTPEONEHNEM XKMPOB; «BnaromnonyyHblit» (74 pebeHka, n3 Hux 37,8% W3 LUKOMbI-UHTEPHATA) C XOPOLUe afanTaumen, HopManbHOM Macco Tena,
HO HM3KOWN KaNOPUINHOCTBIO paLyioHa. BbisBneHb NpoTUBOpEUMSt Mexay rpynnamim 340PO0BbS Y MEAULIMHCKUMI FpynnamMu AN 3aHATUS (DU3NHECKVIM BOCTIMTAHMEM.
[MonyyeHHble faHHble CBUOETENBCTBYIOT O TOM, YTO AETU-UHBaMOb! MMEIOT PasiinyHble N3MEHSIOLLMECS B NMpoLecce NpebbiBaHst B 00pasoBaTesHOM opraHm3aLiyn
NMCUXOYHKLMOHabHbIE COCTOSHYIS, COMOCTaBKMbIE B PSiE Cy4aeB C TakoBbIMU Y AETE U3 0ObIMHOM LLKOSbI. PEKOMEH0BaHO [OMOMHWTE KOMIMIEKCHYHO OLIEHKY
3[0PO0BbA AeTen-nHBannaoB 1 aetein ¢ OB3 onpefeneHnemM KoM4eCTBEHHbIX MokasaTenein uan4eckoro passutis, yHKLMOHaIbHOMO COCTOSIHISA OpraHiama,
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In the context of declining birth rates, maintaining the health
of every child, including children with disabilities and children
with special health needs (SHN), is an important state
task [1-5]. A major role in solving this problem is played
by a comprehensive assessment of children's health, the basis
of which, based on well-known methodology and techniques,
was provided back in 1965 by S.M. Grombach [6], carried
out in our country for a long time and currently regulated
by the regulatory documents of the Ministry of Health of the Russian
Federation [7]. However, in our opinion, regarding children
with disabilities and children with SHN, there are still certain
methodological difficulties in the comprehensive assessment
of health, including in determining the health group (HG)
and medical groups (MG) for physical education (PE) classes [8].

To clarify the comprehensive assessment of the health
of children with disabilities and SHN, it is proposed to define
additional informative health parameters: children’s functional
status, physical development, and the main indicators of their
physical fitness. The indicators were selected considering
the specifics of the educational environment of boarding schools
(possible stress — iliness, being at school 24/7, separation
from family), accessibility and ease of use of these methods
in the context of the educational institution by a doctor and a PE
teacher at school. It is also important that all the indicators
are quantitative, which always facilitates the assessment
of the state, and also increases the possibility of using indicators
during statistical analysis of data.

The study aimed to justify the inclusion of quantitative
indicators of functional state, physical development, and physical
fitness in the comprehensive assessment of the health of children
with disabilities and SHN.

METHODS

The cross-sectional study was conducted in September
2025 at the Municipal Autonomous Educational Institution
(MAOU) "Ishim Boarding School" for children with SHN
and disabilities (hereinafter, boarding school) and the secondary
comprehensive school No. 4, Ishim (hereinafter, control school).
The study involved 138 children aged 7 to 17 years: 69 from
the boarding school (the sample was limited to the population
of schoolchildren, who studied at the boarding school
in the academic years 2023-2025) and 69 from the control
school. Children who attended the boarding school had 2-8
established diagnoses. The two leading disorders that all children
had were disorders of the nervous system and sensory organs
(hearing loss), as well as mental disorders. Children from
the control school were selected by pairwise comparison with
the index group by gender, age, and body length. Inclusion
criteria: age 7-17 years, studying at the MAOU "Ishim Boarding
School” or the secondary comprehensive school No. 4, Ishim,
availability of the parents’ (legal representatives’) informed
consent, for boarding school — “disabled child” or “child with
SHN” status, for control school — no such status. Exclusion
criteria: failure to meet any of the inclusion criteria, no informed
consent, attending any other educational institution, for boarding
school — no “disabled child” or “child with SHN” status,
for control school — “disabled child” or “child with SHN” status.

Physical  development was  assessed based
on the anthropometric measurements performed by the medical
specialist at school in accordance with the body mass index
(BMI) estimates and the World Health Organization (WHO)
tables [9]. The index method was selected due to the need
for a quantitative indicator for subsequent statistical processing
of data (cluster analysis).
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To assess the children's body psychofunctional state,
the estimated criteria based on anthropometric (body length,
body weight) and functional measurements (heart rate, blood
pressure, pulse blood pressure) performed by the medical
specialist at school were selected. The following were
calculated: adaptive potential of the cardiovascular system
according to R.M. Baevsky (AP) [10]; stress level according
to Yu.R. Shejkh-Zade [11]; maximum oxygen consumption
(MOC) according to the method by S.A. Dushanin [12].

Physical fithess was assessed based on the questionnaire
survey results and excerpts from the PE teacher's journal,
as well as based on three indicators included in GTO standards:
two footed standing long jump, cm — speed-strength
capabilities; standing forward bend on a gymnastic bench
(for healthy schoolchildren) and seated forward bend on the floor
with both legs straight (for children with health problems [13]),
cm — flexibility; 30 m and 60 m run — speed capabilities.
All the tests were conducted by the PE teacher at school during
classes and estimated for each child as a percentage of the “silver”
GTO standard [13, 14].

The hygienic assessment of nutrition is based on the analysis
of menu layouts, diet control sheets, and technical cards.
The children’s actual nutrition was assessed by the questionnaire
survey (34 questions, including a table of the frequency of food
and dish consumption throughout the month, developed
by the researchers of the Federal Research Center of Nutrition,
Biotechnology, and Food Safety) and the 24-h dietary recall
method. The data on nutrition were processed using the Diet
Calculation Module software (Institute of Physiology of the Komi
Scientific Center of the Ural Branch of the Russian Academy
of Sciences, Boyko ER, Eseva TV, Evdokimov AV; Russia).
The standards established by sanitary legislation were taken
as standard values [15].

Statistical processing of the research results was performed
by the descriptive statistics methods, cluster analysis (k-means)
in the Statistica 6.0 software package (StatSoft; USA);
the differences were considered significant at p < 0.05 [16].
Clustering was performed on a combined sample of children
(boarding school and control school, n = 138), All indicators
were standardized according to the cluster analysis method
in the corresponding option of the Statistica 6.0
software package (StatSoft; USA) based on the following
characteristics:

— MQOC: the higher, the better;

— AP: the higher, the poorer adaptation;

— stress level: the higher, the worse, the more likely stress;

— GTO test “Standing long jump”: the higher the better
(jlump range);

— GTO test “Flexibility”: the higher, the more flexible;

— GTO test “80/60 m run”: the higher, the worse (slower
running speed);

- BM;

— caloric content, percentage of normal consumption;

— proteins, percentage of normal consumption;

— fat, percentage of normal consumption;

— carbohydrates, percentage of normal consumption.

RESULTS

Based on the questionnaire survey results and excerpts from
the boarding school PE teacher's journal it was determined
that 100% of children with disabilities and SHN study
at the boarding school. Among them 46.4% attend sports
sections (and 4.3% attend sports sections with high-intensity
training twice a week or more often), 23.2% have passed
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the GTO tests and received the "silver" badge (standards
adapted for disabled children).

Catering in both schools is generally compliant with
hygienic standards [15]. However, the children’s actual diet
us unbalanced and non-compliant with hygienic standards:
In both schools, children aged 7-11 years had adequate energy
intake and protein intake, while fat consumption was excessive
and carbohydrate consumption was insufficient (by 14-16%).
The energy value of the diet of adolescents at the boarding
school was normal, while in the control school the energy
value of the diet was insufficient — by 6,8% lower compared
to the standard [15]. In the control school, the adolescents'
consumption of proteins and carbohydrates was 12.8
and 283.1% lower, respectively, and that of fat was 25.4% higher.
Furthermore, an imbalance in the consumption of proteins,
fats, and carbohydrates (hereinafter, PFC) was reported
for both groups: children from the boarding school — 1: 1.2 : 3.8;
children from the control school — 1 : 1.4 : 3.8; adolescents
from the boarding school — 1 : 1.3 : 4.0; adolescents from
the control school — 1 :1.5: 3.8.

The clustering results are shown in the Figure and in the Table.
As can be seen from the Figure and Table, as a result of cluster
analysis, the cohort of children was divided into two clusters
that differed significantly in all 11 classification characteristics.

Cluster 1, “dysfunctional”, is characterized by an unsatisfactory
state of body’ adaptation of based on all indicators (MOC, AP
according to Baevsky, stress level according to Shejkh-Zade),
overweight (based on BMI), lower flexibility indicators, excess
caloric intake due to high fat consumption (129% of normal)
(Fig., Table). This cluster consists of 64 children, among them
64.1% are schoolchildren from the boarding school, 35.9%
are children from the control group.

More than half of the children in this cluster are children
with HG V, there are 7.8% of children with HG Ill and 7.8%
with HG | '3, 25.0% of children with HG Il. As for MG for PE,
more than a half a children belonging to the preparatory MG
(56.3%), about a third of children belong to the main MG,
and a 12.4% belong to the special group (two schoolchildren

from the control school out of two). As for age, these children
are older — half of them are high school students (Table).

As stated above, 35.9% of the cluster (23 children)
are children from the control school (healthy). A total of 60.9%
of these children are overweight (up to morbid obesity), 34.8%
have tension of adaptation mechanisms, and 4.3% have stress.
GTO badges were received by 100% of these children (among
them 39.1% received a “golden” badge). A total of 21.7%
of children from the control groups included in this cluster had
HG |, 69.6% had HG I, and 8.7% had HG Ill. Most children
(87.0%) belonged to the main MG, 4.3% to the preparatory
one, and 8.7% to the special MG (all were children with HG 1ll).
Exceeding the actual daily caloric intake was reported for 78.3%
of these schoolchildren. PFC ratio: 1:1.5: 3.9 (Table).

Cluster 2, *“functional”, is characterized by good
adaptation, low stress, normal body weight, good flexibility
indicators, combined with a low calorie diet due to low protein
and carbohydrate intake (70-77% of normal). This cluster
includes 74 children, among them 62.2% were schoolchildren
from the control school and 37.8% were children from
the boarding school (Fig., Table).

In this cluster, 48.7% of children had HG | and Il, and 22.9%
of children had HG Ill. However, 28.4% of this cluster
are children with HG V. As for MG for PE classes, a half
of children belong to the preparatory MG (50.0%), about
a half (47.3%) of children belong to the main group, but there
are children belonging to the special group (two children,
among them one from the boarding school). One child from
the control school was exempted from PE classes (Table).

As stated above, 37.8% (28 children) of this cluster
are children from the boarding school (disabled and with
SHN). The majority (92.9%) of them have normal body weight
(with the exception of one child with underweight and one
child with grade 2 obesity). A total of 96.4% of these children
have satisfactory adaptation, 78.6% have no stress and have
different MOC values (low to high). More than half of these
children (57.1%) specified in the questionnaire that they
were not engaged in sports, but 89.3% of children received
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Indicators Cluster 1 Cluster 2 p

Number of children per cluster, abs. 64 74

:;i?;?,nﬂzf schoolchildren studying at the boarsing 64.1 37.8 0.002
Fraction of schoolchildren of the control group, % 35.9 62.2 0.002

Health group (HG), %
-HGI 7.8 17.6 0.088
-HGI 25.0 31.1 0.428
—-HG I 7.8 22.9 0.016
-HG IV 0.0 0.0 1.000
-HGV 59.4 28.4 0.000
Medical group for physical education (MG), %
—main 31.3 47.3 0.056
— preparatory 56.3 50.0 0.460
— special 12.4 2.7 0.028
Indicators of health and adaptation, mean values

BMI, kg/m? 23.03 18.35 0.000
MOC, mL/min/kg 56.9 69.7 0.000
AP according to Baevsky (AU) 02.08 1.89 0.000
Stress level according to Shejkh-Zade (AU) 1.1 0.90 0.000
Jumping, % of normal 105 110 0.183
Flexibility, % of normal 102 160 0.002
Running, % of normal 85 91 0.263
Caloric content, % of normal 107 80 0.000
Proteins, % of normal 102 77 0.000
Fat, % of normal 129 99 0.000
Carbohydrates, % of normal 97 70 0.000

GTO badges (of which 50.0% received the “golden” badge).
However, the majority of them (75.0% of the total number
of children with disabilities and SHN included in the cluster) have
HG V, while the rest (25.0%) have HG Ill. The overwhelming
majority (89.3%) of children with disabilities and SHN included
in this cluster belong to the preparatory MG for PE classes,
among them the majority are primary school students (64.3%).
These children have nervous system disorders (G93.8),
bilateral sensorineural hearing loss (H90.3), mental disorders
(F), eye diseases (myopia, astigmatism) in their medical history.
The actual daily caloric intake of these children is insufficient —
on average, it is 90.8% of normal. PFC ratio: 1:1.3: 3.6 (Table).

DISCUSSION

The study showed that children and adolescents in boarding
schools for children with disabilities have various psycho-
functional states that change during their stay in the educational
institution, which requires regular assessment of indicators
for the objective preparation of individual rehabilitation
and habilitation programs, supplemented by recommendations
on nutrition and physical education of children, to determine
the HG, the MG, as well as to create appropriate conditions
for the realization of these programs and the implementation
of recommendations.

Among children with disabilities, a fairly large category
of those included in the “functional” cluster 2 was identified
(28 people out of 69 or 37.8%), whose functional characteristics
were close to those of their healthy peers. At the same time,
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quite a lot of conditionally healthy children from the control
group (23 out of 69 or 35.9%), in terms of their functional
indicators, approached those of disabled children with
multiple diagnoses and limitations in life activities. This fact can
be associated with excess body weight, which is consistent
with the data of other authors [17, 18]. In addition, it was noted
that the health indicators of children with disabilities studying
at the boarding school deteriorated with age, which is consistent
with the data provided by other authors [19].

In our previous papers [8], we noted a number of problems
and inconsistencies that, in our opinion, exist in the comprehensive
assessment of the health of children with disabilities.

Firstly, in no case were students in either the boarding
school or the control school diagnosed with HG IV, which
is generally assigned extremely rarely in the Tyumen Region
[20-22]. Secondly, certain inconsistencies have been noted which,
in our opinion, are present in the results of the comprehensive
assessment of children’s health, specifically: the “functional”
cluster included 37.8% of children with HG Ill and even V, while
the “dysfunctional” one included 35.9% of children with HG |
and Il. The “functional” cluster included 2.7% of children
belonging to the special MG for PE classes, while,
the “dysfunctional” one included 31.3% of children belonging
to the main MG. Furthermore, children with HG V lead
a completely normal life for children of this age — they attend
school and sports sections, get from home to school and back
on their own, and participate in sports competitions for people
with disabilities. In our opinion, such distribution of children
based on MG for PE classes creates the risk of decreased
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effectiveness of physical education for healthier children,
and, on the contrary, the risk of developing severe clinical
situations during PE classes for sicker children.

Considering the results of the study, it is also clear that some
children with disabilities do not have such severe limitations
in their life activities that they can be classified as HG V
according to the requirements of the regulatory document [23].
And if they are still assigned to group V (in cluster 1 there
are 26.1% of such children (Table)), then why are not all of them
assigned to the special MG for PE classes (there are only 2.7%
of such children (Table))?

In our opinion, in this case, the boarding school doctor
experiences methodological difficulties in determining the HG
severity: if the doctor can distinguish between HG Il and V,
then he/she cannot distinguish between HG IV and V,
and therefore assigns a more severe group. There are difficulties
in distinguishing between “limitations on the opportunity
to study or work” (formulation of the HG IV) and “significant
limitations on the opportunity to study or work” (formulation
of HG V) [7, Appendix 2]. Furthermore, n the formulations
of the MG for physical education classes, there is no concept
of “limitations of opportunities”, but only “limitation of physical
activity” [7, Appendix 3], which is not the same thing.

Thus, there is a need for methodological clarifications
regarding the comprehensive health assessment. Perhaps,
children who lead a normal life for children of their age (those
studying at school, even a specialized one, independently
attending school, sports sections) should be assigned HG
| through IV, and HG V should be assigned to children with
severe disorders who need to be educated at home, with
significant limitations in learning opportunities and disruptions
of the life style that normal for children. That is, the key
point in this case should be the child’s lifestyle or social
and environmental rehabilitation, as specified in the International
Classification of Functioning, Disability and Health (ICF) [24].
To resolve these issues, it is obvious that there is a need
to harmonize the conceptual apparatus of the Ministry of Health
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TEN-YEAR TRENDS IN SCHOOL-RELATED MORBIDITY AMONG CHILDREN AND ADOLESCENTS IN RUSSIA
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The effects of educational environment factors and processes on the increasing incidence of certain functional disorders and chronic diseases, which can collectively
be referred to as school-related diseases, is a relevant issue of childhood and adolescence hygiene. Seeking to prioritize preventive effort directions, this study
aimed to analyze trends in overall and primary morbidity from these diseases among Russian children and adolescents from 2015 to 2024. The data collected for
the descriptive analysis covered children (0-14 years old) and older adolescents (15-17 years old); they were officially reported by the Central Research Institute
for Organization and Informatization of Healthcare. We assessed the dynamics of morbidity at the level of classes of diseases and certain disease entities,
and calculated the disease chronization indices (DCls). The data were systematized and analyzed in Microsoft Office Excel 2020. The study suggests criteria
for classifying certain health disorders as school-related. We identified persistent morbidity trends (noticeable throughout the study period) for individual ICD-10
classes, and observed high DCl values for diseases of the eye, the musculoskeletal system, and mental disorders. These findings may be associated with increased
psycho-emotional stress, educational and visual demands, and insufficient physical activity. The analysis of morbidity trends identified the following priority areas
for preventive work: promoting physical activity among schoolchildren, reducing psycho-emotional stress associated with examinations in grades 9 and 11, teaching
students how to arrange their educational and leisure activities, promoting healthy nutrition, and increasing sleep duration.
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OECATUNETHAA ANHAMUKA 3ABOJIEBAEMOCTU AETEN U MOAPOCTKOB POCCUA
LLIKOJIbHO-OBYCJIOBJIEHHbIMW BEONNE3HAMU

M. K. Panonopt'®, B. P. Kyuma'?, B. B. Yy6aposckuii’?, C. b. Cokornosa'

" ®epepanbHbI Hay4HbIN LEHTP rurvieHsl nvern ®. ®. Sprcmara PegepansHorn Cnyxobl MO HaA30PY B cdepe 3aLmuTbl Mpas NoTpebutenelt 1 6naronony4mns
Yenoseka, Mbrmum, Poccus

2 MepBbii MOCKOBCKUIN FOCYAAPCTBEHHbIN MEAVLIMHCKMIA yHMBEpcUTeT Menn V. M. CeveHoBa (CeveHoBckuii YHnBepcuTeT), Mocksa, Poccust

AKTYyanbHo Npobnemoit rvrneHbl AeTen 1 NMoapoCTKOB ABASIETCS BMSIHME (hakTOPOB yHe6HON cpedbl U HanpsPKeHHOro 06pasoBaTesibHOro npoLecca Ha pocT
3a601eBaEMOCTIN HEKOTOPBIMU (PYHKLIMOHATBHBIMY HAPYLLEHWSIMIA 1 XDOHUHECKMMMN OONE3HAMM, KOTOPbIE YCIIOBHO MOXKHO OTHECTU K «LLIKOSTIbHO-O0YCNOBAEHHBLIM
HapyLLeHnamM 300poBbs». Llenb ncenegoBanna — npoaHanManpoBaTb AMHaMUKY OBLLE 1 NepBMHHON 3ab60neBaeMoCTV AeTeN 1 NOAPOCTKOB POCCum LLKOMBHO-
0bycnoBneHHbIM1 6oneaHsammn 3a 2015-2024 rr. Ans 060CHOBaHNS NMPUOPUTETHBIX HaMpPaBIeHWA NPOMUNAKTUHECKON paboTbl. BbINONHEH AECKPUNTUBHLIA aHanma
obLen 1 neperyHoM 3abonesaemocT aeten (0-14 neT) n cTaplmnx NoApocTKoB (156—17 neT) LWKonbHO-00YCNoBNEHHbIMM OONE3HAMI HA OCHOBaHWM JaHHbIX,
OnybAMKOBaHHbIX B OhuLmanbHbix cTatncTnyiecknx coéopHmnkax OrbY «LHOWM3» M3 PO. OnpepeneHbl AnHamvka 3a6oneBaemMocT Mo Knaccam 6onesHen
1 OTAEMNbHbIM HO30M0MMSIM 1 MoKasaTteny XpoHu3aumn 3abonesanunii. CuctemaTmsaums HopMaLMn 1 CTaTUCTUHECKUIA aHanM3 NPOBeLEeHb! B 3MEKTPOHHbBIX
Tabnmuax Microsoft Office Excel 2020. MNpenctaBneHo 060CHOBaHME KPUTEPUEB OTHECEHWS OMPEAENEeHHbIX HapyLLEHWA 300POBbSA K «LLKONbHO-00YCNOBNEHHbIM>.
BbisiBneHbl ycTon4mBble HEO6NaronpuaTHble TEHAEHUMM AMHaMUKK 3ab60neBaeMoCcTy No oTAenbHbIM knaccam MKB-10, HabntogasLlwvecs B TedeHne 10 net
B [16TCKO-MOAPOCTKOBOW MOMYNALWN, 1 BbICOKME 3HAYEHNS MokasaTenst XpoHmnsauuy 3aboneBaHnin No knaccam 60onesHen rnasa, KOCTHO-MbILLEYHOM CUCTEMBI,
MCKXMYECKMM PaCCTPOVCTBAM, HYTO MOXKET ObITb CBA3aHO C YBENMHYEHNEM MCUXOIMOLWOHASIBHOMO HANPSKEHS!, YH4EOHOMN 1 3pUTENBHOM Harpy3ku, rMNoAMHaMnM.
AHanM3 ouHamMyki 3a6011eBaeMOCTY NMoKasas, YTo MPUOPUTETHBIMI HaNPaBNeHVSIMI MPOMUIAKTUHECKOV PaboTbl JOMKHbI CTaTb YBENMHYEHUE ABUraTeNbHON
AKTVIBHOCTY, CHIKEHWE MCUXO3MOLIMOHATBHOTO HaMPshKeHVIst MPU MOATOTOBKE K ak3aMeHaM B 9 1 11 knaccax, 0byHeHe LUKOMbHUKOB paLOHaNbHOM OpraHmM3aLmn
y4e6HOIN 1 AOCYroBOV AEATENBHOCTI, 3OPOBOE MUTaHVE U YBENNYEHE BDEMEHM CHa.

KntoyeBble cnoBa: NpoduakTuieckas MeavumHa, AeTh U MOAPOCTKM, LLKOSIbHO-06YCOBEHHbIe 60M1e3HM, 06LLas 1 NepBryHas 3a60meBaeMoCTb, MoKasaTerb
XPOHM3aLW
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OPUTMHAJIbHOE MCCJIEQJOBAHNE

Numerous Russian and foreign studies conducted in isolated
school cohorts suggest that educational environment,
excessive workload, high academic performance requirements,
pre-exam stress, digitalization of education, disrupted daily
routine and nutrition patterns, low physical activity, and poor
sleep significantly contribute to the deterioration of the health
of schoolchildren [1-7]. The prevalence of certain functional
disorders and chronic diseases that can be conditionally labeled
"school-related health disorders" is growing in this population
[8, 9]. Such disorders include both functional disruptions
associated with uneven development of organs and body
systems (typically transient course and not requiring medical
attention), and diseases with a more severe chronic course
that necessitate intervention. There is a certain connection
between hereditary background and school-related health
disorders; they may have different etiology and pathogenesis,
but generally meet the following criteria:

— such disorders occur in 5% or more of schoolchildren;

— the severity of pathological processes and the prevalence
of disorders increase from junior high school to high school.

School-related health disorders reduce the quality of life
of schoolchildren and have social consequences, such
as restrictions on service in the armed forces and limited choice
of professions.

Functional disorders, such as neurotic reactions, postural
disorders, and spasm of accommodation, are virtually excluded
from the official statistics. Their prevalence can be established
only in the context of a research that includes a thorough
medical examination of children [10].

Official statistics document school-related diseases that
are predominantly chronic. They are recorded using Form
No. 12 "Number of Cases on the Medical Organization's Service
Area" at first diagnosis and considered in the primary incidence
analysis, and exacerbations, which are also recorded, are added
to the dataset for overall prevalence analysis (1, 8, 9.

The grounds for classifying certain diseases as school-
related are the links between the development of pathologies,
educational environment, and behavioral health risk factors.

— myopia. Its pathogenesis is largely associated with
high visual strain (including screen use), insufficient physical
activity, and prolonged sitting in a static position; in the ICD-
10 classification, myopia belongs to Chapter VII (H), "Diseases
of the eye and adnexa" [11-13];

— neuroses, somatoform dysfunction of the autonomic
nervous system, tension type headache. These conditions
are caused by chronic neuro-emotional and examination-related
stress, overwork, insufficient sleep, didactogenic influences,
and school-related phobias; in ICD-10, they are assigned
to Chapter V (F), "Mental and behavioural disorders," and Chapter
VI (G), "Diseases of the nervous system" [1, 14-18];

— diseases of the circulatory system involving high blood
pressure. Such diseases are associated with neuro-emotional
and examination-related stress, overwork, insufficient sleep; they
belong to Chapter IX (), "Diseases of the circulatory system" [8, 16, 18];

— obesity (simple, constitutionally exogenous). This disease,
often concomitant with disrupted carbohydrate metabolism,
is caused by insufficient physical activity and poor nutrition
(excessive calorific value); in ICD-10, it is described in Chapter IV (E),
"Diseases of the endocrine system, eating disorders
and metabolic disorders" [19, 20];

— chronic gastritis and duodenitis. Although these diseases
have a helicobacterial etiology, they are also, in part, complex
psychosomatic disorders linked to psychological stress, poor
nutrition, and irregular daily routines; they belong to Chapter Xl
(K), "Diseases of the digestive system" [21, 22];

— deforming dorsopathies (including grade |-l scoliosis).
The development of these pathologies is associated with
insufficient physical activity, prolonged sitting in a static
position, functionally incorrect posture at the workplace,
and furniture mismatching height; they are classified in Chapter Xill
(M), "Diseases of the musculoskeletal system and connective
tissue" [23, 24].

— menstrual disorders in girls. Psychosomatic by nature,
these disorders are associated with great nervous and emotional
stress, stress caused by frequent tests, exam preparation,
etc.; in ICD-10, they belong to Chapter XIV (N), "Diseases
of the genitourinary system" [25, 26].

The dynamics of the overall and primary morbidity
of the above-mentioned pathologies and classes of diseases
to which they belong reflect the main trends in the changing
health status of modern children and older adolescents.

This study aimed to prioritize prevention directions
by analyzing the trends in overall and primary morbidity of Russian
children (0-14 years old) and adolescents (15-17 years old)
with school-related diseases in 2015-2024.

METHODS

For the analysis, we used data on the prevalence of school-
related diseases and their primary morbidity among children
(0-14 years old) and older adolescents (15-17 years old).
The timeframe was 2015-2024; the data was collected from
the official statistical publications of the Central Research
Institute for Organization and Informatization of Healthcare
[27]. In Russian medical practice, researchers calculate relative
values per 100,000 population within the respective age cohort,
using the procentimille (%) indicator. The overall and primary
morbidity for menstrual disorders is calculated for the number
of girls under 15 and under 18, respectively.

Overall and primary morbidity data were analyzed using
descriptive methods, and the percent change in morbidity
rates in 2024 versus 2015, as well as the disease chronization
index (DCI), were calculated. DCI, the ratio of overall morbidity
to primary morbidity, was determined for 2015 and 2024.
The index and the criteria underlying it have been proposed
by public health experts [28]. DCI under 2 is considered
"insignificant," from 2 to 4 — "significant," above 4 — "high."

MS Office Excel 2020 spreadsheets (Microsoft; USA)
were used for accumulation, systematization of information
and descriptive analysis.

An expert-analytical approach was applied to review data
on the relationship between educational environment factors
and schoolchildren's lifestyle, on the one hand, and the dynamics
of school-related disease incidence and pathologies' chronization,
on the other. The objective was to substantiate a package
of preventive measures.

The article examines the dynamics of overall and primary
morbidity among children and adolescents, focusing only on ICD-10
chapters and individual nosologies that can be conditionally
regarded as school-related diseases.

RESULTS

During the ten-year period under consideration, overall morbidity
among children aged 0-14 years increased slightly by 0.3% —
from 223920.7%,,  to 224565.2%/ (Table 1).

Overall, within the ten years under consideration, the overall
morbidity has grown for diseases of the endocrine system
and metabolic disorders — by 37.1%, from 3944.2%

to 5407.4%
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in particular, the number of obesity cases
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Table 1. Morbidity due to school-related diseases among children aged 0-14 years: trends in incidence and chronization, 2015-2024

Morbidity (per 100,000 children Chronizati
Classes of diseases according of the considered age) Incidence trends, 2024 vs. ronization
to ICD-10 2015 (%)
Type of morbidity 2015 2024 2015 2024
Overall 223 920.7 224 565.2 +0.3
All diseases 1.25 1.31
Primary 179741.3 171 683.9 —4.5
Diseases of the endocrine system, Overall 3944.2 5407.4 +37.1 269 353
metabolic disorders Primary 1504.6 1533.3 +1.9 ' '
Overall 1217.6 1780.6 +46.2
including obesity 3.19 3.99
Primary 382.0 445.9 +16.7
Mental disorders and behavioral Overall 2940.2 2853.7 -2.9 5.33 5.42
disorders Primary 552.0 526.1 4.7 ' '
Overall 9115.3 9328.8 +2.3
Nervous system diseases 2.4 3.11
Primary 3802.9 3002.8 -21.0
Overall 120741 13402.8 +11
Diseases of the eye and adnexa 2.02 3.07
Primary 5981.9 4359.7 —27.1
Overall 3547.9 4712.0 +32.8
including myopia 3.56 4.31
Primary 997.6 1093.9 +9.7
Overall 1980.3 1847.0 -6.7
Diseases of the circulatory system 2.71 3.72
Primary 730.9 496.8 -32.0
including diseases involving high Overall 60.8 46.6 —23.4 087 311
blood pressure Primary 21.2 15.0 -29.2 ' '
Overall 13272.7 11039.5 -16.8
Diseases of the digestive system 1.81 2.52
Primary 7322.3 4385.5 -40.1
Overall 1919.2 1309.4 -31.8
including gastritis and duodenitis 2.64 3.33
Primary 725.8 392.9 -45.9
Diseases of the musculoskeletal Overall 7581.3 8777.8 15.8 296 357
system and connective tissue Primary 3356.3 2458.5 _26.7 ’ '
Overall 2236.1 2183.3 2.4
including deforming dorsopathy 2.62 3.53
Primary 852.8 619.1 —27.4
Overall 5443.1 4732.0 -13.1
Diseases of the genitourinary system 1.9 2.04
Primary 2863.8 2323.6 -18.9
Overall 1592.0 1967.6 +23.6
including menstrual disorders 1.51 1.56
Primary 1055.8 1259.7 +19.3
has increased by 46.2%, from 1217.6%,,, to 1780.6%,,,,.  In addition, there was a slight decrease in the overall incidence

The overall incidence of diseases of the nervous system has
grown slightly by 2.3%, from 9115.3% to 9328.8%/ ...
The overall morbidity from diseases of the eye and adnexa rose
significantly by 11.0% (from 12074.1%,,, to 13402.8%/ ).
including a 32.8% increase in myopia (from 3547.9%
to 4712.0%,,,). Morbidity from diseases of the musculoskeletal
system and connective tissue increased by 15.8%, from
7581.3% ., to 8777.8% . The overall morbidity from
diseases of genitourinary system decreased, but the incidence
of menstrual disorders has grown by 23.6%, from 1592.5%
to 1967.6%,,.

We registered a downward morbidity trend for the following
classes of diseases: mental disorders and behavioral
disorders 2.9% (from 2940.2%,,,, to 2853.7%);
diseases of the circulatory system — 6.7% (from 1980.3%,,
to 1847.0%,,,), including those that involve elevated blood
pressure — 23.4% (from 60.8%,,, to 46.6% ), diseases
of the digestive system — 16.8% (from 13272.7%
to 11039.5% ), including gastritis and duodenitis — 31.8%
(from 1919.2% ., to 1309.4%,); diseases of the genitourinary
system — 13.1% (from 5443.1%,, to 4732.0% .., with
increasing prevalence of menstrual disorders in girls.
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of deforming dorsopathies — by 2.4% (from 2236.1%
to 2183.3%,,), although the overall prevalence of diseases
of the musculoskeletal system among children increased.

Over the considered ten-year period, the primary incidence
among children decreased by 4.5%, from 179741.3%
to 171683.9%,,,, (Table 1).

We have registered a decline of primary incidence among
children for the following classes: mental disorders and behavioral
disorders, dropped by 4.7%, from 552.0 % to 526.1%,..;
diseases of the nervous system, by 21.0%, from 3802.9%
to 3002.8%,,.,; eye diseases, by 27.1%, from 5981.9% .
to 4359.7%,,,, however, primary incidence of myopia has
increased. Other disorders that have decreased over the considered
period are: diseases of the circulatory system — by 32.0%
(from 730.9%,, to 496.8%,,), including diseases involving
elevated blood pressure — by 29.2% (from 21.2%%
to 156.0%,,,); diseases of the digestive system — by 40.1% (from
7322.3%, 0 4385.5% ), including gastritis and duodenitis —
by 45.9% (from 725.8%,, to 392.9%,.); diseases
of the musculoskeletal system — by 26.7% (from 3356.3%,,,
to 2458.5% ), including deforming dorsopathies — by 27.4%
(from 852.8%/

to 619.1%,,); diseases of the genitourinary

0000
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Table 2. Morbidity due to school-related diseases among adolescents aged 15-17 years: trends in incidence and chronification, 2015-2024

Morbidity (per 100,000 children -
. Chronization
Classes of diseases according to ICD-10 of the considered age) Incidence trends, 2024
; vs. 2015 (%)
Type of morbidity 2015 2024 2015 2024

Overall 224 725.9 234 669.9 +4.4

All diseases 1.62 1.61
Primary 138 509.7 145 437.3 +5.0

Diseases of the endocrine system, Overall 9898.4 11914.6 +20.4 3.46 .86

metabolic disorders Primary 2864.4 3087.2 +7.8 ' ’
Overall 2935.0 3799.1 +29.4

including obesity 3.97 4.47
Primary 738.8 850.7 +15.0

Mental disorders and behavioral Overall 6303.6 5394.2 -14.4 578 746

disorders Primary 1089.8 723.4 -33.6 ' ’
Overall 12542.5 12299.6 -1.9

Nervous system diseases 3.16 3.24
Primary 3969.8 3799.3 -4.3
Overall 21622.6 24466.8 +13.2

Diseases of the eye and adnexa 3.36 4.39
Primary 6437.7 5578.6 -13.3
Overall 11689.4 14431.2 +23.5

including myopia 5.37 5.93
Primary 2177.8 2432.5 +11.7
Overall 5477.0 4905.3 -10.4

Diseases of the circulatory system 3.31 3.35
Primary 1655.0 1463.3 -11.6

including diseases involving high blood Overall 596.5 481.1 -19.3 351 2.98

pressure Primary 169.9 146.9 -135 ' ’
Overall 19117.8 14352 —24.9

Diseases of the digestive system 2.59 2.81
Primary 7374.9 5110.5 -30.7
Overall 6239.9 4151.7 -33.5

including gastritis and duodenitis 3.78 3.73
Primary 1649.9 1112.2 -32.6

Diseases of the musculoskeletal system Overall 17392.9 19547.7 +12.4 293 281

and connective tissue Primary 5936.6 5127.8 -13.6 ' ’
Overall 7239.3 74461 +2.9

including deforming dorsopathy 3.38 3.94
Primary 2144.6 1891.0 -11.8

Diseases of the genitourinary system Overall 11342.4 10008.9 -11.8 1.91 197
Primary 5952.8 5079.4 -14.7
Overall 5416.6 7029.6 +29.8

including menstrual disorders 1.61 1.77
Primary 3373.9 3981.7 +18.0

system — by 18.9% (from 2863.8%,,, to 2323.6%,,,), with  diseases of the musculoskeletal system and connective

the increase in the frequency of menstrual disorders. tissue — by 12.4% (from 17392.9%  to 19547.7% ), with

Within the same period, we recorded an increase
in the primary morbidity with the diseases of the endocrine
system and metabolic disorders — by 1.9% (from 1504.6%
to 1633.3% )

A noteworthy development is the increase of primary
incidence of the diseases conventionally considered school-
related, including obesity, which has grown by 16.7% (from

0000

the incidence of deforming dorsopathies growing by 2.9% (from
7239.3%,, t0 7446.1% ). The overall incidence of menstrual
cycle disorders has increased by 29.8% (from 5416.6%
t0 7029.6% ,)-

The overall morbidity from the following classes
of diseases has decreased in adolescents: mental, behavioral

and neurodevelopmental disorders — by 14.4% (from

0000

382.0%,,,, to 445.9..), myopia — by 9.7% (from 997.6%,,,  6303.6%,,, to 5394.2% ), diseases of the nervous system —
to 1093.9%,), and menstrual disorders — by 19.3% (from by 1.9% (from 12542.5% = to 12299.6%,); diseases
10565.8% 1, 10 1269.7% ). of the circulatory system — by 10.4% (from 5477.0% .

The overall morbidity among adolescents aged 15
through 17 years has increased by 4.4%, from 224725.9% .,
to 234669.9% ,, (Table 2).

We have registered an increase of the overall morbidity
from the following classes: diseases of the endocrine system
and metabolic disorders — by 20.4% (from 9898.4%
to 11914.6% ), including obesity — by 29.4% (from
2985.0%,,, to 3799.1%_.); diseases of the eye and adnexa —
by 13.2% (from 21622.6%,,, to 24466.8% ), including

myopia — by 23.5% (from 11689.4% _ to 14431.2%

0000
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to 4905.3%,,,), including diseases involving elevated
blood pressure — by 19.3% (from 596.5%,, to 481.1%  );
diseases of the digestive system — 24.9% (from 19117.8%
to 14852.0%,,,,), including a marked decrease in the prevalence
of gastritis and duodenitis — by 33.5% (from 6239.9%
to 4151.7%,,,); diseases of the genitourinary system —
by 11.8% (from 11342.4%, to 10008.9% with an increase
in the prevalence of menstrual disorders.

In 2015-2024, the primary morbidity of adolescents from

all the considered diseases combined increased by 5.0%, from
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138509.7%,,, to 145437.3% . mainly due to a significant
increase (by 22.9%) in the primary incidence of respiratory
diseases.

There was a marked growth of primary morbidity of adolescents
from the diseases of the endocrine system and metabolic
disorders — by 7.8%, from 2864.4% ., to 3087.2%, ),
including obesity — by 15.1%, from 738.8% ., to 850.7% ..
The primary incidence of myopia has increased by 11.7%, from
2177.8%,, to 2432.5% . although overall incidence of eye
diseases has dropped. The primary morbidity from menstrual
disorders has increased by 18.0% (from 33737.9% .,
to 3981.7%,,,,), while the general indicator of the diseases
of the genitourinary system has decreased.

We have registered a decline in primary morbidity
of adolescents from the following classes: mental disorders —
by 33.6% (from 1089.8%,,, to 723.4%); diseases of the nervous
system — by 4.3% (3969.8%,,, to 3799.3%,); eye diseases —
by 13.3% (from 6437.7%,, to 5578.6% . ); diseases
of the circulatory system — by 11.65% (from 1655.0%
to 1463.3%,,,), including diseases involving elevated blood
pressure — by 13.5% (from 169.9%,, to 146.9% . ); diseases
of the digestive system — by 30.7% (from 7374.9%
to 5110.5%,,), including gastritis and duodenitis — by 32.6%
(from 1649.9% 1o 1112.2% ); diseases of the musculoskeletal

0000 0000 X -
system — by 13.6% (from 5936.6%,,, to 5127.8%,), including

deforming dorsopathies — by 0303.8% (from 2144.6%
to 1891.0% -

We conducted a comparative analysis of DCls in the child
and adolescent subpopulations in 2015 and 2024 (Tables 1
and 2). It was found that in the children's subpopulation,
the DCI for all diseases has remained almost unchanged
over the decade: in 2015 it was 1.25, in 2024 — 1.31;
in the subpopulation of adolescents, the DCI was higher, but
it has also not changed considerably: 1.62 in 2015, 1.61 in 2024.

Significant chronization of diseases in children (2.00 < DCI
< 4.00) was detected in 2015 and in 2024 for most classes
of diseases that include school-related varieties: diseases
of the endocrine system and metabolic disorders — DCI 2.62
and 3.53, respectively; obesity — 3.19 and 3.99; diseases
of the nervous system — 2.40 and 3.11; eye diseases —
2.02 and 3.07, including myopia — 3.56 in 2015; diseases
of the circulatory system — 2.71 and 3.72, including diseases
involving high blood pressure — 2.87 and 3.11; diseases
of the digestive system — 1.81, a minor DCI in 2015, and 2.52,
a significant DCI in 2024, including gastritis and duodenitis —
2.64 and 3.33; diseases of the musculoskeletal system — 2.26
and 3.57, including deforming dorsopathies — 2.62 and 3.53.

Significant chronization of diseases in adolescents (2.00
< DCI < 4.00) was detected in 2015 and 2024, also for most
classes of diseases that include school-related varieties:
diseases of the endocrine system (3.46 and 3.86, respectively);
diseases of the nervous system (3.16 and 3.24); diseases
of the eye and adnexa (3.36 — significant DCI in 2015
and 4.39 — high DCI in 2024); diseases of the circulatory
system (38.31 and 3.35), including diseases involving high
blood pressure (3.51 and 3.28); diseases of the digestive
system (2.59 and 2.81), including gastritis and duodenitis (3.78
and 3.73); diseases of the musculoskeletal system (2.93
and 3.81), including deforming dorsopathies (3.38 and 3.94).

In both children and adolescents, we registered high
chronization (DCI > 4) of mental disorders in 2015 and 2024:
5.33 and 5.42, and 5.78 and 7.46, respectively. Adolescents
also exhibited high chronization of obesity in 2024 (4.47)
and myopia in 2015 and 2024 (5.37 and 5.93, respectively).
Among children, myopia's DCI was high in 2024: 4.31.
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In 2015 and 2024, the chronization was insignificant (DCI
< 2.00) only for the diseases of the genitourinary system —
both in children (1.90 and 2.04) and in adolescents (1.91
and 1.97) — and menstrual disorders — DCI 1.51 and 1.56
among girls under 15, and 1.61 and 1.77, respectively, among
girls aged 15-18 years. This trend suggests that the mentioned
disorders are transient in most cases, triggered by lasting
stress associated with exams.

A comparison of DCI for children and adolescents revealed
that generally in these populations the chronization of the diseases
was higher in 2024 than in 2015.

Older adolescents exhibited higher chronization values than
children. We registered a very high DCI (up to 7.46 in 2024)
for mental disorders in the population of adolescents. Other
reasons for concern are the ever-increasing obesity and myopia
chronization values among both children and adolescents.
By the late stages of adolescence, schoolchildren carry
an accumulated burden on chronic diseases, which affects
the overall morbidity among them.

Preventive efforts in schools should be aimed at arresting
the development of school-related diseases that tend to become
chronic.

DISCUSSION

Until 2025, it was not possible to study the dynamics
of the incidence of a number of diseases that may be associated
with the influence of factors of the educational process
and lifestyle of schoolchildren. Order of the Federal State
Statistics Service No. 543 of November 13, 2024, which
entered into force on January 1, 2025, approved changes
to the reporting Form No. 12: addition of "Section 3.2.
Students in educational organizations (ages 3 through 17 years):
preschoolers and schoolchildren" and new lines enabling
registration of almost all school-related diseases [29].
The information collected from 2025 will allow for a deeper
and more differentiated analysis of morbidity in four age groups:
preschoolers 3-6 years old, younger schoolchildren 7-10 years
old, middle school students 11-14 years old (grades 5-8),
and school students 15-17 years old (grades 9-11).

To obtain the most complete picture of the health status
of children and adolescents, it is necessary to combine data
on their treatment in medical organizations with information
from preventive medical examinations (including detected
pathological lesions), while maintaining individual (per capita)
records of all identified health disorders for each child. This
approach will yield information on the true (exhaustive) morbidity
of children and adolescents.

Analyzing how students’ true morbidity correlates
with conditions and organizational features of upbringing
and education in specific institutions, as well as with behavioral
risk factors, will help quantify the contribution of these
factors to the most common diseases among preschoolers
and schoolchildren. The effectiveness of preventive interventions
will be assessed by the degree to which they prevent the impact
of adverse factors on the health of children and adolescents,
including the onset of functional disorders, progression
to chronic disease, and overall disease progression. [8, 9, 15, 21].

CONCLUSIONS

The expert-analytical study identified persistently unfavorable
trends in overall morbidity among children and adolescents
over the 2015-2024 decade. The indicators increased
for the following classes of diseases: diseases of the eye
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and adnexa, including myopia; diseases of the endocrine
system and metabolic disorders, including obesity; diseases
of the musculoskeletal system.

A comparison of data on chronization of diseases
in children and adolescents in 2024 and 2015 showed more
chronic cases in 2024 than in 2015, with the chronization rates
higher in older adolescents than in children aged 0-14 years.
Notably high values of the chronization index are observed
for eye diseases, diseases of the musculoskeletal system,
and especially mental disorders. Increasing chronization
of mental disorders, eye diseases (myopia), and diseases
of the musculoskeletal system may be associated with a stronger
psychoemotional stress, academic and visual load, insufficient
sleep and physical activity.

References

1. Kuchma VR, Rapoport IK, Sukhareva LM, Skoblina NA, Sedova AS,
Chubarovskij VV, et al. Zdorov'e detej i podrostkov v shkol'nom
ontogeneze kak osnova sovershenstvovaniya sistemy
meditsinskogo obespecheniya i sanitarno-epidemiologicheskogo
blagopoluchiya  obuchayushchikhsya.  Zdravookhranenie
Rossijskoj Federatsii. 2021; 65 (4): 325-33 (in Rus.). DOI:
10.47470/0044-197X-2021-65-4-325-333.

2. Baranov AA, Albitskij VYU, Namazova-Baranova LS, Terletskaya RN.
Sostoyanie zdorov'ya detej Rossijskoj Federatsii. M.: Pediatr,
2020; 116 p. (in Rus.).

3. Setko IM, Setko NP. Sovremennye problemy sostoyaniya
zdorov'ya shkol'nikov v usloviyakh kompleksnogo vliyaniya
faktorov sredy obitaniya. Orenburgskij meditsinskij vestnik. 2018;
22 (2): 4-13 (in Rus.).

4.  Adolescent health and development in the WHO European
Region: can we do better? WHO. Regional Office for Europe,
2019; 43 p.

5. Inchley J, Currie D, editors. Spotlight on adolescent health
and well-being. Findings from the 2017/2018 Health Behavior
in School-aged Children (HBSC) survey in Europe and Canada.
International report. Key findings. WHO — Copenhagen: Regional
Office for Europe, 2020; 72 p.

6. Marques A, Bordado J, Tesler R, Demetriou Y, Sturm DJ,
de Matos MG. A composite measure of healthy lifestyle: A study
from 38 countries and regions from Europe and North America,
from the Health Behavior in School-Aged Children survey. Am J
Hum Biol. 2020; 32 (6): 116-23. DOI: 10.1002/ajhb.23419.

7. Terletskaya RN, Antonova EV, Vinyarskaya IV. Sostoyanie zdorov'ya
rossijskikh podrostkov. Rossijskij pediatricheskij zhurnal. 2023; 5 (26):
327-36 (in Rus.). DOI: 10.46563/1560-9561-2023-26-5-327-336.

8. Kuchma VR, Rapoport IK, redaktory. Fizicheskoe razvitie i sostoyanie
zdorov'ya detej i podrostkov v shkol'nom ontogeneze
(longitudinal'noe issledovanie): monografiya. M.: Nauchnaya
kniga, 2021; 350 p. (in Rus.).

9. Poretskova GYu, Tyazheva AA, Rapoport IK, Voronina EN.
Sovremennye trendy narusheniya zdorov'ya detej shkol'nogo
vozrasta g. Samary. Nauka i innovatsii v meditsine. 2019; 4 (1):
58-62 (in Rus.). DOI: 10.35693/2500-1388-2019-4-1-58-62.

10. Kuchma VR, redaktor. Gigiena detej i podrostkov. Gosudarstvenny;j
kontrol' v sfere obespecheniya sanitarno-epidemiologicheskogo
blagopoluchiya detskogo naseleniya v terminakh i opredeleniyakh.
Bolee 250 terminov: uchebno-metodicheskoe posobie. M.:
Izdatel'stvo Sechenovskogo Universiteta, 2023; 54 p. (in Rus.).

11. Rapoport IK, Tsameryan AP. Osobennosti formirovaniya nervno-
psikhicheskikh rasstrojstv i narushenij zreniya u moskovskikh
uchashchikhsya v protsesse obucheniya v shkole. Zdorov'e
naseleniya i sreda obitaniya — ZNiSO. 2019; (5): 20-27 (in Rus.).

12. Bogomolova ES, Badeeva TV, Kotova IV, Maksimenko EO,
Olyushina EA, Languev KA. Gigienicheskie aspekty distantsionnogo
obrazovaniya obuchayushchikhsya. Voprosy shkol'noj i universitetskoj
meditsiny i zdorov'ya. 2020; (3): 35-9 (in Rus.).

Based on the study data, preventive efforts should focus
on reducing the psychoemotional stress among adolescents
preparing for exams in grades 9 and 11; promoting physical
activity in the considered populations (at least an hour a day);
teaching all schoolchildren the rational organization of educational
and leisure activities implying smaller visual load; ensuring
a healthy diet and increasing the duration of night sleep.

To further study the health status of children and adolescents
and associated health risk factors, a unified Russian database
is needed. This database should contain a complete record
of all healthcare encounters by each minor with any medical
organization, as well as information on health disorders (both
functional disorders and chronic diseases) detected during
preventive medical examinations.

13. Skoblina NA, Popov VI, Eremin AL, Markelova SV, Milushkina OYu,
Obrubov SA, et al. Riski razvitiya boleznej glaza i ego
pridatochnogo apparata u obuchayushchikhsya v usloviyakh
narusheniya gigienicheskikh pravil ispol'zovaniya elektronnykh
ustrojstv. Gigiena i sanitariya. 2021; 100 (3): 279-84 (in Rus.).
DOI: 10.47470/0016-9900-2021-100-3-279-284.

14. Setko AG, Bulycheva EV, Setko NP. Osobennosti razvitiya
donozologicheskikh izmenenij v psikhicheskom i fizicheskom
zdorov'e uchashchikhsya pokoleniya Z. Analiz riska zdorov'yu.
2019; (4): 158-64 (in Rus.). DOI: 10.21668/health.risk/2019.4.17.

15. Karkashadze GA, Namazova-Baranova LS, Zakharova IN,
Makarova SG, Maslova OIl. Sindrom vysokikh uchebnykh
nagruzok u detej shkol'nogo i podrostkovogo vozrasta.
Pediatricheskaya farmakologiya. 2017; 14 (1): 7-23 (in Rus.). DOI:
10.15690/pf.v14i1.1697.

16. Bosch R, Pagerols M, Rivas C, Sixto L, Bricollé L, Espanol-
Martin G, et al. Neurodevelopmental disorders among Spanish
school-age children: prevalence and sociodemographic
correlates. Psychol Med. 2022; 52 (14): 3062-72. DOI:
10.1017/ S0033291720005115. PubMed PMID: 33436129.

17. LiF CuiY, LiY, Guo L, Ke X, Liu J, et al. Prevalence of mental
disorders in school children and adolescents in China: diagnostic
data from detailed clinical assessments of 17,524 individuals.
J Child Psychol Psychiatry. 2022; 63 (1): 34-46. DOI:
10.1111/ jcpp.13445. PubMed PMID: 34019305.

18. Milushkina OYu, Dubrovina EA, Grigorieva ZA, Kozyreva FU,
Pivovarov YUP. Influence of modern educational environment on
the neuro-mental health of school-age children. Russian Bulletin
of Hygiene. 2023; (4): 43-51. DOI: 10.24075/rbh.2023.085.

19. Martynova IN, Vinyarskaya IV, Terletskaya RN, Postnikova EV,
Frolova GS. Voprosy istinnoj zabolevaemosti i rasprostranennosti
ozhireniya sredi detej i podrostkov. Rossijskij pediatricheskij
zhurnal. 2016; 19 (1): 23-8 (in Rus.). DOI: 10.18821/1560-9561-
2016-19 (1)-23-28.

20. Skotnikova YuV, Arkhangelskaya AN, Burdyukova EV, Ignatov NG,
Rogoznaya EV, Samusenkov Ol, et al. Izbytochnaya massa tela i
gipodinamiya kak faktory riska razvitiya patologii serdechno-
sosudistoj sistemy u detej i podrostkov. Vestnik novykh
meditsinskikh tekhnologij. 2016; 23 (1): 71-4 (in Rus.).

21. Maev IV, Kucheryavyj YUA. Rol' psikhoemotsional'nogo stressa
v razvitii yazvennoj bolezni. Rossijskij zhurnal gastroenterologii,
gepatologii, koloproktologii. 2019; (1): 4-12 (in Rus.).

22. Zhigalova PD, Karpushenko Ol. Rol' stressa i adaptatsii v razvitii
erozivno-yazvennykh povrezhdenij zheludochno-kishechnogo
trakta. Vestnik nauki. 2024; 1 (80): 1118-27 (in Rus.).

23. Maklakova OA, Vandysheva AYu, Shtina IE, Valina SL. Osobennosti
formirovaniya narushenij osanki u detej v period shkol'nogo
obucheniya. Gigiena i sanitariya. 2022; 101 (6): 655-61 (in Rus.).
DOI: 10.47470/0016-9900-2022-101-6-655-661.

24. Sarnadskij VN, Mikhajlovskij MV, Sadovaya TN, Orlova TN,
Kuznetsov SB. Rasprostranennost' struktural'nogo skolioza sredi

POCCUNCKNIN BECTHUK TUIMMEHBI | 3, 2026 | RBH.RSMU.PRESS



ORIGINAL RESEARCH

25.

26.

27.

shkol'nikov Novosibirska po dannym komp'yuternoj topografii.
Byulleten' sibirskoj meditsiny. 2017; (1): 80-91 (in Rus.). DOI:
10.20538/1682-0363-2017-1-80-91.

Volel BA, Ragimova AA, Kuznetsova |V, Burchakov DI.
Sovremennye predstavleniya o stress-zavisimykh narusheniyakh
menstrual'nogo tsikla. Akusherstvo i ginekologiya. 2016; (12):
34-40 (in Rus.). https://dx.doi.org/10.18565/aig.2016.12.34-40.
Chebotareva YuYu, Petrov YUA. Rol' stressornykh faktorov
v geneze oligomenorei u nesovershennoletnikh. Reproduktivnoe
zdorov'e detej i podrostkov. 2021; 17 (4):89-98 (in Rus.). DOI:
10.33029/1816-2134-2021-17-4-89-98.

Statisticheskie materialy FGBU "TsNIIOIZ" Minzdrava Rossii:
"Zabolevaemost' detskogo naseleniya Rossii (0-14 let)",

JNutepatypa

1.

10.

11.

12.

RUSSIAN BULLETIN OF HYGIENE | 3, 2026 | RBH.RSMU.PRESS

Kyuma B. P., Panonopt W. K., Cyxapesa J1. M., CkobmmHa H. A.,
Cepoa A. C., Yybaposckuin B. B. 1 gp. 300poBbe aeten
N MOAPOCTKOB B LUKOIBHOM OHTOrEHe3e Kak OCHOBa
COBEPLUEHCTBOBAHNS CUCTEMbI MEAMLIMHCKOrO 0becnedeHns
1N CaHUTapPHO-3MMAEMMONOMMHECKOrO 61aronony|mns 0ByHatoLLXCS.
3nopaBooxpaHerne Poccumiickon depepaupmn. 2021; 65 (4): 325—
33. DOI: 10.47470/0044-197X-2021-65-4-325-333.

BaparoB A. A., Anbbuuknii B. tO., Hamasosa-baparosa J1. C.,
Tepneukas P. H. CocTtosiHMe 300poBbs AeTert Poccuickon
®depepauyn. M.: Megnatpb, 2020; 116 c.

Cetko N. M., Cetko H. M. CoBpemeHHble NpobaemMbl COCTOSHMISA
3[10POBbS LLKOSIBHNKOB B YCIOBUSAX KOMMIEKCHOIO BAVSHUSA
thakTopoB cpefapl 0buTaHus. OpeHBYPrcKnii MeauLMHCKNIA
BeCTHVK. 2018; 22 (2): 4-13.

Adolescent health and development in the WHO European Region:
can we do better? WHO. Regional Office for Europe, 2019; 43 p.
Inchley J, Currie D, editors. Spotlight on adolescent health
and well-being. Findings from the 2017/2018 Health Behavior
in School-aged Children (HBSC) survey in Europe and Canada.
International report. Key findings. WHO — Copenhagen: Regional
Office for Europe, 2020; 72 p.

Marques A, Bordado J, Tesler R, Demetriou Y, Sturm DJ,
de Matos MG. A composite measure of healthy lifestyle: A study
from 38 countries and regions from Europe and North America,
from the Health Behavior in School-Aged Children survey. Am J
Hum Biol. 2020; 32 (6): 116-23. DOI: 10.1002/ajhb.23419.
Tepneukaa P. H., AHtoHoBa E. B., BuHapckas W. B.
CoCTOosIHNE 300POBbST POCCUNCKIX MOAPOCTKOB. Poccuincknia
negnaTpuyeckuin xypHan. 2023; 5 (26): 327-36. DOI:
10.46563/1560-9561-2023-26-5-327-336.

Kyuma B. P, Panonopt U. K., penaktopbl. P1anyeckoe passutme
N COCTOSIHME 3[0POBbS AETEe 1 MOAPOCTKOB B LUKOSBHOM
OHTOreHe3e (TOHMUTYAVHANbHOE UCCNenoBaHMe): MOoHorpadus.
M.: Hay4Hasa kHura, 2021; 350 c.

Mopeukosal . KO., Tshkesa A. A., Panonopt W. K., BopoHuHa E. H.
CoBpeMeHHble TpeHb! HapyLLEHVS 300POBbS AETEN LLUKOBHOMO
Bo3pacTa . Camapbl. Hayka 1 nHHoBauuv B meguumHe. 2019; 4
(1): 58-62. DOI: 10.35693/2500-1388-2019-4-1-58-62.

Kyuma B. P., pepaktop. [urveHa peten n MNOLPOCTKOB.
[ocymapCTBEHHbI KOHTPOSb B cdhepe 06ecneveHnst caHUTapHO-
3NVMAEMMONOrNYECKOro 6aarononyyns AETCKOro HaceneHus
B TepMuMHax 1 onpegenenusx. bonee 250 TeEpMUHOB: y4ebHO-
MeToanyeckoe mnocobue. M.: MapatensctBo Ce4eHOBCKOro
YHuBepcuTeTa, 2023; 54 c.

Panonopt . K., LlamepsiH A. . OcobeHHocTv hopmmpoBaHns
HEPBHO-MCUXWNYECKMX PacCTPOMCTB W HapyLUEeHWA 3peHns
Y MOCKOBCKVIX YHaLLIXCS B MpoLecce 0by4eHns B LLKOMEe. 3A0p0BLE
HaceneHus 1 cpefa obutaHns — 3HUCO. 2019; (5): 20-27.
Boromonoga E. C., Bageesa T. B., Kotosa /1. B., Makcumerko E. O.,
OntowwnHa E. A., NanryeB K. A. TUrneHvnyeckmne acnekTbl
[OVCTaHLIOHHOrO 06pa3oBaHys 0byHatoLLmXCsl. Bompoch! LLKOMBHOM
1N YHUBEPCUTETCKOM MeanLmHbl 1 3a0poBbd. 2020; (3): 35-9.

28.

29.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

"Obshchaya zabolevaemost' detskogo naseleniya Rossii (0-14 let)",
"Zabolevaemost' detskogo naseleniya Rossii (15-17 let)", "Obshchaya
zabolevaemost' detskogo naseleniya Rossii (15-17 let)" (in Rus.).
Banteva MN, Manoshkina EM, Sokolovskaya TA, Matveev EN.
Tendentsii zabolevaemosti i dinamika khronizatsii patologii u detej
0-14 let v Rossijskoj Federatsii. Sotsial'nye aspekty zdorov'ya
naseleniya [setevoe izdanie]. 2019; 65 (5): 10 (in Rus.). Available
from: http://vestnik.mednet.ru/content/view/1105/30/lang,ru/.
Prikaz Federal'noj sluzhby gosudarstvennoj statistiki ot 13.11.2024
Ne 543 "Ob utverzhdenii formy federal'nogo statisticheskogo
nablyudeniya s ukazaniyami po ee zapolneniyu dlya organizatsii
MZ RF federal'nogo statisticheskogo nablyudeniya v sfere okhrany
zdorov'ya" (in Rus.).

CkobnuHa H. A., Monos B. ., EpemuH A. J1., Mapkenosa C. B.,
MunywknHa O. KO., Obpybos C. A. n ap. Puckn passutus
6onesHen rmasa v ero NPUAATO4HOro annapara y obyyatoLLyxcs
B YCNOBUSIX HapPYLLEHVS TUMMEHNYECKIX MPaBUI1 MCMONbE30BaHNS
3NEKTPOHHBIX YCTPOWCTB. rneHa v canutapus. 2021; 100 (3):
279-84. DOI: 10.47470/0016-9900-2021-100-3-279-284.
Cetko A. T, Bynbidea E. B., CeTko H. . OcobeHHOCTV pa3suTis
[OHO30MOMYECKMX U3MEHEHNIA B MCUXMYECKOM U (PU3NHECKOM
3[10POBbE YyHaLLMXCst MOKONeHNst Z. AHann3 prcka 300pOoBbo.
2019; (4): 158-64. DOI: 10.21668/health.risk/2019.4.17.
Kapkawapze I. A., Hamazoa-bapaHosa J1. C., 3axaposa /1. H.,
Makaposa C. I., Macnosa O. /. CHAPOM BbICOKMX YyHEOHbIX
Harpysok y geTeil LWKOMbHOMO 1 MOAPOCTKOBOrO BO3pacTa.
Mepnatpuyeckasa dapmakonoruns. 2017; 14 (1): 7-23. DOI:
10.15690/pf.v14i1.1697.

Bosch R, Pagerols M, Rivas C, Sixto L, Bricollé L, Espanol-Martin G,
et al. Neurodevelopmental disorders among Spanish school-age
children: prevalence and sociodemographic correlates. Psychol
Med. 2022; 52 (14): 3062-72. DOI: 10.1017/ S0033291720005115.
PubMed PMID: 33436129.

Li F, Cui Y, Li Y, Guo L, Ke X, Liu J, et al. Prevalence of
mental disorders in school children and adolescents in China:
diagnostic data from detailed clinical assessments of 17,524
individuals. J Child Psychol Psychiatry. 2022; 63 (1): 34-46. DOI:
10.1111/ jcpp.13445. PubMed PMID: 34019305.

MwunywknHa O. 0., OdybposuHa E. A., lpuropbesa 3. A,
Kosblpesa @. V., MMueoBapos 0. 1. BnvsgHne coBpemeHHom
obpasoBaTeflbHoM cpefbl Ha HEPBHO-MCUXNYECKOE 340POBbE
[eTen LWKONMbHOro Bo3pacta. POCCUNCKUIA BECTHUK TUMMEHbI.
2023; (4): 47-56. DOI: 10.24075/rbh.2023.085.

MaptbiHoga W, H., Bunspekas . B., Tepneukas P H., MNoctHnkosa E. B.,
®ponosa . C. Bomnpocbl UWCTUHHOM 3aboneBaemMocTu
1 PacnpoCTPaHEHHOCTY OXXNPEHNS Cpean AeTel 1 MoapPOCTKOB.
Poccuiickunin negpatpudeckuin xxypHan. 2016; 19 (1): 23-8. DOI:
10.18821/1560-9561-2016-19(1)-23-28.

CkoTHukosa HO. B., ApxaHrensckas A. H., Bypatokosa E. B.,
Wruatos H. I, PorosHasa E. B., Camycenkos O. V. n gp.
36bITo4Has Macca Tena v ryunogvHaMns Kak hakTopbl prcka
pasBUTUS MaTONOrMN CePAEHHO-COCYANCTON CUCTEMbI Y OeTel
1 NOOPOCTKOB. BECTHMK HOBbIX MEOULIMHCKIX TexHonorun. 2016;
23 (1): 71-4.

Maes W. B., Kyuepsasbii HO. A. Ponb MCKXO3MOLMOHANBHOMO
cTpecca B pa3BUTUN A3BEHHOM H6ONE3HN. PoCCUnCcKMn xypHan
racTPO3HTEPOIOMMM, renaTonorim, Kononpoktonormum. 2019; (1):
4-12.

>Kuranosa M. ., Kapnywerko O. V1. Ponb cTpecca n agantauum
B Pa3BUTUM SPO3MBHO-A3BEHHbIX MOBPEXAEHWA »KENyA04HO-
KuLLeYHoro TpakTa. BecTHuk Hayku. 2024; 1 (80): 1118-27.
Maknakoga O. A., Bangbiuesa A. tO., LLItuHa V. E., BarmHa C. J1.
OcobeHHOCTU (POPMMPOBAHUSA HapyLLEHUIA OCaHKW y OeTein
B MEpVOA, LUKOMbHOrO obyyeHuns. TurveHa n canutapus. 2022;
101 (6): 655-61. DOI: 10.47470/0016-9900-2022-101-6-655-661.



24.

25.

26.

27.

OPUTMHAJIbHOE MCCJIEQJOBAHNE

CapHaackui B. H., Muxainosckuin M. B., Capnosas T. H., Opnosa T. H.,
KysHeuos C. B. PacnpocTpaHeHHOCTb CTpyKTypanbHOro
CKOMMo3a Cpean LWKOMbHMKOB HoBocubupcka no gaHHbIM
KOMMbIOTEPHOW Tonorpadun. BronneTeHb CUONPCKO MEANLINHDI.
2017; (1): 80-91. DOI: 10.20538/1682-0363-2017-1-80-91.
Bonenb B. A., Parmvosa A. A., Kyareuosa V1. B., Byp4dakos [. V.
CoBpemMeHHble MPeACTaBNeHNS O CTPECC-3aBUCUMbIX HAPYLLIEHUSAX
MEHCTPYaSIbHOrO LK. AKyLLIEPCTBO 1 ruHekonorus. 2016; (12):
34-40. https://dx.doi.org/10.18565/aig.2016.12.34-40.
Yebotapesa 0. tO., leTtpos KO. A. Ponb cTpeccopHbix
(hakTopOB B reHese ONMroMeHopen y HECOBEPLUEHHONETHNIX.
PenpoaykTvBHOE 300p0BbE AETEN 1 MOAPOCTKOB. 2021; 17 (4):
89-98. DOI: 10.33029/1816-2134-2021-17-4-89-98.
Cratuctuyeckmne matepuans OBy «LIHANOWS3» MuHsppasa
Poccun: «3aboneBaemMocTb AeTCKOro HaceneHust Poccum (0-14

28.

29.

net)», «ObLyas 3ab60neBaeMoCTb AETCKOro HaceneHus Poccun
(0-14 neT)», «3aboneBaemMoCTb OETCKOro HacefneHus Poccumn
(15-17 neT)», «ObLyas 3ab0NeBaeMOCTb AETCKOrO HaceneHns
Poccun (15-17 net)».

BaHTeeBa M. H., MaHowkunHa E. M., CokonoBckas T. A.,
MatBeeB 3. H. TeHoeHuun 3aboneBaeMoCTU U [UHaAMUKa
XpoHuU3aumu natonorun y getenn 0-14 net B Poccunckon
®Gepepauymn. CoumanbHble acneKTbl 340P0BLS HACENEHWsT [ceTeBoe
n3paHne]. 2019; 65 (5): 10. URL: http://vestnik.mednet.ru/
content/view/1105/30/lang,ru/.

[Mpvka3 denepanbHon Cny>kObl FOCYAaPCTBEHHOW CTATUCTUKM OT
13.11.2024 Ne 543 «O6 yTBEpKAEHUM (hOpMbI PedepanbHOro
CTaTUCTMHECKOro HabMOAEHVIS C YKa3aHMsSMM Mo ee 3anosiHEHNIO
ons opraHnzaumm M3 PO depepalbHOr0 CTaTCTUHECKOro
HabnoaeHnst B cdhepe oxpaHbl 300POBbS».

POCCUNCKNIN BECTHUK TUIMMEHBI | 3, 2026 | RBH.RSMU.PRESS



ORIGINAL RESEARCH

KEY OCCUPATIONAL HAZARDS ASSOCIATED WITH THE WATER FILLING OF PASSENGER RAIL CARS
Kaptsov VA', Ovechkina ZhV? 5, Korolik V\?, Kozyreva FU?, Tikhonova YulL?
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Outfitter is one of the most important specializations among the many professions in the railway industry. Among other duties, outfitters fill the water supply
systems of passenger cars, a process associated with exposure to the combined effects of a complex of hazardous industrial factors, such as heavy physical labor,
an adverse microclimate, high noise levels, low lighting, and bacterial contamination of the skin of the hands and overalls. This study aimed to investigate
the specifics of the working conditions of outfitters and the morbidity with temporary disability among them in order to develop preventive measures. We used
the "snapshot of the working day" method, measured harmful physical factors and bacterial load. By the severity of labor, the work of the outfitters was established
to belong to class 3.2 (R 2.2.2006-05). During nighttime hours, the intensity of artificial lighting in outdoor areas and on station tracks ranged from 6 to 8 lux,
whereas the normative value was > 10 lux; this corresponded to class 3.1. The equivalent sound level at the outfitters' workplaces was 88 dBA, which is 8 dBA
higher than the maximum permissible level, which corresponded to class 3.2. By the biological factor, the working conditions belonged to class 3.2, and by the hygienic
indicators — to class 3.3. Analysis of three-year average morbidity with temporary disability data indicates that specific occupational hazards increase morbidity:
disability rates among outfitters were significantly higher than in the railway transport industry overall (by 27.8% in cases and 29.0% in disability days). The study
enabled the development of a number of preventive measures.
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BEAYLLIME NPOU3BOACTBEHHBLIE ®AKTOPbI MPU 3AMPABKE MACCAXKUPCKNX BATOHOB BOIOW

B. A. Kanuos', XK. B. OeukunHa?™, B. B. Koponvk?, ®. Y. Kosbipesa?, 0. J1. TuxoHosa?

" BcepoccuincKiin Hay|YHO-MCCNea0BaTENbCKUIA MHCTUTYT freHsl TpaHcnopTa PefepanbHol Ciy»kObl Mo HaA30py B cdepe 3alLTbl Mpas noTpeduTeneit 1 Gnaronomnyyms
yenoseka, Mocksa, Poccus

2 POCCUNCKUIA HAUMOHAUTbHBIA UCCNE0BaTENbCKUM MEAMLIMHCKWA yHBEpcuTeT nmenn H. . Minporoea, Mockea, Poccus

Cpean MHOroUMCNEHHbIX MPOECCUN XKENE3HOAOPOXHOM OTPACIN BAXKHOE MECTO 3aHVMatOT SKUMMPOBLLMKY, 3anpaBnsioLLie BOLON CUCTEMY BOAOCHAOKEHNIS
naccaXkMpCKMX BaroHOB, KOTOPblE MOABEPralTCs COYETaHHOMY BO3AEMCTBUIO KOMMIEKCA BPEAHbIX MPOM3BOACTBEHHbIX (DaKTOPOB, TakMX Kak TSXenbii
hursnHeckn Tpya, HeGNAroNPUATHBIN MUKPOKIIMMAT, BbICOKW YPOBEHb LLIYMA, H3Kast OCBELLEHHOCTb, 6aKTepunarnbHasi 0OCEMEHEHHOCTb KOXHbIX MOKPOBOB PYK
1 cneuoaexapl. Liensto nccnenosanuns 6b110 M3y4nTb cneumurky YCnoBuin Tpyaa aKUNMMPOBLLVIKOB 1 3a001eBaEMOCTb C BPEMEHHOI YTPaTO TPyA0CMOCOBHOCT
(BBYT) ans padpaboTku NpounakTMHeckx MeponpusTuii. B xone nccnenoBaHvst MCnonb3oBaiv MeTog, «dotorpadust paboyero AHs», U3MepeHme BpeaHbIX
PrsnHecknx HaKTopos, 6AKTEPNONOTNHECKVE METOMbI. YCTAHOBIEHO, YTO YCNOBMSA TPYyAa SKUMMPOBLLUMKOB MO MOKa3aTesto «TsXKeCTb TPYAOBOrO MpoLeccar»
OTHOCKMIICH K Knaccy 3.2 (P 2.2.2006-05). Ha oTKpbITbIX TEPPUTOPUSX N CTAHLIMOHHBIX NYTSX B TEMHOE BPEMS CyTOK YPOBEHb MCKYCCTBEHHOW OCBELLEHHOCTU
Haxopwscs B npenenax 6-8 nk npu Hopme He Meree 10 JIK, 4TO COOTBETCTBOBAUIO Kfaccy 3.1. OKBMBAIEHTHbI YPOBEHb 3ByKa Ha paboHMx MECTaxX SKMMMPOBLLMKOB
coctasnan 88 obA, 4To Ha 8 ABA BblilLe NpeaensHO-AoNYCTUMOrO YPOBHS, M OTHOCUACS K knaccy 3.2. OueHka yCnoBui Tpyda no G1onorn4eckoMy haktopy
COOTBETCTBOBaNa Kaccy 3.2, a oblias oLieHKa ycrnoBuin Tpyaa — knaccy 3.3. BosaelcTare BpeaHbIx (hakTopoB TPyaa MOXET NPVBOAUTL K POCTY 3a60/eBaEMOCTH,
YTO MOATBEPKAAIOT PEe3ynbTaThbl aHanmaa CpeaHerofoBbix nokasarenen 3BYT sKUNMPOBLLMKOB 3a TPEXSIETHUIA MEPVOA, KOTOPbIE 3HAYUTENBHO MPEeBbILAaoT
obLLeoTpacneBble Nokasartenn Ais paboTaloWwmx Ha »eNe3HOAOPOXKHOM TpaHCcnopTe (no ciy4dasm Ha 27,8%, No AHAM HETPYAOCNOCOBHOCTU Ha 29,0%).
BbinonHeHHble VccnenoBaHyst MO3BOAMM paspaboTaTe PSL, NPOMUNAKTUHECKNX MEPOTPUSTHIA.

KnioyeBble croBa: aKUMMPOBLLMKY MO 3anpaBke NacCaXMPCKUX BarOHOB BOLOW, YCNIOBUS TpyAa, MUKPOK/VMMAT, LUYM, OCBELLEHHOCTb, 6akTepuabHas
06CemMeHEHHOCTb, 3a60NEBAaEMOCTL C BPEMEHHOW yTpaToi TPyA0CNOCObHOCTY, 3BYT, npodunakTmieckmne pekomeHaaumm
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OPUTMHAJIbBHOE NCCINEOOBAHNE

There is no doubt that railroad transport is one of the key drivers
of the industrial and economic development of the Russian
Federation. This mode of transportation connects regions
of the country and promotes trade, production, and tourism.
One of the key advantages of railroad transport is its capability
to carry large volumes of cargo over long distances. Train
tracks and cars are extremely durable, which makes railroads
ideal for transportation of heavy and bulky items, including coal,
ore, oil, and construction materials. Railroads interconnect
industrial facilities located in different regions of the country.
The extensive network of tracks allows bringing cargo to the farthest
corners of the nation. It underpins the development of industrial
clusters and enables creation of jobs, which, in turn, stimulates
economic growth and improves the quality of life of the population.
Railroads also play an important role in the tourist industry,
comfortably and conveniently moving people between cities
and sights. Trains allow tourists to quickly and easily reach
popular resorts and cultural landmarks, which eventually
translates into profits for the state. In addition, railroad
transport is a more environmentally friendly mode of cargo
moving than motorways: locomotive engines run on electricity,
and hence emit no harmful substances into the atmosphere,
thus contributing to the improvement of the environmental
conditions and health of the population [1-4].

Labor conditions on the railroad are specific and heavy:
there is a considerable number of occupational hazards
the workers are exposed to [5-14], including round-the-clock
operation, moving trains, insufficiency of mechanical aides
and automated routines, poor lighting in the working areas,
loud noise, shock hazard, psychoemaotional stress.

The aforementioned factors underpin the urgency
of investigation of the conditions of labor of outfitters who
fill long-distance cars with drinking water, as the ceaseless
movement of trains, passenger safety and comfort largely
depend on their work.

Drinking water plays a key role in human life; in the context
of traveling by railroad, it is used for both subsistence
and sanitary purposes [15-17]. In the passenger car
replenishment systems installed at stations, violations of the rules
of storage and use of filling hoses and contamination
of tanks and piping can result in the pollution of the supplied
water. The problem becomes especially urgent in summert,
when high temperatures promote growth of the colonies
of microorganisms.

Qutfitters work outdoors in adverse conditions: poor lighting
at night, high noise levels, and a heavy bacterial load. Their
work is physically demanding, involving the manual handling
of filling hoses and many other strength-intensive tasks.

Among the numerous jobs in the railroad industry, that
of outfitters filling passenger cars with water remains largely
unstudied by scholars. A comprehensive analysis of the specifics
of work of the considered professional category and its overall
operational importance necessitated field studies aimed
at investigation of occupational hazards and factors.

This study aimed to investigate the specifics of the working
conditions of outfitters and the incidence of temporary disability
among them in order to develop preventive measures.

METHODS

We studied the working conditions of outfitters
filling passenger cars with water (hereinafter referred
to as outfitters) from 2021 to 2025 at several service stations:
Moscow-3, Belorusskaya, and Studencheskaya (all belong
to the Moscow Railway).

The work included a systematic analysis of scientific
literature, compilation of a hygienic report, registration of labor
hours, and measurement of physical factors. To record
the levels of noise and assess its effect on the hearing of outfitters,
we used an Octava-111 noise meter (Oktava—ElectronDesign;
Russia). The equivalent sound level was calculated according
to GOST ISO 9612-2016 [18]. The intensity of artificial
illumination was measured using a Testo-540 luxmeter (Testo
SE & Co KGaA; Germany) according to GOST 24940-2016
"Buildings and structures. Methods of measuring illumination"
[19]. To assess bacterial contamination of palmar skin and work
clothing, we collected palm prints and swabbed overalls
according to the methodological guidelines [20]. Morbidity with
temporary disability was assessed at the individual level, using
ICD-10 for classification. For each outfitter, we completed
an individual data card. Workers included in the study were
required to have at least one year of employment with
the company. Morbidity with temporary disability was assessed
at the Moscow railway node. Ultimately, we processed the morbidity
with temporary disability data of 229 outfitters filing passenger
cars with water, who had at least one year of employment,
for three years.

Statistical processing of the collected information was performed
using the SPSS Statistics 27 package (IBM; USA). We calculated
M, the arithmetic mean, m, the standard error of the mean,
and P, the confidence interval.

RESULTS

For outfitters filling passenger cars with water, a day is divided
into two 12-hour shifts. Their duties include supplying water
to cars from water standpipes at service and intermediary
stations where the consists are compiled and processed.

As a rule, passengers cars are filled with water when being
formed into a consist or otherwise processed on servicing
tracks, which feature cold and hot water piping outlets.
At intermediary stations, water is generally refilled on general
purpose tracks equipped with standpipes.

The outfitter's job involves supplying water from a standpipe
to the car's water tank via a hose.

The outfitter plugs one end of the hose into a special inlet
in the car, connects the other end to the pump, and opens
the valve of the pump to allow water to enter the tank of the car.
When the tank is full, the outfitter closes the pump valve
and disconnects the hose from the pump and the car.

At some stations, each standpipe has its own hose, which
allows the outfitter to skip connecting the hose to the source
of water. The opposite end of the hose (the one for the car)
is fixed in a special clamp on top of the standpipe. This is a proper
arrangement from the hygienic point of view, as it prevents
the penetration of various pollutants into the water. In most
cases, however, the number of connecting hoses is insufficient,
and outfitters have to drag them over considerable distances
between standpipes. Dragged across the surface, the hose
gets contaminated. The average weight of the hose is about
20 kg; dirt and ice can make it 30-40 kg. Therefore, carrying
or dragging a hose is a physically demanding task.

Chronometry (cold weather period) yielded the following
results: filling cars with water is the main activity of outfitters
that takes up 48.4% of their working time on average; they
spend 6.4-8.2% of the working time (mean 7.2%) on hose
movement; and 26.7% of the working time they stand by.

The average time spent on a lunch break is 35 minutes.
There is no designated period of the shift for this break,
the outfitters make it when standing by.

POCCUINCKNIN BECTHUK TUITEHBI | 3, 2026 | RBH.RSMU.PRESS



Table 1. Occupational factors outfitters are exposed to when filling passenger cars

ORIGINAL RESEARCH

with water

. Working conditions class

Occupational factor Standard MPC, MAL Actual value (Guidelines R 2.2.2006-05 [21])
Noise (equivalent sound level), dBA 80 88+0.8 3.2
Lighting
(outdoor work at night), Ix 10 7+01 31
Microclimate
(outdoor work): . . 2-3.4
_ cold season Depend on the climatic zone 5_3.1
— warm season

Physical intensity of labor

— physical dynamic load per shift,
kgm when moving cargo over up to 46 000 48 000 + 3.87 3.1
a distance of more than 5 m
(for males)
— static load, kgf (the amount
of static load per shift when holding
the load, applying effort), involving up to 100 000 115000 + 4.35 3.1
muscles of the body and legs
(for males)
— working position (uncomfortable),
% of shift time up to 25 26+0.4 3.1
— body tilts, number per shift up to 100 120 + 0.84 3.1
— horizontal movement (per shift), km upto 8 10 + 0.08 3.1
Overall assessment of the "physical intensity of labor" indicator 3.2
Biological factor lacking present 3.2

During the filling of passenger cars with water, outfitters
are exposed to adverse occupational factors, including
significant physical exertion, an unfavorable outdoor
microclimate, increased noise from train traffic, and insufficient
artificial lighting at night.

Since outfitters risk bacterial contamination when filling
cars with water, we took prints and swabs of their palmar skin
and overalls seeking to detect E. coli group bacteria.

Table 1 presents the occupational factors the outfitters
are exposed to when filling passenger cars with water.

With all the occupational hazards factored in, the working
conditions of outfitters filling passenger cars with water belongs
to class 3.3 (R 2.2.2006-05) [21].

Adverse working conditions for outfitters filing passenger
cars with water may contribute to the development of various
diseases. The analysis of their health status is based
on the frequency of cases of temporary disability.

Age-wise, this professional group has an even composition
(workers under 25 years old — 18.2%, 26-30 years old —
20.3%, 31-40 years old — 20.3%, 41-50 years old —
27.3%, over 50 years old — 13.9%), except for the subgroup
of 41-50 year-olds, which was slightly more numerous and made
up about one third compared to other age groups.

As for the length of service, the distribution was as follows:
from 1 to 5 years — 32.8%, from 6 to 10 years — 20.7%, from
11 to 20 years — 33.6%, from 20 to 30 years — 12.1%, over
30 years — 0.8%. Thus, most of the outfitters filling passenger
cars with water have been doing this job for 1-5 years
or 11-20 years.

Tables 2 and 3 show the mean annual morbidity with
temporary disability among the outfitters filling passenger
cars with water for three years.

As shown in Table 2, respiratory tract diseases account
for the largest proportion of all cases (49.5%). Skin
and subcutaneous tissue diseases rank second (14.9%),
followed by injuries and poisoning — the third most common
cause of temporary disability (10.8%) — and diseases
of the circulatory system (9.8%).
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Diseases of the respiratory system account for the largest
share of disability days (34.2% of the total), followed by injuries
and poisoning (24.7%). Diseases of the skin and subcutaneous
tissue rank third (14.9%), followed by the diseases of the circulatory
system (10.4%).

The analysis of the data from Table 3, which shows mean
annual morbidity with temporary disability figures per 100 outfitters,
revealed a direct relation to the distribution of the causing
diseases shown in Table 2, with the diseases of the respiratory
system (62.0) ranking first, followed by injuries and poisoning
(18.5), diseases of the circulatory system (12.2), mental disorders
(8.9), diseases of the nervous system (3.5), and diseases of the
digestive system (3.1).

By the number of disability days caused, the first place
belongs to the diseases of the respiratory tract (482.1 days),
second — to injuries and poisonings (348.0 days), third —
to the diseases of the musculoskeletal system (210.9 days),
and fourth — to the circulatory system diseases (146.7
days). The longest temporary disability leaves were registered
for the diseases of the following classes: injuries and poisonings —
25.7 days, diseases of the urogenital system — 19.0 days,
diseases of the digestive system — 16.0 days.

A three-year analysis of the causes of morbidity with temporary
disability among workers who fill passenger cars with water
showed that, in this group, rates were higher than in the industry
overall: the number of cases was 27.8% higher (125.2 vs. 90.4
per 100 employees), and the number of disability days was 29.0%
higher (1409.4 vs. 1000.6 per 100 employees).

DISCUSSION

Railroad car outfitters are an important professional group
within the railway industry that ensures the comfort and safety
of passengers.

Their labor is considered intense, belonging to class 3.2
(R 2.2.2006-05).

High physical loads are combined with an adverse
microclimate, poor lighting, and high noise levels. Researchers
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Table 2. Fraction of mean annual values in the structure of morbidity with temporary disability among outfitters filling passenger cars with water (3-year period)

Cases of disability Disability days
Classes of diseases
in % Rank in % Rank
Diseases of the endocrine system 1.0 IX 1.3 IX
Mental disorders 3.1 Vi 2.7 Vil
Nervous system diseases 2.8 \ 2.9 Vil
Diseases of the circulatory system 9.8 \Y 10.4 \%
Respiratory diseases 49.5 | 34.2 |
Diseases of the digestive system 2.4 Vil 3.5 Vi
Diseases of the genitourinary system 0.8 X 1.2 X
Diseases of the sk|n' 14.9 I 14.9 I
and subcutaneous tissue
Diseases of t'he musculoskeletal system 4.9 v 4. Y
and connective tissue
Injury, poisoning and certain other 10.8 I 247 I
consequences of external causes
Total 100.0 - 100.0 -

have previously established that these factors indeed
affect the work of core categories of the railway industry
workforce [22, 23].

Exposure to biological hazards in the working environment
of outfitters may impair immune function and, under certain
conditions, increase the risk of intestinal infections [24, 25].

These hazards allow attributing the working conditions
of outfitters filling wagons with water to class 3.2 (R 2.2.2006-05),
since there is a risk of infection by contact with E. coli-infested
car equipment and soil surface.

With all the occupational hazards factored in, the working
conditions of outfitters belong to class 3.3 (R 2.2.2006-05).

Harmful working conditions can induce changes
in the cardiovascular and nervous systems and in the musculoskeletal
system, and may lead to serious diseases, including
occupational disorders, as confirmed by numerous authors
[26-34]. Our own findings support this: the average annual
rates of temporary disability among outfitters filling railway
cars with water are significantly higher than the industry-wide
rates for railway transport employees (by 27.8% in terms
of cases and by 29.0% in terms of disability days), mainly due
to respiratory diseases, which account for the largest
proportion of all cases (49.5%), followed by diseases of the skin

and subcutaneous tissue (14.9%), injuries (10.8%), diseases
of the circulatory system (9.8%), and diseases of the musculoskeletal
system and connective tissue (4.9%).

CONCLUSIONS

This study is the first to comprehensively evaluate the work
of the outfitters filling passenger cars with water. We found
that most occupational hazards in this line of work are difficult
to eliminate with current technical means and changes
of the organization of labor. The work itself was found
to be associated with physical exertion, unfavorable
microclimate, poor lighting conditions, loud noise, and bacterial
contamination of the palmar skin and overalls.

A comprehensive evaluation of working conditions for outfitters
filing cars with water, which considered all harmful occupational
factors, resulted in classifying this occupation as heavy work
with an environmental hazard level corresponding to class 3.3
(R 2.2.2006-05).

We observed markedly elevated morbidity leading to temporary
disability among railway transport workers, exceeding industry-
wide rates by 27.8% in number of cases and by 29.0%
in disability days.

Table 3. Mean annual morbidity with temporary disability among oultfitters filing passenger cars with water for three years (per 100 individuals)

Classes of diseases Cases of disability Disability days Single case duration, days
Diseases of the endocrine system 1.3 17.0 13.0
Mental disorders 3.9 37.9 9.6
Nervous system diseases 3.5 41.5 11.8
Diseases of the circulatory system 12.2 146.7 12.0
Respiratory diseases 62.0 482.1 7.7
Diseases of the digestive system 3.1 48.9 16.0
Diseases of the genitourinary system 0.8 16.6 19.0
Diseases of the.skln and 6.1 59.8 97
subcutaneous tissue
Diseases of the mus;ulo§keletal 18.8 210.9 1.2
system and connective tissue
Injury, poisoning and certain other 135 348.0 25.7
consequences of external causes
Total 125.2 1409.4 13.6
industry-wide indicators on railway 90.4 1000.6 111
transport (three years)
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Based on a study of railway carriage outfitters’ work, preventive
measures were developed to improve working conditions,
protect health, prevent diseases and injuries, support
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METHODOLOGICAL APPROACHES TO SUBSTANTIATING QUALITY AND SAFETY STANDARDS FOR VARIOUS
TYPES OF WATER AND SOIL IN POPULATED AREAS USING THE DANIO RERIO BIOLOGICAL MODEL
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Today, environmental pollution with chemicals represents one urgent hygienic problem. In the context of intensification and modernization of the road transport
complex and industrial production the development of methodology for hygienic rationing based on experimental research is relevant. The conventional use of small
rodents (rats, mice) as biological models has a number of ethical, methodological and economic limitations, which necessitates the search for and implementation
of alternative biological models in research practice. Our aim was to substantiate a unified methodological approach to establishing quality and safety standards
for various types of water, except for technical water, and soil in populated areas using the Danio rerio (Hamilton, 1822) biological model. The reported method
integrating existing international and national standards, confirms the possibility of using D. rerio as a valid and highly informative test system in biomedical research.
The approach assumes prompt (1-1.5 months), reliable, cost-effective, humane yielding of results, which is necessary for the scientific substantiation of safety
criteria and hygienic standards.
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METOAMNYECKUE NMOAXOAbl K O60CHOBAHUIO HOPMATNBOB KAHECTBA U BE3OMNMACHOCTHU
PA3J/IM4HbIX BUOOB BOA, U NMO4Bbl HACENNEHHbBIX MECT HA BUOJIOTMYECKOW MOLENN DANIO RERIO

H. B. 3anuesa, M. A. 3emnsHoga, [1. M. KameHcknx ™, E. B. NeckoBa

depepanbHbIA HayYHbIA LEHTP MEeANKO-NPOMUNIaKTUHECKIMX TEXHOMOMIA YNpaBIeH!s prckamin 300POBbIO HaceneHns defepanbHoi Cny»Kobl Mo Haa3opy B cdepe
3alWTbl NpaB noTpeduTenein 1 naronony4yuns Yenoseka, MNepmb, Poccus

B HacTosee Bpems 3arpssHeHrie 0ObEeKTOB Cpeabl OOUTaHMSA XVMUHECKMU BELLECTBaMM NPEACTaBNSAET CODBOM OAHY 13 3HAYUMbIX MUMMEHNHECKIMX NPOBNeM.
B ycnoBusix MHTEHCHUKaLMM 1 MOAEPHU3ALIMM LOPOXKHO-TPAHCMOPTHOIO KOMMJIEKCa 1 MPOMBILLIEHHOO MPOU3BOACTBA aKTyaslbHbIM SIBSIETCS pa3BuTne
METOLOMOMMM MMIMMEHNHECKOTO HOPMUPOBAHMS, OCHOBaHHOW Ha SKCTMEPVMEHTaTbHBIX MCCNefoBaHUSAX. TPaAVLIMOHHOE UCMOMNB30BaHNE B Ka4eCTBE BUONOMMHeCKomn
MOAEMM MENKVIX MPbI3YHOB (KPbIC, MbILLIEV) UMEET Psf, STUHECKMX, METOAONOMMHECKUX 1 SKOHOMUHECKIX OrPaHNYEHII, YTO 00yCNOBMMBAET HEOOXOAMMOCTb MovcKa
1 BHEOPEHNSA anbTepHaTUBHbBIX BMONOrMHECKNX MOAENEN B NCCNefoBaTENbCKYO MPaKTUKy. Llensto paboTsl 66110 060CHOBaTL YHUMULIMPOBAHHDI METOQNYECKIIA
noaxopa, K YCTaHOBMEHMIO HOPMaTVBOB ka4ecTBa 1 6e30MacHOCTN PasNYHbIX BUAOB BOL, KPOME TEXHUHECKOW, 1 MOYBbl HACENEHHbIX MECT Ha B1ONIOrNMHECKON
mogzenv Danio rerio (Hamilton, 1822). [MNpenctaBneHHas MeToayvka, MHTErprpytoLLas CyLLECTBYIOLLIME MEXKAYHAPOAHbIE U HALMOHa bHbIE CTaHAAPTbI, NOATBEP>KAAET
BO3MOXXHOCTb MPUMEHeHNS D. rerio B Ka4ecTBe BaMOHON 1 BbICOKOMH(OPMATUBHOW TECT-CUCTEMbI B BMOMEAVLIMHCKIX nccnegoBanusax. Nogxon npegnonaraet
onepaTtveHoe (1-1,5 Mecsua), 4ocToBepHoe, (hMHAaHCOBO ManosaTpaTHoe, r'yMaHHOe NoslyYeHve pesynsTaTtos, YTO HeobXxoayMMO st HayYHOro 060CHOBaHMIS
KpuTEepreB 6€30MacHOCTY M MMIMEHNHYECKOrO HOPMUPOBAHMS.

KntoyeBble cnoBa: HopM1poBaHe, 6e30MacHOCTb, XMMUYECKIE BELLIECTBA, BoAa, NMoYsa, Danio rerio, 0CTpasi TOKCUYHOCTb, XPOHNYECKas TOKCUHYHOCTb, OTAaIeHHbIe
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Issue of hygienic rationing of new chemical compounds

Pollution of environmental objects (water, soil, atmospheric
air) represents one significant hygienic problem. The road
transport complex intensification and modernization, as well
as the industrial production expansion, lead to the entry of new
chemical compounds into the environment as components
of emissions and discharges. There are no experimentally
verified maximum permissible concentrations (MPCs) and reference
doses for chronic oral intake (RfD) for most such chemicals.
New pollutants actually present in environmental objects can

negatively affect the exposed population health. In this regard,
justification of quality standards (MPC) and safety standards
(RfD) for new chemical compounds is an important aspect
of ensuring the population sanitary and epidemiological well-being.

Justification of MPC and RfD for new substances is based
on the strictly regulated approaches to experimental research
considering the acute, chronic and long-term effects of toxicants.
This approach allows one to determine general patterns
of toxicity of compounds, specific manifestations during long-term
exposure, define the lowest effective (LOEC) and no effective
concentrations (NOEC). Historically, such research involves
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warm-blooded animals, including small rodents (rats, mice),
as biological models [1, 2]. Despite proven effectiveness
and widespread use in scientific research, the use of those
is associated with some limitations. The ethical aspect comes
down to the need to justify the sample size and compliance with
the requirements of humane research, due to the implementation
of invasive procedures, surgical interventions and prolonged
painful treatment of laboratory animals. It is very difficult
to extrapolate the data obtained in small rodent experiments
to the human body due to pronounced interspecies metabolic,
structural, andphysiological differences. An additional
limitation is the significant costs of keeping laboratory animals
in specialized vivariums. These difficulties highlight the need
to search for and implement into research practice a valid
and highly informative biological model characterized by the high
genetic and physiological homology with humans, economic
accessibility, and compliance with ethical standards. In this
context, Danio rerio (Hamilton, 1822), the tropical freshwater
fish, is considered as one of the most promising model
organisms due to a combination of biological, genetic,
and methodological advantages. The D. rerio whole genome
sequencing revealed significant similarities between its genetic
structure and that of humans: 70% of human genes have
orthologs in D. rerio and 82% of D. rerio genes are associated
with human disorders. This determines comparability of the key
biochemical and physiological processes [3-5]. The possibility
of conducting diverse experimental studies within a single
biological system ensures differentiated assessment of various
types of toxic effects (lethal and sublethal). When testing
the effects of toxicants using the D. rerio biological model,
it is possible to simulate the conditions of a real complex exposure
caused by the entry of substances from environmental objects
(water, soil, air). Such an approach reflects the simultaneous
entry of chemicals into the human body through three
pathways: oral, transdermal, and inhalation ones. Similarity
of metabolic profiles of adult D. rerio and humans (the ability
to absorb, oxidize, and excrete metabolites of toxicants) makes
it possible to effectively extrapolate the results to the human
body [6, 7]. Along with the biological and genetic advantages,
the use of D. rerio in experiments is fully consistent with
the provisions of the 3R concept (Replacement, Reduction,
Refinement) that are fundamental for experimental research
[8]. Replacing warm-blooded animals (small rodents) with fish
allows for a significant reduction of the number of mammal
experiments, which simultaneously reduces the ethical burden
of research and reduces the logistical costs associated with
the purchase, maintenance, and disposal of laboratory
animals. High reproductive capacity and a fast life cycle ensure
high statistical significance and promptness of yielding results
(1-1.5 months), thereby ensuring compliance with the reduction
principle [9]. The refinement principle is realized through
the optimization of methods and experimental conditions
aimed at minimizing or completely eliminating pain and stress
effects. Extracorporeal development and optical transparency
of D. rerio embryos enable the real-time noninvasive monitoring
of morphogenesis, and the introduction of chemicals is carried
out by simply adding those to the aquatic environment, which
eliminates injection manipulations [10, 11].

The D. rerio model represents a highly sensitive
and methodologically accessible instrument for studying
the toxicity of new chemicals in both acute and chronic
experiments, which determines its importance for advances
hygienic research [12-14]. The experimental use of D. rerio
is regulated by international guidelines (OECD) and national
standards (GOST). They standardize the key testing parameters,
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such as exposure time, controlled environmental conditions,
fish development stages, and outcome assessment criteria.
At the same time, there is unified stage-by-stage research
methodology, since the existing approaches to rationing use
different experimental protocol, which can lead to discrepancies
in results, decreased objectivity and quality of the MPC
and RfD justification.

Our aim was to provide scientific and methodological
substantiation of the unified integrated approach to establishing
maximum permissible concentrations and reference doses
for chronic oral intake of chemicals using the D. rerio
biological model.

Concept of an integrated methodological approach
to substantiating quality and safety standards
for new chemical compounds

An integrated methodological approach to substantiating quality
and safety standards for various types of water and soil using
the D. rerio biological model represents a multilevel algorithm.
Within its framework, a preparatory stage is consistently
implemented, experimental studies are conducted that involve
determining the parameters of acute and chronic toxicity,
as well as delayed effects, including teratogenic, mutagenic,
and reprotoxic effects during long-term exposure, establishing
the lowest effective (LOEC) and no effective (NOEC)
concentrations for D. rerio to substantiate the MPC
of chemicals in water and soil and RfD for humans during
chronic oral intake (Fig.).

The integrated methodological approach to establishing
MPC and RfD is based on international methods and national
standards: GOST 32428—2013 [15], GOST 32473—2013
[16], GOST 32538—2013 [17], GOST 32541—2013 [18],
GOST 33774—2016 [19], GOST 32368—2013 [20], OECD
Test Guideline No. 229 [21], OECD Test Guideline No. 425 [22],
OECD Test Guideline No. 203 [23], OECD Test Guideline No. 236
[11], OECD Test Guideline No. 210 [24].

Samples (water, soil) are prepared in accordance with
the provisions of current national standards. Soil samples
are collected in accordance with GOST 17.4.3.01—83 [25]
and GOST 17.4.4.02—384 [26], depending on the test substance.
When isolating chemicals from soil, standardized extraction
procedures are used (e.g., obtaining aqueous extracts
or extraction with organic solvents) [27]. Critical parameters
include the solid-to-liquid ratio, duration, and temperature
of extraction. Water sampling is conducted in accordance
with GOST R 59024—2020 [28] regulating the localization
of sampling sites taking into account the hydrological
characteristics of the reservoir or watercourse and the potential
impact of pollution sources. Isolation of test chemicals from
the agueous medium is carried out using sorption (for example,
solid-phase extraction) or liquid-liquid extraction methods,
selected based on the concentration. Special attention is paid
to preventing the loss of volatile compounds by controlling
the temperature regime.

Statistical processing of the experimental study results
is carried out considering the nature of the distribution
of the data set, estimated using the Kolmogorov—
Smirnov test. When random variables of the test indicators
are normally distributed, parametric statistical methods are used
and the following characteristics are calculated: mean (M);
standard error (m), Student’s t-test when assessing significance
of intergroup differences (p < 0.05), Fischer’s exact test
(F > 3.96) when assessing differences in variances,
and the determination coefficient (R?).
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The adaptation (acclimatization) period for adult Danio rerio fish is 14 days under quarantine conditions
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Fig. Integrated methodological approach to substantiating quality and safety standards for various types of water and soil in populated areas using the Danio rerio

biological model

Modeling and evaluation of acute toxicity
at different stages of Danio rerio ontogenesis

A unified integrated approach is implemented from the preparatory
stage. D. rerio fish are kept in quarantine conditions for 14 days,
during which the water hydrochemical parameters
and the laboratory animals’ health status are monitored daily
in accordance with GOST 32473—2013 [16]. After 14 days,
healthy sexually mature fish are randomly selected to form
representative samples that ensure statistical significance
of the results. Inclusion criteria include the fact of having
no external signs of disease (fin damage, corneal clouding, color
changes, scale ruffling), adequate response to external stimuli,
and the fact of showing no abnormal motor activity. Such
selection ensures minimization of false positives associated
with the baseline heterogeneity of experimental groups.

After the adaptation period completion, the first stage
of the study is carried out according to standardized protocols
(OECD Test Guideline No. 203 [23] and GOST 32473—2013
[16]). The study continues for 96 h (adults and embryos) with
an extension of up to 168 h (for embryos) to determine acute
toxic effects. The selection of test substance concentrations
is regulated by the specified standards and is based
on testing to determine the concentration range. It is necessary
to identify the sensitivity threshold and the maximum possible
concentration of a substance during its single administration
in order to rule out the development of negative effects caused

by nonspecific factors. When the appropriate range is obtained,
the exposure ensured using at least five concentrations that
form a geometric progression with a denominator of no more
than 2.2.

Adult animals are exposed to toxicants in the semistatic
mode under controlled conditions in accordance with GOST
32473—2013 [16]. Visual recording of outcomes is performed
3, 6,24, 48, 72, and 96 h from the beginning of the experiment.
The number of dead individuals, the time of death, apparent
behavioral anomalies, and intoxication signs are recorded.
Reliability of the results obtained confirmed by the low
mortality rate in the control group (less than 10%), adherence
to constant experimental conditions, and maintenance of optimal
test concentrations throughout the entire exposure period
in accordance with GOST 32473—2013 [16].

The intact parent stock is the source of embryos required
for assessing the acute toxicity of chemicals. The spawning
procedure is compliant with GOST 32541—2013 [18].
The resulting spawn is treated with a solution of methylene
blue to prevent fungal and bacterial contamination. Then
a visual inspection is carried out to assess the quality of the eggs
and remove unfertilized and damaged eggs. Criteria for selection
of viable fertilized spawn that are compliant with GOST 33774—
2016 [19] include transparency of the chorion, the presence
of a perivitelline space between the egg wall and the embryo,
the onset of cleavage (4—64 blastomere stage), and no signs
of coagulation. According to the above standard, viable spawn
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at the early cleavage stage is transferred using sterile plastic
pipettes into 24-well plates for cultivation and distribution into
experimental groups.

The test concentration range is determined by OECD
Test Guideline No. 236 [11]. Preliminary testing is performed
to justify the concentration range, similar to that used for the acute
toxicity assessment in adult D. rerio.

The mortality of embryos is assessed daily at the same
time (every 24 h) using an inverted microscope. The indicators
are recorded in absolute and relative units based on the presence
of embryo coagulation, non-separation of the tail part from
the yolk sac, absence of somite formation and heartbeat.
The detection of any of the listed signs indicates the embryo
death. In addition, the hatching rate (number of free-swimming
larvage) is recorded in the experimental groups starting from 48 h
of exposure. The experimental results are considered reliable
provided that the total level of fertilized spawn in the batch
is at least 70%, the hatching rate and survival rate of embryos
in the negative control at the end of the 96-h exposure
exceeds 80%, the temperature during incubation of the plates
is maintained at the level of 26 + 1 °C, pH of test solutions
is within the range of 7.5 + 0.5 in accordance with GOST
33774—2016 [19]. An in-depth assessment of toxic effects
of chemical compounds in early D. rerio ontogenesis is carried
out under conditions of a prolonged acute experiment
(up to 168 h) in accordance with the guidelines for assessing
toxicity in the early fish life [19]. Such an approach makes
it possible to register acute lethal and sublethal (delayed)
effects in embryos, prelarvae and larvae (the stage of transition
to exogenous feeding and active swimming).

At the end of the exposure, based on the results
of the concentration-effect (lethality) relationship assessment,
the mean lethal concentration (LC, ) is calculated for adult
animals and embryos using probit analysis [29], which makes
it possible to justify the choice of concentrations for subsequent
experiments to assess chronic toxicity. When no lethality
is reported, the highest concentration tested is taken as LC,.

Modeling and assessment of chronic toxicity
and long-term effects of chemicals

Chronic toxicity is assessed at the second stage of the study.
The test substance concentrations are determined based
on the average lethal concentration values obtained
(LC,,). According to GOST 32538—2013 [17], at least
two concentrations of test substances are selected: 1/100
LC,, and 1/1000 LC,,. D. rerio fish are exposed for 21 days
in accordance with the guidelines [30] considering the D. rerio
species-specific features, and GOST 32428—2013 [15].
Every 24 hours from the start of the experiment, the condition
of the fish is monitored, and the indicators regulated by the state
standard are recorded. The number of dead animals, the time
of death, apparent behavioral anomalies, and signs of intoxication
are recorded.

The assessment of the long-term effects of toxicants
involves assessment of reprotoxic, mutagenic, and teratogenic
effects. The choice of test concentrations is similar to that used
in chronic toxicity assessment.

The study of the toxic effect of compounds on the reproductive
potential of fish is carried out in accordance with the regulated
methodology [21]. The assessment is based on qualitative
and quantitative indicators of the D. rerio reproductive function
state according to GOST 32368—2013 [20].

Quantitative indicators are assessed after spawning.
The spawning and spawn processing procedures comply with
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the requirements of GOST 32541—2013 [18]. After collecting
spawn, a visual inspection is carried out to control quality
and the total number of fertilized and unfertilized eggs
is counted in absolute and relative units (abs./%). Criteria
of viable fertilized spawn are transparency of the chorion,
the presence of a perivitelline space between the egg wall
and the embryo, the onset of cleavage (4-64 blastomere
stage), and no signs of coagulation. Unfertilized and damaged
eggs are removed after counting.

The viable spawn is used to assess teratogenic effects
in accordance with OECD Test No. 236 [11], GOST 33774—
2016 [19], and GOST 32541—2013 [18]. The duration of the study
is 168 h (7 days), embryos and larvae are not exposed
to negative effects.

Every 24 h, lethal effects are recorded using an inverted
microscope according to the criteria specified in GOST
33774—2016 [19] and GOST 32541—2013 [18]: coagulation
(opalescence, turbidity) of the embtyo, no somite formation
(abnormal segmentation), failure of the tail to separate from
the yolk sac, no heartbeat. The detection of any of the listed
signs indicates the death of the embryo. Additionally,
the hatching rate (number of free-swimming larvae) is recorded
starting from 48 h of exposure. Sublethal effects indicating
the presence of a teratogenic effect are assessed according
to the following criteria: the presence of deformation of the chord
and tail section; delayed hatching (starting from 48 h);
early postembryonic (post hatching) lethality; development
of postembryonic edema. Additionally, the presence of combined
morphological anomalies in specific embryos is assessed.
The criteria for normal development of prelarvae in the control
group are complete or almost complete yolk sac resorption,
swim bladder fullness, active locomotion, and no signs of distress.

The experimental results are considered reliable when
these meet the validity criteria: the overall fertilization rate
in the collected batch of spawn is at least 70%, and the embryo
survival rate and hatching rate in the negative control
at the end of the 96-h exposure is at least 80%.

After completion of the 96-h period of recording lethal
effects, monitoring the surviving prelarvae is extended to 168 hours
(7 days) in accordance with GOST 32541—2013. The method
allows for a comprehensive assessment of lethal and sublethal
effects. The cooping environment remains unchanged. Lethal
effects are assessed daily (every 24 h) using an inverted
microscope according to the above criteria. The assessment
of teratogenic effects is completed after 168 h (7 days).

After spawning, fish are euthanized for further assessment
of morphological alterations. According to the international
guidelines on euthanasia of laboratory animals, the methods
used must ensure rapid and irreversible death with minimization
of pain and psycho-emotional stress in animals [31].
In this regard, an anesthetic substance called eugenal (clove oil)
pre-dissolved in 96% ethyl alcohol in a volume ratio of 1 : 9
(1 cm?® of eugenol per 9 cm?® of alcohol) is used. The resulting
solution is added to the water gradually (1 cm?® every 10 min) until
deep anesthesia is achieved. The criteria for the onset of death
are the gill cover motor activity cessation and no response
to external stimuli. After that the fish are dried with filter
paper and weighed with an accuracy of 0.1 g. The samples
obtained are labeled. The gonadal histopathology assessment
(identification of structural abnormalities in the tissues
of the ovaries and testes) is performed. Histological slices
are prepared by conventional methods.

The study and assessment of the mutagenic effect
of chemicals is carried out using a micronucleus test in accordance
with the Guideline (international standard) ISO 21427-1:2006
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[82] representing the generally accepted methodology
for assessment of the aquatic environment genotoxicity,
including using fish as test objects. After 21 days of exposure,
the fish are euthanized in the above manner. Blood is collected
from the caudal artery by amputating the caudal peduncle
distal to the anal fin. One drop of blood (510 L) is immediately
applied to the clean, degreased glass slide and spread
in an even layer. Smears are fixed and dried in air at room
temperature. The fixed smears are May-Grunwald—-Giemsa
stained. In each smear, erythrocytes are examined microscopically
using an immersion lens.

The lowest effective concentration (LOEC) and no effective
concentration (NOEC) of chemicals are determined based
on the chronic toxicity assessment results. These parameters
are used for subsequent justification of MPC in water and soil
and RfD for humans with chronic oral intake.

Benefits of introducing the integrated approach
into the hygienic rationing practice

The reported methodology, which integrates existing approaches
1o assessing acute and chronic toxicity in the D. rerio biological
model into a single algorithm, makes it possible to use
different model organism development stages (adult animals
and embryos). In terms of methods this is different from
the similar study [33], in which toxic properties were
assessed at the embryonic stage only. The simultaneous use
of model organisms at different stages of development allows
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ASSOCIATION OF CORTISOL WITH ANXIETY AND DEPRESSIVE CONDITIONS IN STUDENTS
AT VARIOUS STAGES OF TRAINING
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The students’ cortisol levels reflecting stress are associated with the anxiety and depression manifestations, which is important in terms of the educational process
hygienic optimization. The study aimed to assess the correlation on students’ blood levels of cortisol with anxiety and depressive conditions at various stages
of training. A total of 200 1-year students, who were taught during the academic year 2023-2024, took part in the comparative cross-sectional study. Serum
cortisol levels were determined by enzyme immunoassay (ELISA), and the HADS scale was used to detect anxiety and depressive disorders. Signs of anxiety
depression at training stages were detected in 34.4-43.6% (p = 0.189) and 18.2-24.7% (p = 0.256) of students. In the end of the academic year the share
of clinical form in the structure of anxiety increased by 19.3% and that in the structure of depression increased by 4.3%. The cortisol levels associated with anxiety
were higher in spring, than on autumn — 32.3% (p = 0.001), including 35.3% with subclinical form (p = 0,001), 28.4% with clinical form (o = 0.028); the values
associated with depression were 53.9% higher in spring (p = 0,001), including 55.4% with subclinical form (p = 0.001), 45.6% with clinical form (o = 0.052). There
was no association of cortisol levels with anxiety in autumn (- = 0.07, p = 0.488), there was a moderate positive one in spring (" = 0.51, p = 0.001), including the following:
girls in autumn had r = 0.03, p = 0.771, in spring r = 0.49, p < 0.001, while boys in autumn had r = 0.18, p = 0.296, in spring r = 0.57, p = 0.001, respectively.
A nonlinear log model showed a significant effect of anxiety (F = 16.26, p < 0.001), explaining 7.7 % of variance. The findings are important for the development
of preventive programs focused on stress management in students.
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ACCOLINALINA KOPTU3OJA C TPEBOXXHO-AEMPECCUBHLIMU COCTOAHUAMN Y CTYOEHTOB
HA PASJIN4HbIX 3TAMNAX OBYYEHUA

A. B. Tapacos' =, P. C. PaxmaHos?, C. A. PasrynuH?, H. A. CkobnuHa®, C. B. Kucenes*

! Bantunckuin PegepansHbiil yHUBEPCUTET UMeHM V1. KanTa, KanunmHrpan, Pocceus

2 MPUBOMKCKMIA NCCNEO0BATENBCKUN MEAVLIMHCKIMIA yHUBEPCUTET, HuxkHin Hosropoa, Poccust

3 POCCUNCKMIA HALUMOHABbHBIN UCCNEA0BATENBCKUIN MEAUUMHCKUA yHBEpCKTeT nMeHn H. W, Muporosa, Mockea, Poccust
“ BOPOHEXCKMIA FOCYAAPCTBEHHbIN MEAVLIMHCKIIA YHBEpCUTET MeHn H. H. Bypaerko, BopoHex, Poccuis

OTpaxkaloLLmnii CTPecc YPOBEHb KOPTN30a Y CTYAEHTOB CBS3aH C MPOSIBNEHUAMY TPEBOXHOCTN 1 AENPECCUM, YTO BAXKHO C TOYKN 3PEHNUS MUIMEHNYECKO
onTMMmM3aLmK y4ebHoro npotecca. Llenbto nccnefoBaHyst 66110 OLEHWTb B3aMMOCBSI3b YPOBHS KOPTU30MA B KPOBW CTYAEHTOB C TPEBOXHO-AENPECCUBHbIMM
COCTOSIHMSIMM Ha pasHbix aTanax obyyeHns. B cpaBHUTENBHOM MonepeYHoM 1UccnefoBaHun npuHsanm ydactine 200 cTygeHToB 1-ro kypca, obydaBLumxcs
B 2023-2024 y4ebHOM rofy. YpoBeHb KOPTU30Ma B CbIBOPOTKE KPOBW ONpenensim MeETOAoM UMMYyHOMDEPMEHTHOrO aHanm3aa (VIDA), Ana BbIABNEHNA TPEBOXHO-
[ENPEecCUBHbIX COCTOSIHW 1cnonb3oBan Lkatny HADS. TMpursHaki TpeBorv 1 Aenpeccun no stanam oby4deHns BoiseneHbl y 34,4-43,6% (o = 0,189) n 18,2-24,7%
(0 = 0,256) cTyneHToB. B KOHLE roga obyqeHnst 00N KIMHUHECK BblpaXXeHHON (hopMbl B CTRYKTYPE TPeBOrv yBenmdunack Ha 19,3%, B CTpyKType denpeccun —
Ha 4,3%. lNokagdaTenu KopTM3ona npu TPeBore BECHOW BbIlLE, Yem OceHbto, — Ha 32,3% (p = 0,001), B TOM 4u1cne npu cybknnHmndeckon dopme Ha 35,3%
(o =0,001), Npy KNMHNHECKM BblpaXkeHHOM dhopme Ha 28,4% (p = 0,028); npu fenpeccm BECHOM oHu BbiLe Ha 53,9% (o = 0,001), B TOM 4YiCne Npu CyOKIMHUHECKON
hopme Ha 55,4% (p = 0,001), Npu KNNHUYECKU BblpaxkeHHOW dhopme Ha 45,6% (p = 0,052). Accoumaumst ypoBHSI KOPTM30/a C TPEBOrON OCEHbIO OTCYTCTBYET
(r=0,07, p = 0,488), BecHo OHa ymMepeHHas npamas (r = 0,51, p = 0,001), B Tom uncne y gesylek oceHbto r = 0,03, p = 0,771, BecHon r = 0,49, p < 0,001,
a 'y toHowew ocerbto r = 0,18, p = 0,296, BecHon r = 0,57, p = 0,001 cOOTBETCTBEHHO. HenmHenHas norapudmmnyeckas Mogeb nokasana 3HaumMblin addexT
TpeBoxxHoCcTU (F = 16,26, p < 0,001), obbsicHaoWmMiA 7,7 % aucnepcun. PesynstaTbl MCCNEA0BaHNS UMEIOT 3HaYeHre NS pas3paboTKu NpodhunakTU4ecKmx
nporpamMm, HanpasNeHHbIX Ha yNpaBfieHe CTPECCOBOW Harpy3KOW CTYAEHTOB.

KnioueBble cnosa: CTyeHTbl, OCeHb, BECHa, TPEBOra, Aenpeccus, KOPTU30s, B3aMMOCBA3b
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Modern students experience significant psycho-emotional
stress associated not only with gaining independence
and the educational process specifics, but also with the need
to adapt to new social conditions, as well as the professional
and personal identity development [1, 2]. The transition
to adulthood increases stress: students face high academic
demands, competition, and expectations of success; some have
to combine study with work, live away from family, and arrange
their daily lives [3-6]. The complex influence of factors leads
to the increased mental health vulnerability, contributing
to susceptibility to anxiety disorders, depression, and chronic
stress [7, 8]. Thus, the study of the body's stress responses
is becoming especially important, and data on the prevalence of such
conditions and the factors influencing those become necessary
for the development of adequate preventive measures [9, 10].

The conditions that lead to the development of chronic stress
also negatively affect the body’s physiological parameters,
in particular the of the hypothalamic-pituitary-adrenal (HPA)
axis activity. Cortisol is a key hormonal marker of stress,
reflecting the HPA axis activation and ensuring the body’s
adaptive responses to psycho-emotional stimuli [11]. Studying
the relationship between cortisol levels and manifestations
of anxiety and depression makes it possible to determine
the stress response biological mechanisms, identify groups
at risk, and develop preventive measures to maintain the students’
psycho-emotional and physical health [12].

Previous research suggests that women and men
may respond differently to stressful stimuli, and seasonal
fluctuations affect hormonal levels and psycho-emotional state
[13]. However, the data on the relationship between anxiety,
depression, and cortisol levels in students, considering these
factors, remain limited and contradictory.

The study aimed to assess the correlation between
the student’s blood levels of cortisol and anxiety and depressive
conditions at various stages of training.

METHODS

A comparative cross-sectional study was conducted involving
two independent groups of 1st-year students assessed
in the beginning (autumn, n = 99) and in the end of the academic
year (spring, n = 101). A total of 200 students (140 girls
and 60 boys), whose average age was 19.8 + 0.6 years, took
part in the study. All participants had previously undergone
a medical examination and were in good health. Inclusion
criteria: no earlier diagnosed anxiety or depressive disorder with
the confirmation of belonging to the first or second health group.
Exclusion criteria: the third health group and the diagnosis
of mental disorder. The representative sample was calculated
using the Epi Info software tool (http://www.cdc.gov/epiinfo/)
with the 95% confidence level. The minimum sample size
was 174 subjects, based on the number of 1st-year university
students in the academic year 2023-2024.

No specific assessment of dietary patterns, dietary restrictions,
and physical activity was conducted in the period immediately
preceding the study. To standardize the testing conditions,
blood samples were collected by puncture of the cubital vein
in the fasting state from 8 to 9 a.m. by the nurse at the university
clinic. Serum cortisol levels were determined by enzyme-linked
immunoassay (ELISA; ELISA Test for Quantitative Determination
of Cortisol in Human Serum. Human GmbH, REF 55050;
Germany) with the minimal sensitivity of 2.5 ng/mL. Optical
density was measured using the AMR-100 microplate reader
(Allsheng; China) at a wavelength of 450 nm using an automatic
Bio-Plex Pro Il Wash Station (Bio-Rad; Austria).

The Hospital Anxiety and Depression Scale (HADS)
representing a clinical instrument allowing one to detect
and quantify symptoms of anxiety and depression was used
to assess psycho-emotional state. The method includes two
subscales (each of 7 items) focused on anxiety and depression,
respectively. For each item, the respondent assigns a score ranging
from O to 3 points, after which a total score is calculated
for each subscale (maximum score 2). The results are interpreted
based on three ranges: 0-7 points indicate that there
are no symptoms, 8-10 points correspond to a subclinical
form, and 11 points or higher indicate a clinical form of the disorder.
Thus, HADS provides a differentiated assessment of anxiety
and depression severity, increasing the accuracy of the emotional
state diagnosis [14].

Statistical data processing was performed using the STATISTICA
12.0 software (StatSoft, Inc.; USA). The sample distribution
was tested for normality using the Kolmogorov-Smirnov
test. Mean values were compared using the Student’s t-test
for independent samples, the analysis of share differences
was conducted using the Z-test, and the Spearman’s rank
correlation coefficient was used to assess the correlation
between continuous variables. The differences were considered
significant at p < 0.05. The 95% confidence intervals (95% CI)
were calculated for quantitative indicators.

A general nonlinear log model was constructed using
sigma-restricted parameterization to assess the impact
of psychosocial, biological, and climatic factors on blood
cortisol levels in students. Severity of anxiety and depression
on the HADS scale, gender, season, and the "gender — season"
interaction were included in the model as independent variables.
The model made it possible to assess the contribution of each
factor to the variability of cortisol levels.

RESULTS

Testing showed that the proportion of students with no signs
of anxiety was significantly (1.6 times) higher than the proportion
of students with anxiety symptoms. Among girls, it was 1.4 times
higher than in individuals with anxiety, while among boys,
it was 2.2 times higher. In autumn, the proportion of students
without anxiety was 1.9 times higher, while in spring, there
were no significant differences in the proportional distribution
of individuals having and not having anxiety symptoms. Furthermore,
only in the cohort examined in autumn was the subclinical form
of anxiety encountered 1.8 times more often, than the clinical
form (Table 1).

Among the examined individuals, no signs of depression
were observed 3.7 times more often, than depressive
symptoms. Furthermore, the proportion of individuals with
the subclinical depression form was 2.9 times higher, than
the proportion of individuals with the clinical form. Depression
was diagnosed 4.4 times less often in girls. In individuals with
depression, the subclinical form occurred 4.2 times more
often, than the clinical one. Among boys, the proportion
of individuals without depression was 2.5 times higher, than
that of individuals with depressive symptoms. No significant
differences in the prevalence of depressive symptoms
or the distribution of subclinical and clinical forms between girls
and boys were found. In autumn, the proportion of students
with no signs of depression was 4.5 times higher, than that
of students with depression, while the subclinical form was
reported 3.5 times more often, than the clinical one. In spring,
the proportion of students with no signs of depression
was 3.0 times greater, than the proportion of those with
depressive symptoms. Furthermore, the subclinical form
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Table 1. Structure of student distribution based on the presence of anxiety signs, %

ORIGINAL RESEARCH

including the form
Comparison groups No signs of anxiety Signs of anxiety P
subclinical clinical
1 2 3 4
. p,, <0.001
Sample size 61 39 53.8 46.2 P, =0.336
) p,, =0.008
Girls 57.9 421 55.9 441 P =0197
p, , <0.001
Boys 68.3 31.7 47.4 52.6 pr.=0.988
P 0.163 0.177 0.512 0.536
) p,,=0.393
Spring 56.4 43.6 45.4 54.6 -2
p,,=0.793
p., <0.001
Autumn 65.6 34.4 64.7 35.3 1-2
p,,=0.015
P 0.181 0.189 0.09 0.452

Note: * — significance of differences for groups with various anxiety severity; “* — significance of differences for groups of males and females and for seasons of the year.

occurred 4.0 times more often, than the clinical one. Seasonal
differences in the detection rates of anxiety and depressive
conditions, as well as subclinical and clinical forms, were
non-significant (Table 2).

Cortisol levels were significantly (1.3 times) higher in individuals
with anxiety, than in those without it (o < 0.001); with the subclinical
form, it was 1.3 times higher than in individuals with no signs
of anxiety (p < 0.001), and with the clinical form it was 1.3 times
higher (o < 0.001). There were no differences in levels between
the subclinical and clinical forms.

[t was found that cortisol levels of girls with anxiety were
higher compared to that of girls with no anxiety: by 34.7%.
There were no differences in hormone levels between
the subclinical and clinical forms. An increase in cortisol levels
(by 22.3%) was also observed in boys with anxiety. In cases
of subclinical anxiety, cortisol levels did not differ from those
in the group without anxiety, whereas in individuals with the clinical
form these were significantly higher—by 28.5%. The values did
not differ between the subclinical and clinical forms.

Intergroup differences in blood cortisol levels (between
males and females) were significant only in the group without
signs of anxiety, where boys had higher cortisol levels.
No differences between gender groups were found regarding
the presence of the assessed signs, including in the subclinical
and clinical forms.

In autumn, there were no differences in cortisol levels
between individuals with and without anxiety (including
subclinical and clinical forms). In spring, Students with anxiety
had cortisol levels 56.8% higher, than students without anxiety.
This same ratio was true for both subclinical and clinical anxiety:
cortisol levels exceeded those in the group without anxiety
by 58.5% and 55.5%, respectively. At the same time, seasonal
differences proved to be significant: in autumn, cortisol levels
in the group of students showing no signs of anxiety were
1.1 times higher, than in spring. An opposite trend was observed
in the group of students showing signs of anxiety: cortisol levels
were 1.3 times higher in spring, than in autumn, in individuals
with both subclinical and clinical forms of anxiety (Table 3).

Students with signs of depression had significantly higher
cortisol levels than students without depression (by 24.3%).
In individuals with subclinical depression, the levels were 1.3 times
higher than in those without depression, whereas in cases
of clinical depression, the differences from the group with
no depression were non-significant. The values did not differ
between the subclinical and clinical forms.

Cortisol levels in female students with depression were
significantly higher (by 28.2%), than in those without depression.
In individuals with subclinical depression, these 31.3% higher
compared to that in individuals with no depression, whereas
no differences were reported for the clinical form. Cortisol

Table 2. Structure of student distribution based on the presence of depression signs, %

including the form
Comparison groups No signs of depression Signs of depression p*
subclinical clinical
1 2 3 4

. p,, < 0.001
Sample size 78.5 21.5 74.4 25.6 p.. <0.001
. p, , <0.001
Girls 81.4 18.6 80.8 19.2 Py <0.001
p, , < 0.001
Boys 7.7 28.3 64.7 35.3 P;j ~0.095

P 0.123 0.128 0.912 0.085
. P, , < 0.001
Spring 75.3 24.7 72 18 pr. <0.001
p,, < 0.001
Autumn 81.8 18.2 77.7 22.3 P =0015

P 0.258 0.256 0.675 0.66

Note: * — significance of differences for groups with various depression severity; ** — significance of differences for groups of males and females and for seasons of the year.
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Table 3. Cortisol levels in individuals showing and not showing signs of anxiety, nmol/L, M + ¢ (95% ClI)

including the form
Comparison groups No signs of anxiety Signs of anxiety ou
subclinical clinical
1 2 3 4

P, , <0.001
Girls 316.5 + 14.1 426.5 + 16.8 421.2 +19.4 433.3 +29.5 p,, <0.001
(288.3-344.7) (392.8-460.2) (381.6-460.9) (372.5-494.0) p, , <0.001
p,,=0.724
p,,=0.013
Bovs 365.6 +17.8 447.3 + 26.8 422.3 +43.9 469.7 + 32.7 P, =0.196
4 (329.4-401.7) (390.9-503.6) (320.9-523.7) (395.6-543.7) p,_,=0.011
p, , = 0.393

P 0.04 0.535 0.978 0.488
p,, < 0.001
Sorin 307.9 +19.4 482.9 +17.7 488.1 + 20.1 478.7 + 28.2 p,_, <0.001
pring (269.0-346.8) (447.2-518.7) (446.0-530.3) (420.3-537.0) p,., <0.001
p,, = 0.793
p,, = 0.637
Autumn 355.0 +12.2 365.0 £17.8 360.8 + 21.6 372.8 +32.7 p,,=0.812
(330.6-379.4) (328.7-401.4) (315.9-405.7) (300.7-444.9) p,_, = 0.575
p,, = 0.753

P 0.037 < 0.001 < 0.001 0.028

Note: * — significance of differences for groups with various anxiety severity; ** — significance of differences for groups of males and females and for seasons of the year.

levels did not differ between subclinical and clinical forms
of depression. Differences in the levels of this hormone
in males having and not having depression, including with
various depression severity, were non-significant. There were
no differences in cortisol levels in gender groups.

In autumn, cortisol levels did not differ based on the fact
of having or not having depression; however, in spring, the levels
were significantly higher (by 50.7%) in individuals with depression
compared to those with no depression. The differences
compared to data for subclinical and clinical depression
reached 55.6% and 38.1%, respectively, whereas there were
no differences between the data for the subclinical and clinical
forms. Furthermore, in spring, cortisol levels in individuals with
depression exceeded the levels measured in autumn by 53.9%,
including by 55.4% with the subclinical form (Table 4).

The correlation analysis revealed a significant association
between cortisol levels and the fact of having anxiety: the association
was positive, of moderate strength (rs = 0.33; p < 0.001).
Moderate positive correlations were found in both girls and boys.
No significant correlation was detected in autumn. The most
pronounced association was observed in spring: a moderate-
to-strong, positive association (Table 5). A positive association
was also reported for individuals with depression: a positive
one of moderate strength. The associations were positive,
of moderate strength in the groups of both females and males.
In autumn, there was no significant correlation between cortisol
levels and depressive symptoms; moderate-to-strong, positive
correlation was reported in spring (Table 5).

When constructing a nonlinear regression model to test
the influence of psychosocial and demographic factors on blood
cortisol levels in students, high overall model significance
was determined (F = 214.00, p < 0.001). In general, the model
explained 62.5% of cortisol level variance, and 37.5%
of variance were not taken into account. Anxiety proved
to be the most significant factor: the statistical significance
was achieved for it (F = 16.26, p < 0.001). As for depression,
no significant association with cortisol levels was revealed
(F =0.16, p = 0.691). Gender demonstrated borderline statistical
significance (p = 0.049) and explained 2.0% of cortisol level
variance. Other factors included in the model were non-significant.
However, it should be noted that the model residual variance

turned out to be rather high (SS = 3 031 396.73, MS = 15 625.76),
which suggests that there are unaccounted-for factors
capable of influencing cortisol levels, including dietary habits,
sleep quality, physical activity, chronic stress, and individual
characteristics of HPA axis regulation.

DISCUSSION

The study results demonstrate a complex pattern of correlations
between the students’ psycho-emotional state and cortisol
levels. Thus, in the combined sample, the proportion of individuals
with signs of anxiety was 1.8 times higher than the proportion
of individuals with signs of depression (p < 0.001), including
the proportion of students with subclinical signs of anxiety
was 1.4 times lower than the proportion of students with subclinical
signs of depression (p = 0.026), and the proportion of students
with clinical signs of anxiety was 1.8 times higher than
the proportion of students with clinical signs of depression
(o = 0.027). The average HADS scores were significantly higher
in spring, than in autumn: 1.1 times higher for anxiety nokasa-
Tenb (p = 0.040), 1.2 times higher for depression (p = 0.031).

Cortisol levels were higher in individuals showing signs
of anxiety, than in those showing signs of depression. A significant
positive correlation and a significant contribution to the model's
variance indicated that students with higher anxiety levels had
elevated stress hormone levels. These data confirm the results
of previous studies, in which a strong correlation between
the depression severity and the HPA axis activation was reported
[15, 16].

In contrast to anxiety, depression did not have a significant
effect on cortisol levels within the nonlinear model, although
correlation analysis showed moderate positive associations.
This suggests that in healthy students, mild and subclinical
manifestations of depression may not lead to pronounced HPA
axis activation. This finding is consistent with other research
results, according to which subclinical depressive symptoms
showed a weak correlation with the cortisol concentration [17].

Data on the prevalence of anxiety among the students
in the studied cohort confirm that anxiety symptoms are more
common in the student population, than depressive symptoms
[18]. Seasonal differences reflected by the fact that average
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Table 4. Cortisol levels in individuals showing and not showing signs of depression, nmol/L, M + ¢ (95% ClI)

ORIGINAL RESEARCH

including the form
Comparison groups No signs of depression Signs of depression foul
subclinical clinical
1 2 3 4
p,_, = 0.001
Girls 344.7 + 12.4 4423 +27.2 452.5 + 32.1 399.5 +43.8 p,_, = 0.001
(320.1-369.4) (386.1-498.4) (385.5-519.5) (277.8-521.2) p,_, = 0.365
p,_, = 0.455
p,, =0.085
Bovs 3746 + 175 434.0 + 30.9 440.7 + 441 421.7 + 38.3 p,,=0.108
4 (339.3-401.7) (368.5-499.5) (342.3-539.0) (323.1-520.3) p,,=0.114
p, , =0.850
P 0.195 0.844 0.688 0.71

p,_, < 0.001
Sorin 341.3+17.6 514.4 +19.5 531.2+25.8 4713 +12.9 P, , <0.001
pring (306.2-376.4) (474.0-554.8) (476.6-585.8) (439.7-502.3) p, , <0.028
p,,=0.174
p,,=0.258
Autumn 363.8 + 11.1 3342 +17.8 341.9 + 23.8 323.8 + 60.0 p, ,=0.458
(341.8-385.9) (283.9-384.5) (277.5-406.3) (132.5-515.0) p, ,=0.439
p, ,=0.780

P 0.274 < 0.001 < 0.001 0.052

Note: *— significance of differences for groups with various depression severity; ** — significance of differences for groups of males and females and for seasons of the year.

anxiety and depression severity was higher in spring, than
in autumn, which was probably due to academic workload
and stressful events of the academic year, as well as general
seasonal factors affecting emotional well-being [19].

Cortisol levels in students with anxiety were significantly
higher than in those without it. This effect was reported
for both subclinical and clinical anxiety forms. In girls, anxiety
was associated by a similar rise in cortisol levels in both
forms, whereas in boys, a significant increase was reported
only in cases of clinical anxiety. Seasonal analysis showed
that differences between the groups with and without anxiety
were more pronounced in spring, than the autumn, which
was consistent with the correlation analysis data: there was

a positive correlation (moderate-to-strong) in spring, whereas
no significant correlation was observed in autumn. These
findings are in line with the data of previous studies, in which
elevated cortisol levels were observed in students and young
adults under conditions of anxiety and stress [20].

In the context of depression, cortisol levels in students
with the subclinical form were higher compared to the group
without depression. There were no gender differences in the groups
with depression. Seasonality was evident only in spring,
when the correlation was moderate and significant, whereas
no association was observed in autumn. The findings are consistent
with the results of the earlier study, in which a correlation between
symptoms of depression and anxiety and the characteristics

Table 5. Characteristics of correlations between the students’ blood cortisol levels and the signs of anxiety and depression

Comparison groups Spearman’s rank correlation coefficient, rs Correlation strength and direction Significance, p
Anxiety
Total sample 0.33 Moderate positive < 0.001
Girls 0.35 Moderate positive < 0.001
Boys 0.37 Moderate positive 0.003
Spring 0.51 Moderate positive < 0.001
Autumn 0.07 No 0.488
Girls spring 0.49 Moderate positive < 0.001
Boys spring 0.57 Moderate positive 0.001
Girls autumn 0.03 No 0.771
Boys autumn 0.18 No 0.296
Depression
Total sample 0.25 Moderate positive < 0.001
Girls 0.22 Moderate positive 0.007
Boys 0.30 Moderate positive 0.016
Spring 0.45 Moderate positive < 0.001
Autumn 0.02 No 0.180
Girls spring 0.39 Moderate positive < 0.001
Boys spring 0.62 Moderate positive < 0.001
Girls autumn 0.08 No 0.509
Boys autumn 0.03 No 0.841
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of the cortisol response to stressful situations was identified
in young people, even in those having no clinical diagnosis [21].

The nonlinear model confirmed the findings of the correlation
analysis: anxiety was the most significant predictor of cortisol
levels, while the gender factor showed borderline significance.
Furthermore, the residual variance was 37.5%, which suggested
that there were additional factors, not included in the analysis,
such as dietary habits, chronic stress, sleep quality, physical
activity, and individual features of the HPA axis regulation.
These findings are in line with the reported data showing that
physiological stress responses in students, including the HPA
axis activation and elevated cortisol levels, were associated
with emotional and psychological manifestations of stress,
such as anxiety and depression, particularly in the context
of academic demands [22].

Thus, the results obtained demonstrate that the students’
cortisol levels are strongly associated with the anxiety severity
and are less dependent on depression. Despite the fact that
the cortisol level increase absolute values were within the reference
ranges, these provided important information. Cortisol has a systemic
effect on the body: it intensifies catabolic processes associated
with the increased consumption of proteins, fat, vitamins,
and minerals. This can deplete energy resources and reduce
the body's adaptive capabilities [23]. Long-term adverse
changes may manifest as the muscle mass loss, the development
of osteoporosis, visceral fat accumulation, and the increased

References

1. Shestera AA, Trankovskaya LV, Kaptsov VA, Nagirnaya LN.
Sovremennaya kharakteristika sostoyaniya zdorov'ya studentov
vysshikh uchebnykh zavedenij i faktorov, ego formiruyushchikh
(obzor literatury). Gigiena i sanitariya. 2024; 11 (103): 1361-7
(in Rus.). DOI: 10.47470/0016-9900-2024-103-11-1361-1367.

2. LiW, Zhao Z, Chen D, Peng Y, Lu Z. Prevalence and associated
factors of depression and anxiety symptoms among college
students: a systematic review and meta-analysis. J Child Psychol
Psychiatry. 2022; 63 (11): 1222-30. DOI: 10.1111/jcpp.13606.

3.  Ramon-Arbués E, Gea-Caballero V, Granada-Lépez JM, Juéarez-
Vela R, Pellicer-Garcia B, Antédn-Solanas |. The prevalence
of depression, anxiety and stress and their associated factors
in college students. Int J Environ Res Public Health. 2020; 17 (19):
7001. DOI: 10.3390/ijerph17197001.

4. Paiva U, Cortese S, Flor M, Moncada-Parra A, Lecumberri A,
Eudave L, et al. Prevalence of mental disorder symptoms among
university students: An umbrella review. Neurosci Biobehav Rev.
2025; 175: 106244. DOI: 10.1016/j.neubiorev.2025.106244.

5. Tarasov AV, Rakhmanov RS, Bogomolova ES, Skoblina NA, lvanova S,
Sukhikh SA, et al. Study of the effects of a diet with functional foods
on the adaptogenicity of first-year students to the student lifestyle.
Sustainability. 2023; 15 (12): 9594. DOI: 10.3390/su15129594.

6. Timofeev DA, Sazanova GYu, Tsvigajlo MA, Vlasova MV, Dolgova EM.
Vysokij uroven' trevozhnosti kak znachimyj faktor riska v otsenke
zdorov'ya i sotsial'nogo samochuvstviya studentov meditsinskogo
universiteta. Problemy sotsial'noj gigieny, zdravookhraneniya i istorii
meditsiny. 2023; 31 (6): 1390-5 (in Rus.). DOI: 10.32687/0869-
866X-2023-31-6-1390-1395.

7. Quan L, Lu W, Zhen R, Zhou X. Post-traumatic stress disorders,
anxiety, and depression in college students during the COVID-19
pandemic: a cross-sectional study. BMC Psychiatry. 2023; 23 (1):
228. DOI: 10.1186/512888-023-04660-9.

8. Haruna U, Mohammed AR, Braimah M. Understanding the
burden of depression, anxiety and stress among first-year
undergraduate students. BMC Psychiatry. 2025; 25 (1): 632. DOI:
10.1186/512888-025-07069-8.

9.  Al-Garni AM, Shati AA, Aimonawar NA, Alamri GM, Alasmre LA,
Saad TN, et al. Prevalence of depression, anxiety, and stress

risk of cardiovascular disease, effects on the immune, reproductive,
and nervous systems, cognitive decline, and emotional
instability [24-28].

In the university settings, preventive work may include
the early detection of anxiety signs, the optimization of work-
rest regime, and measures to reduce stress. The reported
strengthening of the association between anxiety and cortisol
levels in spring indicates the feasibility of closer monitoring
of students' psycho-emotional state during periods of increased
academic workload. Preventive measures in the university
settings may include the early detection of anxiety signs,
psychological support for students, the work-rest regime
optimization, and measures to reduce stress.

CONCLUSIONS

Signs of anxiety were detected more often than signs of depression
among 1s-year students, with no significant seasonal differences
in their prevalence. In spring, cortisol levels associated with anxiety
and depression were higher, than in autumn, and the association
between cortisol and anxiety and depressive symptoms
was more pronounced. The most significant correlation
reported was between cortisol levels and anxiety, as confirmed
by the nonlinear model results. The obtained data justify
the importance of early detection of anxiety states and the reduction
of stress among students, particularly at the end of the academic year.

among students enrolled at King Khalid University: a cross-
sectional study. BMC Public Health. 2025; 25 (1): 354. DOI:
10.1186/512889-025-21277-7.

10. Vrabkova I, Varikova I. Analysis of university students' perception
of mental health. BMC Public Health. 2025; 25 (1): 3868. DOI:
10.1186/512889-025-25213-7.

11. Nijakowski K, Gruszczynski D, Laganowski K, Furmanczak J,
Brozek A, Nowicki M, et al. Salivary morning cortisol as a potential
predictor for high academic stress level in dental students:
A preliminary study. Int J Environ Res Public Health. 2022; 19 (5):
3132. DOI: 10.3390/ijerph19053132.

12. Vojtovich AA. Analiz povedencheskikh riskov u podrostkov
s ogranichennymi vozmozhnostyami zdorov'ya, imeyushchikh
razlichnye urovni trevozhnosti. Rossijskij mediko-biologicheskij
vestnik imeni akademika I. P. Pavlova. 2019; 27 (4): 468-74
(in Rus.). DOI: 10.23888/PAVLOVJ2019274468-474.

13. Spiliak B, Vilibi¢ M, Glavina A, Crnkovi¢ M, Seserko A, Lugovi¢-
Mihi¢ L. A review of psychological stress among students
and its assessment using salivary biomarkers. Behav Sci (Basel).
2022; 12 (10): 400. DOI: 10.3390/bs12100400.

14. Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983; 67 (6): 361-70. DOI:
10.1111/].1600-0447.1983.tb09716.x.

15. Nagane M, Oyama Y, Tamalu F, Miwa N. Salivary cortisol as a marker
for assessing the problem-focused coping style of stressed
students during the first year of university: An experimental study.
Health Sci Rep. 2023; 6 (6): 1280. DOI: 10.1002/hsr2.1280.

16. Hakeem MK, Sallabi S, Ahmed R, Hamdan H, Mameri A, Alkaabi M,
et al. A dual biomarker approach to stress: hair and salivary
cortisol measurement in students via LC-MS/MS. Anal Sci Adv.
2025; 6 (1): 70003. DOI: 10.1002/ansa.70008.

17. Suh M. Salivary cortisol profile under different stressful
situations in female college students: moderating role of anxiety
and sleep. J Neurosci Nurs. 2018; 50 (5): 279-85. DOI:
10.1097/JNN.0000000000000394.

18. Ballestar-Tarin ML, Ibafez-Del Valle V, Mafla-Espafia MA,
Navarro-Martinez R, Cauli O. Salivary brain-derived neurotrophic
factor and cortisol associated with psychological alterations

POCCUNCKNIN BECTHUK TUITMEHBI | 3, 2026 | RBH.RSMU.PRESS



ORIGINAL RESEARCH

19.

20.

21.

22.

in university students. Diagnostics (Basel). 2024; 14 (4): 447. DOI:
10.3390/diagnostics 14040447

Jiang BC, Zhang J, Yang M, Yang HD, Zhang XB. Prevalence and
risk factors of depressive and anxiety symptoms and functional
constipation among university students in Eastern China. World J
Psychiatry. 2025; 15 (6): 106451. DOI: 10.5498/wjp.v15.i6.106451.
Modzelewski S, Naumowicz M, Suprunowicz M, Oracz AJ,
Waszkiewicz N. The impact of seasonality on mental health
disorders: A narrative review and extension of the immunoseasonal
theory. J Clin Med. 2025; 14 (4): 1119. DOI: 10.3390/jcm14041119.
Fiksdal A, Hanlin L, Kuras Y, Gianferante D, Chen X, Thoma MV,
et al. Associations between symptoms of depression and
anxiety and cortisol responses to and recovery from acute
stress. Psychoneuroendocrinology. 2019; 102: 44-52. DOl:
10.1016/j.psyneuen.2018.11.035.

Mendes SS, Martino MMF, Borghi F, Rocha-Teles CM,
Souza AL, Grassi-Kassisse DM. Psychological stress factors
and salivary cortisol in nursing students throughout their
training. Rev Esc Enferm USP. 2022; 56: 20220078. DOI:
10.1590/1980-220X-REEUSP-2022-0078en.

Jutepatypa

1.

10.

11.

RUSSIAN BULLETIN OF HYGIENE | 3, 2026 | RBH.RSMU.PRESS

LLlectepa A. A., TpaHkosckas J1. B., Kanuos B. A., Harvpras J1. H.
CoBpeMeHHas xapakTepyrCTKa COCTOSIHMS 300POBbS CTYAEHTOB
BbICLUMX y4ebHbIX 3aBefeHuin 1 (HakTopoB, ero hopMUPYOLLIX
(0630p nuTepaTtypsbl). [MrveHa n caHntapusa. 2024; 11 (103):
1361-7. DOI: 10.47470/0016-9900-2024-103-11-1361-1367.

Li W, Zhao Z, Chen D, Peng Y, Lu Z. Prevalence and associated
factors of depression and anxiety symptoms among college
students: a systematic review and meta-analysis. J Child Psychol
Psychiatry. 2022; 63 (11): 1222-30. DOI: 10.1111/jcpp.13606.
Ramon-Arbués E, Gea-Caballero V, Granada-Lépez JM, Juarez-
Vela R, Pellicer-Garcia B, Antén-Solanas I. The prevalence
of depression, anxiety and stress and their associated factors
in college students. Int J Environ Res Public Health. 2020; 17 (19):
7001. DOI: 10.3390/ijerph17197001.

Paiva U, Cortese S, Flor M, Moncada-Parra A, Lecumberri A,
Eudave L, et al. Prevalence of mental disorder symptoms among
university students: An umbrella review. Neurosci Biobehav Rev.
2025; 175: 106244. DOI: 10.1016/j.neubiorev.2025.106244.
Tarasov AV, Rakhmanov RS, Bogomolova ES, Skoblina NA, lvanova S,
Sukhikh SA, et al. Study of the effects of a diet with functional foods
on the adaptogenicity of first-year students to the student lifestyle.
Sustainability. 2023; 15 (12): 9594. DOI: 10.3390/su15129594.
Tumodbees L. A., CazaHoga I'. 0., Lipuranno M. A., Bnacosa M. B,,
[onroea E. M. BbICOKMIN ypOBEHb TPEBOXKHOCTUN KaK 3HAYMMbIN
(haKTop prcKa B OLIEHKE 3[0POBbSt U COLMAITIBHOMO CaMO4yBCTBYSA
CTY[EHTOB MEOMLMHCKOrO yHMBEpcuTeTa. 1pobnemMbl CoLmansHON
FUrVeHbl, 30paBOOXPaHeHNs 1 nctopuy megnumnHel. 2023; 31 (6):
1390-5. DOI: 10.32687/0869-866X-2023-31-6-1390-1395.
Quan L, Lu W, Zhen R, Zhou X. Post-traumatic stress disorders,
anxiety, and depression in college students during the COVID-19
pandemic: a cross-sectional study. BMC Psychiatry. 2023; 23 (1):
228. DOI: 10.1186/512888-023-04660-9.

Haruna U, Mohammed AR, Braimah M. Understanding the
burden of depression, anxiety and stress among first-year
undergraduate students. BMC Psychiatry. 2025; 25 (1): 632. DOI:
10.1186/512888-025-07069-8.

Al-Garni AM, Shati AA, Aimonawar NA, Alamri GM, Alasmre LA,
Saad TN, et al. Prevalence of depression, anxiety, and stress
among students enrolled at King Khalid University: a cross-
sectional study. BMC Public Health. 2025; 25 (1): 354. DOI:
10.1186/512889-025-21277-7.

Vrabkova |, Vaikova |. Analysis of university students' perception
of mental health. BMC Public Health. 2025; 25 (1): 3868. DOI:
10.1186/512889-025-25213-7.

Nijakowski K, Gruszczynski D, taganowski K, Furmanczak J,
Brozek A, Nowicki M, et al. Salivary morning cortisol as a potential
predictor for high academic stress level in dental students:

23.

24.

25.

26.

27.

28.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kaur J, Gandhi J, Sharma S. Physiology, Cortisol. [Updated 2025
Dec 1]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing, 2026. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK538239/.

Mazgelyté E, Kartiauskaiteé D. Cortisol in metabolic syndrome. Adv
Clin Chem. 2024; 123: 129-56. DOI: 10.1016/bs.acc.2024.06.008.
Alotiby A. Immunology of stress: A review article. J Clin Med.
2024; 13 (21): 6394. DOI: 10.3390/jcm13216394.

Oo WY, Lim CL, Goh MH, Koh RY. Serum cortisol and cardiovascular
disease risk — a potential biomarker. Curr Cardiol Rev. 2025; 21
(8): €1573403X328499. DOI: 10.2174/011573403X3284992411
06064553.

George MY, Abdel Mageed SS, Mansour DE, Fawzi SF. The cortisol
axis and psychiatric disorders: an updated review. Pharmacol Rep.
2025; 77 (6): 1573-99. DOI: 10.1007/s43440-025-00782-x.

Zhu J, Zhou S, Jiang M, Wang W, Yan J. Impact of mild
cortisol excess on osteoporosis and the mediating role
of sarcopenia-related traits: A Mendelian randomization
study. Medicine (Baltimore). 2025; 104 (35): e44153. DOI:
10.1097/MD.0000000000044153.

A preliminary study. Int J Environ Res Public Health. 2022; 19 (5):
3132. DOI: 10.3390/ijerph19053132.

BontoBnd A. A. AHanmM3 NoBedEHYECKUX PUCKOB Y MOAPOCTKOB
C OrpaHV4eHHbIML BO3MOXXHOCTAMM 3[40POBbS, UMEIOLLMX
pasfnYHble YPOBHWU TPEBOXHOCTU. Poccuickuii meamko-
Ononorn4ecknin BeCTHUK MMeHn akagemuka W. T1. Masnosa.
2019; 27 (4): 468-74. DOI: 10.23888/PAVLOVJ2019274468-474.
Spiliak B, Vilibi¢ M, Glavina A, Crnkovi¢ M, Seserko A, Lugovié-
Mihi¢ L. A review of psychological stress among students
and its assessment using salivary biomarkers. Behav Sci (Basel).
2022; 12 (10): 400. DOI: 10.3390/bs12100400.

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983; 67 (6): 361-70. DOI:
10.1111/j.1600-0447.1983.tb09716.x.

Nagane M, Oyama Y, Tamalu F, Miwa N. Salivary cortisol as a marker
for assessing the problem-focused coping style of stressed
students during the first year of university: An experimental study.
Health Sci Rep. 2023; 6 (6): 1280. DOI: 10.1002/hsr2.1280.
Hakeem MK, Sallabi S, Ahmed R, Hamdan H, Mameri A, Alkaabi M,
et al. A dual biomarker approach to stress: hair and salivary
cortisol measurement in students via LC-MS/MS. Anal Sci Adv.
2025; 6 (1): 70003. DOI: 10.1002/ansa.70003.

Suh M. Salivary cortisol profile under different stressful
situations in female college students: moderating role of anxiety
and sleep. J Neurosci Nurs. 2018; 50 (5): 279-85. DOI:
10.1097/JNN.0000000000000394.

Ballestar-Tarin ML, Ibafez-Del Valle V, Mafla-Espafia MA,
Navarro-Martinez R, Cauli O. Salivary brain-derived neurotrophic
factor and cortisol associated with psychological alterations
in university students. Diagnostics (Basel). 2024; 14 (4): 447. DOI:
10.3390/diagnostics14040447.

Jiang BC, Zhang J, Yang M, Yang HD, Zhang XB. Prevalence and
risk factors of depressive and anxiety symptoms and functional
constipation among university students in Eastern China. World J
Psychiatry. 2025; 15 (6): 106451. DOI: 10.5498/wjp.v15.i6.106451.
Modzelewski S, Naumowicz M, Suprunowicz M, Oracz AJ,
Waszkiewicz N. The impact of seasonality on mental health
disorders: A narrative review and extension of the immunoseasonal
theory. J Clin Med. 2025; 14 (4): 1119. DOI: 10.3390/jicm14041119.
Fiksdal A, Hanlin L, Kuras Y, Gianferante D, Chen X, Thoma MV,
et al. Associations between symptoms of depression and
anxiety and cortisol responses to and recovery from acute
stress. Psychoneuroendocrinology. 2019; 102: 44-52. DOI:
10.1016/j.psyneuen.2018.11.035.

Mendes SS, Martino MMF, Borghi F, Rocha-Teles CM,
Souza AL, Grassi-Kassisse DM. Psychological stress factors
and salivary cortisol in nursing students throughout their



23.

24.

25.

OPUTMHAJIbHOE MCCJIEQJOBAHNE

training. Rev Esc Enferm USP. 2022; 56: 20220078. DOI:
10.1590/1980-220X-REEUSP-2022-0078en.

Kaur J, Gandhi J, Sharma S. Physiology, Cortisol. [Updated 2025
Dec 1]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing, 2026. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK538239/.

Mazgelyté E, Karciauskaité D. Cortisol in metabolic syndrome. Adv
Clin Chem. 2024; 123: 129-56. DOI: 10.1016/bs.acc.2024.06.008.
Alotiby A. Immunology of stress: A review article. J Clin Med.
2024; 13 (21): 6394. DOI: 10.3390/jcm13216394.

26.

27.

28.

Oo WJ, Lim CL, Goh MH, Koh RY. Serum cortisol and cardiovascular
disease risk — a potential biomarker. Curr Cardiol Rev. 2025; 21 (3):
e1573403X328499. DOI: 10.2174/011573403X328499241106064553.
George MY, Abdel Mageed SS, Mansour DE, Fawzi SF. The cortisol
axis and psychiatric disorders: an updated review. Pharmacol Rep.
2025; 77 (6): 1573-99. DOI: 10.1007/s43440-025-00782-x.

Zhu J, Zhou S, Jiang M, Wang W, Yan J. Impact of mild cortisol
excess on osteoporosis and the mediating role of sarcopenia-related
traits: A Mendelian randomization study. Medicine (Baltimore). 2025;
104 (35): e44153. DOI: 10.1097/MD.0000000000044153.

POCCUNCKNIN BECTHUK TUITMEHBI | 3, 2026 | RBH.RSMU.PRESS



OPINION

METHODOLOGICAL ASPECTS OF THE HYGIENIC REGULATION OF IONIZING RADIATION
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Technologies based on ionizing radiation (IR) are used in many areas of human activity, ranging from nuclear energy and national defense to medical diagnosis
and therapy. Consequently, the hygienic assessment of the effects of IR is a scientifically and practically important interdisciplinary problem. This study aimed
to analyze the challenges encountered and the approaches used to assess the radiation dose—effect relationship, thereby substantiating the need to harmonize
radiation safety standards (RSS) at the current stage and highlighting the central role of evidence-based and preventive medicine in this field. We reviewed,
researched, and analyzed IAEA's "Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards" and Russian SanPiN (sanitary norms
and regulations) documentation, dose-related recommendations issued by the Russian Ministry of Health between 2020 and 2025, radiation therapy software
solutions, and training manuals and clinical practice guidelines. The effort revealed a discrepancy between national, departmental, and international standards, dose
tiers, and units of measurement. In some professions, such as piloting and spaceflight, occupational exposure to ionizing radiation exceeds the natural terrestrial
background level by tens or even hundreds of times. The radiation-therapy doses specified in the Russian Ministry of Health’s clinical recommendations differ
by as much as tenfold across anatomical sites. There is a shortage of educational software designed to teach radiation therapy treatment planning. The authors
translated three textbooks published by the IAEA and WHO into Russian and made these freely available. The following measures were identified as feasible
and advisable: organizing interdepartmental cooperation on the development and approval of new RSS, taking into account current Russian and international
practices; verifying radiotherapy dose recommendations in clinical guidelines; aligning dose categories for specific professions and harmonizing methods for assessing
occupational radiation risks; and supplementing university curricula with radiotherapy-planning software, as well as WHO and IAEA textbooks and guidelines.
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METOANYECKUE ACMEKTbl FTMTMEHUYECKOIO HOPMUPOBAHUA NOHU3UPYIOLLIMX U3NTYHEHUI
A. J1. EpemuH'=, H. M. BoratoB', H. E. beit', B. A. BapaHos?, A. B. KneHesckuin®, T. C. Jaxy»xxes*

! KybaHcKkuin rocynapCTBeHHbIn yHBepcuTeT, KpacHogap, Poccus

2 Ynpasnerune PocrnoTpebHaazopa no KpacHogapckomy kpato, KpacHopap, Poccus

8 KnuHnyeckmin oHkonorndeckuin aucnancep Ne 1, KpacHogap, Poccus

4 AfbIrecKIin PecrnyBaMKaHCKIUN KNVHMYECKINIA OHKOMOrM4eCKmniA aycnaHcep uvern M. X. Awxamada, Maiikon, Poccus

TexHONornn Ha OCHOBE VMOHM3MPYIOLLMX 13M1yHeHnid () MPpOHMKM BO MHOMME Cdepbl HYenOBEHECKON AEATENBHOCTN — OT aTOMHOWN 9HEPreTUKM 1 OGOPOHHBIX
KOMMMIEKCOB A0 MEANLIMHCKOM AMarHOCTUKK 1 Tepanin, 4To Aenaet npobremMy rrmeHUYecko OLEeHKM BO3AencTems I MexaucumnanHapHo 1 CoXpaHsitoLLemn
BbICOKYIO Hay4HO-MPaKTUHECKYIO 3HAYMMOCTb. Llenbto paboTsl b0 NpoaHanManpoBaTte NpobnemMbl 1 NOAXOAb! K BEPUMULIMPOBAHHON OLEHKE BAMSIHS «[03a—
ahpexT» husmyeckoro daktopa N ana 06ocHOBaHWS LiIenecoobpasHOCTV YHUMDUKALMN Ha COBPEMEHHOM 3Tane HOPM paamaunoHHon 6esonacHocTy (HPB)
1 MNepaTviBa [oKasaTerbHOM 1 MpotnnakTUHeckor MeayuviHbl. MNpoaHanmanposaHb! nydnvkawwn HPBE MAFATS v CanlH, fosbl No KIMHUHECKM PEKOMEHAALNAM
MuHagpasa Poccun 2020-2025 rT., psif KOMMNbIOTEPHbIX CUCTEM [03VMETPUHYECKOrO MlaHNPOBaHWS, y4ebHble Nocobus 1 nocobus ana cneunannctos. Viveet
MECTO HECOOTBETCTBIE HALWMOHANBHbIX, BEAOMCTBEHHbIX, MEXAYHAPOAHbIX HOPM, 403, €AVHNL, M3MePeHit. JTioan HEKOTOPbIX MPOMECCUI (METHMKM, KOCMOHaBTbI)
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lonizing radiation (IR), discovered during the nineteenth
and twentieth centuries, has been extensively studied and applied
throughout the twentieth and twenty-first centuries. Dosimetry
systems have been developed for a wide range of settings,
including industrial, environmental, and space environments,
while dose—effect relationships have been established through
evidence-based medical research. IR-based technologies
are widely used in key areas of human activity, including nuclear
energy, national defense, medical diagnostics and therapy, basic
scientific research, and radiation therapy involving cyclotrons
and synchrotrons. Therefore, the hygienic assessment
of the effects of IR constitutes an interdisciplinary problem
of substantial scientific and practical importance. According
to the WHO (2023), more than 4.2 billion diagnostic radiology
examinations, 40 million nuclear medicine procedures,
and 8.5 million radiotherapy treatments are performed
worldwide each year. "Physicist expert in the control of ionizing
and non-ionizing radiation sources" and "medical physicist"
are occupations included in the list approved by an order
of the Russian Ministry of Health issued in 2023 [1]. The requirements
include higher education and a specialist or master’'s degree
in medical physics. However, effective radiation control
requires harmonized and approved standards, including
maximum permissible levels (MPLs) for ionizing radiation
and maximum permissible doses (MPDs). To ensure effective
and safe radiotherapy, single boost doses (SBDs) and total boost
doses (TBDs) should also be clearly defined. At the international
level, efforts to harmonize standards across departments have
led to the transfer of responsibility from several specialized
organizations within the UN system to the IAEA, which
coordinates, synthesizes, and publishes work on this topic
in cooperation with the WHO [2]. In Russia, radiation safety
standards (RSS) are traditionally approved by Rospotrebnadzor.

This study aimed to analyze the challenges encountered
and the approaches used to assess the radiation dose—effect
relationship, thereby substantiating the need to harmonize radiation
safety standards (RSS) at the current stage and highlighting
the central role of evidence-based and preventive medicine
in this field.

Materials and methods

We compared international and Russian regulatory frameworks,
including the IAEA Safety Standards and SanPiN, regulatory
enforcement practices, clinical dose recommendations issued
by the Russian Ministry of Health between 2020 and 2025,
several radiotherapy software solutions, training manuals,
and practical guides.

The evolution of IR units of measurement and modern
unification in the S| system

In 1928, roentgen was adopted as the first international unit
for measuring IR. Later, within the period from the 1940s
to the 1970s, several units have been defined and introduced,
including curie, rutherford, erg, coulomb/kg, J/kg, rad, rem
as roentgen equivalent, rem as roentgen equivalent-man,
etc., with some used with time time units. The large number
of parameters and the growing body of knowledge about
dose—effect relationships threatened to make the field of dosimetry
confusing [3]. In 2018, the General Conference on Weights
and Measures (CGPM) approved revisions to the International
System of Units (Sl), as described in the ninth edition
of the Sl Brochure [4]. Among other provisions, the activity
of a radionuclide is expressed in becquerels (Bq), the absorbed

dose and kerma in grays (Gy), and the equivalent dose
in sieverts (Sv). The ninth edition of the SI Brochure contains
a section entitled "Units for quantities that describe biological
and physiological effects." It states that, in medical diagnostics
and therapy, units that cannot yet be expressed in S| units
are also used to quantify biological activity. The mechanisms
of action of some biological agents have not yet been sufficiently
elucidated to permit their activity to be expressed in terms
of physicochemical parameters. Because of the importance
of these agents to health and safety, the WHO has assumed
responsibility for defining the International Units (IU) of biological
activity. Neither the SI Brochure nor the WHO documents
refer to "international units" for radiopharmaceuticals used
in diagnosis or brachytherapy. This may be important both
for planning effective brachytherapy treatments and in the context
of the launch of Europe’s largest radiopharmaceutical production
complex in Obninsk. The activities of the International
Commission on Radiation Units and Measurements (ICRU)
should also be mentioned here, including its work on photon-
beam radiation therapy [5].

Unification of safety standards at the level
of specialized UN agencies

Research on the health effects of ionizing radiation has been
ongoing for more than 120 years, with contributions from
several international organizations, including the International
Commission on Radiological Protection (ICRP) [6], the International
Organization for Medical Physics (IOMP), and the International
Agency for Research on Cancer (IARC). At the international
level, responsibility for the development of radiation-safety
standards was transferred in 2012 from the WHO to the Intermational
Atomic Energy Agency (IAEA). On behalf of the sponsoring
organizations —the WHO, the International Labour Organization
(ILO), the Pan American Health Organization (PAHO), the Food
and Agriculture Organization of the United Nations (FAO),
and the United Nations Environment Programme (UNEP) —
the IAEA published the "Radiation Protection and Safety
of Radiation Sources: International Basic Safety Standards"
(IAEA IBSS) [7]. The contribution of the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR)
should also be noted. Its 2022 report to the United Nations
General Assembly "Sources, Effects and Risks of lonizing
Radiation" provided a comprehensive global assessment
of the frequency and doses of medical exposure to ionizing
radiation, trends across medical categories, and occupational
exposure [8].

Radiation safety standards (RSS) in Russia, expediency
of comparative analysis, updating and interagency
cooperation

Rospotrebnazor, as the heir to the USSR state sanitary
supervision system, traditionally approves RSS in Russia.
This tradition makes sense given the historically established
levels of social hygiene and health care; radiation hygiene,
occupational hygiene, hygiene of children and adolescents,
preventive medicine, including the prevention and control
of cancer (the second leading cause of death), the identification
of risks to public health, and the prevention of the negative
effects of physical factors. However, the RSS were approved
and incorporated into the Sanitary Rules and Regulations
15 years ago [9, 10]. Since then, the units of measurement
and irradiation standards have changed, and a substantial
body of data has been accumulated in this field, necessitating
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an update to Russian legislation. In Russia, production control,
the approval of standards, radiation-dose monitoring, and federal
oversight of compliance are currently distributed across
multiple departments and are carried out by Rospotrebnadzor,
Roszdravnadzor, the Ministry of Health, Rostechnadzor,
the Federal Medical Biological Agency, the Russian Academy
of Sciences, Rosatom, Rostech, the Ministry of Defense,
Roscosmos, and other bodies [11-14]. Taking into account
international experience and Russian specifics, prospects
for development in medical physics, nuclear, aerospace
and other sectors of the economy, it is advisable to organize
interdepartmental cooperation in the development and approval
of new RSS. An obstacle on the path is the problem of cancellation
of licensing: there is no agency that oversees the process
of licensing the maintenance of ionizing radiation generating
sources used in medicine, radiological medical devices; this
function can be transferred to Roszdravnadzor. As the first
step, it is feasible to analyze the qualifications, instrumentation,
and staffing for a specialized federal supervision
and production control.

Some aspects enabling an in-depth comparative analysis
that should be considered in the updated RSS

The new SanPiN 2.6.4115-25 introduced in 2025 [15] confirm
the relevance and validity of the basic SanPiN 2.6.1.2523-09
(NRB-99/2009) [9] and SP 2.6.1.2612-10 (OSPORB-99/2010)
[10]. It should be noted that SanPiN 2.6.4115-25 uses the curie
for expressing high levels of activity. Although the curie has
been approved for use in Russia since 2009 [16], it is a non-
Sl unit and is generally regarded as obsolete for scientific
and technical use. It has therefore been superseded
by the becquerel, the corresponding SI unit of activity.
The National Institute of Standards and Technology (NIST)
strongly discourages the continued use of the curie, as well
as the roentgen, rad, and rem [17]. In its recommendations,
the International Organization of Legal Metrology (OIML)
classifies the curie, rad, and roentgen as units of measurement
that may be used temporarily until the date established
by national regulations but should not be introduced where
they are not already in use [18]. This provision should be taken
into account in future reviews of Russian legislation. The annual
dose limits and associated fatal risks specified in SanPiN NRB-
99/2009 are consistent with those in ICRP Publication 103 (2007)
and the IAEA Basic Safety Standards, except for the neutron
radiation-weighting factor, which is represented as a continuous
function. Meanwhile, the tissue-weighting factors and their
corresponding risk coefficients are based on ICRP Publication
60 (1991); however, there are no data or references related
to the later ICRP Publication 103 (2007) [6].

Radiological tests and maintenance of ionizing
radiation sources: Russian standards and control
practice

The importance of dosimetric monitoring during X-ray
examinations in Russia has been demonstrated by radiation-
hygiene specialists [19, 20]. The Decree of the Government
of the Russian Federation [21] and the order of the Ministry
of Health of the Russian Federation [1], as legislative documents,
cover "non-medical use of IR" and the respective licensing
practice. There has been published an analysis of radiation
accidents in radiation and radionuclide diagnostics and therapy
that compares Russian and international approaches to terminology
and classification [22].
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Prospects for the development of radiation therapy
in Russia: the need for medical and technical
standardization

According to analytical reviews, Russia's fleet of high-tech
radiotherapy equipment meets the standards of developing
countries [23]. In 2020, the Government of the Russian
Federation issued a resolution supporting the development
of synchrotron- and neutron-based treatment infrastructure
[24]. The resolution also set the goal of bringing proton
therapy in Russia up to the global standard by 2027
and designated the Kurchatov Institute as the lead organization
for implementing the program [25]. At the same time,
healthcare planning in Russia should factor in the growing
problem of uneven availability of high-tech medical assistance
in the country, and design remedial measures for this problem.
To date, these barriers remain difficult to overcome, as specialized
treatment modalities — including proton therapy, neutron
therapy, neutron-capture therapy, Gamma Knife radiosurgery,
and carbon-ion therapy — are available only at centers located
in certain regions. Consequently, patients may have to travel
thousands of kilometers to obtain treatment. Neutron-capture
therapy is being researched in Novosibirsk at the Budker
Institute of Nuclear Physics [26] and also at the National
Research Nuclear University MEPhI, jointly with the Blokhin
Russian Cancer Research Center and the Burnasyan Federal
Medical Biophysical Center. Regions of Russia receive modern
radiotherapy technology unevenly. For example, the Southern
Federal District (SFD) and the North Caucasus Federal District
(NCFD), which together are home to 27 million people,
have no proton- or neutron-therapy units or other high-
tech radiotherapy facilities. A feasible initial-stage effort
would involve a country-wide analysis of the current situation
and the development of measures to facilitate the deployment
of high-tech equipment and the recruitment and training
of relevant personnel, including medical engineers — such
as specialists in biotechnical systems and technologies —
healthcare managers, and other professionals. The resulting
action plan should draw upon international experience, including
the IAEA’s approach to planning radiotherapy services [27].
To improve and harmonize the practices of medical engineers
and technicians who service radiotherapy equipment in clinics,
the authors of this study and their colleagues translated
the WHOAHAEA international technical specifications for radiotherapy
equipment used in cancer treatment into Russian and made
the translation publicly available [28].

Radiation doses in radiation therapy: from the evolution
of guidelines to evidence-based medicine and dose
unification in Russia

In radiation therapy, the current Sanitary Rules and Regulations
(SanPiN) follow the ALARA principle ("as low as reasonably
achievable"), which was formally introduced by the ICRP
in 1977. That is, without directly setting dose limits for patients,
radiotherapy specialists expand the limits of permissible
exposure to the extent they deem necessary. In Russian
SanPiNs, there are no concrete numbers supporting the ALARA
principle followed, which creates legal uncertainty. For example,
clause 5.4.1 of SanPiN 2.6.1.2523-09 (NRB-99/2009) states:
"...dose limits for patients are not established; instead,
the principles of justification of medical procedures and optimization
of patient protection are applied." Under paragraph 4.4
of the Sanitary Regulations SP 2.6.1.2612-10 (OSPORB-99/2010),
"therapeutic radiological procedures should be justified taking
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Table 1. Analysis of the number, range, lower and upper limits of radiation doses (Gy) for radiation therapy of various types of neoplasms from 90 issued of clinical

recommendations by the Ministry of Health of Russia (2020-2025)

Treatment protocol Number of fractions

Single boost dose, Gy Total boost dose, Gy

Protocols from the Ministry of Health

of Russia, 2020-2025 1.0-50.0

0.5-40.0 2.0-180.0

into account the requirements: the risk of rejection of radiation
therapy obviously exceeds the risk of radiation exposure during
its implementation"; there are no references to specific generally
accepted calculations of "risks." According to clause 4.7 of SP
2.6.1.2612-10 (OSPORB-99/2010), "optimization of radiation
protection of patients should provide for achieving a beneficial
medical effect of radiological procedures, or a therapeutic
result, at the lowest possible radiation levels." The international
initiative "Quantitative Analysis of Normal Tissue Effects
in the Clinic" (QUANTEC) should also be noted. It involves
compiling databases of dose—effect relationships for various
organs and tissues based on long-term follow-up data [29, 30].
The situation has changed due to the accumulation of experimental
results and the determination of doses in the clinical
recommendations of the Ministry of Health of the Russian
Federation (Ministry of Health of the Russian Federation),
approved on the basis of a decree by the Government
of the Russian Federation [31]. Preventive medicine, guided
by the principle of "do no harm," and evidence-based medicine,
which ensures the effectiveness of treatment, are increasingly
gaining prominence. This is an important factor: single and total
boost doses prescribed by the Ministry of Health of the Russian
Federation in the respective guidelines are exactly what a plan
of a radiotherapy course begins with. We analyzed the number,
range, and limits (Gy) of doses in the context of photon therapy
recommended for various neoplasms in 90 clinical guidelines
approved by the Ministry of Health of the Russian Federation
between 2020 and 2025. The guidelines were retrieved from
the "Clinical Recommendations" (clin-rec) section of the Ministry's
official website (Table 1).

The analysis revealed that the dose values in 90 issues
of clinical recommendations by the Ministry of Health of the Russian
Federation can vary tenfold: single boost dose (SBD) — from
0.5 to 40.0 Gy, total boost dose (TBD) — from 7.0 to 180.0
Gy. It should be noted a large number of reputable specialists
participated in the development of each recommendation,
and the most doses therein are supported by references
to publications in foreign sources.

On the one hand, the variation in the recommended SBD
and TBD values across different nosologies may be considered
expected and biophysically (i.e., in relation to hard and soft
tissues) and radiobiologically (i.e., in relation to radiosensitivity)
justified. However, similar variation is also observed within
individual nosologies, including differences in the recommended
stage-dependent doses, radiation modalities, and equipment.
Therefore, these discrepancies warrant further investigation,
validation, dosimetric analysis, and explanation.

In the course of this study, we developed a tabular matrix
presenting clinical recommendations of the Russian Ministry
of Health; this matrix accumulates data for the primary analysis
of radiation doses. Table 2 presents examples from specific

protocols. Its purpose is to provide a picture demonstrating
the scale of the problem.

The tenfold differences in radiation doses recommended
by the Russian Ministry of Health for various oncogenic target
organs can be compared with the differences in tissue weighting
factors used to calculate effective dose: under SP 2.6.1.2612-10
and ICRP Publication 60 (1991), these factors varied
20-fold, from 0.01 for bone surfaces to 0.20 for the gonads;
under ICRP Publication 103 (2007), they varied 12-fold, from
0.01 to 0.12. This may also indicate the need for further work
in the field of evidence-based medicine, calculations, and reasoned
explanations.

Standards and guidelines for specialists, aspects
of hyperinformational multidepartmental work, expediency
of unification, comparison with international experience

Given its long history of nuclear technology development,
extensive nuclear industry, and numerous economic sectors
that use ionizing radiation, Russia has developed numerous
guidelines and recommendations on radiation safety.
The official regulatory framework includes SanPiNs published
on the Rospotrebnadzor website in the section "List of Regulatory
Legal Acts Containing Mandatory Requirements for the Use
of lonizing Radiation Sources." It also includes guidelines
(MU) and recommendations (MP) issued or approved
by Rospotrebnadzor that address radionuclide diagnostics
using radiopharmaceuticals (MU 2.6.1.1892-04), radiation
therapy (MU 2.6.1.2135-06), brachytherapy (MU 2.6.1.2712-10),
and the management of the consequences of radiation
accidents (MP 2.6.1.0360-24), among other areas. In addition,
the framework comprises state standards (GOST) approved
by Rosstandart, including standards for personal protective
equipment against ionizing radiation for medical personnel
(GOST R 58168-2018), methods for monitoring radiation
therapy (GOST R 57517-2017), radiometric instruments
(GOST R 57518-2017), and radiometric monitoring (GOST
R 72075-2025). Finally, it includes 103 current regulatory
documents (NP) containing federal norms and rules in the field
of atomic energy use, published on the official Rostechnadzor
website. The system of radiation safety regulations approved
and controlled by Rostechnadzor is developed under Article 6
of Federal Law No. 170-FZ [32]. From the viewpoint of law,
it is important for public health. In particular, there is an ongoing
discussion about the approval of standards for the maximum
permissible emissions of radioactive substances into
the atmospheric air and the establishment of the boundaries
of the sanitary protection zone (SPZ) around the site of a NPP [33].
The latter is significant for expert appraisals of the documentation
of new NPPs, including Southern NPP and other nuclear power
plants planned for construction up to 2042, as approved

Table 2. Tabular matrix of radiation doses from protocols described in the clinical recommendations (two examples)

Nosological unit SBD, Gy TBD, Gy
Prostate cancer* 1.8-19.0 8.0-160.0
Follicular lymphoma** 1.8-2.0 4.0-30.0

Note: * — Prostate cancer. ICD-10: C61. Clinical recommendations. Moscow: Ministry of Health of the Russian Federation, 2021; ** — Follicular lymphoma. ICD-10:
€82, C85.9. Clinical recommendations. Moscow: Ministry of Health of the Russian Federation, 2024.
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Table 3. Radiation exposure limits for specialists of the ISS partner agencies and occupational exposure standards in SanPiN NRB-99/2009 and the IAEA IBSS

Space agencies,
Rospotrebnadzor, the IAEA — subjects
of limit setting

Career limit/occupational norms

Gender/age relationship

Roscosmos *
Canadian Space Agency *
European Space Agency *

1000 mSv

None

Japan Aerospace Exploration Agency * 3 % REID on average

Lower limit: 500 mSv for women aged 27
to 30 years. Upper limit: 1000 mSv for men
over 46 years of age

NASA (current) *

3 % REID at confidence level of 95 %

Lower limit: ~180 mSv for women 30 years old.
Upper limit: ~700 mSv for men 60 years old.

the IAEA-2015 IBSS

NASA (proposed update) * 600 mSv None
Rospotrebnazor, occupational radiation norms, | Annual dose limits None
SanPiN NRB-99/2009 100 mSv in 5 years/ but not more than 50 mSv per year

The IAEA, occupational radiation norms, Annual dose limits None

100 mSv in 5 years/ but not more than 50 mSv per year

Note: * — data from [47].

by the Government of the Russian Federation [34]. The IAEA
has developed numerous publications for specialists, including
"Pocket Guide for Medical Physicists Supporting Response
to a Nuclear or Radiological Emergency" [35]; "Radiation
Protection and Safety in Medical Uses of lonizing Radiation,"
developed in cooperation with the WHO and ILO [36];
"Selecting Megavoltage Treatment Technologies in External
Beam Radiotherapy," which addresses radiation safety
considerations [37]; IAEA Nuclear Safety and Security Glossary
[38]; the IAEA's "Determination of Absorbed Dose in Remote
Radiation Therapy: International Practical Recommendations
on Dosimetry" [39]; and the report "Accuracy Requirements
and Uncertainty Factors in Radiation Therapy" [40]. There
are lists of literature in Russian for medical physicists working
in the field of radiation therapy of neoplasms [41].

Standardization of radiation safety in aerospace medicine

Studies that investigated the effect of IR on the health
of pilots have shown that at altitudes from 9000 to 12000 m,
the intensity of ionizing radiation can exceed the natural radiation
background by 31-41 times [42]. The risk of IR influence
on pilots' health has been studied [43]. The effective doses
received by aircraft crew members from cosmic radiation were
compared with the dose limits recommended by international
organizations [44]. However, there are no approved radiation
safety limits in aviation medicine. Another study collated
the radiation safety experience accumulated in Russia over
the sixty years of manned space flights with Russian legislation
and international recommendations [45]. The respective
standards were analyzed retrospectively, as were estimates
of the total radiation risk and the potential reduction in cosmonauts’
life expectancy during long-term orbital and interplanetary
flights [46]. Against the backdrop of the International Space
Station (ISS) orbiting Earth, national space agencies currently
adopt different approaches to dose limits, relating them
to sex and age and defining the dose threshold in terms
of the risk of radiation-induced death (REID) [47]. Table 3
presents a comparison of dose limits.

The relevance of the strategies of national space agencies
and their joint projects in the field of manned flights and research
is steadily increasing. Federal Law [48] approved cooperation
between the Russian Federation and China in the International
Scientific Lunar Station project. NASA's Moon to Mars
Objectives [49] sets out an objectives-based framework
for the agency's human deep-space exploration efforts.
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The framework includes the Artemis program and the gradual
development of lunar infrastructure to support subsequent
crewed missions to Mars. The risks of space exploration
are borne by a small group of people — cosmonauts, astronauts,
taikonauts, and viomanauts — while society as a whole
benefits from their work. This imbalance makes space agencies
responsible for maximizing the protection of their specialists
(spacecraft and station hulls, spacesuits, exposure time),
minimizing operational disruptions during flight, throughout their
careers, and after leaving the agencies. Efforts are being made
to predict the risks associated with lunar and Martian missions,
taking into account mission duration (days), absorbed dose
(Gy), effective dose (MSv), and risk of death (%) [47]. Russian
researchers and engineers are developing radiation safety
measures that would apply in a nuclear-powered spacecraft [50].

Higher education and university textbooks on medical
physics, radiation hygiene, and dosimetry

The IAEA has identified a need for medical physicists in radionuclide
therapy and diagnostic imaging [51]. There is a noteworthy
paper that analyzes why medical dosimetry is a profession
only in the USA and what it means for medical physicists all
over the world [52]. The relevance of providing dosimetric
support in Russia for planning and evaluating the effectiveness
of treatment as a fundamental methodological basis for modern
radionuclide therapy has been confirmed [53]. In education
and science communication, it is advisable to adopt a rational
approach based on the principles of evidence-based medicine
and information hygiene. This can help prevent radiophobia
and provide concise, reliable information to people seeking
knowledge in today’s hyperinformational society [54]. In Russia,
textbooks on radiation hygiene, dosimetry, and radiation
medical physics for universities have been written and compiled
by specialists from several universities and research institutes
[65-61]. Due to their diversity and quantity, it is important
to harmonize their contents while taking into account international
experience. There are also international textbooks by the IAEA. They
are prepared by leading specialists from dozens of countries.
These textbooks cover a wide range of topics, including
radiation physics, dosimetry and instrumentation, image quality
and perception, visualization methods, specialized applications,
advances in digital technology, radiation biology, radiation
protection, and safety standards. They have also been approved
by several international professional organizations, and can
be useful for those preparing for certification as medical
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physicists or radiologists. Despite the fact that Russia is a member
of the IAEA, a number of voluminous textbooks have not been
translated into Russian. The authors, together with colleagues,
translated extensive (total volume 1,494 pages) textbooks
published by the IAEA on the physics of nuclear medicine
and diagnostic radiology for teachers and students into Russian
and made them publicly available [62, 63].

Dosimetric planning educational software

In accordance with Government of the Russian Federation
directives on digital transformation in higher education [64]
and healthcare [65], it is particularly important to assess
the availability, development, and university-based training
related to computer systems for dosimetric radiotherapy
planning, as well as their implementation in clinical practice.
This assessment should cover treatment-plan verification,
dose calculation, evaluation of treatment efficacy and safety,
and other relevant functions, while taking into account
the clinical recommendations by the Russian Ministry of Health,
international experience, medical and technical support,
and international clinical recommendations [39, 40]. We found
that in 2026, Russian radiotherapists use 12 clinical dosimetric
planning platforms, none of which is educational. Abroad,
there are 33 such solutions, and 5 of them are used for training
purposes. The list of Russian systems includes AMPHOTA,
Gammaplan RT, ScanPlan, Plan B, Plan N, Plan D, Rplan,
Plan X DLT, Plan P, Plan NE, Plan I, MMS. Foreign solutions
are 3DVH, Accuray, Contour+, Corvus, Delta4DVH Anatomy,
Eclipse, ERGO++, FULLACCESS, GPT-RadPlan, HDR+,
MultiPlug, iPlan RT, MIM Symphony, MONACO, Multiplan,
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APPROACHES TO ASSESSING NUTRITIONAL EFFECTS ON OBESITY AND THE AUTONOMIC

NERVOUS SYSTEM
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The high prevalence of nutrition-related disorders among children necessitates the development of new methods for assessing the effects of nutrition on the body.
Heart rate variability (HRV) analysis combined with the body mass index (BMI) calculation constitute an effective non-invasive health status assessment protocol.
This cross-sectional study aimed to evaluate the dietary patterns of schoolchildren in Yekaterinburg and examine their associations with BMI and indicators
of autonomic nervous system function. We recruited 202 schoolchildren aged 11-12 years; their diets were assessed using the frequency method and by calculating
the nutrition quality index (NQI). We collected the participants' anthropometric data, measured their bioimpedance, and analyzed the HRV. Nonparametric methods,
odds ratio calculation (ORC) and cluster analysis were used for statistical processing. It was found that the quality of the diets of 67.3% of schoolchildren
was unsatisfactory: their diets were excessive in saturated fats, added sugars, and sodium, and deficient in dietary fiber, complete proteins, B vitamins, vitamin
A, calcium, and magnesium. Children with a low NQI are 5.5 times more likely to be overweight and have a higher body-fat percentage than their peers with
a satisfactory diet. HRV indicators differed significantly according to dietary patterns: children who consumed large amounts of vegetables and fruit exhibited more
favorable heart rate variability, whereas those whose diets were high in added sugars and fats had the least favorable HRV. The identified abnormalities highlight
the need to develop preventive programs aimed at improving eating habits and to consider introducing HRV monitoring into the schoolchildren's health hygienic
assessment system.
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B cBsI3V C pacnpoCTpaHeHHOCTbIO anMEHTaPHO-3aBUCUMbIX HAPYLLEHWUIA Y AeTEN HEOOXOAMM MOUCK HOBbIX METOAOB OLIEHKM BIVSIHUSI MUTAHKUS HA OPraHn3M.
AHanns BapuabensHocTu cepfeyHoro putMa (BCP) B COBOKYMHOCTU C MHAEKCOM Maccbl Tena (VIMT) ssnseTca adhdeKTUBHbIM HEVHBa3NBHBIM METOLOM
OLEHKM COCTOAHNS 300pOBbs. Llenbio nonepedHoro nccnefoBaHmst 6b110 BbIMOMHUTL TUIMEHNHYECKYIO OLIEHKY MUTaHUS ydallnxcs WKon r. EkatepuHbypra,
a Takxe NPOBECTU aHann3 ero B3anmMocesan ¢ VIMT 1 nokasartensamm BeretatMBHOM HepBHOM cucTembl. ObcnenoBaHbl 202 LWKobHUKA B Bo3pacTe 11-12 ner.
OLEHKY MUTaHVS BBIMOMHANM HYaCTOTHBIM METOLOM M NyTeM pacyeTa nHaekca kadectsa mntanms (VIKT). MpuMeHsnnm aHTponoMeTpuio, G1oMMneaaHCOMETPUIO,
ncenepoBarne BCP. [Inga ctatncTndeckon o6paboTkin MCnonb3oBanu HemapameTpuieckime MeTofpl, pacHeT oTHoLleHns waHcoB (OLL) n knacTepHbii aHanma.
YCTaHOBNEHO, YTO Ka4ecTBO NMUTaHNs 67,3% LUKONBHUKOB HEYLOBNETBOPUTENBHOE, OHO XapaKTepuayeTcs N30bITKOM HACbILLEHHbIX XKMPOB, 406aBNEeHHbIX
caxapoB 1 HaTpus Npu AerLmMTe MULLIEBBIX BOMIOKOH, MOMHOLIEHHOMO 6enka, BUTaMUHOB rpynnbl B, A, kanbLys n MarHus. Y aeTel ¢ HeyposnetsoputensHbiM VKT
LLIaHCbhl BO3HVKHOBEHISA M30bITOYHON MacChl Tefa 1 BbICOKOrO COAEPXaHWs XXMPOBO Macchl B 5,5 pasa BbllLe, YeM Y X CBEPCTHUKOB C YAOBNETBOPUTENBHbIM
paLnoHOM. YCTaHOBNEHbI 3Ha4YMMble padnuyuns nokasatenert BCP B 3aBUCMMOCTM OT xapaktepa nuTaHus: Hannyylimne 3HadeHns BCP oTmedeHbl y geten
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BCP B cuctemy rmrmeHn4eckoi oLeHKM 300POBbS LLKOSIBHNKOB.
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The state of health of modern schoolchildren is a matter
of reasonable concern: their habitual dietary patterns and lifestyle
affect somatic and cognitive development, as well as the quality
of life in the long term [1]. The global scientific community
is particularly worried about the childhood obesity pandemic,
as this condition is a key risk factor for the development
of metabolic disorders and chronic noncommunicable diseases
in adulthood. Studies indicate that early childhood and adolescence
are critical periods for the development of overweight. Excess
body weight gained during these periods often persists into
adulthood and is associated with an increased risk of obesity,
premature cardiovascular mortality, type 2 diabetes mellitus,
and other nutrition-related diseases [2—4]. In childhood, obesity
has a polysystemic negative effect, affecting the cardiovascular,
endocrine, and neurohumoral systems, and leading to cognitive
impairment [5].

In recent years, heart rate variability (HRV) analysis has
increasingly been used to assess the impact of nutritional
factors on health. HRV analysis is based on measuring
a sequence of consecutive cardiac-cycle intervals using
electrocardiography, rheocardiography, ballistocardiography,
or other methods. The resulting numerical series are analyzed
mathematically, using statistical, spectral and other tools.
The results of mathematical analysis are interpreted as medical
and physiological indicators of the functional state of the body
[6]. HRV is an integrative indicator of the body’s adaptive
responses to internal and external stimuli. Decreased HRV
is associated with higher morbidity and mortality. Thus, HRV can
be regarded as an easily measurable and informative marker
of the effects of environmental and lifestyle factors, including
dietary patterns [7, 8]. Dietary patterns can be comprehensively
assessed using the Nutrition Quality Index (NQI), which takes
into account consumption at the level of foods and individual
nutrients [9-11].

Given the ongoing improvement of the methodology
for assessing the quality of nutrition and studying the risks
associated with it, research aimed at finding non-invasive
methods that can most accurately characterize the structure
of nutrition and its effect on the body is becoming particularly
relevant. The development and validation of such methods
opens up prospects for their integration into modern hygienic
approaches to assessing the health of the child population.

This study aimed to assess the dietary patterns of schoolchildren
in Yekaterinburg and determine their associations with body
mass index (BMI) and autonomic nervous system function,
as described by the HRV analysis.

METHODS

The data for this cross-sectional study were collected
in comprehensive schools of Yekaterinburg in April 2024.
A total of 296 children aged 11-12 years were randomly
selected from among pupils in grades 5-7 at four schools.
The inclusion criteria were the absence of chronic diseases
in the acute phase, submission of signed informed parental
consent, and completion of all survey materials. Ninety-
four children were excluded from the list of participants.
The exclusion criteria were technical errors in the survey
materials, missing complete date-of-birth data, and the inability
to reliably determine body-fat percentage using bioelectrical
impedance analysis in underweight children because
of the method’s technical limitations. The final sample comprised
202 schoolchildren, including 43.9% boys and 56.1% girls.
Complete data were available for all participants, including
anthropometric measurements, bioimpedance measurements,
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HRV, and dietary patterns. The mean age of boys was 12.2 + 0.7
years, girls — 11.1 + 0.7 years.

Investigating dietary patterns, we applied a semiquantitative
method and used a questionnaire and specialized software
NUTRITEST-IP (Federal Research Center for Nutrition
and Biotechnology; Russia). The participants completed the survey
on three weekdays and one weekend. The collected data were
entered into the program that calculated the average daily
intake of foods and nutrients.

As no established norms for average daily food consumption
exist for unorganized food intake settings, quantitative assessment
of compliance with age-related food consumption standards
was performed in accordance with SanPiN 2.3/2.4.3590-20 [12].
Nutrient intake was assessed in accordance with the methodological
guidelines MP 2.3.1.0253-21 [13] and the age-specific
physiological requirements for energy and nutrients of children.

We calculated NQI as part of the integral assessment
of the diet using the learned dietary patterns of schoolchildren.
The calculation method is based on that behind Healthy
Eating Index (HEI) and Diet Quality Index (DQI); the NQI
was established following the procedure described in a previously
published work [14]. The algorithm was as follows: for each
of the 10 components — bakery products; vegetables; fruits;
meat, fish, and milk; confectionery and fats; polyunsaturated
fatty acids (PUFAs); dietary fiber; added sugar; sodium;
and variety — we calculated the deviation in consumption
from the recommended value. For foods that are typically
underconsumed, the recommended value was defined
as the lower limit of the recommended range; for foods that
are typically overconsumed, it was defined as the upper
limit. A deviation of > 50% scored O points; for a deviation
<60%, the score was calculated using the following formula:
10 — (% deviation x 0.1). For confectionery products and fats,
added sugar, and sodium, we took into account only
exceeding the upper limit [14]. The final score was the sum
of the scores for 10 components (maximum 100). Criteria: = 80
points — good diet, 51-79 points — satisfactory, and < 50 —
unsatisfactory [15].

Body length and weight were measured using an Omron
BF-511 height meter and floor scales (Omron, Japan). BMI was
calculated based on the data obtained. Physical development
was assessed by calculating the Z-score (standard deviation
scores, SDS) of BMI relative to the WHO reference values
(2007). The results were interpreted in accordance with
the WHO classification [14]: body weight deficiency — SDS
BMI < —2; normal body weight — SDS BMI from -1 to +1;
overweight — SDS BMI > +1, but < +2; obesity — SDS BMI = +2.

Body composition, including body-fat percentage,
was assessed by bioelectrical impedance analysis using
an Omron BF-511 analyzer, an eight-sensor device that measures
impedance through electrodes positioned on the hands
and feet and is intended for individuals aged 6-80 years.
The obtained values were compared with age norms [16].

Functional state of the autonomic nervous system
was assessed using the Lotus diagnostic complex (Dynamic
Technologies; Russia), which includes certified equipment
Dynamics (TU 9442-001-50904116-2005) and the appropriate
software. The assessment is based on ECG recordings
and an analysis of the durations of consecutive R-R intervals
during normal sinus rhythm. HRV parameters were recorded
in the morning, in a sitting position, after a 5-minute rest
supporting relative stabilization of hemodynamics. The recording
time ranged from 5 to 15 minutes. The obtained results were
compared with the reference values given by the developer
of the software, and with the literature data [17, 18].
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Table 1. The content of essential nutrients in the daily diet of schoolchildren

. . Norm, ages 11-14 years Me [Q,; Q,] Significance
Indicator (daily) .
boys girls boys (n=89) girls (n=113) of differences
Energy, kcal 2500 2300 1921.1 [1449.4; 2727.3] | 1626.8 [1197.9; 2225.0] p < 0.001
Protein, g 75 69 61.7 [47.7; 86.1] 52.8 [37.0; 69.3] p < 0.001
Fat, g 83 77 80.6 [59.0; 123.6] 68.8 [563.3; 101.2] p < 0.001
PUFA, g 17 15 11.0[8.2; 17.3] 11.2[7.4;16.4] p>0.05
Cholesterol, mg 300 300 238.7 [151.2; 380.5] 203.2 [114.8; 322.5] p>0.05
SFA, % of kcal <10 <10 16.0[13.3; 18.6] 16.3[13.8; 18.3] p>0.05
Carbohydrates, g 363 334 227.0[161.1; 331.8] 186.4 [141.6; 252.2] p < 0.001
Added sugars, % of kcal <10 <10 12.9[7.9; 20.0] 11.3[7.7;17.6] p>0.05
Dietary fiber, g 20 20 5.8 [3.4; 8.6] 5.4 [3.4;7.5] p>0.05
Vitamin C, mg 70 60 112.3 [69.5; 221.1] 110.2 [63.8; 173.3] p>0.05
Vitamin B,, mg 1,3 1,3 0.9[0.6; 1.2] 0.7 [0.5; 1.0] p < 0.001
Vitamin B,, mg 1,5 1,5 1.1[0.8; 1.6] 0.9[0.7;1.4] p<0.05
Niacin B, (PP), mg niacin eq. 18 18 11.0 [8.5; 15.4] 9.0[6.7; 12.7] p < 0.001
Vitamin A, mcg ret. eq. 1000 800 685.7 [439.3; 1139.9] 671.8 [411.6; 1006.5] p>0.05
Calcium, mg 1200 1200 700.6 [455.9; 1093.0] 622.0 [428.9; 885.0] p>0.05
Phosphorus, mg 900 900 1047.9 [831.7; 1564.3] 935.7 [675.9; 1228.7] p < 0.001
Magnesium, mg 300 300 258.8 [192.0; 376.2] 224.0 [164.7; 298.8] p < 0.001
Potassium, mg 2500 2500 2819.8 [1900.8; 3904.4] | 2446.1 [1759.8; 3175.3] p<0.05
Sodium, mg 1100 1100 2780 [1960.1; 3781.0] 2250.2 [1630.2; 3110.2] p < 0.001
Iron, mg 12 12 14.2 [11.0; 19.1] 11.9[9.2;17.3] p<0.05

Statistical analysis was performed in MS Office Excel
(Microsoft; USA) and SPSS Statistics 20 (IBM; USA). Because
the variables were not normally distributed, nonparametric
statistical methods were used. The data are presented
as the median (Me) and interquartie range (Q-Q,).
The Mann-Whitney U-test was used to compare the two groups,
and the differences were considered significant at p < 0.05.
To compare quantitative indicators in three or more groups,
we used the nonparametric Kruskal-Wallis test; the differences
were considered significant at p < 0.01. Odds ratio (OR) with
a 95% confidence interval (95% Cl) was calculated to determine
the strength of the association between the factors. The critical
significance level was accepted at p < 0.05. Cluster analysis
was applied to identify homogeneous groups of schoolchildren
by the nature of their dietary patterns. Based on the calculated
NQI, quantitative indicators of consumption of the main food
groups, macro- and micronutrients were used as classifying
variables. The optimal number of clusters (k = 4) was identified
using the elbow method and confirmed by silhouette analysis,
which yielded an average silhouette coefficient of 0.72.
Functional states of regulatory systems were compared
for each selected nutrition model based on the recorded
HRYV indicators.

RESULTS

Assessment of the nutritional composition of the diets
of schoolchildren (n = 202) revealed pronounced sex-related
differences in macronutrient and micronutrient content. Overall,
the energy intakes of 68.3% of the children—74.3% of girls
and 59.6% of boys — were below the recommended levels.
The diets of 65.3% of schoolchildren (69.9% of girls 59.3%
of boys) were deficient in protein, and diets of 52.0% of them
(54.0% of girls and 49.4% of boys) lacked in fats. As for dietary
fiber, almost all participants (99.5%) did not consume sufficient
amounts of it; calcium deficiency in the diets were registered

in 83.7% of cases (85.8% of girls and 79.8% of boys),
magnesium deficiency in 64.4% (69.0% of girls and 58.4%
of boys), iron deficiency in 47.5% (61.9% of girls and 29.2%
of boys). In addition, the respondents’ diets provided insufficient
amounts of several vitamins: vitamin B, was insufficient
in 83.2% of participants (89.4% of girls and 76.4% of boys),
vitamin B, in 72.8% (77.0% of girls and 67.4% of boys),
and vitamin A in 62.9% (59.3% of girls and 67.4% of boys).

Children’s diets were excessive in several critically important
nutrients: saturated fatty acids (SFA) (95.5% of respondents
overall; 97.3% of girls and 93.3% of boys), added sugars
(58.9% overall; 57.5% of girls and 61.8% of boys), and sodium
(94.1% overall; 92.0% of girls and 96.6% of boys). Table 1
summarizes the data on differences in the nutritional structure
of boys and girls.

The caloric deficit was more pronounced among girls
(a decrease of 29.3% versus 23.2% among boys). Macronutrient
intake was imbalanced: an excess of saturated fats averaged
6.2% of the caloric content of the diet, and added sugars —
2.1% of the recommended level.

The analysis of micronutrient consumption revealed
significant deviations: we registered essential nutrient
deficiency and excessive sodium intake. The severity of these
deviations was sex-dependent (p < 0.001) (Table 1). Among
girls, the largest deficits were found for calcium (48.2% below
the age-specific norm), B vitamins (B,: 43.1% below the norm,
B,: 40.0%, B,: 50.0%), magnesium (25.3%), and vitamin A
(16.0%). At the same time, the recommended sodium intake
was doubled (109.1%). Boys did not consume enough
vitamin B, (88.9% deficit), vitamin A (31.4%), vitamins B,
and B, (29.2% and 24.7%, respectively). The calcium content
in the diet was 41.6% lower than normal, and the magnesium
content was 13.7% lower. At the same time, they consumed
2.5 times more sodium (154.5%) than needed physiologically.
The phosphorus—calcium ratio was abnormal in all participants:
the Ca : P ratio was 1:1.4, indicating excessive phosphorus
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Table 2. Assessment of the diet of schoolchildren based on the NQI calculation

OPUT'MHAJIbHOE NCCJIEJOBAHNE

Actual consumption, Me [Q,; Q]
The NQI component (maximum score) Al Boys Girls
n=202 n=2389 n=113
Bakery products, porridges, pasta + potatoes (10) 5.4 [2.5; 8.3] 5.6 [2.4; 8.8] 5.3[2.4;5.3]
Vegetables (10) 6.4 [2.6; 10.2] 6.3 [2.48; 10.1] 6.5[2.9; 10.1]
Fruits (10) 6.5[2.7;10.3] 6.7 [2.2; 10.5] 6.3[2.7;9.9]
Meat + Fish + Dairy products (10) 7.5[5.4;10.5] 8.0 [5.5; 10.5] 7.2[4.3;10.1]
Confectionery products + Fats (10) 0.5[0.1; 1.5] 0.4 [0.0; 1.7] 0.6 [0.0; 2.0]
PUFA (10) 8.2[6.3; 10.1] 8.0 [5.5; 10.5] 8.4[6.2; 10.2]
Dietary fiber (10) 3.1[1.2;5.0] 3.5[1.0; 6.0] 2.8[1.3;4.2]
Added sugar (10) 2.0[0.0; 4.9] 1.6 [0.0; 4.1] 2.3[0.0; 5.2]
Sodium (10) 0.3[0.0; 1.3] 0.0[0.0; 0.0] 0.4[0.0; 1.8]
Variety (10) 4.2[2.3;6.1] 4.5[2.0;7.0] 3.9[1.7; 6.0]
Total score (100) 44.4[31.0; 57.8] 44.5[29.9; 59.1] 43.7 [31.0; 56.6]

intake, which may impair calcium absorption during periods
of active skeletal growth..

Based on the learned dietary patters we calculated the NQ
(Table 2).

The analysis of the NQI distribution showed that none
of the surveyed schoolchildren had a "good" diet (80 points
or higher). The proportion of children with "satisfactory"
diet (from 51 to 80 points) was 32.7% (n = 66). More than
half of the participants (67.3%; n = 136) had a diet rated
as "unsatisfactory" (less than 51 points). The vast majority
of the surveyed schoolchildren (92.8%) did not consume
sufficient amounts of complex carbohydrates. The intake
of vegetables was below the norm in 66.3% of children, and that
of fruits in 63.9%. More than half of the respondents — 57.8% —
followed diets deficient in the sources of complete protein
and essential amino acids (meat, fish and dairy products).
All participants of the study had insufficient intake of dietary fiber.
Almost half of the children had low polyunsaturated fatty acid
(PUFA) intake. The diets of 59.0% of the respondents showed
low dietary variability. Along with a deficiency of essential
components, we registered excessive consumption of nutrients
associated with nutrition-related diseases: confectionery
and fats (79.5% of schoolchildren), added sugar (42.2%).
Over 90% (91.6%) of participants consumed diets containing
critically high levels of sodium. A comparative analysis of the diets
of boys and girls did not reveal significant differences
in the frequency of consumption of bakery products, fruits,
as well as meat, fish and dairy products. Assessing the nutritional
composition, we found that the sodium content in the diet
of boys significantly exceeded that in the diet of girls (o < 0.05).

Anthropometry and bicimpedance measurements showed
the prevalence of overweight in the examined sample
to average at 17.8% (among both boys and girls). We found
that eating disorders were sex-dependent: obesity
was diagnosed more often in boys (26.8% higher than
in girls), whereas body weight deficiency prevailed among
girls (Table 3).

Table 3. Sample composition by BMI indicators, % of the surveyed individuals

Bioimpedance analysis revealed significant sex differences
in body-fat percentage: a normal body-fat percentage was
observed 27.7% more often in girls than in boys (p < 0.001).
Conversely, boys were significantly more likely to have high
(by 1.7%; p < 0.05) and very high (by 7.0%; p < 0.05) body-fat
percentages.

A direct relationship has been established between overweight
and the content of adipose tissue: 85.9% of overweight children
had excess body fat. It is noteworthy that among girls with
a normal BMI, 8% were also diagnosed with excess fat mass,
which indicates hidden obesity in this subgroup.

The average total NQIl scores in the subgroups of schoolchildren
with different nutritional status did not significantly differ
and amounted to: body weight deficit subgroup — 39.0 points,
normal body weight subgroup — 46.4 points, overweight
subgroup — 39.8 points, obesity subgroup — 43.1 points.
However, the analysis of the individual components of the NQI
revealed significant differences. Schoolchildren with a normal
BMI had higher intake of dietary fiber compared with overweight
peers (average score 3.6 vs. 2.7, respectively; p < 0.05).

When comparing the groups formed on the basis of the NQl,
we found that children with "unsatisfactory" diet quality (less
than 51 points) had significantly higher BMI (21.6 vs. 19.8;
p < 0.05) and the body-fat percentage (24.7% vs. 19.2%;
p < 0.05) compared to peers whose diet was rated as "satisfactory."

Odds ratio analysis indicated a significant association
between poor nutritional quality and disorders of nutritional
status (OR = 5.5; 95% Cl: 2.2-13.6; p < 0.05). The outcome
was defined as overweight or obesity (SDS BMI > 1) and/or
elevated body fat (> 85th percentile for age and sex). Among
children with unsatisfactory NQI (n = 136), this outcome
was observed in 48 (35.3%), whereas among children with
satisfactory NQI (n = 66), it was observed in only 6 (9.1%).

HRV indicators reflecting the state of vegetative and neurohumoral
regulation, adaptive reserves and the psycho-emotional status
of the examined schoolchildren, depending on the quality
of nutrition and nutritional status, are presented in the Table 4.

BMI indicators A'Lihg%f” nB?ésg ni"ﬁs
Mild body weight deficiency 18 (8.9%) 0(0.0%) 18 (15.9%)
Normal body weight 117 (57.9%) 46 (51.7%) 71 (62.8%)
Excess body weight 36 (17.8%) 16 (18.0%) 20 (17.7%)
Obesity 31 (15.3%) 27 (30.3%) 4 (3.5%)
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Table 4. Comprehensive analysis of functional health of schoolchildren (n = 202)

Functional health indicator Me [Q; Q] Frequency of occurrence, %
Body adaptation level (A), % 62 57.9; 67.2 42.2
Vegetative regulation (B), % 63 57.5; 69.5 42.2
Neurohumoral regulation (C), % 59 54.4;61.8 51.8
Psychoemotional state (D), % 61 56.0; 63.5 48.2
Comprehensive health indicator (H), % 64 56.6; 65.3 48.2

The analysis of HRV indicators revealed that the average
values of most parameters of the regulatory systems of the examined
schoolchildren are within the physiological norm, which was
60-100% on the scale used. The lowest values were recorded
for the neurohumoral regulation index (C), which averaged
59.0 [54.4; 61.8]%, and the psychoemotional state index (D),
which averaged 61.0 [56.0; 63.5]%. The values of the other
integral indicators were also close to the lower limit of the norm,
as may be indicated by the stress of adaptive mechanisms
in some of the surveyed.

We assessed the balance of regulatory systems based
on the ratio of indicators of the level of adaptation (A),
neurohumoral (C) and psychoemotional regulation (D). The optimal
range of ratios was 60-80%. It was found that the majority
of schoolchildren (65.0%) had balanced and stable regulation.
However, only 18.1% of children have optimal regulation.
Unstable regulation and overstrain of regulatory systems were
seen in 16.9% of the surveyed, which indicates depletion
of the adaptive reserve.

The average value of neurohumoral regulation (C) in the sample
was 59.0 [54.4; 61.8]%, while the normal range is 60-100%,
which is within acceptable limits, but close to the lower
threshold. The incidence of unstable neurohumoral balance
and its disorders reached 30.1%. Since indicator C reflects
the efficiency of the endocrine system and the state of energy
resources, it can be stated that the suboptimal functioning
of the endocrine system and the irrational use of energy
resources are typical for 28.9% of schoolchildren.

The integral indicator of the energy balance in the examined
sample turned out to be below the optimal level (the average
value was 0.9 with a norm of 1.0). Low values of this indicator
were registered in 67.5% of children. An imbalance between
energy expenditure and recovery time was detected in 18.1%
of schoolchildren, which may indicate chronic fatigue and poor
quality of the recovery processes.

Based on the results of the cluster analysis, we identified
four types of dietary patterns, and compared their effect
on the regulatory systems using the HRV indicators. The first
type of diet implied high consumption of PUFA, fiber, vegetables,
fruits and low consumption of added sugar. The second type
involved moderate consumption of all food groups, as well
as consumption of added sugars and fat within the normal
range. The third type was characterized by excessive
consumption of confectionery, added sugar, saturated fatty
acids, table salt and high energy value. The fourth type of diet
was low in calorific value and involved low intake across all
food groups. The highest HRV values, reflecting the optimal
functional state of regulatory systems, were recorded in the group
of schoolchildren who had the diet of the first type (16.8%).
Those whose diet belonged to the second type (28.7%)
exhibited good average HRV scores. At the same time, children
who overconsumed critically important nutrients (the third type
of diet; 20.8% of the respondents) had the worst HRV values,
which was associated with dysregulation of the autonomic
nervous system. Low-calorie diet (fourth type) entailed low body
resources and adaptive potential; 33.7% of the participating

schoolchildren had the diet of this type. The significance
of the differences in HRV indicators was confirmed at the p level
< 0.001, which indicates a significant influence of the nature
of nutrition on the functional state of the regulatory systems
of adolescent children.

DISCUSSION

Analysis of dietary patterns and the NQI revealed that
most schoolchildren had an imbalanced intake of macro-
and micronutrients: excessive saturated fat, added sugars,
and sodium, and inadequate dietary fiber, high-quality protein,
B vitamins, vitamin A, calcium, and magnesium. This imbalance
stems from two bidirectional trends: excessive consumption
of foods that are sources of fats and added sugars, and dietary
shortage of bakery products, cereals, vegetables, high-grade
protein, and essential amino acids (meat, fish, dairy products).
QOur results obtained are consistent with data from Russian
and foreign studies that used other assessment tools, such
as HEI-2015 and various modifications of DQI [19-23], which
indicates the typicality of the identified nutritional disorders
in children populations in the modern world.

Overlaying quality of the diets on the anthropometric
indicators, we found that schoolchildren whose NQI was
unsatisfactory were characterized by significantly higher values
of BMI and body-fat percentage compared with their peers whose
NQI was satisfactory. This fact confirms the role of the nutritional
factor in the formation of eating disorders already in childhood.

The analysis of HRV indicators revealed the predominant
role of the sympathetic division of the autonomic nervous
system, which indicates the tension of regulatory mechanisms
in the examined schoolchildren. According to modern concepts,
HRV reflects neurohumoral effects on cardiac activity and serves
as an informative noninvasive marker of the functional state
of the body, the balance of sympathetic and parasympathetic
divisions, as well as the activity of suprasegmental regulatory
structures, including the hypothalamus and limbic system
[24, 25]. The decrease in adaptive potential seen in this study
(the functional status was low in 42.2-48.2% of the children)
is comparable with the results of other authors [26, 27];
it indicates a high prevalence of autonomic dysfunction
in the considered population.

Special attention should be paid to the fact that 28%
of schoolchildren have a suboptimal level of neurohumoral
regulation (indicator C), which characterizes the efficiency
of the endocrine system and the use of energy resources.
The observed dysregulation may be associated with an unbalanced
diet, low energy intake, and protein deficiency, creating
a vicious cycle: eating disorders exacerbate dysfunction
of neuroendocrine axes and alterations in the immune system,
which in turn can lead to complex cardiovascular dysregulation.
Currently, there is increasing evidence that a decrease in HRV
is a predictor of a wide range of pathological conditions,
including diabetes mellitus and cardiovascular diseases,
and changes recorded in childhood can predict psychological
and physiological morbidity in the long term [28].
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Our data show significant differences in HRV rates in children
who follow a balanced diet and their peers with deficient dietary
patterns (o < 0.001); the findings are consistent with the results
of international studies. For example, Mediterranean diet, high
consumption of fish, vegetables, fruits, multivitamins, and weight
loss are associated with increased HRV, whereas a diet high
in fat and trans fats leads to a low HRV [29]. With respect
to micronutrient availability, the most convincing evidence
for an effect on HRV has been obtained for vitamins D and B,,,
although the roles of vitamins C and E, zinc, magnesium, and iron
are also under discussion [30].

Thus, the identified associations between poor nutritional
quality, nutritional status disorders, and low HRV among
schoolchildren of Yekaterinburg fit into the global picture
of the prevalence of nutrition-related disorders in pediatric
population. The presented data on the health risk and the possibility
of its correction through nutrition optimization can serve
as a justification for the development of preventive programs
and a motivational basis for the formation of healthier eating habits
among parents, teachers, and schoolchildren themselves.

[t should be noted that this study has a number of limitations:
its cross-sectional design disallows establishing causal relationships;
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METHOD

EXPERIMENTAL ASSESSMENT OF THE EFFECT OF ANTIPSYCHOTICS
BY WEDGE-SHAPED DEHYDRATION

Drugova ED ¥, Sheina NI, Korolik VW
Pirogov Russian National Research Medical University (Pirogov University), Moscow, Russia

Recently, there has been an increase in the number of cases of unsafe use of medications, including antipsychotics, by the population. The uncontrolled use
of medication leads to an increase in the rate of physical health problems and a decrease in the quality of life. Predicting the effects of substances in the body and
identifying such cases are tasks of preventive medicine. The study aimed to assess the possibility to use the wedge-shaped dehydration method to determine
antipsychotics (aminazine and haloperidol) in blood serum. Male outbred rats intragastrically administered aminazine and haloperidol at a dose of 35 mg/kg
and 10 mg/kg, respectively, were used for the experiment. The control group was administered distilled water. Structures of blood serum facies were assessed
1, 4, 24 h after the antipsychotic administration. Parametric statistical methods were used for the analysis of comparative data (p < 0.05). Similarities of the structures
of rat and human blood serum under physiological conditions were identified. The emergence of structures deviating from normal was observed in the rat facies
after the haloperidol and aminazine administration. After 1 h, "silver" cracks were detected; after 4 h, rope-like structures resembling a "leaf-within-a-leaf" (following
haloperidol administration) and a "double leaf" (following aminazine administration) were observed; and after 24 h, an increase in the thickness of triradiate cracks
was noted. The findings demonstrated the efficacy of the wedge-shaped dehydration method in the experimental assessment of the effects of antipsychotics.
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OLIEHKA BNMUAHUA HEMPONENTUKOB METOAOM KJIMHOBUOHOW OEMNOPATALIMA
B S9KCMNMEPUMEHTE

E. O. Opyrosa = H. W. lewvHa, B. B. Koponmnk
Poccuickinin HaumoHanbHbI MCCNeoBaTeNbCKMA MEALIMHCKIIA yHMBEpcuTeT nmeHn H. . Muporosa (IMnporoeckuin YHneepcuteT), Mocksa, Poccus

B nocnenHee Bpems yBenMYMNOCh KONMYECTBO Cly4aeB Hebe30MacHOro nprema HaceneHnem NekapCTBEeHHbIX NpenapaTos, B TOM YUCe HepOnenTuKoB.
BeckoHTponbHOE NprMeHeHe NeKapcTB MPUBOANT K YBENMHEHMIO HAPYLLIEHNI (DU3NHECKOrO 340PO0BbS N CHKEHWIO Ka4ecTBa »u3HW. MporHosmposaHmne
3 PEKTOB BELLECTB B OPraHM3Me 1 BbISBIEHVE Takvx Cly4aeB — 3a4aqn NMPeBeHTUBHOM MeguumHbl. Liensio nccnegosaHms Obi10 OLEHWTb BO3MOXHOCTb
NpUMeHeHNs MeToaa KNMHOBMAHOW Aervapartaumn Ans onpefeneHrs HeponenTukoB (aMmyHasvHa 1 ranonepuaona) B CbIBOPOTKE KpoBU. B akcnepumeHTe
1CNoMb30Bany 6eCnopoAHbIX KPbIC-CamLOB, KOTOPbIM BHYTPUXENYAO4YHO BBOANAM aMUHA3WH v ranonepuaon B fose 35 mMr/kr 1 10 MI/Kr COOTBETCTBEHHO.
KoHTponbHas rpynna nosyyana aucTuammpoBaHHyto Bogy. CTPyKTypbl (haumin CbIBOPOTKM KPOBM OLieHVBanm Yepes 1, 4, 24 4 nocne BBEAEHNA HENPONENTUKOB.
[nst cpaBHUTENBHOIO aHanM3a AaHHbIX MCNoNb30Bav NapaMeTpuyeckme ctatncTudeckne metodpl (o < 0,05). BbiSBNeHO CXOACTBO CTPYKTYP CbIBOPOTKM KPOBW
KpbIC 1 Yenoseka npu ranonormyeckorn Hopme. Nocne BBeAeHNS ranonepuaona n aMmmHasdvHa B (aunsx KpbIC BbISBIEHO MOSBAEHNE OTANYHbBIX OT HOPMbI
CTPYKTYP. Hepes 1 4 06Hapy>keHbl TPELLVHBI «Cepebpar, 4epes 4 4 — »KryToobpasHble CTPYKTYPbI B BUAE NIMCTa B MCTE (MOCEe BBEAESHWA ranionepuaona) v B Buae
[BOVHOro nucTa (Nocne BBEAEHUS aM1HA3MHa), a Yepes 24 4 — yBenMYeHme TONLLMHBI TREXYHEBbIX TPELLUVH. [onyyYeHHble pesynsraTbl MPOAEMOHCTPMPOBaIN
3 PEKTUBHOCTb MeETOAA KITMHOBWAHON Aervapatauim Npu N3yHeHnn BIUSHUS HEMPONEMTUKOB B SKCMEPUMEHTE.

KntoueBble cnosa: HENPONENTUKN, aMUHA3WH, ranonepuaos, KNMHOBUAHASA Aernaparauns, SKCnepuMeHT

Bknap aBtopos: E. [1. [Ipyrosa — c6op 1 o6paboTka Mateprana, HanmcaHue TekcTa ctaTbu, ctatucTudeckas obpaboTka faHHblx; H. . LLenHa — koHuenumst
1 An3ariH nccnefoBaHis, HanucaHne TekcTa cTatbi, pefaktnpoBaHie; B. B. Koponvk — KOHLEeNUMs nccneqoBaHns, peaakTMpoBaHme TekcTa cTaTbi.
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Recently, due to changing socio-economic conditions, such
as the rise of crises in global politics and the economy, as well
as various stressors, and the availability of medical information
online, there has been an increase in the uncontrolled use
of medications, including antipsychotics, by the general population
[1, 2]. It is reported that up to 60% of the entire population
suffers from depressive disorders, and 91% of prescription-
based pharmacy visits involve drugs that depress the central
nervous system: tranquilizers, sleeping pills, antidepressants,
and antipsychotics [3].

Irrational use of medications can have serious side effects
and reduce the quality of life of people, therefore timely
detection of the use of narcotic and antipsychotic drugs,
knowledge and adherence to the principles of information
hygiene in cyberspace, implementation of health measures
will contribute to maintaining the population physical, mental,
and social well-being (preventive medicine). There is ongoing
search for predictive models for the early detection of unsafe
use of such medications.

The method of wedge-shaped dehydration has become
widely used in clinical practice for diagnosing pathological
processes and assessing the efficacy of drug therapy. Professor
V.N. Shabalin, staff members of the Department of Gerontology
at the Pirogov Russian National Research Medical University,
and their followers have made significant contributions
to the theory and practical application of this method [4-8].
The principle of the method lies in the formation of a fim (facies)
upon the drying of an open blood serum droplet on a horizontal
substrate. Analysis of large clinical material made it possible
to identify differences in the structure of the facies of healthy
people and patients with chronic and acute diseases, which
provided the basis for an atlas of biological fluids in various
disorders [4, 9]. It was shown that effective drug therapy
led to the reduction in the number of structural markers
of pathological conditions in the facies [5, 6]. Furthermore,
the wedge dehydration method was recommended for the forensic
medical examination of fatal poisonings involving narcotic
and potent substances [10, 11].

Numerous reports present compelling evidence that
the structures formed within the facies result from changes
in the molecular composition and physicochemical properties
of the body's biological fluids associated with various
pathological conditions, and are therefore universal [12-17].
Qur study is relevant as it is based on the premise that
the presence of specific structures, their combinations and quantity
in the facies can also represent an integral indicator
of the body’s overall state upon exposure to xenobiotics.
Therefore, identification of changes in architectonics and structural
markers characteristic of the effects of substances possessing
antipsychotic properties, i.e., antipsychotics, in blood serum
facies is of both scientific and practical interest.

The study aimed to assess the possibility of using
wedge-shaped dehydration to determine antipsychotics
(aminazine and haloperidol) in blood serum of experimental
animals.

METHODS

A total of 30 male outbred rats aged 5-6 months with the body
weight of 180-200 g were used in the experiment (rats were
taken from the Stolbovaya breeding nursery of the Scientific
Center for Biomedical Technologies of FMBA of Russia).
Animals had a standard diet throughout the experiment.
The rats were housed in plastic cages on a bedding of fine
wood shavings. The conditions in which the animals were kept
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met the requirements of GOST 33216-2014. Three groups
were formed; each statistical group consisted of 10 animals.

Rats were intragastrically administered aminazine
(chlorpromazine hydrochloride) at a dose of 35 mg/kg
and haloperidol (a butyrophenone derivative) at a dose
of 10 mg/kg—doses which, when converted to the human
equivalent, corresponded to the maximum daily doses
(MDD). The control group received distilled water in a volume
corresponding to the volume administered to the experimental
animals. Blood was collected from the sublingual vein 1, 4,
and 24 h after the administration of antipsychotics; facies were
prepared from the serum collected. The 20 pL biological fluid
drops were applied to microscope slides using an automatic
pipette. Slides were left to dry for 24 h in a room with optimal
microclimatic conditions [18]. The ADF B50 digital microscope
system equipped with a video camera (ADF; China) was used
to view and photograph the general appearance and structures
of the facies. The architectonics of the facies, the number
of identical marker structures associated with pathological
conditions, and the width of the zones were evaluated using
the resulting images. To compare the normal facies of rats
and humans, venous blood was collected from the antecubital
fossa of 12 healthy volunteers, and facies were prepared using
the above method.

Statistical analysis of the obtained data involved calculating
the mean and standard deviation in the groups. The significance
of differences between groups was determined at p < 0.05
using Student's t-test and Dunnett's test (") to avoid the multiple
comparisons effect. Parameters were analyzed using the BioStat
software tool (Glantz; USA) [19].

RESULTS

Initially, the analysis of the facies architectonics of rat and human
blood serum under physiologically normal conditions
was conducted (Fig. 1).

A similarity in the facies structures of rat and human serum
was noted. In both cases, the facies showed symmetry, radially
diverging fractures, jointing, and concretions. The homology
of facies structures corresponding to the physiologically normal
conditions suggests that similar facies structures may also
be found in animals and humans under certain pathological
conditions and under exposure to harmful environmental
factors. Furthermore, the reported similarity makes it possible
to use the criteria and markers of human serum facies
described in the papers by S.N. Shatokhina and V.N. Shabalin
when performing morphological analysis of rat serum facies
in experimental settings [4, 9.

The animals’ behavior was analyzed after the aminazine
and haloperidol intragastric administration. A sedative
effect was observed in rats of the experimental groups one
hour after the administration of aminazine and haloperidol,
the presentation of which was characterized by lethargy,
passivity, and reduced motor activity. The peak antipsychotic
effect was observed within 4 h; no differences in clinical
features between experimental and control rats were reported
within 24 h.

Then the morphological analysis of the blood serum
facies architecture was conducted, along with the quantitative
assessment of the structures and the identification of marker
structures (Table 1). One hour after the administration
of aminazine and haloperidol, experimental rats showed
the decrease in the width of the central zone of blood
serum facies compared to the facies of the control group animals
(Fig. 2, Table 1). The change was most pronounced following
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Fig. 1. Serum facies structure under physiologically normal conditions in rats and humans. A. Rat. B. Human

the aminazine administration. Assessment of the width
of the facies central zone revealed a 1.3-fold decrease
on average following haloperidol administration and a 2-fold
decrease following aminazine administration, compared
to the corresponding values of control animals.

Four hours after drug administration, leaf-like, rope-like
structures were observed in the blood serum facies central zone
in rats. Furthermore, rugosity was reported in this same facies
zone of rat blood serum post the haloperidol administration
(Fig. 3, Table 1).

Rope-like cracks were observed in the blood serum facies
of rats in the experimental groups, whereas no such structures
were reported in the control group animals. Furthermore,
the average number of cracks of this type in blood serum facies
of rats administered haloperidol was 1.9 times higher than
in rats administered aminazine.

After 24 h, despite the fact that the experimental animals’
behavior was back to normal and did not differ from that
of the control animals, structures not found in the control group
appeared in the blood serum facies of the rats administered
antipsychotics. Spiral cracks were reported in the outer zone
of rat blood serum facies after the haloperidol and aminazine
administration (Fig. 4). The average number of spiral cracks was

significantly (1.4 times) higher in the facies of rats administered
haloperidol, than in the facies of animals administered aminazine
(Table 1).

It should be emphasized that such marker, as the facies
surface rugosity, appeared at various times: thus, it was
detected throughout the observation period after the haloperidol
administration, but as late as 24 h after the aminazine
administration (Table 2).

Thus, the study conducted allowed us to identify markers
of antipsychotic action in rat blood serum facies, determine
their quantities, and reveal similarities and differences in their
effects at the levels corresponding to the antipsychotic MDDs.

DISCUSSION

The literature data suggest that the wedge-shaped dehydration
method, based on fundamental processes of changes
in the blood serum molecular composition and physicochemical
properties is applicable in various pathological conditions
and under the exposure to harmful environmental factors.
In clinical trials, it is used for differential diagnosis of various
diseases affecting the internal organs (of the brain, liver,
ovaries, etc.), assessment of the efficacy of chemotherapy

Fig. 2. Reduction in the width of the serum facies central zone in rats (general view) one hour after the administration of haloperidol (A) and aminazine (B) to rats. C.
Control group, 12.5x magnification
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Table 1. Changes in the structural markers of blood serum facies 1, 4, and 24 h after antipsychotic administration

Groups of rats
Indicator . Aminazine.
Control Haloperidol, 10 mg/kg 35 mg/kg
Central zone width, % 1 h after administration 50.2 + 4.1 37.4 £ 2.8 24.9 + 2.4*
Number of rope-like structures, 4 h after administration - 5.44 +2.19 2.88 +1.71™
Number of spiral cracks, 24 h after administration - 17.56 + 5.01 12.50 + 1.86™

Note: * — significant differences from the control group based on the Dunnett's test (p < 0.05); ** — significant differences from the groups of animals administered

antipsychotics based on the Student’s t-test (p < 0.05).

for malignant neoplasms, as well as for forensic examination
of fatal poisoning by toxic substances [5-17].

The method information value is determined primarily
by the early emergence of exposure markers in blood serum
facies — during the period when clinical and biochemical
manifestations of health problems may still be absent.

The authors aimed to compare the facies of human and animal
blood serum and to attempt to substantiate an experimental
model for predicting the effects of harmful substances
on human health, exemplified by the effects of antipsychotics —
actual substances widely used by the population as medicinal
products.

There is great similarity of the general architectonics
and distinct structures of the physiologically normal human
and rat facies. Similarity in the architectonics of blood serum
facies in humans after taking an antipsychotic and in animals
after the antipsychotic administration attracts attention. Fig. 5

presents structures of the rat and young man’s blood serum
facies central zone 24 h after receiving/taking haloperidol:
characteristic rope-like structures resembling a leaf can be
seen in the blood serum facies central zone. The man had
no history of chronic disorders.

The authors more thoroughly examined changes in the facies
configuration and structures in the rat blood serum under
the exposure antipsychotics. The study showed that
the effects of aminazine and haloperidol manifest themselves
in both structural similarities and differences in the facies
of animal blood serum, which can probably be explained
by the drug effect nature. Aminazine exerts antihistamine
and anti-adrenergic effects, and a potent sedative activity.
Haloperidol is a potent antipsychotic agent that blocks
dopaminergic activity and possesses a moderate sedative
effect [20, 21]. A sedative effect was observed in experimental
rats 4 hours after administration of the drugs.

Fig. 4. Spiral cracks in the rat blood serum facies 24 4 h after the administration of haloperidol (A) and aminazine (B) to rats, 63x magnification
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Table 2. Summary table of antipsychotic markers and effects in rats at various observation time points

Drugs, time after administration, h
Antipsychotic effect Haloperidol Aminazine Control

1 4 24 1 4 24 1 4 24
Behavior + + - + + - - - -
Change in the facies general appearance + + + + + + - - -
Rope-like structures - + - - + - - - _
Rugosity + + + - - + - - -
Spiral cracks - - + - - + - - _
"Silver" cracks + - - + - - - - _
Triradiate cracks - - + - - + - - -

Note: + — effect; — — no effect.

The dynamic monitoring showed that "silver" cracks
were found in the outer zone of the facies one hour after
the administration of both drugs; the presence of those
indicated impaired vascular elasticity and the blood pressure
drop. These structures are presented in the atlas of human
non-cellular tissues in patients with vascular abnormalities
[9]. The emergence of multiple wrinkles was noted after 4 h,
indicating increasing intoxication. Furthermore, after the antipsychotic
administration, rope-like structures in the form of a "leaf-
within-a-leaf" (after haloperidol administration) and a "double
leaf" (after aminazine administration) were observed in the central
zone of rat blood serum facies; the presence of those
indicated hypoxia of brain cells and alterations in metabolic
processes [9]. Twenty-four hours after the administration
of antipsychotics, an increase in the width of triradiate cracks
was observed in the central and peripheral zones; the presence
of those suggested congestive phenomena in the organs. Spiral
cracks were observed during this period; such cracks typically
form in cases of hyperproteinemia resulting from reduced renal
filtration capacity.

However, the haloperidol and aminazine effect severity
and time of manifestation are different: a significantly greater
number of rope-like structures and spiral cracks are reported
upon administration of haloperidol; markers of intoxication
appear as early as one hour after haloperidol administration
and persist for 24 h. These are observed only 24 h after
aminazine administration.

The authors believe that the findings and further studies
will make it possible to consider the use of the wedge-shaped
dehydration method in rat experiments as a prognostic

criterion for extrapolation of results to humans. This is based
on the similarity of blood serum facies structures under
physiologically normal conditions and the unity of mechanisms
underlying the dehydration-induced self-organization of human
and rat biological fluids.

In addition to the effects of antipsychotics on the animal
body, the effects of other toxic substances (strychnine and arsenic
oxide (V), ethanol, caffeine) possessing various biological activity
and having various physicochemical properties had previously
been investigated using the wedge-shaped dehydration method.
It was shown that the effects of these compounds on the organism
and their manifestation in the architectonics of rat blood serum
facies conformed, on the one hand, to general patterns, but
on the other hand, the effect had specific characteristics reflecting
the biological activity of each compound [22, 23]. This confirms
the scientific and practical significance of the use of this method.

It is necessary to focus on the fact that in practice,
intoxication with chemical substances, including medicinal
products, is determined using complex laboratory methods that
require tume-consuming sample preparation and expensive
consumables. When considering the wedge-shaped dehydration
method from an economic perspective, it is necessary to note
that it has a number of advantages: it is less time-consuming
allowing one to rapidly obtain preliminary results. This makes
it a promising method for determining the effects of toxic
substances and identifying these in preventive medicine.
To ensure widespread implementation and use of the method
in future, it is necessary to create a library of images of blood
serum facies from experimental animals and a database
of alteration post exposure to harmful chemicals.

Fig. 5. Rope-like structures in blood serum facies 24 h after the haloperidol administration to the rat (A) and after the haloperidol intake in human (B) — circled in red,

63x magnification
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CONCLUSIONS

Administration of antipsychotics (aminazine and haloperidol)
at doses corresponding to the maximum daily doses (MDDs)
caused structural changes in the dehydrated rat blood serum
organization manifested as a reduction in the central zone width
and the emergence of rope-like structures and spiral cracks not
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The high demand for preventive medicine necessitates the search
for the most effective forms, means, and methods of prevention.
Hygienic education of various populations that factors in lifestyle,
professional activity, environmental conditions, and health
status is one of the relevant directions in the field of prevention.
The search for the most relevant areas of hygiene education
is the subject research designed to analyze the existing
literature, regulations, and methodological documents. In order
to identify the most relevant directions for research in the domain
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of hygienic education, it is necessary to summarize and systematize
the accumulated research evidence and theoretical materials.

As specified in Clause 12 of the Passport of the scientific
specialty "3.2.1 Hygiene," current research in the field of hygiene
involves investigation of the effectiveness of various forms,
means, and methods of hygienic education, which support
the development of hygienic education technology for various
population groups and design of an evidence-based healthy
lifestyle popularization system.



OPUIMMHAJIbHOE NCCJIEQOBAHNE

Given that the Russian healthcare system is oriented
toward prevention, it is necessary to analyze publication trends
in the field of health education for various population groups,
considering both historical experience and the current situation.

This study analyzed existing scientific and practical evidence
on hygienic education in various populations.

METHODS

The Russian Science Citation Index (RSCI; data from eLIBRARY.
RU) enabled the analysis of publication activity on the problem
of hygienic education; the papers for inclusion in the study were
searched for among the indexed literature. We considered
works published from 1995 (when the first paper was added
to the index) to the third quarter of 2025 inclusive. The search
included three stages. At stage 1, we limited the search
scope to titles and keywords, and searched for "hygienic
education." The search yielded 480 publications, mostly by Russian
authors. At stage 2, with the search still limited to titles
and keywords, we used the query “sanitary education,” which
reflects the historical development of this field in Russia. This
attempt yielded 425 publications, mostly by Russian authors.
At stage 3, we selected publications that were articles, monographs,
textbooks, and manuals. Subsequently, we eliminated duplicate
records identified in both search attempts (retaining a single
copy) and excluded publications that were only indirectly
related or unrelated to the review question. As a result, 663
publications were selected for further analysis.

GigaChat 2.0 neural network (https://giga.chat) was used
to analyze the data. The results of the processing was verified
and edited by the authors in accordance with modern
approaches to data processing [1].

42%

RESULTS

We established the total number of citations of the selected
publications: 2402 (Fig. 1).

There were 278 publications with zero citations.

The average number of citations per publication was 3.62 + 1.22.

The pool of works included both translated publications,
such as materials by the World Health Organization (WHO)
and UNESCO, as well as original research conducted in the Republic
of Belarus, the Republic of Tajikistan, the Kyrgyz Republic,
and the People's Republic of China, the topics of which were
addiction prevention, dental health, etc. (24 publications) [2—4].

There were 18 theses prepared for conferral of the degrees
of Candidate or Doctor of Sciences in Medicine or Pedagogy..
The study dedicated to dental health was the most cited:
25 citations [5]. The papers also described the organization
of patient education courses for individuals with cardiovascular
diseases, osteoporosis, and tuberculosis; programs aimed
at preserving reproductive health; and courses promoting
healthy lifestyle among students.

A large number of articles and fundamental monographs
explored the history of medicine and health education in different
periods of the country's development (83 publications) [6-9].

Some works investigated individual methods, forms, and means
of health education, such as posters, films, and literature
(14 citations) [10, 11].

Two publications analyzed the role of health education
houses in the anti-epidemics efforts [12, 13].

The article with the largest number of citations (15) was published
in 1995. It analyzes the historical problems of health education
of the country's population and sets the tasks relevant at that
time [14].

6%

13%

5-9 citations 13%

[l 30 and more citations 1%
B 25-29 citations 1%
[T 20-24 citations 1%
M 15-19 citations 3%
M 10-14 citations 6%

Fig. 1. Publications by the amount of received citations, %

18%

2-4 citations 18%
B 1 citation 15%

. 0 citations 42%
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A number of studies have examined the contributions
of prominent figures in hygiene and sanitation, including
N.A. Semashko, Academician of the Academy of Medical
Sciences of the USSR; Professors A.V. Molkov, Z.P. Solovyov,
and .M. Sechenov; and the poet V.V. Mayakovsky [15-17].

Works dedicated to prevention of drug addiction, substance
abuse, alcohol dependence, and tobacco smoking prevention
(analytical papers, manuals, original research, practical guidelines)
occupy a special place. They are intended for different target
audiences — doctors, educators, psychologists, students,
and parents. Our pool included 149 such publications. The most
cited were the textbook for students of pedagogical universities
(29 citations), the handbook for psychologists (28 citations),
and the handbook for doctors (25 citations) [18-20].

Thirty-two publications covered protection of reproductive
health, HIV and STD prevention. The most cited was a literature
review (7 citations) discussing reproductive health of adolescent
girls [21].

Many publications consider issues of prevention of dental
diseases, including through hygienic education. There were
53 of them in the pool. The most cited (28 and 29 citations)
were publications exploring approaches to the prevention
of dental diseases in various population groups, including
students [22, 23].

Several works focus on the need to educate tuberculosis
patients (16 publications), and to organize educational
programs for patients with various diseases (chronic obstructive
pulmonary disease, diabetes mellitus, cardiovascular, oncological
diseases, etc.) (24 publications). The most cited of them
was a monograph that discusses the issues of public health

Other practical
materials, including
for parents
Dissertation 3%
research
Foreign 3%
publications
4%

Original research
on hygienic education
performed by doctors

14%

Study guides
for doctors, medical
student
2%

Hygienic education
materials for teachers,
psychologists, and
students of pedagogical

universities
14% Hygienic education on
topical issues (COVID-19,
etc.) Sanitary education
1% for specific populations

(women on maternity leave,
military personnel, convicts,

education in the context of prevention of zoonotic infections
(45 citations) [24].

Twenty-nine works addressed the aspects of sanitary
education of specific population cohorts — servicemen,
women on maternity leave, convicts, working population,
rural population, people living in the northern regions, retired, etc.
The most cited work in this subpool was the one that considered
sanitary and hygienic education of convicts (19 citations) [25].

A relatively small number of works — 9 publications —
revolve around more current issues of hygiene education,
including prevention of COVID-19, hygienic guidance for guests,
athletes, and volunteers at the XXII Olympic and XI Paralympic
Winter Games in Sochi [26].

A substantial subset of 95 guidelines and articles is aimed
at teachers, psychologists, and students of pedagogical
universities. These works cover hygienic education, healthy
lifestyle formation, and health-saving technologies in institutions
for children, adolescents, and young people. Here, the guidelines
received the largest number of citations (36) [27].

The pool included 14 fundamental guidelines and textbooks
for hygienists, medical doctors of various specialties, teachers
and students of medical universities and medical colleges
(mostly for undergraduates and postgraduates). A 2019
textbook by L.F. Ignatova, V.V. Stan, and H.H. Khamidulina was
the most cited work in this subset. It outlined the methodology
for assessing lifestyle in school-age children [28].

We reviewed the original research by doctors on the topic
of hygienic education of various groups of the population
and students of medical universities; the topics of these works
were nutrition (9 publications), safe use of electronic devices

History of sanitary
education
13%

Sanitary education
in addiction
prevention
23%

Sanitary education
in protection

of reproductive health

5%

Sanitary
education
in dentistry

Sanitary
education 8%
Sanitary education phthisiology
programs for patients 20
(COPD, CVD,

working people, rural population, oncological diseases,

population of northern regions,

retired, etc.)
4%

diabetes, etc.)
4%

Fig. 2. Shares of publications on various topics in the domain of hygiene education (%)
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Table. Distribution of publications by type (n, %)

Type of publication Quantity
Textbooks and workbooks 112 (17%)
Monographs 46 (7%)
Scientific articles in journals 426 (64 %)
Abstracts of dissertations 18 (3%)
Other publications 61 (9%)

(12 publications), theoretical issues and modern technologies
of hygienic education (22), etc. This subset included 94 original
studies published in different years.

The most cited articles were those by A.G. Sukharev,
V.V. Stan, and L.F. Ignatova (2016) — 25 citations; E.G. Blinova,
0.S. Bogunova, I.S. Akimova, and L.V. Demakova (2015) —
24 citations; O.Yu. Milushkina, N.A. Skoblina, Yu.P. Pivovarov
et al. (2022) — 18 citations. They explore the issues of hygienic
education of students [29-31].

Fig. 2 presents the proportions of each of the publication
types described above.

The table below shows the overall distribution of publications.

The ratio of publications by one author (18%) versus groups
of authors (82%) is 1:5.

DISCUSSION

The problems of hygienic education of the population are cross-
domain, being of interest to the medical, pedagogical,
and psychological communities, as evidenced by the wide
variety of journals publishing the respective works. However,
although a substantial number of publications have appeared
since 1995, they are rarely cited; many articles have zero citations.

Since 2005, only 18 dissertations have been completed;
these studies vary considerably in how deeply they examine
hygienic education in different populations, with most focusing
on patients..

The most common sources in this study's corpus are historical
and contemporary methodological papers and guidebooks
on sanitary education for various population groups, covering
addiction prevention, reproductive health, tuberculosis
prevention, and dental health, as well as works discussing
the organization of patient education courses for people with
chronic non-communicable diseases, although the range
of nosologies covered is limited.

There are 28 papers presenting research on health education
of specific groups of the population (women on maternity leave,
military personnel, convicts, working population, rural population,
population of northern regions, retired, etc.). It should be noted
that these studies do not cover all target groups.

The guidelines for teachers, psychologists, and students
of pedagogical universities are a special subset of the corpus.
In these works, health education is considered together with
the formation of a healthy lifestyle and use of health-saving
technologies.

The number of hygiene education textbooks and workbooks
for doctors and students of medical universities that were
published within the considered period is limited. Several
studies report original research but largely neglect some
of the notable issues, such as vaccination and parent
education during the infant's first year of life. Current research
priorities include population-level health education in the context

of the COVID-19 pandemic, given that this domain remains
understudied. With the spread of digitalization, new forms,
methods, and tools for hygienic education are becoming
increasingly relevant, necessitating further methodological
development, testing, and evaluation of their effectiveness.
An interesting avenue is to analyze scientific developments
across departments of leading medical universities; in our pool,
only four papers fell into this category.

The ratio of single-author to multi-author publications likely
reflects the current trend toward collaboration in research
and practice, especially in areas related to disease prevention
and hygiene education, where interdisciplinary approaches
and multi-domain efforts are needed.

Most of the publications are research articles, which highlights
the importance of original, relevant research in the field of hygiene
education and disease prevention.

As for the evolution of research and other activities
in the considered field, we see the following directions.

1. Expansion of interdisciplinary cooperation. Involvement
of specialists from various domains (medicine, pedagogy,
psychology, and sociology) to obtain a more holistic
understanding and develop effective prevention strategies.

2. Expansion of the geographical scope of research. Comparative
assessment of the data obtained in different regions of Russia
aimed at identifying regional specifics and adapting the applied
technologies to local conditions.

3. Strengthening the practical focus of research. Transition
from purely theoretical developments to the design and testing
of modern methods, forms, and means of hygienic education
in order to facilitate practical application of the said theoretical
developments.

4. Strengthening actual links between science and practice.
Close cooperation between researchers and practitioners
(teachers, doctors, social workers) in the context of testing
of modern methods, forms and means of hygiene education,
as well as assessment of practical effectiveness of implemented
technologies.

CONCLUSIONS

The analysis of publication trends in the field of hygiene education
revealed that this area has received insufficient attention from
researchers. We identified only a few fundamental and original
studies, a narrow range of issues addressed, and very few
dissertations on this topic. This field requires extensive dialogue
between scientists and practitioners, active discussion
of the problem in leading hygiene journals, systematic sharing
of accumulated experience, cross-citation of scientific literature,
adaptation of existing practices to diverse living, working,
and recreational conditions and regional contexts,
and the development of new approaches to hygienic
education.
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HYGIENIC FEATURES OF PHYSICAL ACTIVITY AMONG MEDICAL UNIVERSITY STUDENTS
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A high risk of physical inactivity is emerging among students in the context of the high level of informatization in public life, the widespread development of
online delivery services, and the growing popularity of network forms of interpersonal communication. The cross-sectional descriptive study aimed to identify the
features of the medical students’ physical activity and the risk factors influencing the development of physical inactivity during the period of study. We conducted
an anonymous online questionnaire survey of 431 students of the Pavlov Ryazan State Medical University on the forms.yandex.ru platform using questions from
the Physical Activity Level Self-Assessment Form adapted by A.V. Kabachkova (2025). The majority of students (61.95%), who took part in the study, had low
physical activity. The higher prevalence of moderate, sufficient, and high physical activity was reported in male respondents compared to female ones (x> = 20.36;
p < 0.001). There is a downward trend of the medical students’ physical activity from the first to the third year, a significant increase in physical activity in the fourth
year and a subsequent decline by the sixth year. The decrease in the proportion of students with low physical activity and the increase in the proportion of students
with moderate and sufficient physical activity with decreasing time spent on electronic devices are observed (x? = 34.5; p < 0.001). Risk factors for low physical
activity among medical students include studying in the third or sixth year of medical university, female gender, and significant time spent using electronic devices.
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FMIr’MEHUYECKUE OCOBEHHOCTU ABUTATEIbHOW AKTUBHOCTU CTYAEHTOB
MEANLUMNHCKOIO YHUBEPCUTETA

A. A. Oementoes' =, M. [1. ®apeesa’, [. A. Conosbes’, E. A. Llykapesa?

T PsigaHCKWiA rocydapCTBEHHbI MeAUUMHCKMIA yHUBepcuTeT umenm W. T, Masnoea, PasaHb, Poccust
2 CMONEHCKMIN rocynapCTBEHHbI Mea LMHCKINIA yHBepcuTeT, CMoneHck, Poccus

B ycnoBusix BbICOKOW MHbopMaTU3aLmimn 0BLLIECTBEHHOM »KI3HN, LLIMPOKOIO Pas3BuTUS CEPBMCOB OHMANH-AOCTaBKM, YBENYEHNS MNONYASPHOCTU CETEBbLIX POPM
MEXTMHYHOCTHOM KOMMYHMKaLM hOPMUPYETCA BbICOKUIA PUCK Pa3BUTUS rNogMHaMUM B CTyAEHYECKON cpefe. Lienbto Kpocc-CeKUMOHHOro onmcaTenbHoro
1cenefioBaHys Obio BbISIBATE OCOBEHHOCTY ABUMATENbHON aKTVBHOCTU CTYAEHTOB-MEAVKOB 1 (DaKTOPOB pUCKa, BIMSIOLLMX Ha (POPMUPOBaHME rMnoguHammm
B nepviog, oby4eHust. [poBeaeHo aHOHUMHOE oHMalH-aHkeTnpoBaHue 431 ctyneHta ®IrbOY BO Pasl MY Ha nnatdopme forms.yandex.ru ¢ Mcnonb3oBaHnem
BOMPOCOB «OMPOCHMKa CaMOOLIEHKW YPOBHS ABUraTensHOM akTeBHOCTU» (Physical Activity Level Self-Assessment Form) B agantaumm A. B. Kabadkosow (2025).
BonbLUMHCTBO CTyaeHTOB (61,95%), NPUHSBLLIMX y4acTVie B UCCNeLoBaHUN, UMENW HU3KYIO ABUraTeNbHYO akTUBHOCTbL. BbisiBneHa 60osbLuas pacnpocTpaHeHHOCTb
cpeaHen, JOCTaTOHHON 1 BbICOKOW ABUraTebHOM aKTUBHOCTY CPEAV PECMOHAEHTOB MY>KCKOIO Mosia Mo CPaBHEHWIO C PECMOHAEHTaMM >xeHCcKoro nona (x? = 20,36;
p < 0,001). MNMpocnexxneaeTcs TEHAEHUMS K CHYDKEHNIO ABMraTeNbHOM akTUBHOCTY CTYAEHTOB-MEAVIKOB OT MEPBOroO K TPETEMY KYpPCY, CyLLECTBEHHOE YBENNYEHME
[BUraTenbHOM akTVBHOCTW Ha YETBEPTOM KypCe U AasibHelLLIee CHKEHIE K LLIECTOMY Kypcy. HabnopatoTest yMeHbLLEHWE 0NN CTYAEHTOB C HU3KOM 1 yBENNYEHE
[ONV CTYAEHTOB CO CpefdHeln W AOCTaTOHMHOW ABWraTeflbHON aKTVBHOCTBIO MO MepEe CHIDKEHUS BPEMEHHbIX 3aTpaT Ha 3MeKTpOoHHble ycTporncTea (x? = 34,5;
p < 0,001). K dhakTopam purcka H1U3KOW ABUraTenbHOM akTUBHOCTY CTYAEHTOB-MEOVKOB MOXHO OTHECTN 0Oy4eHMe Ha TPETbEM U LLIECTOM Kypcax MeANLIMHCKOro
YHUBEPCUTETA, XXEHCKNI MO W 3HAYNTENbHBIE BPEMEHHbIE 3aTPaThl HA B3aUMOLEVCTBME C SIEKTPOHHBIMW YCTPONCTBAMM.

KntoyeBble cnoBa: CTyZeHTbl, ABUraTenbHas akTMBHOCTb, 340PO0BbIN 06pa3 »WM3HiW, NPohunakTka rnoguHaMmnmn

Bknag aBTopoB: A. A. [leMeHTbeB — KOHUENUUsa v audaiH 1ccnefoBaHns, cTatncTuydeckas obpaboTka daHHbIX, HanmcaHve TekcTa cTtatbu; M. [. ®ageesa,
L. A. ConoBbes — cbop MaTepuana, obpaboTka aaHHblx; E. A. Llykapesa — o6paboTka AaHHbIX; BCe aBTOPbl — YTBEOKAEHNE OKOHYATEIbHOrO BapuaHTa CTaTbu.

CobniogeHne aTMYeCKX CTaHgapToB: OT BCEX CTYAEHTOB Moy4eHo A06POBObHOE MHOPMUPOBAHHOE COrmacue Ha yqacTvie B MCCNeaoBaHum.
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Fostering health-preserving behavior and the culture of healthy  to the population, fostering attitudes toward a healthy lifestyle
living is considered as a priority task for preventive medicine  among medical students is a crucial task of higher medical
in the current context, characterized by relatively low birth  education [5-8].

rates and a progressively aging population [1-4]. Given that Adequate physical activity is an integral part of a healthy
a significant portion of preventive work falls within the duties lifestyle, contributing to the maintenance of cardiovascular
of medical personnel providing primary medical and social care  health and the prevention of metabolic syndrome and obesity
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Table. 1. Student distribution by physical activity intensity

Physical activity
Gender Total
High Sufficient Moderate Low
. | n 3 12 71 196 282
emale
% 1.06 % 4.26 % 25.18 % 69.50 % 100.00 %
n 4 13 61 71 149
My>ckon
% 2.68 % 8.72 % 40.94 % 47.65 % 100.00 %
Mal n 7 25 132 267 431
ale
% 1.62 % 5.80 % 30.63 % 61.95 % 100.00 %

[9-13]. A high risk of physical inactivity is emerging among
students in the context of the high level of informatization
of public life, the widespread development of online delivery services,
and the growing popularity of network forms of interpersonal
communication [14-17]. In this regard, studying the hygienic
features of medical university students' physical activity is highly
relevant.

The study aimed to identify the features of medical students’
physical activity and the risk factors influencing the development
of physical inactivity during the period of study.

METHODS

The cross-sectional descriptive study was conducted
at the Department of General Hygiene of the Pavlov Ryazan
State Medical University of the Ministry of Health of the Russian
Federation. We conducted an anonymous online questionnaire
survey of 431 1%t to 6M-year students of the Pavlov Ryazan
State Medical University on the forms.yandex.ru platform using
questions from the Physical Activity Level Self-Assessment
Form adapted by A.V. Kabachkova (2025). Inclusion criteria:
The respondent is a student of the Pavlov Ryazan State
Medical University of the Ministry of Health of the Russian
Federation, he/she has submitted the informed consent
to take part in the study, he/she has answered all questions
of the online questionnaire. Exclusion criteria: incorrectly filled
online questionnaire. The sample size was determined using
the standard formula for sampling without replacement.
Relative values were calculated when assessing the rate
of various motor activity variants. Significance of differences
in the frequency analysis was assessed using the chi-squares test
(x?); pairwise comparison of relative values was performed using
Student's t-test. The differences were considered significant
at p < 0.05. Statistical data processing was performed in MS

Excel (Microsoft; USA) and Jasp 0.97 (University of Amsterdam;
Netherlands) software packages.

RESULTS

The study showed that the majority of students enrolled
(61.95%) had low physical activity (Table 1). High and sufficient
physical activity was typical for a small proportion of respondents
(1.62 and 5.80%, respectively), whereas other students had
average levels. We revealed significant gender differences
in the physical activity of medical students, reflected by the higher
rate of moderate, sufficient, and high physical activity in male
respondents (x2 = 20.36; p < 0.001).

The study revealed significant differences in the distribution
of students with varying levels of physical activity across
different years of university study (x> = 25.9; p = 0.039) (Table 2).

The fact that students with high physical activity were
found only in the first three years of university attracts attention,
and their share was insignificant and fell within the range
of 0.63-3.81%. The majority of students in all years of study
had low physical activity, and their share increased from
the first to the third year of study from 56.18 to 74.29%, reaching
its maximum. Then, in the fourth year of study, it dropped
to a minimum (52.6%), primarily due to increasing the proportion
of students with sufficient and moderate physical activity
to the maximum level (to 10.53 and 36.84%, respectively).
However, during the next two years of study, the prevalence
of low physical activity among students began to rise again:
t0 68.97 and 70.00%, respectively.

[t should be noted that no significant effect of age or faculty
on the medical students’ physical activity was found.

It seems interesting to consider distinct components
of the students’ physical activity determining its overall score.
The study has shown that 35.75% of students always use

Table. 2. Student distribution by physical activity intensity depending on the year of study

Physical activity
Year Total
High Sufficient Moderate Low
; n 2 7 30 50 89
% 2.25% 7.87 % 33.71 % 56.18 % 100.00 %
5 n 1 13 54 92 160
% 0.63 % 8.13 % 33.75 % 57.50 % 100.00 %
n 4 0 23 78 105
3
% 3.81 % 0.00 % 21.90 % 74.29 % 100.00 %
4 n 0 4 14 20 38
% 0.00 % 10.53 % 36.84 % 52.63 % 100.00 %
n 0 0 9 20 29
5
% 0.00 % 0.00 % 31.08 % 68.97 % 100.00 %
6 n 0 1 2 7 10
% 0.00 % 10.00 % 20.00 % 70.00 % 100.00 %
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Table. 3. Distribution of students with various physical activity depending on the time spent on electronic devices (television, computer, tablet, smartphone)

Physical activity
Time Total
High Sufficient Moderate Low

n 1 32 109 147
More than 5 h a day

% 0.68 % 3.40 % 21.77 % 74.15 % 100.00 %

n 1 64 125 202
3-5haday

% 0.50 % 5.94 % 31.68 % 61.88 % 100.00 %

n 5 33 36 82
Less than 2 h a day

% 6.10 % 9.76 % 40.24 % 43.90 % 100.00 %

the stairs instead of the elevator, while the proportion of such
students among males (46.75%) is significantly higher than
among females (30.13%) (t = 3.46; p < 0.05). A total of 37.50%
of the students engage in high-intensity physical activity
for 20 min or more, 2-3 days a week, males more often
(45.45%), than females (33.34%) (t = 2.48; p < 0.05). A total
of 46.93% of respondents perform strength exercises very
rarely, and the proportion of such individuals among females
is 54.97%, which 1.7 times higher, than among males (t = 5.06;
p <0.05). Atotal of 34.42% of men and 1.5 times fewer women
practice physical activity of this type 2-3 days a week (t = 2.48;
p < 0.05).

One in three survey participants, regardless of gender,
spends more than 5 h a day in front of a television, computer,
tablet, or smartphone; 46.87% of respondents spend between
3-5 h a day interacting with electronic devices, while others
spend less than 2 h. At the same time, 46.93% of medical
students read books for more than 2 h a day, 31.8% for 2 h,
and 16.23% for about an hour. No significant gender differences
were found in the distribution of students based on the time
spent with books or electronic devices.

A decrease in the proportion of students with low physical
activity is observed as the time spent on electronic devices
decreases: from 74.15 to 43.90%, respectively (x> = 34.5;
p < 0.001) (Table 3).

Reduction of the time spent using electronic devices
is reflected in the increase in the fraction of respondents with
sufficient or moderate physical activity: from 3.40 to 9.76%
and from 21.77 to 40.4%, respectively. At the same time,
the highest proportion of respondents with high physical
activity was reported for the group with the least time spent
using electronic devices.

DISCUSSION

The high prevalence of low physical activity among medical
university students (61.95%) identified in the study is fully
consistent with the results of other researchers, according
to which the lack of physical activity was reported in 57-64%
of students [18-20], and 48.6% of students lead a sedentary
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[t should be noted that insufficient physical activity being
a risk factor for metabolic disorders leads to the body mass
index increase [26, 27]. Encouraging physical activity among
medical students is important for maintaining health and training
future physicians [25].
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