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ORIGINAL RESEARCH

ASSESSMENT OF PHYSICAL DEVELOPMENT HARMONICITY IN SCHOOLCHILDREN FROM THE NEW
RUSSIAN TERRITORIES

Paramonova VA= Chudinin NV', Skoblina NA?, Dementiev AA', Semicheva VR', Tatarinchik AA?

! Pavlov Ryazan State Medical University, Ryazan, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

Physical development is the most important indicator of the health of children and adolescents, since it enables monitoring thereof. This study aimed to assess
the harmonicity of physical development in schoolchildren living in the new territories of the Russian Federation. We used the anthropometric data (body length
and weight) of schoolchildren aged 7 to 17 years from the Donetsk People's Republic (DPR; 4004 people) and the Kherson region (2902 people). More than 60%
of schoolchildren from the DPR had harmonious physical development, and the least number of harmoniously developed children was observed in the age groups
of 11-14 years (68.4% of boys and 56.6% of girls); as for the Kherson region, the physical development was harmonious in more than 50% of schoolchildren
therefrom, and lowest number of harmoniously developed children was found in the age groups of 11-14 years (43.1% boys and 45.3% of girls). We identified
significant differences in the appearance of the relative risk of disharmonious physical development between boys aged 7-10 and 11-14 years in the DPR
and the Kherson region (x> = 21.6, p < 0.001 and x? = 59.328, p < 0.001, respectively), as well as between girls of the same age groups (x> = 14.383, p < 0.001
and x?= 11.843, p < 0.001). These relative risk figures indicate that there is a direct link between the territories and the likelihood of disharmonious physical
development. The correlation analysis and the calculation of relative risk yielded determination of the critical groups among schoolchildren aged 11-14 in which
the number of children developed disharmoniously was the largest.

Keywords: physical development, regional regression scales, new Russian territories, schoolchildren

Author contribution: Paramonova VA — development of the study concept, collection of the primary material, processing of the research results, text authoring;
Chudinin NV — statistical processing; Dementiev AA, Skoblina NA — text editing; Semicheva VR, Tatarinchik AA — collection of the primary material, statistical
processing.

Compliance with ethical standards: the study was approved by the local Ethics Committee of the Pirogov Russian National Research Medical University (Minutes
No. 239 of 15 April 2024) and conducted in accordance with generally accepted scientific principles of the Declaration of Helsinki (revision of 2013).
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OLEHKA TAPMOHU4YHOCTUN ®U3NHECKOIO PA3BUTUA LLUKOJIbHUKOB HOBbIX
POCCUWUCKUX TEPPUTOPUI

B. A. Mapamorosa'=, H. B. YyauHuH', H. A. CkobnmHa?, A. A. demenTtoes’, B. P. Cemuuesa’, A. A. TaTapuH4nk?

" PsigaHCKUWiA rocy1apCTBEHHbI MEAULMHCKMIA YHUBEPCUTET UMeHW akaaemuka W. 1. Maenosa, PsasaHb, Poccust
2 POCCUCKUIA HAUMOHAUTbHBIA UCCNE0BaTENbCKUMN MEAVLIMHCKMIA yHBEpcUTeT umenn H. . Tinporoea, Mockea, Poccus

BaxkHenwmnm nokasartenem 300poBbs AeTeN 1 MOAPOCTKOB SBASETCH (PM3NHECKOE Pa3BUTNE — «MHCTPYMEHT KOHTPOMS 3a COCTOSHVMEM 3[40P0BbS pPebeHKa».
Llenbto nccnepoBanms 66110 U3yHnTb rAPMOHUYHOCTb (H3NHECKOrO PadBUTHIA LLKOBHKOB HOBbIX Tepputopuin Poccuiickon Pegepaumn. B nccnegosaHnm obinm
1CNoMb30BaHbl aHTPOMNOMETPUYECKME AaHHbIEe (OMHa U Macca Tena) LWKOSbHUKOB B Bo3pacTe oT 7 Ao 17 net [doHeukor HapopgHoi Pecrnybnvki (4004 Yen.)
1 XepcoHckoin obnactu (2902 4yen.). bonee 60% WkonbHMKOB AHP nMenv rapMoHndHoe rnsmnyeckoe passutie, npu 3TOM HaMMEHbLLEE HMCIO rapMOHUYHO
pas3BuTbIX AeTen Habnopanock B BO3PaCTHbiX rpynnax 11-14 net (58,4% manbqnkos 1 56,6% OeBoqek); 6onee 50% LIKOMBHUKOB XepCOHCKOM 0bnactu
MMENN rapMOoHMYHOE OU3NHECKOe Pas3BuTUe, MPU STOM HaUMEHBLLIEE YMCIO FAPMOHWYHO Pa3BUTbIX AeTelt BbISBNEHO B BO3pacTHbIX rpynnax 11-14 net (43,1%
ManbHmKoB 1 45,3% fOeBo4yek). BbisBneHbl 3Ha4YMMble pa3nmyms B POPMUPOBaHNN OTHOCUTENBHOMO pUCKa AUCrapPMOHNYHOMO (OU3NHECKOrO PasBUTUS MeXXay
Manbimkamn 7-10 n 11-14 net B IHP 1 XepcoHckoi obnactu (x* = 21,6, p < 0,001 1 x? = 59,328, p < 0,001 COOTBETCTBEHHO), & TAKXE MEXAY AEBOYKAMMN
B TeX >ke BO3pacTHbIX rpyrnax (x> = 14,383, p < 0,001 1 x* = 11,843, p < 0,001). MNMokazaTen 0THOCUTENLHOIO pUcka LKONbHIKOB [HP 1 XepcoHckol obnactu
CBUAETENBCTBYIOT O HAIMHMN MPSIMON CBSA3W MEXOY TEPPUTOPUAMM 1 BEPOSTHOCTBIO ANCTaPMOHUYHOIO (hU3NHECKOrO pas3sBuTUs. [poBeaeHHbIN KOPPENALMOHHBIA
aHanM3 1 pacyeT OTHOCUTENBHOIO PUCKa MO3BONM YCTAHOBUTL «KPUTUHECKME MPYMMbl» LUKONBHMKOB 11—14 neT, B KOTOpbIX HabMofaeTcs HambosbLLee Yncno
[EeTell C AUCTapMOHNYHBIM (PU3UHECKVM Pa3BUTUEM.

KnioueBble cnosa: (hr3n4eckoe passutue, PermoHasTbHbIE LLKasbl PErPECCUM, HOBbIE POCCUNCKME TEPPUTOPUN, LLKOBHNKM

Bknap aBTopoB: B. A. lMapamoHoBa — paspaboTka KOHLEeNUuM NCCneaoBaHns, cbop NepBMYHOrO Matepuana 1 obpaboTka pesynsTaToB MCCNe[oBaHNs,
HanvcaHve TekcTa; H. B. YyouHuH — ctatictudeckasn obpabotka; A. A. demerTbes, H. A. CkobnnHa — pefakTvpoBaHiie Tekcta; B. P. Cemundesa, A. A. TatapuHinK —
cOop NepBMYHOrO Martepuana, craticTnyeckas oopabdoTka.

Cob6niofgeHne aTUHECKUX CTaHAApPTOB: 1CCefoBaHe 0f06peHo NnoKanbHbIM 3TU4ecknM kommtetom PHVIMY umenn H. U. Muporosa (npoTtokon Ne 239
o1 15.04.2024) 1 npoBeAgHO COrMacHO OBLLENPUHATBLIM HayYHbIM MPUHLIMMNAM XenbCUHKCKOM Aeknapaummn BcemmpHoi MeamumHekor accoumaum (ped. 2013 ).

><] Onsa koppecnonpeHunn: BaneHtnHa AnekcanaposHa NapamoHosa
CnaBaHCKUA MpocnekT, 4. 6, 1. PasaHb, 390035, Poccus; vparamonova2005@yandex.ru

Cratbsl nony4eHa: 03.12.2024 Ctatbsi npuHATa K nevatu: 12.10.2025 Ony6nunkosaHa oHnanH: 04.12.2025
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Physical development, being the child's condition control
tool, is on of the most important indicators of the health
of children and adolescents [1, 2]. The degree of harmonicity
of the physique reflects how well-balanced the processes
of growth and development are, and describes the activity
of metabolism in the context of the body-environment interaction
at any age [1, 2]. The basic figures used in the physical
development assessment are the anthropometric data [1, 2].
The assessment itself involves a comparison of these figures
with those considered standards at the regional, national,
and international levels. Most researchers believe it is best
to prioritize regional standards, since they factor in the specifics
of the given territory (climatogeographic, ethnic, ecological,
socio-economic conditions, etc.) [3, 4].

On September 30, 2022, there were signed international
agreements admitting the new regions to the Russian Federation
(RF). In this regard, the physical development of children
and adolescents there is of interest to both scientists and healthcare
professionals [5].

The purpose of this study was to assess the harmonicity
of physical development of schoolchildren in the new territories
of the Russian Federation.

METHODS

The study relied on the anthropometric data (body length
and weight) of schoolchildren aged 7 to 17 years from the Donetsk
People's Republic (DPR; 4004 people) and the Kherson region
(2902 people). The data were taken from the official medical
documentation (preventive medical examination cards for minors,
Form No. 030-PO/u-17). The schoolchildren were divided into
three age periods: 7-10 years old, 11-14 years old and 15-17 years
old, according to the age division practiced in the Russian
Federation. The assessment of the physical development
of schoolchildren was based on the regional age and sex
modified body length-dependent weight regression scales
[6, 7]. The study yielded a conclusion describing how harmonious
(disharmonious) the physical development of schoolchildren
in the new Russian territories is [6, 7].

For statistical processing of the obtained data, we used
the Statistica 13 software package (StatSoft; USA) and Excel
2016 (Microsoft; USA). The mathematical analysis of the data
involved calculation of the statistical indicators using methods
of descriptive statistics. Since the analyzed indicators
are attributive and measured on a nominal scale, we represented
them as calculated proportions — how often each occurs
in the sample — and determined the 95% confidence Wilson
score intervals. To analyze the attributive data on a nominal
scale, we used the four-field conjugacy tables and calculated
the Pearson's chi-square criterion (x?), the relative risk (RR),
and its 95% confidence interval. The critical significance level
for all statistical methods (criteria) used was p < 0.05.

RESULTS

More than 60% of schoolchildren in the DPR had harmonious
physical development; the smallest number of harmoniously
developed children was observed in the age group of 11-14 years
(568.4% boys and 56.6% girls) (Table).

In the Kherson region, physical development was harmonious
in over 50% of schoolchildren; the largest number of disharmonious
development cases was registered in the 11-14 years age
group (43.1% boys and 45.3% girls).

In DPR, the common reason behind the disharmonious
physical development in the 7—10 years age was short stature,
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registered in 14.3% of boys and 16.2% of girls; it may indicate
a possible delay in biological development. The main reason
in the 11-14 years age group was excess body weight, seen
in 18.3% of boys and 18.7% of girls. In the 15-17 years age
group, disharmonious physical development stemmed from
insufficient body weight in boys (25.5%) and excess body
weight in girls (15.0%).

In the Kherson region, the key reason for disharmonious
physical development in the 7-10 years age group was excess
body weight in boys (21.6%) and insufficient body weight
in girls (16.3%). In the 11-14 years age group, it was also
excess body weight in boys (28.0%) and insufficient body
weight in girls (19.7%). As for the 15-17 years age group,
the common reason behind disharmonious physical development
was excess body weight, found in 20.8% of boys and 15.8%
of girls.

Assessing the conjugacy of age groups in DPR and calculating
the RR of disharmonious development, we identified
significant differences between male schoolchildren aged 7-10
and 11-14 years (x® = 9.841, p < 0.05), and schoolchildren
aged 11-14 and 15-17 years (x® = 6.272, p < 0.05). The RR
of disharmonious physical development in boys from DPR
belonging to the 11-14 years age group exceeded that in other
age groups by 1.3 and 1.2 times, respectively (RR = 1.308
(1.104-1.551) and RR = 1.248 (1.047-1.489)); in girls aged
11-14 vyears, the RR was also 1.3 times higher than
in the 15-17 years age group (RR = 1.423 (1.171-1.722)).

In the Kherson region, we revealed significant gender
differences in the degree of disharmonious physical development
among schoolchildren aged 11-14 and 15-17 years (x* = 13.044,
p < 0.001 and x*> = 16.618, p < 0.01, respectively). The RR in
boys and girls aged 11-14 years was 1.2 and 1.4 times higher
than in the 15-17 years age group, respectively (RR = 1.248
(1.047-1.489), (RR = 1.4083 (1.155-1.706)).

The assessment of RR of disharmonious physical
development in the same-age schoolchildren (both boys
and girls) from DPR and the Kherson region revealed no significance
of gender as a risk factor.

We identified significant differences in the causes of RR
of disharmonious physical development between boys aged
7-10 and 11-14 in DPR and the Kherson region (x*> = 21.6,
p < 0.001 and x* = 59.328, p < 0.001, respectively), and between
girls in similar age groups (x> = 14.383, p < 0.001 and x°= 11.843,
p < 0.001). The RR indicators of schoolchildren in DPR and the
Kherson region confirm the direct link between the territories
they reside in and the likelihood of disharmonious physical
development: in boys aged 7-10 and 11-14 years from
the Kherson region, the said likelihood was 1.5 and 1.4 times
higher, respectively, than for in their peers from DPR (RR = 1.526
(1.278-1.821) and RR = 1.367 (1.201-1.557)). In the Kherson
region, girls aged 7-10 and 11-14 had a 1.4 and 1.3 times
higher risk of disharmonious development than girls in DPR,
respectively (RR = 1.407 (1.180-1.677) and RR = 1.268
(1.109-1.450)).

DISCUSSION

Stature and body weight are the main anthropometric
indicators traditionally used in pediatric practice to assess
physical development [1, 2]. Deviations of these parameters
from the age standards indicate the need for a more extensive
examination, and further on — planning and implementation
of preventive and health improvement programs, including
those designed specifically for the premises of the educational
institution [8].
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Table. Physical development indicators, schoolchildren of the Kherson region and DPR

N Kherson region DPR
I-ci’?rg:@r;:ggly Age groups Boys Girls Boys Girls
development Number S(gsa:/i (C"/Io)) Number S(g;:/(z (CO/I(;) Number S(gsagz (C°/|c;) Number S(gsa:"/tz g/lo))

710 years 160 (46.8581-'23.94) 163 (46.7512—.27.73) 310 (63.8668—.32.39) 284 1 (61 .4656-'30.36)
H(N)PhD 11-14 years 205 (38.;14?::17.63) 172 (40.5?5—'20.93) 296 (54.155—'22.71) 304 (52.:96—'21 .06)
15-17years | 132 (53.1559—-25.98) 124 (54.269;1—'27.53) 253 ©1 e 31 | %7 (58.1633—-28.05)
7-10 years 150 (42.8488—-23.94) 149 (42.;77223.29) 144 (27.6?11—.;6.14) 146 (29.634:1—28.55)
DPhD, including | 11-14 years 269 (52.3576—'21 26) 207 (50.15figo.1 g | 210 (37.2491—.25.84) 230 (38.9443—-4117.31)
15-17 years 8 (34.(;‘20—-4316.85) & (32.43;3—'25.77) 126 (28.:93:58.14) 1821 @1 .:56—'21 87)

7-10 years 46 1 .3‘1;&?9.23) 51 (1 2.61&;3—-20.85) 29 (4.42'—39.02) 16 (8.1;?-1%.97)
BWD 11-14 years 59 (9.7;%1%.76) 75 (1 6.2169—-;4.34) 59 ©.1 251'1631.75) 5 A1 .31;—'(1)7.25)
15-17 years 22 (6.679—.?4.61) 18 (5.6;—-?3.58) 20 (23.4245—28.01) 39 (8.0;?-184.51)

7-10years 67 R 7.3291—.26.53) 4 “ 2.9135—.?9.78) 23 (3.4?)'-07.49) 13 “ ey 0)
EBW 11-14 years 182 (24.0268-22.1 1) 100 @ 5.6158—.;2.25) 94 (15.212'-322.2) 100 a 5.6158—.22.25)
15-17 years 46 a 6.9280-'26.64) 57 (1 2.415-.20.02) 67 (14.1178-'21 84) 57 a 2.2520.02)
7-10 years 22 (4.737—'30.51) 36 (8.4;1-155.56) 65 (11 .9?91?7.84) 70 R 3.0196—-50.06)

Ss T1-14 years 68 1 .51(;1-'?7.83) 41 (5.717§$o.23) 39 (5.697—.170.36) 41 (5.717-'?0.23)
15-17 years i (4.867-'?1 97) 33 (6.629—.:2.63) 20 (3.42'-38.01) 33 (6.629—.12.63)

7-10 years 15 (2.9‘51.—87.83) 5 (2.9;31-—87.78) 27 (4.13—%.51) i (2.42-—96.24)

TS 11-14 years 8 (0.823;%.36) 14 ( .53'—611.35) 18 (2.22'—515.55) 14 § .53—621.35)

15-17 years 4 (0.71.—%1.56) 3 (0.23'—82.43) 20 (3.42.—38.01) 3 (0.2%—82.43)

Note: H(N)PhD — harmonious (normal) physical development; DPhD — disharmonious physical development; BWD — body weight deficiency; EBW — excess body
weight; SS — short stature; TS — tall stature.

In a population of children, adolescents and youth who grow
and develop in favorable conditions, the proportion of children
with normal (harmonious) physical development approaches
68% (consistent with the normal distribution law) [9].

Earlier studies that involved schoolchildren from Moscow
and Kiev found the share of normally developed people in these
populations to be exactly that number [10].

However, in our study, we discovered a fairly large proportion
of schoolchildren with disharmonious physical development.

As reported in the scientific literature, 2 to 3 percent of children
show a delay in biological development of various origins,
regardless of gender. At the same time, the high prevalence
of overweight and obesity among minors (about 27.1%)
is a matter both Russian and foreign specialists are concerned
about [11-16].

We found that 14.3% of boys and 16.2% of girls from
the 7-10 years age group (DPR) had a short stature, which may
indicate a possible delay in biological development.

Excess body weight was the predominant sign of disharmonious
physical development among boys in all age groups from

the Kherson region (21.6, 28.0 and 20.8%, respectively)
and in the 11-14 years age groups among boys from DPR
(18.3%), as well as among girls of the Kherson region aged
15-17 years (15.8%) and girls from DPR aged 11-14 years
and 15-17 years (18.7% and 15.0%, respectively).

Body weight deficiency was less common; we registered
it in older boys from DPR (25.3%) and in girls of younger
and middle age groups from the Kherson region (16.3 and 19.7%,
respectively).

The correlation analysis and calculation of the RR showed
that age was a factor in disharmonious physical development
in the 11-14 years age group, regardless of gender and territory
of residence; this is comparable with the results of other studies,
because this is the puberty age, when the entire body undergoes rapid
transformation [1, 2]. The greatest risk of disharmonious development
occurs at the age of 11-14 years, which is a sensitive period
associated with the most active changes in the adolescent's bodly.

A long-term analysis of the dynamics of physical development
of children and adolescents indicates a direct dependence
of their health status on environmental and socio-economic
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factors present in their territory of residence [17]. This study
revealed differences between the studied territories: the indicators
of disharmonious physical development of schoolchildren
in the Kherson region were higher than those in DPR. At the same
time, correlation analysis and RR calculation point to a direct
relationship between the specifics of the territories
and the likelihood of disharmonious physical development
in younger children and those in the medium age groups
of the sample.

The current scientific publications lack sufficient information
on the level of physical development and health of the child
population in the new territories of the Russian Federation.
Therefore, further research in this area will help practical
healthcare in planning science-based preventive measures.
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EXPERIENCE IN DELIVERING "HYGIENE AND SANITATION" AND "HYGIENIC EDUCATION" PROGRAMS
TO POSTGRADUATE STUDENTS VIA DISTANCE LEARNING

Bogdanova OG'?&

" East-Siberian Institute of Medical and Ecological Research, Angarsk, Russia

2 Irkutsk State Medical Academy for Postgraduate Education (branch of Russian Medical Academy of Continuous Professional Education), Irkutsk, Russia

At the current stage of societal development, there is an increasing need to introduce innovative approaches to the pedagogical process to enhance the quality
and accessibility of postgraduate education. The specifics of modern education are the widespread use of computer technology and the Internet, which provide connection
to intelligent information systems and technologies. Such tools enable training when there is a significant distance between the student and the teacher. Telecommunication
and network technologies are well integrated into postgraduate education, including programs for paramedics. This study aimed to evaluate the effectiveness of distance
learning in delivering advanced training programs in "Hygiene and Sanitation" and "Hygienic Education" to postgraduate paramedics enrolled in a part-time curriculum.
We surveyed 30 general hygiene assistants. The main research methods were logical analysis, generalization, systematization of published information, and reflection
on digitalization experience. In the survey ranking, the highest mean score — 6.84 (6.77; 6.91) — was assigned to three questions related to the organization
of the advanced training cycle and the clarity of learning goals and content. The lowest score, corresponding to the third rank, was given to the question on the effectiveness
of distance learning. Although this question received a mean score of 5.37 (5.23; 5.51), it was still above the neutral level of 4 points. The results of the survey allowed
suggesting that the introduction of distance learning significantly increases motivation to learn and reduces the time spent on periodic professional development.
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OrbIT NCMOJIb3BOBAHUA ANCTAHUNOHHOIO OBY4YEHUA MO NMPOrPAMMAM
«TMMTMMEHA N CAHUTAPUA» U «TUTMEHNYECKOE BOCIUTAHUE» B NOCTAUMTJIOMHOM OBPA3OBAHNI

O. . BorpaHosa'2 &

" BocToUHO-CUOBNPCKINIA MHCTUTYT MEANKO-3KONMOMMHECKIX nccnefoBaHuin, AHrapck, Poccus
2 pkyTCKasi rocyfapCTBeHHast MeAMLIMHCKas akaaemuyst nocneaunioMHoro obpasosaqus — cmnnvan re0y A0 PMAHMO Munsgpasa Poccum, MpkyTtek, Poccus

B akTyanbHbIX peannsx passutis obLuecTBa pacteT HeOOXOAMMOCTb MCMOMb30BaHUS MHHOBALWOHHbBIX NPeobpasoBaHuii NeaarorMiyeckoro npoLecca, B ToM
41cne AN NOBbILLEHVSA kadecTBa M AOCTYMHOCTW MOCTAMMIIOMHOIO 06pa3oBaHns. CneumdrKon COBPEMEHHOO 00yHeHNs SBNSETCS LUMPOKOE NCMONb30BaHNe
KOMMBIOTEPHOW TEXHUKW, VIHTEPHETA C BO3MOXHOCTBIO MOAKIIIOHEHUSI K UHTENNEKTYasbHbIM MH(OPMALWMOHHBIM CUCTEMAaM 1 TEXHOMOMVSIM. Takve cpencTsa
MO3BOAISIOT NMPOBOANTL 0By4eHIe, Koraa 0byHaemblit 1 0BYyHaIOLLMI pasfeneHbl 3HaUMTENbHbIM reorpatHECKM PacCTosHMEM. [Icronb3oBaHne TENEKOMMYHIKaLN
1 CETEBbIX TEXHONOMMIN AOBOMBHO OOLLMPHO MPEACTaBAeHO B MOCTAMMIIOMHOM 00pasoBaHini, B TOM 4YiCie ANS CPeaHero MeaMUMHCKOro nepcoHana. Llensto
1CCrefoBaHyis GbI10 OLEHUTH METOL, AUCTAHLMOHHOMO 06Y4eHUS Ha O4HO-3a04HOM LIKIIE MOBbILLIEHUS KBASMUKALWN MO NporpamMam «[urveHa v caHntapus»
1 «[UrvieHN4ecKoe BOCMUTaHne» B MOCTAMMNOMHOM 0Opa3oBaHi CpeaHero MeguLIMHCKOro nepcoHana. MNpoBefeHo aHkeTnposaHue cpeay 30 PeCcrnoHAeHTOoB,
paboTatoLyx NOMOLLHMKaMKM Bpada no obLel rurneHe. KnioveBbiMy MeTofaMu UCCNefoBaHns Obiav NOrMHeckmin aHanmnsa, obo6LLeHne, cuctemaTmsaLis
0ony6AMKOBaHHOM MHPOPMaLN 1 OCMbICNIEHME OMbITa LndpoBuaaLmn. MNpy paHxMpoBaHn Pe3ynsTaTtoB aHKETUPOBAHNS NEPBbIN PaH ¢ HAaMOOABLLMM CPEAHIM
6annom 6,84 (6,77; 6,91) NnpncBoeH Tpem Bonpocam, KacatoLLMMCst OpraH13aLmmn LyKa noBbILLEHWst KBaMUKaLmm, SCHOCTW e 0ByHeHNs 1 HanoHSeMoCTn
VHOPMALWIOHHBIM MaTepUanom, TRETUIA PaHT C HAVMEHBLLIMIM KONMHYECTBOM BanioB Noy4ma BOMPOC 06 3PMEKTUBHOCTY ANCTAHLIMOHHOM (hOpMbl 0ByHeHns —
5,37 (5,23; 5,51), BMecTe € TeM aTa OLeHKa Obina BbilLe 4-6annbHOro HeTPasIbHOro YPOBHS. Pe3ynstaThbl aHKETUPOBaHNS 0BYyHatoLLIMXCA NO3BOMMN MPEANONOKUTb,
YTO BHEAPEHME ONCTaHLMOHHOMO 00y4EHNSt MOKa3bIBAET 3HAYUTENBHOE YBENMHYEHE MOTVBALMM K OBNALEHUIO 3HAHUSIMK, a TakKe BOSMOXXHOCTb COKpaLLeHNs
paboyero BpEMEHM, 3aTpa4vBaeMOoro Ha NeproanHECKOe NOBbILLEHVE KBaMMMUKaLWM CneLmancToB.

KnioyeBble cnoBa: AyCTaHLMOHHOE 0By4eHne, NOCTANMIOMHOE 06pa3oBaHve, CPefHUI MEAVLIMHCKNI NepCOoHas, MHAOPMaLIOHHbIE CUCTEMBI, TEXHONOMMN,
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The 2017-2030 Strategy for the Development of the Information
Society in the Russian Federation (RF) approved by Decree
of the President of the Russian Federation No. 203 0f9.05.2017 sets
nine main tasks involving use of information and communication
technologies for the development of the social sphere, the public
administration system, and interaction between citizens
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and the state. Four of these tasks relate to postgraduate medical
education. They include: implementing projects to improve
access to high-quality medical services and products; creating
technological platforms for distance learning to expand access
to quality education; motivating companies and organizations
to enable remote work; and developing technologies for electronic
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interaction among citizens, organizations, state agencies,
and local authorities, while preserving the option for non-digital
interaction [1] .

Being a medical doctor implies lifelong learning, therefore,
in order to maintain professional competence, doctors have
to be constantly improving, updating, and revising their knowledge.
Information and communication technology is a powerful tool
that enhances the quality and effectiveness of education.
In the third millennium, e-learning is no longer an alternative,
it is a mandatory component that should be considered
by the ever-increasing number of developers and organizers
of educational programs.

In addition, the COVID-19 pandemic triggered
significant changes in the field of education [2-4]. Therefore,
currently, the process of teaching and studying graduates
to a fundamentally new level, pushed up by the various
information and communication infrastructures based
on the Internet-enabled equipment and integration of software
and hardware constituents [5, 6]. As a result, traditional
education acquires new shapes: the role of the student, who
turns into an active participant of the process, becomes more
prominent [7]. A new paradigm of education is emerging,
characterized by global accessibility and lifelong learning that
fits seamlessly into one’s main activities [8]. The innovative
technologies used imply an analysis through the lens
of synergetics, when an individual becomes a leading factor
in social development, and the inputs by this individual have
an increasing value [9]. Distance learning is a form of education
that provides structured and purposeful guidance for learners
who are physically separated from the educational institution,
using electronic and telecommunication technologies [10].

This study aimed to evaluate the effectiveness of distance
learning in delivering advanced training programs in "Hygiene
and Sanitation" and "Hygienic Education" to postgraduate
paramedics enrolled in a part-time curriculum.

PATIENTS AND METHODS

The study was conducted in 2021-2022 at the East-Siberian
Institute of Medical and Ecological Research as part of educational
activities. Methodologically, processing of materials on distance
learning for postgraduate paramedics in evening advanced
training programs involved logical analysis, generalization,
and systematization of published information, as well as reflection
on digitalization experience.

The study focused on two programs, "Hygiene and sanitation"
and "Hygienic education," totaling 144 hours. The sample
included 30 students working as general hygiene assistants
at Rospotrebnadzor institutions in the Republic of Buryatia
and the Irkutsk Region. The mean age of the students
was 45.26 years (44.40; 46.13); most of them — 94.7% —
were female. Inclusion criteria: secondary vocational education
in the specialty 32.02.01 "Therapy and Preventive Medicine";
a specialist certificate in "Hygiene and Sanitation"; and at least
five years of relevant work experience.

Upon completion of the training, the students were given
the questionnaire shown in Table 1. Its purpose was to collect
information to assess the effectiveness of distance learning.
The answers were rated on a seven-point scale. Picking
an answer from the extreme left part of the questionnaire scored
1 point, selection of one from the extreme right part — 7 points.
Points from 2 to 6 were in-between the extreme options, with
a neutral standpoint yielding 4 points.

Mathematical processing of the survey results was performed
using Microsoft Excel (Microsoft; USA) and Jamovi 2.3

statistical software (The Jamovi Project; Australia). We ranked
the results of the survey and calculated the arithmetic mean
(M), the standard error of the mean (SEM), and 95% confidence
intervals.

RESULTS

The distance learning advanced training program in “Hygiene
and Sanitation” included the following sections: maintaining
medical records and organizing the work of medical personnel;
providing emergency medical care; collecting environmental
and food samples for sanitary and hygienic testing; conducting
sanitary and epidemiological studies and surveys with instrumental
measurements of environmental factors; practical training;
and final exams. The program "Hygienic Education" included
the following sections: fundamentals of hygiene and epidemiology;
promoting a healthy lifestyle; principles of hygienic education;
content of hygienic education; organization and delivery of hygienic
education; popularization of healthy living in institutions
and organizations; practical training; and final examinations.
In the practical training component, students independently
prepared visual campaign materials — multimedia presentations,
posters, flyers, etc. The distance learning concept was realized
in the form of video lectures and webinars. The degree
of knowledge acquisition was controlled through testing.
The students sent the completed tasks and practical projects
by e-mail. The quality of the practical part was assessed
by several parameters: relevance, aesthetics, practical significance,
independence of presentation, creativity and personal
contribution, novelty and non-standard thinking in exploration
of the subject, formalization rules compliance. The quality
of practical work was discussed during in-person classes, which
were organized to teach, advise, and analyze mistakes.

The training was supposed to not only give the students
subject matter basics and a set of useful skills, but also teach
them to perceive and master new knowledge. Education
should foster a person's ability to create; the most optimal
way to activate a student's creative potential is to teach them
to work independently. A proper example of the implementation
of this approach are tasks involving preparation of visual
agitation — Power Point presentations; the advantages of such
tasks are as follows:

— the purpose of the independent work of the students
is consistent with the practical necessity;

— the contradictions between the abstract nature
of the educational process and the real professional needs
are eliminated;

— the acquired knowledge is systematized and attributed
to the programs;

— the range of the problems considered is extended,
and the depth of their comprehension increased;

— the tasks are consistent with the logic of professional
activity, and imply improvement of the social interaction
and professional communication skills;

- the students enjoy greater involvement, since independent
preparation of visual materials implies feedback that is more
meaningful than marks given by automated knowledge
verification systems;

- the personal qualities of the students are well reflected
in the results, their self-esteem is adjusted, and they acquire
their professional activity stereotype;

— the processes of reflection is encouraged, along with
those of interpretation and comprehension of the ultimate results.

Having defined the purpose and the task as well as set
the conditions of independent work, the teacher gives the general
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Table 1. Methodology for evaluating the effectiveness of distance learning
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The level of computer skills: insufficient 1 2 3 5 6 7 The level of computer skills: professional
Internet skills: lacking 1 2 5 7 Internet skills: professional
It is quite difficult to study using distance It is easy to study using distance
b ) 1 2 3 5 6 7 : )
learning technologies learning technologies
Th.e |nfqrmat|on content of the program 1 2 3 5 6 7 The information content of the program is sufficient
is insufficient
The purpose of our training is unclear 1 2 3 5 6 7 The purpose of our training is clear and understood
Essentially, the studying was fruitless for me. 1 2 3 5 6 7 The studying was fru!tful for me,_l will use Fhe updated
knowledge in my practical activities
| felt uncomfortable from the beginning Initially, | felt uncomfortable, but then
S 1 2 3 5 6 7 P
to the end of the advanced training my situation improved
| did not feel confident, like an outsider, from 1 5 3 5 6 7 | felt confident, as a full member of the process, from
the beginning to the end of the advanced training the beginning to the end of the advanced training
In my opinion, traditional form of education In my opinion, distance learning is the most
. ) 1 2 3 5 6 7 ’ )
is the most effective effective form of education
Generally, | find the organization of distance 1 P 3 5 6 7 Generally, | find the organization of distance
learning unsatisfactory. learning done well.

patterns and procedure for the students. The experience gained
by the students while they are preparing their projects should
subsequently be used in the practical activities as physician
assistants for general hygiene, same as the skills learned
in the advanced training program. Preparing the projects,
students employ many theoretical and practical approaches.
The projects are the final stage of the program; they are offered
after the students have mastered the course and updated
their knowledge of the hygienic education and general hygiene
theory, which are delivered as video lectures posted on the Internet.
In addition, preparing the projects, the students relied
on the practical experience previously acquired in the context
of implementation of preventive measures under Chapter 10
of the Federal Law No. 248-FZ "On State Control (Supervision)
and Municipal Control in the Russian Federation" of July 31,
2020 [11]

When the students submitted the filled questionnaires,
we calculated the mean scores for all the parameters shown
in Table 2.

In the survey ranking, the highest mean score — 6.84
(6.77; 6.91) — was assigned to three questions related
to the organization of the advanced training cycle, the clarity
of the learning goals, and the content of the program.
The mean index of satisfaction with the actual results was 6.63
(6.55; 6.71); the score reflecting how confident and comfortable
the students felt during the training — 6.26 (6.17; 6.36)
and 5.95 (5.85; 6.04), respectively; the mean score indicating
how simple it was for them to use distance learning technology —

Table 2. Survey results (points)

5.84 (5.73; 5.95) points. The students rated their mastery
of personal computer skills at 5.74 (5.62; 5.86) points and Internet
skills at 5.68 (5.59; 5.78) points, respectively. The question that
received the lowest mean score concerned the effectiveness
of distance learning: 5.37 (5.23; 5.51) points. However, this value
was still above the neutral level of 4 points.

DISCUSSION

The problems of digitalization of medical education involve
a comprehensive assessment of the ongoing modernization,
including the introduction of intelligent information systems
and technologies [12, 13]. Many experts [14, 15] have indicated
that educators need to revise the classical approaches
and teaching methods in order to increase the motivation
of students. Computers and the Internet enable training when
the student and the teacher are separated by a significant
geographical distance. Telecommunications and network
technology are quite common in postgraduate education,
including that for paramedics.

Distance learning involves the transfer of knowledge through
video lessons, which are equivalent to regular lectures
or introductory classes [16], but differ in several ways.
According to the authors of [17], there are two most widely used
forms of distance learning: synchronous (live communication)
and asynchronous (text-based process). The first form employs
lecture recordings and other information resources that
allow the educator and the students to interact in real time.

95% confidence interval of the arithmetic mean
Questionnaire items Arithmetic mean (M) SEM Rank
M-(1,96 x SEM) M+(1,96 x SEM)
Personal computer skills 5.68 0.05 5.59 5.78 7
Internet skills 5.74 0.06 5.62 5.86 6
lliz;sriig; lf(gghwr:i(ljg;eascquisition using distance 5.84 0.06 5.73 5.95 5
The information content of the program 6.84 0.02 6.80 6.88 1
The purpose of the training 6.84 0.02 6.80 6.88 1
The actual result 6.63 0.04 6.55 6.71 2
How comfortable the process was 5.95 0.05 5.85 06.04 4
How confident the students felt 6.26 0.05 6.17 6.36 3
How effective the training was 5.37 0.07 5.23 5.51 8
Organization of distance learning 6.84 0.04 6.77 6.91 1
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The second form does not include a live online component
but relies on written messages, audio and video posts,
and discussions in chats for interactivity. There are many
studies demonstrating the benefits of distance learning [18-21].
For example, a systematic review [20] showed that this mode
of education delivery is more flexible and accessible. It allows
for an academic dialogue between students and educators,
offers a convenient learning environment, rich experience, good
work-life balance, and easy access to educational materials.
Some scholars claim that interactive video is a viable alternative
to online learning. Many educational organizations supplement
traditional education with online learning [19, 21, 22].

In the case considered in this study, postgraduate paramedics
enrolled in the evening advanced training programs "Hygiene
and Sanitation" and "Hygienic Education", where they acquired
comprehensive theoretical knowledge applicable to their
practical work. To learn the subjects, the students relied
on various additional resources, which greatly facilitated
the preparation process [18]. One of such resources were video
materials, which gave information, offered computer-labeled
tasks, and involved subsequent testing. The said materials
were lectures given by educators to empty audiences; they
were stored locally or online, and delivered to the students
using various tools and media. Digitalization offers postgraduate
trainees a growing array of opportunities and advantages,
primarily by allowing them to save time through the ability
to watch videos at their convenience.

At the same time, the question about the effectiveness
of distance learning received the lowest mean score, which
is due to the certain difficulties and problems experienced
by the students because of the lack of exchange of opinions
and interaction between the educator and the students
characteristic of traditional learning. This rationale is consistent
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COMPARISON OF UTERINE BODY CANCER INCIDENCE AMONG WOMEN LIVING IN ENVIRONMENTALLY
DISADVANTAGED AREAS (2000-2019)

Kryukova AE'®, Korsakov AVZ, Troshin VP!, Milushkina OYu?, , Korolik V\?

" Bryansk State Technical University, Bryansk, Russia
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Living in ecologically compromised regions can significantly increase the risk of malignant neoplasms in the female reproductive system, including uterine body
cancer (UBC). This study aimed to calculate the relative risk (RR) and the frequency of primary incidence of UBC among women aged 41-60 years living in areas
with different levels of exposure to radiation, chemical, and combined environmental factors. The analysis considered high-, moderate-, and low-grade forms
of UBC over a 20-year period (2000-2019). Information for the study was provided by Bryanskstat (Bryansk Region Statistical Bureau), Bryansk Regional
Oncological Dispensary, Rospotrebnadzor and Rostechnadzor. We found that the RR of initial occurrence of high-grade forms of UBC in women living in ecologically
compromised regions was considerably higher than that in female population of ecologically safe (control) territories, reaching the mean value of 1.28 (95% Cl: 1.00-1.64);
p = 0.047). Other findings include an increased RR of occurrence of both high- and, to a greater extent, low-grade forms of UBC in areas with high radioactive
and chemical contamination — 1.19 (95% Cl: 0.87-1.63) and 1.36 (95% CI: 0.70-2.65), respectively; the relative risks for combined and chemical contamination
areas were 1.18 (95% Cl: 0.90-1.55) and 1.34 (95% ClI: 0.75-2.39), respectively; no increase was observed between the territories with combined and radioactive
contamination — 0.99 (95% Cl: 0.67-1.46) and 0.98 (95% CI: 0.44-2.21). In all likelihood, the data from this study indicate that accident-related radiation
contamination plays a more significant role in the development of high-grade — and especially low-grade — forms of UBC than does chemical contamination.

Keywords: Chernobyl accident, malignant neoplasms of the endometrium, radioactive contamination, chemical pollution, combined contamination, relative risk,
Bryansk region
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CPABHUTEJIbHAA OLIEHKA 3ABOJIEBAEMOCTU 3/1TOKAHYECTBEHHbIMU HOBOOBPA3OBAHUAMUW TEJA
MATKW XXEHLLWH, MPOXXUBAKOLLINX HA SKOJTOMMYECKW HEBJTATOMOJTYHHbIX TEPPUTOPUAX
(2000-2019 IT)

A. E. Kptokoga' =, A. B. Kopcakos?, B. I'. TpowmH', O. KO. MunywkumHa?, [ FO. M. MNMueosapos?|, B. B. Koponuk?

" BPSHCKUIA rOCYaPCTBEHHbBIN TEXHUYECKWIA yHUBEpCHTeT, BpsHek, Poccrs

2 POCCUNCKIIT HAUMOHAUTBHBIA CCNEO0BaTENbCKUN MEAVLIMHCKIMA yHMBEpCUTeT Mmenn H. . Tnporoea, Mockea, Poccus

MpoXknBaHve Ha aKoNornYeckn HebnaronoNy4HbIX TEPPUTOPUAX MOXKET CYLLEECTBEHHO YBENNHYMBATE PUCK PA3BUTUS 3110Ka4ECTBEHHbBIX HOBOOOPA30BaHWi
>KEHCKOW PEnpOayKTUBHOM CUCTEMbI, B TOM YUCIE 3N10Ka4eCTBEHHbIX HOBOOOpasoBaHuii Tena matku (3HOTM). Liensto nccnepoBaHms 6bino NpoBecTy pacHeT
OTHOCUTENBHOrO purcka (OP) 1 4YacToTbl NePBUYHOM 3a6011eBaEMOCTI XEHLLWH 41-60 NET, NPOXXMBAIOLLMX HA TEPPUTOPUSX C Pa3nnYHbIM YPOBHEM paanaLoHHOrO,
XVIMUHECKOrO 1 COHETAHHOMO BO3AENCTBIS OKPY>KaloLLEN cpefpbl, BbICOKO-, YMEPEHHO 1 HM3KoamddepeHLmpoBaHHbiMu hopmamin 3HOTM 3a asafuatnneTHmin
nepvog (2000-2019 rr.). ViHchopmaumsa ansg nccnenosaHns beina npefoctaeneHa bpaHckectatoM, BpsaHCKM 061acTHBIM OHKONOMMHYECKUM ANCNaHCEPOM,
PocnotpebHanzopom 1 PoctexHandopoM. BbisiBneHo cyliecTBeHHoe npesblilleHne OP nepsr4HO 3a60neBaeMoCTi BbiCOKoahhepeHLIMpoBaHHbIMI hopmamim
BHOTM y XEeHLLUMH, NPOXMBAIOLLMX Ha 3KONOrM4ECK Hebnaronony4HbIX TEPPUTOPUSAX (CYMMaPHO B 30HaX XUMWYECKOrO, PaayoakTUBHOIO U COYETaHHOrO
3arpPA3HEHNIS), MO CPABHEHMIO C XXEHLLVMHAaMM, MPOXXMBAIOLLMMU Ha 9KOMOMMHECKN 61aronony4HbIxX (KOHTPONbHbIX) TeppuTtopusx. OP coctasun 1,28 (95% AW:
1,00-1,64); p = 0,047). BbisiBneH nosblLLeHHbIn OP 3a60/1eBaeMOCTI BbICOKO- 1 B BOsbLUEN CTENeHN H13koanddepeHumpoBaHHbiMu hopmamn 3HOTM mexay
TEPPUTOPUSIMIN PAANOAKTUBHOMO 1 XUMUYECKOro 3arpsidHerns — OP 1,19 (95% AW: 0,87-1,63); 1,36 (95% [AW: 0,70-2,65); cOHETAHHOrO Y XUMNHECKOrO
3arpssHeHns — OP 1,18 (95% [OW: 0,90-1,55); 1,34 (95% [W: 0,75-2,39); npn 3TOM He yCTaHOB/IEHO MOBbILLEHNE PUCKa MEXXOY TEPPUTOPUSIMN COHETAHHOMO
1 pagmoaKTvBHoro 3arpsisHerns — OP 0,99 (95% [W: 0,67-1,46); 0,98 (95% [W: 0,44-2,21). [No BCel BEPOSITHOCTU, MOSyHEHHblE AaHHble CBUOETENbCTBYIOT
0 6onbLUEeNn PoNN BANSHUS aBapuiiHOro paavaLMoHHoro aktopa Ha (hopMrpoBaHne BbICOKO- 1 0COBEHHO HU3KoanddepeHLMpoBaHHbix hopm SHOTM
OTHOCUTESIBHO XUMWYECKOTO.

KntouyeBble cnoBa: HYepHobblnbCckast KatacTpoda, 3n1oKa4ecTBeHHbIE HOBOOOPA3oBaHMs Tena MaTKW, PaMoaKkTVBHOE 3arpssHeHne, XMMNHECKoe 3arpsasHeHmne,
Cco4veTaHHOE BO3MENCTBME, OTHOCUTENBHBIN PUCK, BpsiHcKas obnacte

BnarogapHocTu: aBTopbl 6r1arogapsiT raBHOro Bpada BpsiHCKOro 061acTHOroO OHKONOMMHECKoro aucnaHcepa A. 1. MaknalloBy 3a npefocTasnieHvie 06e3nn4eHHon
CTaTUCTUHECKOW MHOPMAaLM O 3a001EBAEMOCTI XKEHLLVH 3110Ka4eCTBEHHBIMM 3ab0eBaHVsIMA SHOOMETPUSA B ropofdax 1 paioHax BpsiHcko obnacti 3a nepurog,
€ 2000 no 2019 .

Bknap aBTopoB: A. E. KptokoBa — MOVCK UTepaTtypbl, CTaTucTnHeckas 06paboTka, HanvcaHme pyKonmeu, pefakTtnpoBanme 1 obeyxkaeHre ctaten; A. B. Kopcakos —
aHanm“3 nMTepaTypHbIX AaHHbIX, KOHLEMNUMS 1 AN3aiiH VCCnefoBaHst, HTepnpeTaLys NofyYeHHbIX pesynsTaToB, YTBEPXKAEHNE OKOHYATENBHOrO BapuaHTa
ctatby; B. I, TpOWMH — aHanma 1 nHTepnpeTaumns AaHHbIX, HanvucaHve, pefaktrpoBanmne 1 obcyxaenve ctaten; O. HO. MunylikHa — aHanva nnteparypHbIxX
OaHHbIX, aHaNM3 1 NHTepnpeTauns daHHbIX, pefakTupoBanne 1 obcyxaeHne ctatbu; KO. M. MueoBapos, B. B. Koponnk — aHanva 1 nHtepnpetaums gaHHbIX,
pefakTMpoBaHne 1 06CyxaeH1e CTaTbu.

CobniofeHne 3TUYECKUX CTaHAAPTOB: VCMOMb30BaHa 00e3nyeHHas cTaTicTuyieckas HopMaumst o 3aboneBaemMocTt xxeHwuH 3HOTM Ha TeppuTopumsix
BpsHckoi obnactn 3a 2000-2019 rr.

><] Onsa koppecnoHaeHumn: AHHa EBreHbesHa Kprokosa
6ynbeap 50 net OkTs6ps, A. 7, . bpsiHek, 241035, Poccusi; kryukovaanna@bk.ru

Crartbs nonyyeHa: 18.04.2025 Ctatba npuHATa K nevatu: 16.10.2025 Ony6nnkosaHa oHnaiiH: 22.12.2025
DOI: 10.24075/rbh.2025.144

AsTtopckue npasa: © 2025 npuHagnexar asTopam. JinueHsnar: PHMY nm. H. . Muporosa. CTaTbsa pasmeLLlieHa B OTKPLITOM AOCTYNE 1 pacnpOCTPaHAETCS
Ha ycnosuax nmueHsun Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

14 | RUSSIAN BULLETIN OF HYGIENE | 4, 2025 | RBH.RSMU.PRESS



Statistics based on GLOBOCAN 2022 (estimates from
the International Agency for Research on Cancer) indicates
that the number of new cases of malignant neoplasms (MNs)
in the world has reached 20 million [1]. It is estimated that
approximately one in five men or women develops MN during
their lifetime, and about one in nine men and one in twelve
women die from it [1]. Projections indicate that new MN cases
will surpass 35 million in 2050, representing a 77% increase
over 2022. Demographic transition is a key factor determining
the extent of cancer spread: in 2022, the global population
was about 8 billion people, and by 2050 it will reach 9.7 billion
[1]. Malignant neoplasms of the endometrium (uterine corpus)
are the sixth most frequently diagnosed cancer in women (4.3%) [1].

According to the Hertsen Moscow Oncology Research
Institute, in 2022, endometrial cancer ranked fourth among all
cancers, accounting for 7.1% of the total number of MN cases [2].

Living in ecologically compromised territories can significantly
increase the risk of diseases of the female reproductive system
[3-9]. According to researchers [3], chronic exposure to heavy
metals can lead to breast cancer, endometriosis, hypertension,
menstrual disorders, and spontaneous abortions, as well
as premature birth and stillbirth. It was established that
metalloestrogen cadmium induces UBC, elevated lead levels
have a teratogenic effect and can cause spontaneous abortion,
and mercury affects the menstrual cycle and can lead to infertility [3].
According to [4], cadmium is a potential risk factor for hormone-
dependent tumors, such as UBC, because the vascular endothelium
is a target of cadmium toxicity, which can affect coagulation
processes and the fibrinolytic system. Patients with fibroids
and especially UBC were found to have disrupted coagulation
and fibrinolysis, which translate into hypercoagulation [4]. A monitoring
of 62,534 women who survived the atomic bombing (1958-2009)
[5] revealed a significant relationship between the radiation dose
and the risk of UBC, which indicates that the uterine corpus
is particularly sensitive to the carcinogenic effect of radiation.

According to [10-12], the southwestern territories of the Bryansk
Region remain highly contaminated with cesium-137 (**’Cs)
from the Chernobyl accident. The contamination levels exceed
those that classify the area as radioactively contaminated,
and the average annual effective doses exceed 1 mSv per year,
reaching maximum values of up to 5.6 mSv/year [13, 14].
In recent years, the Bryansk region has seen an increase
in the release of gaseous pollutants into the atmosphere
[15, 16]. It is important to note in some areas of the region
the population is exposed to both radioactive and chemical
contamination factors (combined exposure) [17-19]. A study
[19] found that the relative risk (RR) of UBC among women
aged 18-80 years living in ecologically compromised areas
was significantly higher than in control regions. In addition,
continued environmental pollution accelerates the mutation
process, which increases the population load [20].

This study aimed to calculate the relative risk (RR)
and the frequency of primary incidence of UBC among women
aged 41-60 years living in areas with different levels of exposure
to radiation, chemical, and combined environmental factors.
The analysis considered high-, moderate-, and low-grade
forms of UBC over a 20-year period (2000-2019).

METHODS

The post-Chernobyl radioactive contamination density data
("Cs and °Sr) were taken from [12], the average annual
effective dose data — from [14], the data on the level of CO,
NO,, SO, and volatile organic compounds (VOCs) in the air —
from [15]. The study covered the years 2000-2019.
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OPUTMHAJIbBHOE NCCJIEOOBAHNE

Based on official data from the Bryansk Regional Oncological
Dispensary [21], we calculated the RR and the frequency
of primary incidence of high-, moderate-, and low-grade
forms of UBC, taking into account the levels of chemical
and radioactive contamination. The study covered the period
from 2000 to 2019. We performed a histological analysis of UBC
samples collected from 1,030 women aged 41-60 years.

For statistical analysis, we used the Shapiro-Wilk test,
the Mann-Whitney U test, and calculated 95% confidence
intervals. Levels of statistical significance were set at p < 0.05,
p < 0.01, and p < 0.001. The absolute values of the incidence
of UBC were recalculated per 100,000 female population [15].
We used MyOffice package (New Cloud Technologies; Russia)
for analysis of the data collected.

RESULTS

Based on the degrees of radioactive and chemical contamination
and the level of primary incidence of UBC over a twenty-year
period (2000-2019), we divided the Bryansk region into four
groups. The results of this effort are given in Table 1; the analysis
of the data therefrom was part of an earlier work [19].

The incidence of high-, moderate-, and low-grade forms
of UBC is 21.0%, 18.1% and 14.4% higher in women living
in contaminated areas (combined, radioactive, and chemical
contamination) compared to the female population of the control
areas: 29.4 + 4.8; 28.7 £ 5.1 and 27.8 + 4.1 versus 24.3 + 4.2
(Table 2). However, no significant differences between
the groups were found (p > 0.05). The frequency of high-
grade forms of UBC is higher in women living in territories
with radioactive (15.6 + 3.1) and combined (15.4 + 3.2)
contamination compared to those residing in chemically
contaminated areas (13.1 + 2.0) and control territories (10.6 + 2.0).
A similar trend was registered for low-grade forms of UBC:
territories with radioactive contamination — 3.6 + 1.5,
combined contamination — 3.5 + 1.0, chemically contaminated
areas — 3.1 + 0.6, and control territories — 2.7 + 0.7.
The incidence rate of moderately differentiated forms of UBC
varies only slightly through cities and districts of the Bryansk
region — from 10.5 to 11.7. The environmental conditions
have no effect thereon; the peak value of 11.7 is registered
in the territories with chemical pollution (Table 2). It should
be noted that we did not observe significant differences
between the groups, whether divided by the form of UBC
or by the grade of the disease (Table 2).

Based on the data from Table 3, it can be concluded
that women living in the environmentally compromised areas
(including territories with chemical, radioactive, and combined
contamination) have anincreased incidence of high-, moderate-
and low-grade forms of UBC compared with women living
in environmentally safe (control) areas. The mean RR is 1.16
(95% CI: 0.98-1.36); its values are generally higher than those
calculated for the control areas: in the chemically contaminated
territories, the RR is 1.14 (95% CI: 0.97-1.35), in the areas
of radioactive pollution — 1.18 (95% CI: 0.91-1.54), combined
pollution — 1.21 (95% CI: 0.96-1.53). We did not register
increased RR for primary incidence of UBC in comparison
of the territories with different types of contamination:
the values vary between 1.02 and 1.06.

An analysis of data from Table 4 revealed a significant
(o = 0.047) increase of the RR of incidence of UBC. The highest
RR was registered for high-grade forms of the disease
in women residing in ecologically compromised areas
(chemical, radioactive, and combined contamination jointly).
In the control areas, the RR was 1.28 (95% CI: 1.00-1.64).
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Table 1. Territories of the Bryansk region grouped by the degree of chemical, radioactive, and combined contamination and by the incidence of primary UBC among

women aged 18-80 years (per 100,000 population) (2000-2019) [19]

The main gaseous pollutants of atmospheric air The dens_ity ?f radioactive
Areas of the Bryansk contamination, kBg/m?
region Including: UBC
Total M+ m
VOCs NO, SO, co ¥Cs 0Sr
Gross emissions of gaseous pollutants per district area, g/m?
Environmentally safe areas
Rognedinsky 13 0 6 0 7 21.7 0.8 215+55
Suzemsky 28 5 9 1 13 18.6 25 46.6+7.5
Mglinsky 31 6 6 2 17 6.6 0.6 233+4.7
Kletnyansky 47 27 5 5 10 5.4 0.5 252 +4.4
Navlinsky 54 12 13 4 25 18.9 0.8 35.5+4.2
Dubrovsky 56 13 17 0.4 26 7.2 0.4 25.0+5.0
Brasovsky 64 10 19 6 29 25.2 0.4 37.1+43
Sevsky 68 20 10 24 14 18.9 1.4 35.3+4.5
Komarichsky 99 25 19 9 46 271 1 30.6 +4.5
Karachevsky 115 29 34 1 51 13.9 0.8 37.7+5.0
Surazhsky 128 35 35 6 52 8.2 0.4 27.8+3.9
Mean 63.9 16.5 15.7 5.3 26.4 15.6 0.9 32.3£3.0°
-8.7%
Chemically polluted territories
Pogarsky 123 65 22 4 32 29.9 11 456 £ 6.4
Zhiryatinsky 156 104 16 1 35 5.4 0.8 32.6+£6.3
Zhukovsky 195 22 53 40 80 6.6 0.8 28.3+3.1
Trubchevsky 275 88 27 2 158 23.6 0.8 38.0 + 5.1
Pochepsky 365 223 33 3 106 5.4 0.5 31.9+4.2
Unechsky 559 292 58 32 177 7.2 0.8 31.1+£3.0
Vygonichsky 858 749 37 2 70 9.5 0.4 12.7 +39
Bryansky 959 813 47 13 86 5.7 0.4 32.6+3.8
Town of Seltso 5209 773 2405 97 1934 4.4 0.8 33.8+5.6
Dyatkovsky 8045 339 3760 1139 2807 38.4 1.1 35.7+3.9
City of Bryansk 32190 5217 10886 2617 13470 8.8 5.9 41.6 + 3.1
Mean 4448.5 789.5 1576.7 359.1 1723.2 13.2 1.2 38;28.%3;0*
Radioactively contaminated areas
Krasnogorsky 15 1 5 0 9 303.4 9.3 513+7.2
Gordeevsky 28 2 11 0.2 15 328.6 5 31.2+6.6
Zlynkovsky 38 5 11 4 18 412.4 16.3 26.7+4.4
Novozybkovsky 51 10 0 0 41 460.6 8.4 182 +45
Klimovsky 72 16 8 15 33 139.6 6.4 38.6+7.4
Klintsovsky 169 17 70 2 80 194.4 4.7 18.6 £ 3.1
Mean 62.2 8.5 17.5 35 32.7 306.5 8.4 32;2_?;"8*
Territories of combined radioactive and chemical contamination

Starodubsky 392 316 24 9 43 45.4 1.4 26.1£3.0
Town of Klintsy 7264 2059 2616 139 2450 195.6 3 39.9+33
Town of Novozybkov 7422 1778 2159 406 3079 456.5 9.7 424 +47
Mean 5026 1384.3 1599.7 184.7 1857.3 2325 47 36;?‘3;;7*

Note: * — the difference (in %) from the all-Russian indicator of primary incidence (2000-2019).

Compared to environmentally safe areas, the RR growth rates
were 1.47 (95% Cl: 1.01-2.13) for territories of radioactive
contamination, 1.45 (95% CI: 1.04-2.03) in the combined
contamination areas, and 1.23 (95% ClI: 0.96-1.59) in the chemically
contaminated territories. The form-wise comparison to the overall
UBC incidence rate revealed an increased RR between
the territories of radioactive and chemical contamination — 1.19
(95% Cl: 0.87-1.63), combined and chemical contamination —
1.18 (95% CI: 0.90-1.55). However, there was no RR

increase between the territories of combined and radioactive
contamination — 0.99 (95% CI: 0.67-1.46). In all likelihood,
these data suggest that accident-related radiation plays
a greater role in the formation of highly differentiated forms
of UBC than chemical pollution.

There was no increase in the primary incidence of moderate-
grade (Table 5) and low-grade (Table 6) forms of UBC in women
living in ecologically compromised areas compared with
environmentally safe areas: the RR for moderately differentiated
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Table 2. Comparative assessment of the primary incidence rates of high-, moderate-, and low-grade forms of UBC among women aged 41-60 living in areas
of the Bryansk region with varying environmental conditions, 2000-2019 (per 100,000 population)

Territories under study Environmentally safe areas Chemically polluted Radioactively r;rzircr;;?:?isz 2;303122?:8'
(control) territories contaminated areas -
contamination
| Il 1] \%

Forms of UBC (N=169) (N=1662) (N=281) (N=118)

All forms 24342 27.8 4.1 28.7 £5.1 294 +£48
Including:

High-grade 10.6 +2.0 13.1+2.0 15.6 + 3.1 15.4 +3.2

Moderate-grade 10.9 + 2.1 11.7+1.9 10.6 +2.7 10.56+2.5

Low-grade 27+07 3.1+0.6 3.6+15 35+1.0

Note: the differences between the groups by the areas are insignificant at p > 0.05.

forms was 1.06 (95% Cl: 0.82-1.34), low-grade forms — 1.03
(95% Cl: 0.63-1.69). In addition, we registered no growth
of RR for moderate-grade UBC between control territories
and territories of chemical radioactive and combined
contamination — the values range from 0.97 to 1.07 (Table 5).

The rates of primary incidence of moderately differentiated
forms of UBC between the areas of chemical, radioactive
and combined contamination vary between 0.64 and 0.98,
and there are significant differences (p = 0.019) between
the chemically and radioactively contaminated areas:

Table 3. Relative risk of the primary incidence of high-, moderate-, and low-grade forms of UBC among women aged 41-60 living in areas of the Bryansk region

with varying environmental conditions, 2000-2019 (per 100,000 population)

Type of area Population size Got sick, abs. Did noatbgst?t sick, (gsifol)
The total rate of high-, moderate-, and low-grade forms of UBC
Chemical, radioactive and combined contamination (total) 153394 861 152364 116
Environmentally safe areas 34823 169 34654 (0.98-1.36)
Chemically contaminated areas 119153 662 118491 114
Environmentally safe areas 34823 169 34654 (0.97-1.35)
Radioactively contaminated areas 14127 81 14046 1.18
Environmentally safe areas 34823 169 34654 (0.91-1.54)
Areas of combined contamination 20114 118 19996 1.21
Environmentally safe areas 34823 169 34654 (0.96-1.53)
adioactively contaminated areas 14127 81 14046 1.03
Chemically contaminated areas 119153 662 118491 (0.82-1.30)
Areas of combined contamination 20114 118 19996 1.06
Chemically contaminated areas 119153 662 118491 (0.87-1.28)
Areas of combined contamination 20114 118 19996 1.02
Radioactively contaminated areas 14127 81 14046 (0.77-1.36)

conditions, 2000-2019

Table 4. Relative risk of primary incidence rates of high-grade forms of UBC among women aged 41-60 living in areas of the Bryansk region with varying environmental

Type of area Population size Got sick, abs. Did no;bg:t sick, (953?00
Chemical, radioactive and combined contamination (total) 153394 418 152902 1.08
Environmentally safe areas 34823 74 34749 (1.00-1.64)
Chemically contaminated areas 119153 312 118841 1.23
Environmentally safe areas 34823 74 34749 (0.96-1.59)
Radioactively contaminated areas 14127 44 14083 1.47
Environmentally safe areas 34823 74 34749 (1.01-2.13)
Areas of combined contamination 20114 62 20052 1.45
Environmentally safe areas 34823 74 34749 (1.04-2.03)
Radioactively contaminated areas 14127 44 14083 1.19
Chemically contaminated areas 119153 312 118841 (0.87-1.63)
Areas of combined contamination 20114 62 20052 1.18
Chemically contaminated areas 119153 312 118841 (0.90-1.55)
Areas of combined contamination 20114 62 20052 0.99
Radioactively contaminated areas 14127 44 14083 (0.67-1.46)
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Table 5. Relative risk of primary incidence of moderately differentiated forms of UBC among women aged 41-60 living in areas of the Bryansk region with varying

environmental conditions, 2000-2019

Type of area Population size Got sick, abs. Did not get sick, abs. (9552:{0')
SQ;ZAff:a{g‘?f(’;Ctz;e and combined 153394 350 152068 1.06
Environmentally safe areas 34823 76 34747 (0-82-1349)
Chemically contaminated areas 119153 278 118875 1.07
Environmentally safe areas 34823 76 34747 (0.83-1.39)
Radioactively contaminated areas 14127 30 14097 0.97
Environmentally safe areas 34823 76 34747 (0.64-1.48)
Areas of combined contamination 20114 42 20072 0.96
Environmentally safe areas 34823 76 34747 (0.66-1.39)
Radioactively contaminated areas 14127 30 14097 0.64
Chemically contaminated areas 119153 278 118875 (0.44-0.93)
Areas of combined contamination 20114 42 20072 0.89
Chemically contaminated areas 119153 278 118875 (0.65-1.24)
Areas of combined contamination 20114 42 20072 0.98
Radioactively contaminated areas 14127 30 14097 (0.62-1.57)

RR 0.64 (95% ClI: 0.44-0.93). These data indicate a higher
incidence of moderately differentiated forms of UBC in women
living in areas of chemical contamination relative to areas
of radioactive contamination. In contrast to the primary incidence
of moderate-grade forms of UBC, we found an increased relative
risk of low-grade forms thereof between control territories, territories
of radioactive contamination (RR 1.30 (95% CI: 0.60-2.79))
and territories of combined exposure (RR 1.28 (95% CI: 0.64-2.54))
(Table 6). However, between chemically contaminated areas
and control territories the RR was not increased: 0.95 (95% Cl:
0.57-1.59) (Table 6).

As Table 6 shows, there is an increased RR of low-grade
forms of UBC between territories of radioactive and chemical
contamination — 1.36 (95% Cl: 0.70-2.65), and areas of combined
and chemical contamination — 1.34 (95% Cl: 0.75-2.39).
There was no such increase registered between territories
of combined and radioactive contamination — RR 0.98 (95%
Cl: 0.44-2.21). The data for low-grade forms of UBC (Table 6)
are similar to the results for highly differentiated forms of UBC
(Table 5); they suggest that, in all likelihood, accident-related

radiation plays a greater role in the formation of low-grade
forms of UBC than chemical pollution.

DISCUSSION

There are many risk factors affecting the occurrence of UBC,
and it is virtually impossible to make provisions for them [22, 23].

A study [24] that investigated the dependence of the UBC
incidence rate on anthropogenic impact found that before
the age of 45, its role in the development of endometrial cancer
is less significant than after 45.

In [25], it was found that the combined effects of radiation
and chemical contamination increase the incidence of low-grade
ovarian malignancies compared with areas affected by only
one pollution factor. Consequently, the authors of that study
concluded that radiation and chemical factors act synergistically.
In this study, no such pattern was observed, but we established
an increased RR of incidence of high- and, to a greater extent,
low-grade forms of UBC between territories of radioactive
and chemical contamination, combined and chemical

Table 6. Relative risk of primary incidence rates of low-grade forms of UBC among women aged 41-60 living in areas of the Bryansk region with varying environmental

conditions, 2000-2019

Type of area Population size Got sick, abs. Did not get sick, abs. (95|‘:’>?CI)
Sg;?:gﬂa{g‘:‘;;‘ig};e and combined 153394 86 153289 103
Environmentally safe areas 34823 19 34804 (0.63-1.69
Chemically contaminated areas 119153 62 119091 0.95
Environmentally safe areas 34823 19 34804 (0.57-1.59)
Radioactively contaminated areas 14127 10 14117 1.30
Environmentally safe areas 34823 19 34804 (0.60-2.79)
Areas of combined contamination 20114 14 20100 1.8
Environmentally safe areas 34823 19 34804 (0.64-2.54)
Radioactively contaminated areas 14127 10 14117 1.36
Chemically contaminated areas 119153 62 119091 (0.70-2.65)
Areas of combined contamination 20114 14 20100 1.34
Chemically contaminated areas 119153 62 119091 (0.75-2.39)
Areas of combined contamination 20114 14 20100 0.98
Radioactively contaminated areas 14127 10 14117 (0.44-2.21)
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contamination, although no increased RR was found between
territories of combined and radioactive contamination.

A limitation of this study was that it did not take into account
the stage of the disease or its immunohistochemical profile.

CONCLUSIONS

1. The incidence of high-, moderate-, and low-grade forms
of UBC is 21%, 18%, and 14% higher among women living
in areas of combined, radioactive, and chemical contamination
compared with control areas; however, there are no significant
differences between the groups.

2. The relative risk (RR) of developing a high-grade form
of UBC is higher among women residing in ecologically
compromised territories (chemically, radioactively contaminated
areas and areas with combined pollution factors) compared
with those living in environmentally safe (control) territories: RR
1.28 (95% Cl: 1.00-1.64); p = 0.047).
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ASSESSMENT OF THE EFFECTS OF USING DIGITAL DEVICES ON PSYCHOMOTOR FUNCTION
INDICATORS IN PRIMARY SCHOOL STUDENTS

Khramtsov Pl, Kurgansky AM™, Berezina NO, Antonova EV, Krayeva AYu
National Medical Research Center for Children's Health, Moscow, Russia

A significant change in the lifestyle of modern children associated with the active use of digital devices in educational and leisure activities can affect their
psychomotor development. The study aimed to assess the effect of using smartphones and computers on psychomotor function indicators in primary school
students. A questionnaire survey of 333 parents of the 1-4-year students attending Zemskaya Gimnasia in Balashikha on issues of children's life was conducted.
The students’ screen time when using a computer and smartphone throughout the day and week was estimated. To assess the students’ psychomotor functions,
the Little House test and motometric test conducted by teachers were used. Assessment of the effect of computer use on psychomotor development indicators
revealed a correlation. Thus, when using a computer, a deterioration in fine motor skills was noted; the correlation coefficient (r) for the parameters of visual-motor
coordination and the duration of computer use per day was 0.320 (o = 0.002). The correlation coefficient for the duration of computer use and the primary school
students’ final psychomotor development score was 0.235 (o = 0.028). The same result was obtained for the integrated assessment of fine motor skill development
and its association with the duration of computer use per day: r = 0.253 (p = 0.025). However, there was no correlation between screen time when using
a smartphone and psychomotor functions. The findings can be used in the development and justification of preventive technologies to prevent the negative impact
of digital devices on the development of psychomotor functions in children, especially at the initial stage of systematic education.
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OLIEHKA BJTUSIHMSA NCMOJTIb3OBAHUSA LIN®POBBIX YCTPOWCTB HA MOKA3ATE/I NCUXOMOTOPHbIX
OYHKUUN Y MNAOLLNX LLIKOJTbHNKOB

M. N. Xpamuos, A. M. Kypranckuin =4, H. O. BepesuHa, E. B. AHToHOBa, A. tO. Kpaesa
HaumoHanbHbIn MeguLMHCKNIA MCCnefoBaTenbCKui LIEHTP 300poBba aetein, Mockea, Poccust

CyLLIeCTBEHHOE N3MEHEHME 06pa3a XM3HN COBPEMEHHbBIX AETEN, CBA3AHHOE C aKTUBHbIM MCMOb30BaHNEM LPPOBBIX YCTPOWCTB B YH4e6HOW 1 [OCYroBOM
[EeATeNbHOCTU, MOXET BAMSITb Ha X MCUXOMOTOPHOE pasBuTve. Llensto nccnenosanys 6bi10 OLEHUTb BAVSIHME MCMONB30BaHMSA CMapTdIOHOB 1 KOMMBIOTEPOB
Ha nokasartenn NCUXOMOTOPHbIX (DYHKUMIA Yy MAafLnX LIKOMbHMKOB. [poBeneHo aHkeTvpoBanve 333 popuTenen obyvatrowmxcs 1-4-x knaccos MAOY
«3emckast r’mvHasus» 1. banalmxa no Bonpocam XX1U3HeAEsTENbHOCTY AeTel. Bblno OLEHEHO 3KpaHHOEe BPEMS! LUKOSBbHMKOB MPK UCMONb30BaHMM KOMMboTepa
1 cMapToHa B TeHeHve aHs 1 Hefenu. [N OLeHKM NCUXOMOTOPHbIX (OYHKLMIA OBYyHatoLLWXCS MICMONb30BanM TeCT «JOMUK» 1 MOTOMETPUHECKWIA TECT, KOTOPbIN
nposogun neparorv. OLeHKa BAVSHAS UCMONb30BaHNA KOMMbIOTEPA Ha MOKa3aTen MCUXOMOTOPHOIO PasBUTUS BbiSBUIA KOPPENALWMOHHYIO 3aBMCYMOCTb!
TaK, NPV MCNONL30BaHUM KOMMbIOTEPa OTMEYEHO YXYALLIEHME COCTOAHNA MEIKOV MOTOPUKM; KOIMMULIMEHT KOPPENALMN (1) MeXay napameTpamu 3puTesibHoO-
MOTOPHOW KOOPAMHALM 1 ANIUTENBHOCTHIO MCMONb30BaHWS KoMMbtoTepa B AeHb cocTaswn 0,320 (p = 0,002). KoadhhurLMeHT Koppensaumm Mexay AMTeNbHOCTLIO
1CMOMB30BaHNS KOMMbIOTEPA Y UTOrOBOW OLEHKOW YPOBHS MCUXOMOTOPHOMO Pas3BUTVSA Y MAAALLMX LUKONbHUKOB cocTasmn 0,235 (p = 0,028). AHanornyHbIn
pesyneraT Obl NoNyYeH AN1s NMokasaTens HTEerpabHOM OLEHKW YPOBHS Pas3BUTUS MENKOIN MOTOPUKI 1 ero CBA3M C ANMTENbHOCTLIO UCTMONb30BaHUS KOMMbIOTEPA
B AeHb: r = 0,253 (p = 0,025). Mpu aTOM KOppensaumMoHHas CBs3b Mexay NMPOAOIKUTENbHOCTLIO 3KPaHHOMO BPEMEHW MPU UCMONb30BaHUN cMapTdoHa
1 NCUXOMOTOPHBIMU (PYHKLMAMYN OTCYTCTBYET. [onydYeHHble pe3ynsTaTbl MOryT ObiTb MCMONBb30BaHb! NP pa3paboTke U 0O0CHOBaHNN MPOMUNAKTUHECKIX
TEXHONOMWA NS NPeaynpexaeHNa OTPULIATENBHOMO BAMSIHUS LIMADPOBBIX YCTPOWCTB Ha PasBUTME NMCUXOMOTOPHBIX (DYHKLWIA Y AeTeiln, 0COH6EeHHO Ha Ha4YabHOM
3Tane cUCTeMaTn4ecKoro oby4eHs.

KntoueBble cnosa: Mesnkas MOTOpUKa, 3pUTelbHO-MOTOPHAS KOOPAMHALMS, LIMPOBOE YCTPONCTBO, CMapTgIOH, SKPaHHOE BPeMst

®duHaHcupoBaHme: paboTa BbiNosHeHa B pamkax locsagaHunst «CucTeMHble NpodunakTnieckme TeXHoNorMm opMmnpoBaHmns 30poBbst 00y4HatoLLIMXCS
B 06pasoBarenbHbix opraHusaumsx (2022-2024)».
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The study of psychomotor function development in the context
of the widespread use of digital devices in everyday life is an urgent
problem of health preservation in children. There are many
studies focused on the digital media [1, 2], while the studies
of the effects of gadgets on fine motor skills are much fewer.

The scientific research results show that the level of psychomotor
function development has an effect on the reading skills [3],
handwriting [4, 5], gross motor skill formation [6], and even
development of imagination [7].

This issue is extensively studied by both domestic [8-10]
and foreign scientists [11-13]. A number of authors point
to the importance of the problem of negative effects of gadgets
on fine motor skills in preschoolers and primary school students
[14-17].

Some studies are focused on specific games for fine motor
skill development, which can be used to prevent the effects
of long screen time exposure [18].

When assessing the impact of various digital devices
on psychomotor function indicators, it is worth noting
a considerable number of studies focused on assessing
the impact of tablets on the development of fine motor skills,
and the effect is assessed as both negative [19, 20] and positive
[13, 21-23]. In a number of studies, the effects of developmental
toys were assessed relative to that of the touch screen [24].

However, despite numerous studies of the effects of digital
devices on students’ bodies, differential assessment of the impact
of smartphones and computers on psychomotor function
indicators in primary school students remains poorly understood.

The study aimed to assess the effect of using smartphones
and computers on psychomotor function indicators in primary
school students.

METHODS

We conducted a questionnaire survey of 333 parents
of the 1-4-year primary school students attending Zemskaya
Gimnasia in Balashikha using a specially developed questionnaire.
The duration and frequency of using the computer and smartphone
per day and week were assessed.

To assess the level of psychomotor function development
in primary school students, a cross-sectional study was conducted
that involved the Little House test and motometric test, allowing
one to assess the development of arbitrary attention, spatial
perception, visual-motor coordination. These indicators were

considered when determining the final score of psychomotor
development. The integrated assessment of fine motor skill
development involved assessment of the Little House test
and motometric test results [25].

The correlation analysis was performed using the Pearson’s
correlation coefficient, and mean values were compared
using Student’s t-test for unrelated samples for the screen
time and psychomotor development indicators. The results
were considered significant at p < 0.05. MS Excel (Microsoft; USA),
SPSS v. 23 (IBM; USA), online risk calculator (https://medstatistic.ru/
calculators/calcrisk.html) were used for statistical analysis.

RESULTS

The duration and frequency of using various digital devices
by primary school students were assessed per day and week
(Tables 1, 2).

The results of the study show that 64.4% of primary school
students use the computer less than an hour a day; 61.4%
of children are less than an hour a day on their smartphones.

According to [26], the time of using electronic learning
tools, including for leisure activities, recommended for 1-2-year
students is 80 min, and that recommended for 3-4-year
students is 90 min. Thus, inappropriate duration (two hours
or more) of using the computer is observed in 32.4% of children,
and that of using the smartphone is reported for 66.9 of primary
school students.

When analyzing the data in Table 2, it can be concluded
that 34.3% of children prefer to use the computer 1-2 times
a week, 25.5% of children — daily, 24,5% of children —
on weekends only. At the same time, 53.2% of primary school
students prefer to use the smartphone daily.

The results of psychomotor function development assessment
in primary school students are provided in Table 3.

Statistical analysis of psychomotor function indicators
has made it possible to determine that high level of the arbitrary
attention function development is found in 75.5% of children,
spatial perception — in 27.9%, visual-motor coordination —
in 23.4%. Based on final assessment, high level of psychomotor
function development has been determined only in 11.4%
of children.

Medium levels of arbitrary attention development are reported
in 10.0% of students, spatial perception — in 59.7%, visual-
motor coordination — in 72.8%. Based on final assessment,

Table 1. Duration of computer and smartphone use per day in primary school students

Duration of Use Computer, n= 101 Smartphone, n=171
Abs. % 95% CI Abs. % 95% CI
Less than 30 min 32 31.7 22.6-40.8 52 30.4 23.5-37.3
Between 30 min and 1h 33 32.7 23.5-41.8 53 31 24.1-37.9
Between 1 hand 2 h 17 16.8 9.5-24.1 29 17 11.3-22.6
Between2 hand 3 h 6 5.9 1.3-10.6 19 111 6.4-15.8
More than 3 h 13 12.9 6.3-19.4 18 10.5 5.9-15.1
Table 2. Frequency of computer and smartphone use per week in primary school students
Frequency of use Computer, n= 102 Smartphone, n =205
Abs. % 95% CI Abs. % 95% ClI
Only on weekends 25 245 16.2-32.9 19 9.3 5.3-13.2
1-2 times a week 35 34.3 25.1-43.5 15 7.3 3.8-10.9
3-4 times a week 9 8.8 3.3-14.3 34 16.6 11.5-21.7
5-6 times a week 7 6.9 2.0-11.8 28 13.7 9.0-18.4
Daily 26 25.5 17.0-33.9 109 53.2 46.3-60.0
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Table 3. Psychomotor function development levels in primary school students (n = 290)

Development Avrbitrary attention Spatial perception Visual-motor coordination Final scc;)ése?:)g;}glomotor
level
Abs. % 95% Cl Abs. % 95% Cl Abs. % 95% Cl Abs. % 95% Cl
High 279 75.5 | 94.0-98.4 81 27.9 | 22.8-33.1 68 23.4 18.6-28.3 33 1.4 7.7-15.0
Medium 29 10 6.5-13.5 173 59.7 | 53.7-65.0 211 72.8 67.6-77.9 179 61.7 56.1-67.3
Low 42 14.5 | 10.4-15.0 36 124 | 8.6-16.2 11 3.8 1.6-6.0 78 26.9 21.8-32.0

the medium level of psychomotor function development is reported
for 61.7% of children.

The data obtained suggest that high levels of arbitrary
attention development, medium levels of spatial perception
and visual-motor coordination development predominate in primary
school students.

Low level of the arbitrary attention development is observed
in 14.5%, spatial perception — in 12.4%, visual-motor coordination —
in 3.8% of children.

Based on final assessment, low level of psychomotor
development is reported for 26.9%.

The results of the analysis of the correlation of psychomotor
function indicators with the frequency and duration of using
digital devices by children are provided in Table 4.

According to Table 4, weekly duration of the digital device
use has no effect on psychomotor development. Table 4
shows that the daily computer use leads to a decrease
in a number of indicators that is observed when using
the smartphone.

When using the computer, deterioration in fine motor skills
was noted. The correlation coefficient (r) for the parameters
of visual-motor coordination and duration of computer use per
day was 0.320 (p = 0.002).

The risk analysis has shown that using a computer for more
than an hour a day is a risk factor for underdeveloped visual-
motor coordination functions: RR = 1.38 (1.13-1.69).

When assessing the impact of computer use on psychomotor
development indicators, a correlation was also found between
the duration of computer use is primary school students

and the final score of their psychomotor development (r = 0.235;
p = 0.028). The same result was obtained for the integrated
assessment of fine motor skill development and its association
with the duration of computer use per day: r = 0.253 (p = 0.025).
When using the computer for more than an hour a day, the risk
of fine motor skill underdevelopment based on the integrated
assessment was as follows: RR = 1.40 (1.12-1.75).

When using the smartphone, no correlations between screen
time and psychomotor function indicators were found.

DISCUSSION

In modern digital devices, there are two main technical methods
of entering information: using buttons or touch panels —
gestures (swipe).

When using physical (mechanical) keyboard buttons,
a certain amount of pressure is required to press the key until
the corresponding click occurs (between 0.25 and 1.5 H)
[27], i.e. only the suprathreshold effort is required. The tactile
feedback is reduced to a minimum — whether there is a press
or not. When using a keyboard, for example for games, only
the speed of sensorimotor reaction is important without taking
into account its quality.

When using gestures typical for smartphone use,
the movements, on the contrary, are more highly coordinated,
requiring greater balance and flexibility of nervous processes.
Kinesthetic feedback plays a major role in this case. Objects
on the touch screen are smaller than keyboard keys, requiring
more precise force and more complex movements.

Table 4. Relationship between psychomotor function indicators, frequency and duration of digital device use in primary school students

Psychomotor function Frequency of computer | Frequency of smartphone Duration of computer use Duration of smartphone
indicators use per week use per week per day use per day
r 0.109 0.116 0.15 0.143
Attention p 0.306 0.112 0.163 0.07
90 190 88 162
r 0.037 -0.017 -0.025 -0.014
Spatial perception P 0.727 0.811 0.815 0.855
n 90 190 88 162
r 0.076 0.037 0.320** 0.153
Visual-motor ) 0.474 0.613 0.002 0.052
coordination
90 190 88 162
) r 0.156 0.013 0.235* 0.065
Final score
of psychomotor p 0.141 0.855 0.028 0.413
development n 90 190 88 162
r -0.043 0.047 0.032 0.006
Fine motor skills
(motometric test) p 0.7 0.553 0.777 0.941
n 83 165 82 146
r 0.033 0.055 0.253" 0.152
Integrated assessment [, 0.773 0.486 0.025 0.071
of fine motor skill
n 79 161 79 142

Note: * — p < 0.05; ™ — p < 0.001.
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[t should be noted that similar arguments are presented
in the paper [28]. According to the author, tactile sensation
forms a holistic polymodal perception of an object, which
is impossible when using digital devices, when only a swipe
or a button press is required.

It is important to note that there are studies that compare
keyboard writing with handwriting [29] and assess the impact
of various touch screens on fine motor skill development
indicators. The results of these studies are contradictory [30, 31].
No comparative studies of keyboard writing and touch screen
use have been found.

Keyboard writing and touch screen use are two fundamentally
different sensorimotor tasks.

When typing using the keyboard, finger movements are discrete
and precise. Parameters such as rhythm and automation of motor
acts associated with motor memory come to the fore.

When using a touch screen, gestures are more variable
and have more amplitude. Touching, swiping, zooming are present,
great importance is given to visual-spatial processing,
and the processing of tactile information. The role of positive
emotional reinforcement is great.

Thus, the use of physical buttons has a positive effect
on work productivity and the development of tempo and accuracy,
while virtual buttons and gestures have a positive effect
on the development of tactile and visual-motor functions of fine
motor skills, which is correlated to a greater extent with
the performance indicators embedded in the Little House test.
Furthermore, as the study has shown, excessive stimulation
of functions related to tempo and accuracy during keyboard
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HYGIENIC ASSESSMENT OF COFFEE AND CAFFEINATED BEVERAGE CONSUMPTION
AND THE IMPACT OF THOSE ON THE HEALTH OF YOUNG ADULTS

Libina Il, Chernykh NYu, Melikhova EP 59, Skrebneva AV, Vasilyeva MV, Zhuravieva IV
Burdenko Voronezh State Medical University, Voronezh, Russia

Currently, there is an increase in the consumption of caffeinated beverages, including coffee, in all age groups, including adolescents and young adults. The health
risks associated with caffeine consumption are especially high in the youth, which results from the features of their physiological development and behavioral
factors. For many age groups, including children, adolescents, and young adults, safe daily caffeine intake levels have not been established. The study aimed
to perform hygienic assessment of coffee and caffeinated beverage consumption by medical students, as well as to determine possible health risks. A questionnaire
survey of students of the medical and pediatric faculties (n = 300) was conducted using the standardized quastionnaire. Statistical data processing was performed
using descriptive statistics, Student’s t-test, Pearson’s correlation coefficient. The findings highlight the heterogeneity of caffeine consumption patterns among
students. Along with those who do not experience any noticeable effects from coffee, there is a significant group that experiences both positive (energy boost,
calmness) and negative (tachycardia, sleep problems) consequences. The study found that frequent consumption of caffeinated beverages has a negative impact
on the cardiovascular system and sleep. The regular consumption of those causes anxiety and leads to tolerance. The findings emphasize the relevance
of the problem uncontrolled and early consumption of caffeine among young people. It is recommended to develop and implement the measures to inform
the youth about safe levels of caffeine consumption.
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Mr*meHN4HECKASA OLIEHKA NMOTPEBJIEHNA KO®E U KOPENHCOAEPXXALLIX HAMUTKOB
N X BNNAHUA HA COCTOAHUNE 340POBbA MOJTOOEXU

M. V1. nbuna, H. 0. HepHbix, E. M. Mennxosa ™, A. B. CkpebHesa, M. B. Bacuneesa, . B. XXypasnesa
BopoHexckui rocyaapCTBeRHbI MEAMLIMHCKIIA yHUBepcuTeT Mmenn H. H. Bypaerko, BopoHex, Poccus

B HacTosiLLee Bpems MMeeT MECTO POCT YPOBHS NOTPEOIEHSt KODEVHCOAEPKALLIX HANTKOB, B TOM HK1CHe KOe, BO BCEX BO3PACTHbIX MPYMMax, BK4as MOAPOCTKOB
N MonofiexXb. PUCKM Ans 300poBbst Npy NOTPebneHnn koherHa 0COBEHHO BbICOKN CPEAV MONOAEXU, YTO 0BYCNOBNEHO 0COHBEHHOCTAMU (PU3NONOrNHECKOrO
pas3BUTUA 1 NOBEAEHYECKMIN hakTopamu. [ns MHOMMX BO3PaCTHbIX Mpyrm, B TOM Y1cne AeTel, NoApOCTKOB 1 Monoaexu, 6e3onacHble YpOoBHM CYyTOYHOM HOPMbI
kohenHa He onpefeneHbl. Llensto nccnegoBaHns 6bi10 BbINONHUTL MMIMEHNHECKYHO OLIEHKY NOTPebneHns Kodhe 1 KoenHCoaepXaLlyx HanMTKOB yHaLLyMICS
MELMLIMHCKOrO YHVBEPCUTETA U BbISIBUTb BO3MOXHbIE PUCKW 3L0POBbLIO. [poBEaeHO aHKETVPOBaHWE CTYAEHTOB SIe4eOHOMo 1 NefmaTpn4ecKoro akynsTeToB
(n = 300) ¢ ncnonb3oBaHeM CTaHAAPTU30BaHHOW aHKeTbl. CTaTUCTUYECKyO 06paboTKy AaHHBIX BbIMOMHSAAM C UCMONb30BaHWeM METOAOB OnmcaTesbHOM
CTaTUCTUKK, t-kpuTepus CTboAEHTa, KOPPENALMOHHOrO aHanmaa MupcoHa. MonyyeHHble JaHHble MOAYEPKMBAIOT HEOAHOPOOAHOCTL OCOBEHHOCTEN NOTPEbNeHs
kohenHa cTygeHTaMmmn. Hapsigy ¢ Temu, KTO He UCMbITbIBAET BblpaXKeHHbIX ahdeKToB OT Koe, CyLLECTBYET 3HaYNTENbHAsA rpynna, y KOTopor HabnogaTes
Kak NoNoXuTesbHble (MPUANB 3HEPrn, CMOKOMCTBIE), Tak 1 oTpuLaTeNbHbIe (Taxvkapans, Npobnembl Co CHOM) nocneacTaus. [NpoBeneHHOe UccnenoBaHne
CBUAETENLCTBYET 06 OTPULATENBHOM BAVSIHUM HACTOro ynoTpebneHnst KohenHcoaepKaLLinx HanmMTKoB Ha CepAEYHO-COCYANCTYIO CUCTEMY U COH. VX perynspHoe
noTpebnenmne BbI3bIBAET TPEBOXXHOCTb, BEAET K TONEPaHTHOCTY. [1ony4eHHble faHHble MOAYEPKMBAIOT akTyanbHOCTb MPOGNeMbl HEKOHTPOMMPYEMOTO U PaHHEro
noTpebnerHns KodenHa B MONOAEXHON cpefe. PekomeHayeTcst paspaboTaTb 1 BHEAPUTb Mepbl N0 MHPOPMUPOBaHMIO MOMOAEKN O 6E30MaCHbIX YPOBHSX
ynoTpebneHnsa koenHa.

KntoueBble cnosa: rmryeHnyeckas oueHka, kohe, KoerH, CTyaeHTbl, 340p0oBbe
Bknap aBTOpOB: BCE aBTOPbI BHEC/M PaBHbIN BKaA, B MOArOTOBKY My6avKaLumm.

CobrniogeHne aTHeCKUX CTaHaapToB: NPOBEfeHHOe UCCefoBaHe COOTBETCTBOBASIO TPEGOBaHVISIM BUOMEANLMHCKON STVKM. OT K&KOOrO yHaCTHIKA NOSyHeHO
NCbMEHHOE [O0BPOBOBHOE UH(POPMUPOBAHHOE COormacye.
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Coffee is one of the most common drinks, regularly consumed  hand, high doses of caffeine may cause heart rhythm
by half of the world's population. Its popularity is due to anumber  disturbances in adolescents with heart diseases. Caffeine
of factors, including pharmacological effects, gastronomic  can increase feelings of anxiety and worry, which in turn can
qualities and social aspects. Coffee lifts one’s mood and improves  lead to increased blood pressure. Abruptly stopping regular
memory, increasing mental and physical activity. On the other  caffeine consumption can cause withdrawal symptoms, which
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include headache, fatigue, irritability, and changes in blood
pressure [1].

In recent decades, the coffee chemical composition
and its impact on human health have attracted increasing
attention from scientists and researchers. Coffee contains over
a thousand compounds, from volatile low-molecular to high-
molecular ones. Its composition depends on many factors —
variety, country of origin, soil composition, growing conditions,
roasting technology, etc. The widespread consumption of coffee
has prompted clinicians to actively study the effects of this beverage
on health [2].

Caffeine (1,3,7-trimethylxanthine) representing white,
silky, needle-shaped crystals with a slightly bitter taste belongs
to purine alkaloids. Being a the central nervous system stimulant,
it regulates and enhances excitation processes in the cerebral
cortex. As a result, mental and physical performance increases,
reaction time is shortened, vigor appears, and drowsiness
temporarily disappears or decreases [3, 4].

Instant coffee usually contains less caffeine than whole bean
coffee, but the exact amount depends on the type and preparation
method. This is due to the production technology: instant coffee
is made from beans that undergo multi-stage processing,
during which most of the natural caffeine is destroyed.

Caffeine is a psychostimulant and diuretic found in the beans
of the coffee plant and is an ingredient in coffee, cola drinks,
chocolate, a number of patented "energy drinks" and weight-
loss products. It is the most commonly used psychoactive
substance in the world. A number of clinical conditions
associated with its use have been described, although given
its widespread use, severe disorders are relatively rare. Caffeine
intoxication is associated with the consumption of relatively
high doses (i.e. more than 1 g per day). Caffeine withdrawal
is a common phenomenon reported in people who have
consumed caffeine over a long period of time or in large
quantities. Anxiety disorders may develop as a result of caffeine
consumption, often occurring after intoxication or heavy
consumption [5, 6].

If abused and doses exceeded (the values are individual
for each person), signs of intoxication may be observed:
increased anxiety, insomnia, tachycardia, arrhythmia, increased
blood pressure, nausea. With chronic use of caffeine-containing
substances, addiction occurs, which is associated with
the formation of new adenosine receptors in brain cells,
and the effect of caffeine gradually decreases [6, 7].

In addition to caffeine, energy drinks contain taurine,
theobromine, and theophylline (cocoa alkaloids), which block
adenosine and enhance the effects of caffeine. Even common
carbohydrates, such as glucose, fructose, and sucrose, have
a stimulating effect on the brain and prevent sleep. This effect
complements and enhances the stimulating effect of caffeine.

According to Rospotrebnadzor, mixing coffee with energy
drinks can lead to unpredictable consequences, such as mental
agitation, nervousness, or, conversely, apathy and depression [8].

Despite recommendations to start drinking coffee no earlier
than 16 years old, young people start drinking coffee at the age
of 10-12 years old, when organs and systems are still
developingAt this age, even small amounts of caffeine can
cause more severe effects: anxiety, irritability, decreased ability
to concentrate, sleep problems, increased heart rate and blood
pressure. Caffeine is especially harmful for children with increased
excitability or hidden cardiac problems. By the age of 18-20 years,
such young people more often complain of headache, including
migraine-type one.

According to the pediatric community guidelines, the maximum
daily dose of caffeine is 2.5-3 mg per 1 kg of body weight.

That is, a teenager weighing 40 kg can consume no more than
100-120 mg of caffeine per day in beverages, which is roughly
equivalent to one cup of weak coffee or a cup of tea. For adults,
the recommended daily intake is 400 mg of caffeine, which
is approximately 3-4 cups per day [9].

According to the director of the Federal Research Center
of Nutrition and Biotechnology D.B. Nikityuk, reducing coffee
consumption is recommended for people with gastrointestinal
and cardiovascular diseases. According to nutritionists,
cold coffee is especially harmful, as it causes vascular spasms
and slows down digestion [10, 11].

According to other authors, up to 80% of students
consume caffeinated beverages, including coffee, daily
[12-14]. Medical students also tend to drink more coffee
especially when preparing for exams, doing a lot of homework,
or under heavy academic pressure, which reduces their
sleep time and quality. Coffee only provides a temporary
boost of energy, and drinking it during a session can be harmful,
as the caffeine contained in the drink contributes to the nervous
system exhaustion and reduces the body's functional
reserves.

The aim of the study was to provide a hygienic assessment
of the consumption of coffee and caffeinated beverages
by medical university students to examine their impact on health
and to identify possible risks.

METHODS

To achieve the intended goal, the following research stages
were identified and implemented:

— a sociological study in the form of an anonymous survey
of a student audience aimed at studying the prevalence
and characteristics of coffee and caffeinated beverage consumption
in this target group;

— assessment of the impact of coffee consumption
on physiological state and cognitive functions of the body,
including an analysis of potential negative health consequences.

A questionnaire survey of students of medical and pediatric
faculties (n = 300) was conducted using the standardized
questionnaire containing questions about the frequency, volume
and type of beverage consumed. The respondents’ average
age was 20 + 0.6 years.

Statistical data processing was performed using descriptive
statistics, Student’s t-test, Pearson’s correlation coefficient
to assess the strength and direction of the relationship between
the variables considered. The qualitative data were compared
using the chi-squared test (X?). The differences were considered
significant at p < 0.05.

RESULTS

The sample consisted of 28% male students and 71% female
students. It was found that half of those surveyed regularly
consume energy drinks, including coffee (41%). According
to the data obtained, 70% of students prefer instant coffee,
and 30% prefer bean coffee.

A significant proportion of respondents (40%) began drinking
coffee at an early age (13 years), usually limiting themselves
to one cup a day. In our study, 47% of students drink 2-3 cups
daily, and 20% of students drink more than three cups of coffee
daily, which could potentially affect their health.

The frequency of coffee consumption during the day has been
determined: The majority of students (48%) drink coffee
in the morning, 27% in the afternoon, 20% in the evening,
and 5% at night. This regime may be associated with the need
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to maintain working capacity during periods of intense academic
workload.

The study shows that 16% of students experience negative
effects from coffee consumption, including increased heart
rate and sleep problems. Thus, in this group of respondents,
30% report occasional tachycardia, which is consistent
with the known cardiac stimulating effect of caffeine mediated
by adenosine receptor blockade. Our findings indicate a positive
correlation between coffee consumption and heart rate (HR,
r = 0.68). Increased heart rate indicates possible risks
and the need to pay close attention to the dosage and timing
of the caffeinated beverage consumption.

The impact on sleep appears to be minor for 81% of respondents,
but 17% report trouble falling asleep, which is a classic side
effect of caffeine, especially when consumed in the evening.
A significant correlation was found between drinking coffee
at night and difficulty falling asleep (- = 0.58). The energizing
effect expected by many caffeine consumers does not occur
in 65% of students. For the rest, the duration of stimulation
varies: in 17% it lasts 2-3 hours, and in 12% it lasts only an hour.
Such variability may be due to individual characteristics of caffeine
metabolism, genetic predisposition, and tolerance.

A small percentage reported dry mouth (13.4%) and headache
(8%), suggesting that these side effects are rare. However,
it is important to consider that self-reports may not show
the real picture due to the symptom perception subjective nature.

When studying the effects of caffeine on cognitive function,
taking into account gender differences, it was found that girls
require a higher dose of caffeine than boys to achieve a similar
level of performance. This difference may be due to a number
of factors. First, differences in caffeine metabolism between
males and females may affect the rate at which it is absorbed
and eliminated from the body. Second, hormone levels, such
as estrogen levels, can influence sensitivity to caffeine. Third,
differences in body weight and body fat percentage may also
matter for how caffeine is distributed in the body. The results
demonstrate the importance of carefully monitoring one’s
own response to caffeine and adjusting the dosage according
to your individual needs and characteristics.

Many students (54%) do not associate the caffeinated
beverage consumption with specific situations, which may
indicate the spontaneous nature of consumption and the absence
of a pronounced dependence. The remaining 46%, on the contrary,
indicate situational conditioning, which is consistent with
the data from studies demonstrating the use of caffeine as a means
of enhancing cognitive activity during periods of intense mental
load, such as during exams [13, 15, 16].

The correlation between coffee consumption and work
productivity seems to be more complex and nonlinear. While
moderate coffee consumption may help improve attention
and concentration, excessive consumption may lead to nervousness
and decreased performance, as has been shown, in particular,
in papers by other authors [17, 18].

This study showed a high level of awareness among
medical students about the potential harm of caffeine (81%),
but this awareness does not always translate into changes
in consumer behavior.

DISCUSSION

The findings highlight the heterogeneity of caffeine consumption
patterns among students. Along with those who do not experience
any pronounced effects of coffee, there is a significant group
in which both positive (energy boost, calmness) and negative
(tachycardia, sleep problems) consequences occur. The data
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obtained are consistent with the results of other authors who
studied the characteristics of coffee consumption by medical
students [2, 4, 9, 17]. These studies also noted a significant
number of respondents reporting negative effects associated
with caffeine consumption, despite a conscious desire to improve
cognitive function. This indicates the importance of taking into
account individual characteristics of the body (genetic factors,
age, gender, body weight, fact of having chronic diseases,
etc.) and the dosage of caffeine when formulating guidelines
on coffee consumption, especially in the student environment,
where the access to energy drinks and coffee is relatively free.

The reported positive correlation between coffee consumption
and heart rate is consistent with the results of studies by other
authors [1, 2, 9]. The heart rate increases proportionally with
caffeine consumption due to stimulation of the sympathetic
nervous system.

The study revealed mixed effects of coffee on the cardiovascular
and nervous systems. Further research is needed to understand
individual differences in response to caffeine.

It should be noted that traditionally, coffee consumption
is often considered in the context of potential cardiometabolic
risks, especially in young adults and in the student population.
However, a simplistic view of coffee as an exclusively negative
factor overlooks the multifaceted nature of its effects on the body
and the results of current research. Recent scientific papers
demonstrate that regular coffee consumption is associated
not only with potential risks, but also with a number of positive
effects. The effect of coffee on reducing abdominal obesity,
hyperglycemia, and lipogenesis has been shown. It is believed
that caffeine and other bioactive compounds found in coffee
may stimulate lipolysis and thermogenesis, promoting fat loss.
Some research shows that coffee consumption is associated
with increased insulin sensitivity and reduced hyperglycemia [4].

Thus, a comprehensive analysis of the impact of coffee
consumption on student health requires consideration of not only
potential risks, but also the benefits related to weight
control, glycemia, and lipid metabolism that are documented
in the literature.

The observed significant gap in preferences between instant
and bean coffee deserves the closest attention and points
to a complex interaction of material, pragmatic and, possibly,
cultural aspects. The significant predominance of instant coffee
can be explained by several reasons. Most likely, the choice
ofinstant coffee is due to its availability and speed of preparation,
which corresponds to the fast pace of life typical of the student
environment. Availability plays an important role: instant coffee
is ubiquitous in dormitories, student cafeterias and cafes.
In turn, the preference for grain coffee by 30% of students may
reflect a desire for higher quality and natural taste. This choice
is made by students who have an increased interest in the culture
of coffee consumption. It is worth noting that whole-grain coffee,
as a rule, wins in terms of its taste and content of nutrients, which
is consistent with the data of other authors [6] and allows
for a deeper understanding of the impact of coffee and caffeinated
beverages on the health of young adults.

The need to maintain concentration while studying is certainly
an important factor influencing caffeine consumption, which
is confirmed by a number of other authors, such as A. Mulica,
who report on the effect of caffeine on students' short-term
memory [19].

The impact of caffeine on mental performance has been
the subject of numerous studies, the results of which are often
contradictory. Many studies show that moderate caffeine
consumption can improve short-term memory, reaction time,
and attention, while some people may experience adverse
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effects (anxiety, insomnia, nervousness) that can negatively
impact cognitive functions [2, 5].

Despite widespread awareness of its potential harm,
caffeine consumption among students remains high. This may
be due to several factors: the need for increased concentration
while studying, the desire to cope with fatigue and the pressure
of the academic process, social habits and rituals associated
with coffee consumption.

It's also important to remember that knowledge about
the dangers of caffeine alone doesn't always lead to behavioral
changes. Personal belief, motivation, and access to alternative
ways to improve performance and manage stress play
an important role [2, 5]. Therefore, information campaigns
and educational programs should be aimed not only at raising
awareness, but also at developing a conscious attitude towards
caffeine consumption and developing self-regulation skills.

In addition, other aspects of students' lives should also
be taken into account. Fatigue caused not only by academic
workload, but also by social activity and part-time jobs, can push
one to consume caffeinated beverages as a way to cope with
these “challenges.”

Social habits and rituals also play a role. Going to a cafe
together, discussing academic issues over a cup of coffee,
or even just starting the day with coffee — all of this forms stable
habits that may be associated not only with the physiological
need for caffeine, but also with the need for socialization
and a sense of stability.

To better understand the phenomenon of caffeine
consumption by students, further study of these relationships,
analysis of motivation, and the development of educational
programs aimed at developing a conscious and responsible
attitude towards the caffeinated beverage consumption
are necessary.

Further research should be aimed at understanding
the motives and factors that determine caffeine consumption,
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HYGIENIC ASSESSMENT OF ATMOSPHERIC AIR IN KUZBASS INDUSTRIAL CENTERS
AS PART OF THE "CLEAN AIR" FEDERAL PROJECT
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Novokuznetsk and Kemerovo, major industrial centers in Kuzbass, participate in the "Clean Air" federal project. Since 2018 and 2023, respectively, they have
been implementing Comprehensive Action Plans devised to decrease contaminating emissions and thus improve the quality of the air and the quality of life
of the population. The Plans are part of the "Ecology" national project. This study aimed to hygienically assess the quality of atmospheric air as part
of the implementation of the "Clean Air" federal project, which involves improving the air monitoring system in the industrial centers of Kuzbass. Hazard identification
and assessment of exposure levels were performed using the methodology provided in MR (methodological recommendations) 2.1.6.0157-19. In Novokuznetsk,
air pollutant emissions decreased by 18.1%, while in Kemerovo they increased by 12.4%. The atmospheric pollution index was rated as "extremely high"
and "high", respectively. As part of the study, we evaluated the spatial relationship between stationary and route air quality monitoring stations, identified emission
impact zones for major industrial complexes, assessed the rationality of observation point locations, and implemented the necessary adjustments. Improving air
quality monitoring will make it possible to obtain adequate and timely information on air quality and develop measures to improve the living environment and public health
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MIMEHNYECKAS OLIEHKA PEANTU3ALINN ®EOEPAJIBHOIMO NPOEKTA «4UCTbIV BO3AYX»
B MPOMDILLJTEHHbIX LEHTPAX KY3BACCA

A. B. BaunHa', E. B. KocbkumHa?, J1. A. [ne6osa' =

" LleHTp rvrveHs! 1 anugemMunonornn B KemepoBsckoi obnactn — Kysbacce, Kemeposo, Poccus
2 KeMepoBCKUI rocyAapCTBeHHbI yHMBEPCUTET, KemepoBo, Poccuist

KpynHble npomblilneHHble LeHTpbl Kydbacca — ropoga HoBOKy3HeLK 1 KemMepoBO SBNAOTCS ydHacTHUKamy (heaepanbHoro npoekTa «HucTbin BO3ayx».
C 2018 1 2023 rT. COOTBETCTBEHHO B HNX peann3ytoT KOMMNeKCHbIE MnaHbl MepOrpUSTU MO CHYDKEHMIO BbIGPOCOB 3arpsi3HSOLLIMX BELLECTB, HanpaBneHHbIe
Ha MOoBbILLEHNE Ka4eCTBa BO3AYLLHON CPEebl M X3HM HACENeHs!, MPEyCMOTPEHHbIE HAaLMOHaTbHBIM MPOEKTOM «IKonorus». Liensio nccneposaHns 6b110 BbINOMHATL
TUMMEHNYECKYIO OLIEHKY aTMOC(HEPHOro BO3ayxa B pamMkax peanvdaumm MeponpuaTuin hegepanbHoro npoekTa «HuUCTbin BO3ayx» Onsi COBEPLUEHCTBOBAHMSA
CUCTEMbI MOHWUTOPMHIa BO3AYLLUHON cpefpl MPOMbILLNEHHbIX LeHTpoB Kysbacca. MpoBefeHbl oLeHKa AnMHaMUKI BbIOPOCOB 3arpssHSIOLLYX BELLECTB, aHanm3
pesynLTaToB M3MEPEHUin aTMOCEPHOro Bo3ayxa Ha 16 cTaumoHapHbIX nocTax. VaeHTudrnkaumo onacHOCTY 1 OLEHKY YPOBHEN (hOPMUPYEMOI SKCMO3MLM
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Maintaining the health and increasing the life expectancy The need to improve the general environment and, consequently,
of the population are strategic objectives of the state. It has  to enhance the medical and demographic situation in cities with
been proven that atmospheric air pollution in urban areas  high levels of anthropogenic pollution justified the development
leads to increased morbidity, mortality, and disability due  and implementation of the Clean Air federal project. One
to cardiovascular diseases, cancer, and other conditions. [1, 2].  of the project's targets reflecting realization of the Russian
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Federation Presidential Decree is to reduce emissions of dangerous
pollutants in large industrial centers by at least 20% of the total
volume [3-5].

The achievement of such targets is especially important
in regions like Kuzbass (the Kemerovo region), where
the concentration of coal-chemical plants, mechanical engineering
factories, and thermal power facilities is among the highest
in the country. Kuzbass accounts for a significant volume of coal
mining and processing, as well as the production of rolled ferrous
metals, ferrosilicon, and railway main rails. In large industrial
agglomerations such as Novokuznetsk and Kemerovo,
emissions from major plants and factories have resulted
in high levels of anthropogenic pollution, including severe
air contamination. The results of tests and studies indicate
that in regions where the condition of air is unsatisfactory,
the population's quality of life and life expectancy decline [6, 7].

The climate in the Kemerovo region is severely continental,
characterized by significant annual and daily temperature
fluctuations, frequent inversions, predominantly low atmospheric
pressure, and weak winds combined with intense seasonal solar
radiation, which contribute to the formation of photochemical smog.
The weather conditions promote dispersion of the contaminants
for up to 100 days a year, and the negative consequences
of this factor are especially pronounced in industrial centers
[8]. The primary reason for this situation is the location of these
centers in the Kuznetsk Basin — in the southwestern part
of Western Siberia — and their proximity to the junction
of the Kuznetsk Depression with the mountain ranges
of the Kuznetsk Alatau, Gornaya Shoria, and Salair. Thus,
the climatic and geographical features of Kuzbass create conditions
that prevent the dispersion of pollutants in the atmospheric air [9].

Another aggravating factor lies in historical urban planning:
in the industrial cities of Kuzbass, plants and factories were
often situated in close proximity to residential districts. The high
concentration of numerous pollution sources within a relatively
small area, combined with the insufficient effectiveness
of current technological and sanitary measures, highlights the
urgent need to develop and implement comprehensive plans
to protect atmospheric air and assess the effectiveness
of these measures.

The current key scientific and practical tasks include assessing
the zone of influence and spatial distribution of industrial
pollutant emissions, optimizing control measures, and creating
a reliable air quality monitoring system focused on substances
that negatively affect public health. The particularly important
activities are assessing the relative locations of stationary
and route monitoring posts, identifying priority pollution
components, determining exposure areas where concentrations
pose the greatest risk to human health, and locating areas
most unfavorable for living [10, 11].

Consequently, the enhancement of atmospheric air quality
and the development of improved hygienic assessment methods
are essential for the successful implementation of the federal
project "Clean Air" [12, 13].

This study aimed to hygienically assess the quality of atmospheric
air as part of the implementation of the "Clean Air" federal
project, which involves improving the air monitoring system
in the industrial centers of Kuzbass.

METHODS

This study focused on the cities of Novokuznetsk and Kemerovo
of the Kemerovo region, which are the priority locations
in terms of atmospheric air pollution. Kemerovo, with a population
of 542,928 and an area of 294.8 km?, is a major chemical

POCCUICKNIA BECTHUK TUIMAEHBI | 4, 2025 | RBH.RSMU.PRESS

OPUTMMHAJIbHOE NCCJTIEQOBAHVE

industry center and the most densely populated city of the Region.
The key chemical plants and factories of Kemerovo are Azot,
which produces ammonium nitrate, nitric acid, caprolactam,
and Khimprom, which specializes in chlorine products (chlorine,
hydrochloric acid, caustic soda) and organic synthesis (polyesters,
polypropylene glycol).

Novokuznetsk, with a population of 546,951 and an area
of 424.27 km?, is one of the largest industrial centers in Russia.
The city is a metallurgical production and coal mining hub;
its industrial complex includes an integrated metallurgical works,
ferrous and non-ferrous metallurgy plants, coal mines, and thermal
power plants.

The methodological approaches developed for the "Clean
Air" federal project underpinned the assessment of the sanitary
and epidemiological factors influencing atmospheric air quality
and its impact on public health, and supported the development
of measures to reduce emissions and enhance the existing
monitoring network [14-16].

The hygienic assessment included the analysis of social
and hygienic monitoring data collected from 2017 to 2024,
i.e., from the beginning of the implementation of the "Clean Air"
federal project. The data included information about pollutant
emission sources, their parameters and spatial characteristics,
as well as exposure levels specified in the draft standards
regulating maximum permissible emissions (MPE) of pollutants
into the atmosphere, which are part of the comprehensive
emission quota plan.

The assessment of air pollutant emission dynamics was based
on materials from a report by the Ministry of Natural Resources
and Ecology of Kuzbass [17].

For hygienic assessment of the atmospheric air quality,
we used the results of instrumental observations from stationary
posts set up by the Hydrometeorology and Environment
Monitoring Center, which is a branch of the West Siberian
Territorial Hydrometeorology and Environment Monitoring
Administration. There are eight such stationary posts in every
city; they are linked into a state monitoring network.
The monitoring program included registration of the amounts
of the key atmospheric air pollutants and marker substances
specific to a particular production process, characterizing
its features. Instrument readings were taken every 20 minutes.

In Novokuznetsk, automatic devices continuously monitored
a number of substances, including suspended solids, nitrogen
dioxide, carbon monoxide, sulfur dioxide, black carbon (soot),
phenol, formaldehyde, lead, nitrogenoxide, ozone,ammonia,
hydrogen sulfide, suspended particles PM2.5 and PM10.
The samples were collected in standard mode, according
to the full program, at 01:00, 07:00, 13:00, and 19:00 local time.

In Kemerovo, the samples were taken at stationary posts
according to an abridged monitoring program at 07:00,
13:00, and 19:00 local time. The list of controlled substances
included hydrogen fluoride, hydrogen cyanide, suspended
solids, nitrogen dioxide, carbon monoxide, sulfur dioxide, black
carbon (soot), phenol, formaldehyde, and lead.

Hygienic assessment of the level of atmospheric air pollution
in the considered cities involved a comparison of the concentrations
registered at the observation posts with the maximum
permissible concentrations approved in SanPiN 1.2.3685-21
“Hygienic standards and requirements for ensuring the safety
and (or) harmlessness of environmental factors for humans”.
The values from a single sample were compared with
the maximum permissible single concentrations (MPC), while
the daily mean values were compared with the maximum
permissible average daily concentrations (MPC_ ). The average
annual concentration was calculated after each year of the observation



ORIGINAL RESEARCH

Table 1. Dynamics of pollutant emissions into the atmosphere from stationary sources in the cities of Kemerovo and Novokuznetsk (thousand tons per year)

Territory 2017 2018 2019 2020 2021 2022 2023 2024
Novokuznetsk 313.331 295.794 294.195 277.528 268.297 263.211 260.971 256.683
Kemerovo 41.106 36.111 55.834 52.542 45.947 65.053 57.033 59.08

period; the values were compared with the maximum permissible
average annual concentration (MPC_), since as a minimum,
each post collected over 300 samples of every monitored
substance.

To determine the degree of pollution, we calculated
the atmospheric air contamination index (ACI): the sum
of the mean annual concentrations (in fractions of MPC, with
the correlation of the hazard class of each pollutant
with the hazard class of sulfur dioxide) of the five pollutants
that contaminated the city's air the most.

Based on the calculation of the total hazard coefficient
in accordance with MR 2.1.6.0157-19, we conducted a spatial
analysis of the influence of Novokuznetsk plants on the residential
areas. The analysis yielded an assessment of the relative
locations of the route and stationary observation posts and the city's
industrial facilities. The spatial analysis was carried out
using the ArcGIS software (ESRI; USA) (license agreement
No. 2010RUS7342).

The calculations were performed in MS Excel 2016 (Microsoft,
USA); we calculated the sum, the mean values, and the trends.

RESULTS

The comprehensive action plan to reduce pollutant emissions
into the atmosphere of Kemerovo and Novokuznetsk aims
to achieve targets for air quality and ensure favorable
living conditions for residents.

The program and the action plan under the "Clean Air"
federal project are based on integrated approach that includes
technological, sanitary, urban planning, and organizational
measures. In particular, for Kemerovo and Novokuznetsk,
the "Clean Air'" federal project envisages the following: modernization
of the transport rolling stock and its conversion to environmentally
friendly fuels; introduction of new technological and production
solutions, including effective dust and gas purification methods
and facilities; gasification of the single-family neighbourhoods,
demolition of dilapidated housing, modernization and overhaul
of thermal power facilities; optimization of atmospheric air quality
monitoring, including modernization of the existing monitoring
network, expansion of social and hygienic monitoring, advanced
automation of data control, re-equipment of the laboratories
subordinate to Rosprirodnadzor and Rospotrebnadzor.

According to the regional Ministry of Ecology and Natural
Resources, 24 measures are being implemented. In Kemerovo,
the plan is to reduce the total volume of atmospheric air
emissions by 88.165 thousand tons by 2036, which would
result in a two-fold decrease compared to 2020. By the end
of 2026, Novokuznetsk's total atmospheric emissions will
decrease by 83.769 thousand tons, or 25.1% of the 2017
level. The reduction in total emissions of pollutants by the end
of 2026 will amount to 51.069 thousand tons — 59.5%
of the 2017 level.

In addition, Rosprirodnadzor has approved a list facilities
for which a quota is set. These facilities contribute the most
to the contamination of atmospheric air; under this initiative,
they will be given the maximum permissible emission values
and long-term action plans to achieve them.

In the Kuzbass industrial centers, industrial facilities and utilities
infrastructure were responsible for 78-94% of air pollution.

The share of autonomous heat supply sources (in private
residencies) was 6-21%, and that of motor transport did not
exceed 0.5%. In single-family residential areas, emissions
are released at low altitudes, creating a risk of pollution
in the surface layer of the atmosphere that directly affects residents.
The situation is worsened by unfavorable meteorological
conditions that hinder the dispersion of pollutants, especially
during the cold season, when a “black sky” effect occurs
and negatively affects public health.

Through the period of implementation of the "Clean Air"
federal project in Novokuznetsk, the volume of pollutants
released into the atmosphere from stationary sources
decreased by 56.6 thousand tons (18.1%). In particular,
the emissions of solids went down by 13.6 thousand tons
(37.7%), liquid gaseous substances — by 43 thousand tons
(15.5%), including sulfur dioxide — by 21.7 thousand tons
(38.7%), carbon monoxide — by 31.7 thousand tons (11.0%),
nitrogen dioxide — by 3.3 thousand tons (18.8%) (Table 1).

For Kemerovo, 2020 was taken as the baseline year
against which emission trends were assessed. The volume
of pollutants released into the atmospheric air from stationary
sources increased by 6.5 thousand tons (12.4%) in 2024.
The specific growth was as follows: solids — by 3.9 thousand
tons (39.1%), liquid gaseous substances — by 2.6 thousand
tons (6.2%), including carbon monoxide — by 0.8 thousand
tons (5.7%), nitrogen dioxide — by 2.0 thousand tons or 18.0%.

Summary calculations of atmospheric air pollution were made
for Novokuznetsk and Kemerovo, and the priority pollutants
included in the monitoring program were identified.

In 2024, 1106386 measurements of atmospheric air pollutants
were carried out at stationary posts in Novokuznetsk. Of these,
13654 samples did not meet the hygiene standards, which
amounted to 1.23%. Regarding single concentrations,
hydrogen sulfide and carbon monoxide exceeded the MPC_
by a factor of 5, while nitrogen dioxide, nitric oxide, ammonia,
suspended solids, formaldehyde, and fluorinated gaseous
compounds exceeded them by a factor of 2 to 5.

In Kemerovo, stationary monitoring posts made 56529 air
pollution measurements; 217 samples (0.38%) had the content
of contaminants exceeding the MPC. Among the single
concentrations, no exceedance of 5 or more l\/IPCS was
recorded; exceedances of 2 to 5 l\/IPCS were observed
for nitrogen dioxide, suspended solids, formaldehyde, and phenal
(Table 2).

An assessment of atmospheric air pollution levels in populated
areas showed that, at stationary monitoring posts in Kemerovo,
the air was most contaminated with benz(@)pyrene and formaldehyde,
whose average annual concentrations exceeded the maximum
permissible concentrations (MPC_) by 2.6-3.1 and 2.0-2.6
times, respectively. In 2024, compared to 2017, the average
annual concentration of ammonia in the atmosphere increased
by 30%, nitrogen (Il) oxide by 9.5%, carbon monoxide by 5.3%,
and formaldehyde by 28.3%. The levels of some contaminants
decreased during this period: hydrogen chloride by 60.0%,
black carbon (soot) by 66.7%, phenol by 30.0%, hydrogen
cyanide by 20.0%, and benzo(a)pyrene by 16.1% (Table 3).

In Kemerovo, the ACI calculation took into account
the concentrations of five priority pollutants: benz(@)pyrene,
suspended solids, formaldehyde, nitrogen dioxide, and ammonia.
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Table 2. Some indicators of atmospheric air pollution registered at stationary posts in Kemerovo and Novokuznetsk (2024)

Novokuznetsk
Pollutants Number of single % exceeding the Maximum concentration The order Mean . The order
samples, average MPC among single samples of MF‘Cs cor?centratlon, of MPCE‘d
monthly exceedance daily average exceedance
Nitrogen dioxide 104253 0.72 0.56 2.82 0.029 0.71
Ammonia 10423 0.0029 0.7 35 0.0086 0.22
Benz(a)pyrene* /36 -/80.56 0.000039 - 0.0000063 6.31
S:’g‘s’tea%‘i‘zg 9348 0.28 1.35 2.7 0.094 1.25
gzﬂr:igl ::Spe”ded 28693 0.035 1.2 4 0.038 0.95
Eg"nﬁjessus‘)e”ded 28693 1 0.29 1.83 0.03 1.2
Ozone 91338 1.19 0.29 1.84 0.04 1.33
Hydrocyanide 2338 - 0.035 - 0.0012 0.012
xadng:lzsripoun s /24 ~/0.00 0.00006 0.006 0.000025 0.025
Hydrogen sulfide 198947 5.03 0.04 5 0.0022 11
Sulfur dioxide 205190 0 03 0.6 0.0027 0.05
Carbon monoxide 206901 0.3 445 8.9 0.59 0.2
Phenol 7016 0.01 0.011 1.1 0.00085 0.28
Formaldehyde 7016 2.27 0.16 3.14 0.012 3.88
Eg*rzggirf’;:eous 8185 0.78 0.041 2.05 0.0017 0.34
Nitrogen oxide 104238 0.63 0.92 2.29 0.03 0.5
TOTAL 1106386/60 1.23/48.3
Kemerovo

Nitrogen dioxide 6998 0.51 0.557 2.79 0.038 0.95
Nitrogen oxide 4375 0.11 05 1.25 0.023 0.38
Ammonia 6994 0.41 0.33 1.65 0.039 0.98
Benz(a)pyrene* /36 —/41.67 0.000012 - 0.0000026 2.6
S:’g‘s’tea%‘i‘zg 5964 0.72 1.052 2.1 0.057 0.76
Hydrochloride 2617 0.08 0.31 1.55 0.008 0.4
Hydrocyanide 2623 - 0.04 - 0.0008 0.08
Lead /36 /0.0 0.00004 - 0.000001 0.003
Sulfur dioxide 3510 0 0.067 0.13 0.0026 0.05
Carbon 5088 0 0.15 1 0.003 0.12
Carbon monoxide 6993 0.51 9.4 1.88 1 0.33
Phenol 6120 0.1 0.032 3.2 0.0007 0.23
Formaldehyde 5247 1.14 0.176 3.52 0.0077 2.57
Chrome (V) /36 -/0.00 0.00001 - 0.000001 0.00067
TOTAL 56529/108 0.38/14.8

In 2017, the value of the index was 10.85, and in 2024 — 10.34,
classified as "high." The rate of decline was 4.6%.

In Novokuznetsk, data from stationary observation posts
on the average annual concentrations of air pollutants showed
that benz(a)pyrene exceeded the MPC_, by 6.0-6.3 times,
formaldehyde by 1.7-4.0 times, suspended solids by 1.2-1.5
times, and ozone by 1.3 times. Compared to 2017, in 2024
the air had significantly higher concentrations of hydrogen
sulfide (a 4.0-fold increase), nitrogen oxide (a 3.0-fold increase),
formaldehyde (a 2.4-fold increase), and hydrocyanic acid
(@20% increase). The concentration of the following substances
decreased during the study period: ammonia — by 78.5%,
sulfur dioxide — by 73.0%, phenol — by 71.7%, carbon
monoxide — by 60.7%, fluorinated gaseous compounds —
by 43.3%, and suspended solids — by 15% (Table 3).
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In Novokuznetsk, the ACI calculation too into account
the concentrations of five priority pollutants: benz(a)pyrene,
suspended solids, formaldehyde, nitrogen dioxide, and hydrogen
sulfide. During the study period, the value of the index increased
from 14.9 to 19.3 (a 1.3-fold increase) and was classified
as "extremely high." A marked increase in the surface
concentration of hydrogen sulfide — a substance that not only
produces an unpleasant odor but can also cause respiratory
damage, sometimes moderate or severe — has raised significant
concern.

The industrial facilities contributing to atmospheric air
pollution underwent a hazard identification procedure, and total
normalized hazard coefficients were calculated for each plant
and factory. In Novokuznetsk, a subsequent ranking identified
four industrial complexes with the greatest impact of emissions



ORIGINAL RESEARCH

Table 3. Dynamics of average annual concentrations of atmospheric air pollutants as registered at the stationary posts in Kemerovo and Novokuznetsk

Average annual concentration, The order of MPC_, )
o | e oxcostance || Grovtyote i 024
2020 2024 2020 2024
Kemerovo
Suspended substances 3 0.075 0.06 0.057 0.80 0.76 -5.0
Hydrochloride 2 0.02 0.02 0.008 1.00 0.40 -60.0
Ammonia 4 0.04 0.03 0.039 0.75 0.98 +30
Nitrogen (1l) oxide 3 0.06 0.021 0.023 0.35 0.38 +9,5
Sulfur dioxide 3 0.05 0.007 0.0026 0.10 0.05 -62.8
Carbon monoxide 4 3 0.95 1.00 0.32 0.33 +5.3
Carbon black (soot) 3 0.025 0.009 0.003 0.13 0.12 -66.7
Nitrogen (IV) oxide 3 0.04 0.04 0.038 0.75 0.95 -5.0
Phenol 2 0.003 0.001 0.0007 0.33 0.23 -30.0
Formaldehyde 2 0.003 0.006 0.0077 1.67 2.57 +28.3
Hydrocyanide 2 0.01 0.001 0.0008 0.06 0.08 -20.0
Benz(a)pyrene 1 0.000001 0.0000031 0.0000027 3.00 2.70 -16.1
Novokuznetsk

Suspended substances 3 0.075 0.1 0.09 1.5 1.20 -15
Hydrocyanide 2 0.01 0.001 0.0012 0.1 0.12 +20
Ammonia 4 0.04 0.04 0.0086 1.0 0.22 -78.5
Nitrogen (1l) oxide 3 0.06 0.01 0.03 0.17 0.50 +200
Sulfur dioxide 3 0.05 0.01 0.0027 0.20 0.05 -73.0
Hydrogen sulfide 2 0.002 0.0005 0.0022 0.25 1.10 +340
Carbon monoxide 4 3 1.5 0.59 0.50 0.20 -60.7
Ozone 1 0.03 - 0.04 - 1.33 -
Nitrogen (IV) oxide 3 0.04 0.03 0.029 0.75 0.73 -3.3
Phenol 2 0.003 0.003 0.00085 1.00 0.28 -711.7
Formaldehyde 2 0.003 0.005 0.012 1.7 4.00 +140
Fluoride gaseous compounds 2 0.005 0.003 0.0017 0.60 0.34 -43.3
PM10 suspended particles 0.04 - 0.038 - 0.95 -
PM2.5 suspended particles 0.025 - 0.03 - 1.20 -
Benz(a)pyrene 1 0.000001 0.000006 0.0000063 6.00 6.30 +5

on public health — EVRAZ ZSMK, RUSAL Novokuznetsk
Aluminum Plant, Kuznetskiye Ferrosplavy, and Kuznetskaya
TPP. In Kemerovo, there are six such complexes: Koks, Azot,
Kemerovskaya GRES, Khimprom, Novo-Kemerovskaya TPP.
All these facilities are included in the Comprehensive Action
Plan for the long-term reduction of air pollution in Kemerovo
and Novokuznetsk until 2026 and 2036, respectively. The Plan

to increase this distance and establish additional posts
in the pollution exposure zones.

DISCUSSION

It has been established that the atmospheric air of the industrial
centers of Kuzbass contains substances with unidirectional

is part of the "Clean Air" federal project.

Currently, the atmospheric air quality monitoring network
covers 90% of the residential areas of the studied urban
agglomerations. The implementation of the "Clean Air" federal
project began earlier in Novokuznetsk than in Kemerovo; therefore,
the data collected in Novokuznetsk were used to assess
the relative locations of stationary and route atmospheric air
quality monitoring posts. Based on the spatial distribution
of the total hazard coefficient shaped by industrial emissions,
we determined the respective exposure zones (Fig.). It has been
established that residential areas within the exposure zones
are mainly controlled by the stationary and route observation
posts. However, given the prevailing winds, some territories
are not covered by the air quality monitoring network.

An assessment of the rationality of the locations of stationary
and route observation posts (based on spatial analysis) showed
that the distance between them is less than 2 km; it is feasible

effects that, under certain conditions, can negatively affect
the health of the population. For example, suspended solids,
nitrogen oxides, sulfur dioxide, hydrogen sulfide, phenol,
formaldehyde, and carbon can cause respiratory diseases,
while phenol and formaldehyde may also lead to visual
impairments [18, 19].

The results of this study indicate the need to optimize
the monitoring posts placement system and assess the spatial
distribution of exposure levels as well as risks to public health.
Significant air pollution registered by the observation posts
is the reason for the deployment of extra posts in the cities;
generally, the posts can collect and report the data for evaluation
of the sanitary and hygienic situation in the areas where
adequate field observations are unavailable. Determining where
to place observation posts, refining the existing monitoring
system, and establishing an effective observation program
are urgent tasks [19, 20].
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Fig. Spatial distribution of the total hazard coefficient by city's industrial facilities and relative to route and stationary posts

Given the significant contribution of autonomous (household)
heating systems to overall air pollution, and taking into account
the level of gas supply in the studied agglomerations (one
of the lowest in Kuzbass and Siberia in general), it is advisable
to consider expanding the comprehensive emission reduction
plan to include measures for extending mainline gas service
to single-family residential neighborhoods [21, 22].

Managerial decisions concerning environmental protection
and public health are guided by monitoring data, and high
pollution levels make it increasingly urgent to assess how
effective planned air protection measures will be. At the same
time, the most important aspect of such an assessment
should be evaluating whether the programs and action plans
are adequate for achieving the desired improvements in population
health [23].

CONCLUSIONS

A hygienic assessment of air pollution in Kuzbass industrial
centers found that, during the study period, emissions from
stationary sources decreased by 18.1% in Novokuznetsk
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and increased by 12.4% in Kemerovo. The atmospheric pollution
index was rated as "extremely high" and "high", respectively.

The study provides a rationale for selecting priority atmospheric
air pollutants to monitor. We identified hazards, and found
the facilities emitting substances that harm population's health
the most. These facilities have been included in the Comprehensive
Action Plan of the "Clean Air" federal project.

In Novokuznetsk, we evaluated the relative locations
of stationary and route air quality monitoring posts, identified
the zones exposed to emissions from the leading plants,
and assessed the rationality of the observation point locations.

Taking into account the negative impact of emissions from
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As part of the implementation of the "Clean Air" federal
project, a hygienic assessment was conducted, and measures
were developed to improve the air quality control system under
changing sanitary and epidemiological conditions, as well
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ANALYSIS OF INFECTIOUS DISEASE RATE IN CHILDREN OF DIFFERENT AGES AIMED
AT DEVELOPING HYGIENE

Krylov VP&
Pirogov Russian National Research Medical University, Moscow, Russia

The persistently high rate of infectious diseases requires constant monitoring, in-depth analysis of age-related characteristics of the disease spread and dynamics,
and also necessitates improving the sanitary and epidemiological well-being of the population, specifically, children, adolescents, and their parents. The study aimed
to to study epidemiological trends and identify the most vulnerable age groups among the pediatric population in the context of the incidence of key infections,
such as acute intestinal infections (Alls), enterovirus infection, viral hepatitis A, measles, whooping cough and enterobiasis. A retrospective epidemiological analysis
of official statistical data over a seven-year period (2018-2024) was carried out covering the pediatric population of the Western Administrative Okrug (ZAO)
of Moscow. Age differences in the structure of infectious morbidity have been determined. In children under one year, viral Alls (rotavirus, norovirus) and airborne
infections prevailed. A similar trend for viral Alls is reported in children aged 1-2 years. High prevalence of enterobiasis is reported for children aged 3-6 years
(attending preschool educational institutions), and a significant increase in the incidence of enterovirus infection and airborne infections is reported in all age groups,
especially in school students and adolescents. As for the viral hepatitis A incidence, the situation remains stable throughout the assessed period in all age groups.
High incidence of key infections among children persisting in all age groups demonstrates an urgent need for the development and implementation of the targeted
and adapted hygiene education programs for pediatric population and parents.
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AHAJINS UHOEKLIMOHHOIN 3ABOJIEBAEMOCTU AETEW PASHOIO BO3PACTA C LIESIbIO
PA3SPABOTKU NMPOrPAMM MNIrMeEHNYECKOIO BOCIMTUTAHUA

B. M. Kpbinos =
Poccunirckui HaumoHanbHbI ccnefoBaTensCKUin MeANLIMHCKUN yHMBepcuTeT nmenn H. . Muporoea, Mockea, Poccust

CoxpaHsaLWMACA BbICOKUIN YPOBEHb MH(EKLMOHHBIX 3a601eBaH TpebyeT NOCTOAHHOIO MOHUTOPWHIE, rMy60oKoro aHanmada Bo3pacTHbIX 0COOEHHOCTEN
pPacnpoCTPaHeHNs N AVHaMUKK 3a60N1eBaeMOCTU, a TakKe 0OYCNOBNNBAET HEOHXOAMMOCTb MOBbILIEHWS CAHUTAPHO-3MUAEMUONOMMHYECKOro 6n1aronosny4ms
HaceneHust — B YaCTHOCTW, AeTel, MOAPOCTKOB U MX poauTenelt. Liensto paboTbl Bbi10 U3yynTb NMOEMUONOrMYEcKNe TEHAEHLM 1 BbISBUTb Havbonee
yA3BVMble BO3PACTHbIE rPynMbl CPean AEeTCKOro HaceneHust B KOHTEKCTe 3a001eBaEMOCTU KIIIOHEBbIMM UHAPEKLMAMM, TakMMK Kak OCTPble KULLEYHble
nHdekumn (OKK), sHTepoBupycHas MHMEKLMSA, BMPYCHbIN renatuT A, KOpb, KOKIOW W 3HTEPOOWO3. BbINONHEH peTPOCMEKTVBHBIN 3MMAEMUONOrMYECKIIA
aHanm3 othrLmanbHbIX CTaTUCTUHECKNX JaHHbIX 32 CeMUNETHUI neprog (2018-2024 rT.), oxBaTbiBaIOLLMIA AETCKOE HaceneHne 3anaaHoro agM1MHUCTPATUBHOMO
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Since the children's immune system is still developing, they
are often susceptible to infectious diseases. The lack of specific
immunity to various pathogens, along with other factors,
leads to high morbidity among children. The child's immune
system begins to form even before birth, from the first weeks
of intrauterine development. The immune system structure
and functions are formed during the body’s growth, starting
from birth and ending with the onset of puberty. Identification
and subsequent removal of foreign antigenic agents of both
external (e.g., pathogenic microorganisms) and internal

(e.g., virus-infected or malignant cells) origin are the immune
response central elements. The body’s defense system against
foreign substances is based on synergy of the innate and adaptive
(acquired) immunity, which complement each other and are being
continuously communicating [1-3].

Airborne infectious diseases and diseases transmitted
by household contacts are especially common among
children and adolescents, that is why the key role in prevention
of such infectious diseases is played by hygiene education
and training of children and adolescents, since in children's
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groups, poor hygiene is one of the main causes of the spread
of infections. Children should acquire basic sanitary and hygienic
skills, knowledge and abilities already in preschool years
or in elementary school. At this age it is necessary to develop
sustainable habits: be sure to wash your hands before eating,
take precautions if you may come into contact with sick
people — keep your distance, regularly ventilate the premises,
wear protective masks, and use personal utensils. At an older
age, the child should understand his/her responsibility
for the possible spread of infections — for example, understand
that it is unacceptable to attend school with symptoms of ARVI.
In addition, the prevention of vaccine-preventable infections
is an important link in the hygiene education for children
and adolescents. Vaccination is the most effective means
of protection against infectious diseases, and refusal of vaccination
leads to irreversible consequences, including death. For example,
in the 1990s, a major outbreak of diphtheria occurred
in the Russian Federation (RF) and the countries of the former
USSR. From 1990 to 1996, 111,144 people got infected
in the RF alone, including 35,928 children, of whom 3,047
people (729 children) died. Almost all of those, who died
of diphtheria (95%), were not vaccinated. Systemic shortcomings
in the vaccination campaign organization were the key factors
of the unfavorable epidemiological situation: decreased vaccination
rate in both children and adults due to refusal of vaccination,
which is general suggested low hygiene education levels [4].

Acute intestinal infections (Alls) are among the most
prevalent infectious diseases reported in Russian children.
In 2019, the pediatric population accounted for more than 70%
of the overall number of registered cases (more than 960,000)
[6, 6]. Furthermore, the share of Alls with the identified
causative agents in children was 79% ( 196,424 cases), which
was several times higher than the general population rate.
The vast majority of pediatric All cases occur in younger age
groups. Viral infections predominate (up to 70%), in particular
rotavirus and norovirus ones, mixed viral-bacterial forms
are also encountered [7, 8].

Enterovirus infection is showing a general upward trend
in Russia. After a decline in 2018, the incidence rate increased
by 25% in 2019, with 91.8% of cases (17,003 people) registered
in children.

The incidence of acute viral hepatitis A in children also
increased by 12.1% in 2019, reaching 4.98 per 100,000
population. Children under the age of 17 accounted for 34%
of the total number of cases (1,441 cases) in 2019, despite
minimal incidence rates in the previous year [9, 10].

Along with intestinal infections, airborne infections are common
among children and adolescents. For many years, isolated
cases of measles have been registered in the RF, and cases
of importation from foreign countries have been noted.
However, at the end of 2019 — beginning of 2020, there was
a significant increase in the incidence of measles in children
and adults, first in Europe and then in the RF. For example,
in the Republic of Sakha (Yakutia), children under the age
of 17 accounted for 29.4% of those infected, and the largest
number of infected children was registered in the age group
1-2 year: 10 cases (5.9%) [11].

An increase in the incidence of whooping cough has also
been noted in all population groups, especially in children.
In 20283 in the Orenburg Region, children under the age of 14 made
up the overwhelming majority (81.3%) of all whooping cough
cases. Of particular concern is the sharp increase in the incidence
among the youngest children: for children under the age
of one year, the rate exceeded the 2019 level by 6.4 times
(from 52.63 to 338 per 100,000 children). The incidence rate
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among adolescents aged 15-17 also increased significantly, rising
from 7.58 to 207.53 per 100,000 compared to the pre-pandemic
2019 level [10, 12].

Parasitic diseases, in particular enterobiasis, also remain
common in children and adolescents [13]. In the Astrakhan
Region, 11,502 cases of helminthic and protozoal infestations
were registered in 2016-2020, with 93.7% of those (10,777
cases) occurring in children under the age of 17. During this
period enterobiasis accounted for 84% of all pediatric parasitic
infestations (9,052 cases). The largest proportion of cases
(568.5% or 5,295 cases) was registered in school-age children
(7-17 years). In children aged 1-7 years, enterobiasis
was diagnosed in 38.2% of cases (3,702 cases), which
was 1.5 times less often than in school students. The lowest
incidence rate was reported for infants aged 5-12 months
(0.6%, 54 cases) and children under the age of one year (0.3%,
14 cases) [14].

The study aimed to analyze the incidence of infectious
diseases in the pediatric population in order to improve hygiene
education of children of different age groups and their parents.

METHODS

The study included a comprehensive analysis of infectious
morbidity in children of different age groups. The main objective
of the analysis was to identify age groups most susceptible
to infectious diseases in order to develop hygiene education
programs considering age characteristics.

In a retrospective study, statistical data on the incidence
of infectious diseases in adolescents were used: data from statistical
accounting and reporting annual forms No. 2 "Information
on infectious and parasitic diseases" of the Center for Hygiene
and Epidemiology in Moscow in the Western Administrative Okrug
(ZAQ) of Moscow for the years 2018-2024, as well as information
on the population size for each age group based on the data from
the tables of estimated populations of the Moscow administrative
districts for the years 2018-2024. The incidence rates of the infections
analyzed were calculated per 1000 people in each age group
using the MS Office 2016 software package (Microsoft; USA).

RESULTS

Differences in morbidity in different age groups of children
and adolescents have been determined. Fig. 1 shows changes
in the infectious morbidity over 7 years (2018-2024) among
children of various age groups in the ZAO of Moscow. Airborne
infectious diseases and those transmitted by household
contacts (aerogenic and fecal-oral routes of infection
transmission) that are especially widespread among children
were included in the analysis. Among the infectious diseases
identified in this population, the highest incidence rates
are typical for Alls and enterobiasis. In the structure of morbidity,
the leading places are occupied by Alls caused by the identified
bacterial and viral pathogens, as well as foodborne toxic
infections of known etiology, enterovirus infection, viral hepatitis A,
enterobiasis, whooping cough, measles.

In 2018-2024, in the age group of children under the age
of one year the maximum levels of viral Alls (including rotavirus
and norovirus ones), as well as airborne infections, such
as whooping cough and measles, were reported (Fig. 2).

In the age group of 1-2 years, there is a consistently high
level of incidence of Alls of viral etiology (in particular, rotavirus
and norovirus ones) in 2018-2024 (Fig. 3).

In the age group of 3-6 years, there is an alarming increase
in the incidence of airborne vaccine-preventable infections
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Fig. 1. Infectious morbidity rates in pediatric population of the ZAO of Moscow for the years 2018-2024 (7-year average)

(measles, whooping cough). Furthermore, the number of cases
of enterobiasis has increased (Fig. 4).

In children aged 7-14 years, a multiple increase in the incidence
of airborne infections (whooping cough, measles) has been
also noted, and the incidence of acute intestinal and enterovirus
infections increased several times. Furthermore, the enterobiasis
incidence rate has increased (Fig. 5).

In children aged 15-17, as well as in those aged 7-14,
an increase in the incidence of almost all analyzed infections
was noted: the incidence of airborne infections (whooping
cough, measles) increased, the incidence of acute intestinal
and enterovirus infections increased several times; the incidence
of enterobiasis increased as well (Fig. 6).

DISCUSSION

Based on the results of the analysis of infectious morbidity
in children of different age groups living in the ZAO of Moscow,
it can be noted that there is a high incidence of AllS (caused
by the identified bacterial and viral pathogens, as well as foodborne
toxic infections of known etiology) not only among young
children, but also among school students and adolescents
(3-6 years — an increase of 48%, 7-14 years — 188.5%,
15-17 years — 291.3%). This is consistent with the data
of studies of the RF [5, 6].

=/

There is a significant increase in the incidence of enterovirus
infection in children of all age groups (under the age of one year —
an increase of 273.8%, 1-2 years — 490.8%, 3-6 years —
645.4%, 7-14 years — 502%, 15-17 years — 292.6%), which
is also in line with the previously published research data
for the RF [9, 10].

The situation with viral hepatitis A in children and adolescents
in the ZAO of Moscow in the selected period is stable, the largest
age group based on the incidence of this infection are children
aged 7-14 years (17% of the total number of cases — 118
cases), in contrast to the situation in the RF, where, according
to previously published data, the increase in the incidence
of the disease was reported for the entire child population [9, 10].

Among those with enterobiasis, children and adolescents
attending preschool and general education institutions
are the predominant groups. They accounted for 96.5% of the total
number of people infected with enterobiasis, which is consistent
with previously published data on the enterobiasis incidence
in the Astrakhan region [14].

In the ZAO of Moscow, an upward trend of the incidence
of measles has been reported. Children under the age
of 17 accounted for 56.9% of all cases, and the largest number
of cases were detected in the age group of 7-14 years: 1,216
cases (24.1%). A similar trend was identified in the Republic
of Sakha (Yakutia) [11].
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Fig. 2. Infectious morbidity rates in children under the age of one year in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI —

enterovirus infection; VHA — viral hepatitis A
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Fig. 3. Infectious morbidity rates in children aged 1-2 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus
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The incidence of whooping cough in the ZAO of Moscow
has increased significantly in all age groups. The majority
of cases also occurred among children aged 7-14 years
attending general education institutions (38.2% of all whooping
cough cases), which is consistent with the data of the whooping
cough incidence studies conducted in the Orenburg Region
[10, 12].

Hygiene education and the healthy lifestyle promotion
provide the basis for the infectious disease prevention. These
areas are implemented consistently and continuously: from
the moment the child enters school and throughout the entire
educational path. Preventive work with children should be carried
out continuously in a variety of settings: at home, during
school classes, extracurricular activities, as well as in places
of children's recreation and health improvement. Futhermore,
it is important to take into account two interrelated aspects
of impact. The first is individual, namely direct training of the child,
his/her acquisition of the necessary knowledge and practical
skills in the field of hygiene. The second is the influence
of the immediate social environment, where parents play a key
role. It is the family that helps the child consolidate what
he/she has learned in the educational institution. The coordinated
efforts of teachers and parents yield tangible results. Firstly,
all participants in the process develop a common understanding
of the importance of hygiene standards and rules of conduct.
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Secondly, the continuity of learning is ensured: the knowledge
acquired at school is successfully transferred into everyday
life. Thirdly, theoretical information is firmly absorbed through
the regular practical application. And finally, repeating actions
over and over again helps to form sustainable habits. For students,
more effective methods of improving hygiene education could
be various competitions, quizzes, immunization lessons,
game activities, thematic dictations, essays, and gameplay
videos. It is necessary to conduct seminars and meetings
(on the importance of vaccination, on how to protect a child
from infection, etc.) for teachers and parents with a survey
to determine their knowledge. The combined efforts of children,
parents, and teachers contribute to the deeper understanding
of hygiene knowledge, which, in turn, results in reduction
of the infectious disease rate.

CONCLUSIONS

During the study we examined epidemiological trends
and identified the most vulnerable age groups among the pediatric
population for key infectious diseases (acute intestinal infections
(Alls), enterovirus infection, viral hepatitis A, measles, whooping
cough, enterobiasis). Younger age groups are the most vulnerable:
children under the age of one year show maximum incidence
rates of viral Alls (rotavirus, norovirus ones), as well as airborne
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Fig. 4. Infectious morbidity rates in children aged 3-6 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus

infection; VHA — viral hepatitis A
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Fig. 6. Infectious morbidity rates in children aged 15-17 in the ZAO of Moscow for the years 2018-2024. Note: All — acute intestinal infections; EVI — enterovirus
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infections (whooping cough, measles). In the 1-2 year group,
the incidence of viral acute intestinal infections (mainly
of rotavirus and norovirus etiology) remains consistently high.
An alarming increase in vaccine-preventable airborne infections
(measles, whooping cough) and enterobiasis has been reported
for preschool children (3-6 years old). In school students
(714 years old), a multiple increase in the incidence of airborne
infections (measles, whooping cough), Alls and enterovirus
infections, and enterobiasis has been reported. Adolescents
(15-17 years old) demonstrate the dynamics similar to those
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DYNAMICS OF MENTAL PERFORMANCE IN SCHOOLCHILDREN UNDER POOR INDOOR
CLIMATE CONDITIONS AND ELEVATED CARBON DIOXIDE LEVELS

Lobkis MA, Novikova I, Romanenko SP =, Sorokina AV
Novosibirsk Research Institute of Hygiene of Rospotrebnadzor, Novosibirsk, Russia

One of the pressing current issues requiring investigation is the adverse effect of prolonged exposure of schoolchildren to substandard indoor climates and elevated
CO, levels, which can impair their well-being, hinder cognitive performance, and disrupt the body's adaptive capabilities. This study aimed to assess the dynamics
of mental performance of students depending on the said parameters, the indoor climate and CO, levels. The temperature, humidity, and CO, datapoints (n = 673)
were recorded using an Engineering Technical Module in two rooms. Mental performance was assessed by the performance quotient and indicators of short-term
memory and attention (n = 352); for this purpose, we used an NS-Psychotest hardware and software complex. In statistical processing, the threshold of significance
was set at p < 0.05. We registered an increase of temperature up to 25.7 °C, a decrease of humidity to 31.3%, and a steady growth of the concentration of CO,
from the normal 1000 ppm to substandard 2586 ppm. By the end of the day, the proportion of schoolchildren capable of high-level mental performance
had dropped by 30%. We identified significant, moderately strong inverse correlations between performance level and CO, concentrations (r = -0.464, p < 0.001),
as well as weak inverse correlations with temperature (- = -0.327, p < 0.001). A strong inverse relationship was found between fatigue and CO, levels (- = -0.599,
p < 0.001); schoolchildren's functional state was poorest when the CO, concentration was highest. The study identified a correlation between the deterioration
of air quality parameters and reduced mental performance among students, highlighting the necessity for monitoring and preventive interventions.

Keywords: educational institutions, schoolchildren, hygienic learning conditions, microclimate, carbon dioxide, mental performance, fatigue, health risks, prevention
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AVHAMUWKA YMCTBEHHOIN PABOTOCMNOCOBHOCTU LLUKOJIbHUKOB B YC/TOBUSAX
HEBJTIArOMPUATHbIX MOKA3ATENEN MUKPOKJIMMATA U YITIEKUCNOIO MA3A B MOMELLEHUAX

M. A. Nobkuc, W. N. Hosukosa, C. 1. Pomarerko, A. B. CopokumHa ™=
HoBocubmpcKnii Hay4YHO-MCCNeaoBaTeNbCKMIA MHCTUTYT rreHsl PocnotpebHaasopa, Hosocnbupcek, Poccus

B HacTosiLLee Bpems akTyasbHbIM SBASETCS U3y4eHne HebnaronpysTHOrO BO3AENCTBUS AIUTENBHOMO NpebbiBaHms 00yHaloLLIMXCS B YCIOBUSX, HE OTBEYAKOLLIMX
TPe6oBaHMAM HOPMATBOB MO MOKasaTeNsAiM MUKPOKIIMMATa 1 KoHueHTpauuy CO,, cnocoGHOTO Bbi3biBaTb HAPYLLEHUE CaMOHYBCTBYIS, CHYDKEHVIE noKasaTenen
YMCTBEHHOW [eSITENbHOCTU, HapyLLeHMe afanTaLMOHHbIX BO3MOXHOCTe! opraHmamMa. Llensto paboTbl 66110 OLEHWT AMHAMKY YMCTBEHHOW paboTOCNOCOBHOCTH
06yHaroLLXCS B 3aBICMOCTI OT yKagaHHbIX NnapameTpos. MNokasarenm Temnepatypbl, BnaxHoctvi u CO, (n = 673) pernctprposaivi ¢ MoMoLLbio «/IHXeHepHO-
TEXHUYECKOro MOofynsi» B ABYX Kaccax. YMCTBEHHYIO paboTOCMOCOBHOCTb OLEHMBaM MO KOSMPMULIMEHTY paboTOCNIOCOOHOCTW, MOKa3aTENsIM KPATKOBPEMEHHO
namsiT 1 BHUMaHus (0 = 352) ¢ 1cnonb3oBaHeM annapaTHo-nporpamMmHoro komnnekca «HGC-MeuxoTecT». CTaTucTnyeckyto 06paboTky AaHHbIX BbINOAHANN
npwv ypoBHe 3Ha4mmMocTn p < 0,05. 3aperncTprpoBaHbl NoBbILEHHas Temnepartypa (0o 25,7 °C) 1 H13dkast BnaxkHOCTb (00 31,3%), a TakKe YCTOMHMBOE MOBbILLEHVE
KoHueHTpaunm CO, no cpasHeHvio ¢ Hopmoi (1000 ppm) go 2586 ppm. YCTAHOB/IEHO CHYDKEHWE AOMM yHaLLMXCs C BbICOKOM paboTocnocobHOCTLIO Ha 30%
K KOHLY AHS. BbisiBieHbl 3Ha4vMble 0OpaTHble KOPPENALMY YMEPEHHON CUlbl MeX[y PaboTOCMOCOBHOCTLIO U KoHUeHTpauven CO, (r = 0,464, p < 0,001),
a Takxe cnabble — ¢ Temnepatypon (r = -0,327, p < 0,001). O6HapyxeHa cubHas obpaTHas CBA3b Mexay yToMsieHmem n yposHem CO, (r = -0,599,
p < 0,001). Hanbonee BbpaxkeHHOE yXyALLeHe PYHKUMOHAIBHOMO COCTOSHMSA HAOMOAANnoch B Neprofbl MakcuMasbHbIx KoHUeHTpauuin CO,. Vccnepgosaque
BbISIBAMO B3aVMOCBSI3b MEX[Y YXyALLEHNEM NapameTpoB BO3LYLLUHOM Cpefbl N CHKEHNEM YMCTBEHHON PaboTOCMOCOBHOCTM LUKOSBHMKOB, HYTO 0O0CHOBbLIBAET
HEOBXOAMMOCTb MOHUTOPUHIA 1 MPOMUNIAKTUHECKIX MEPOMPUSTUN.

Knioyesble cnosa: 06LLie0bpasoBaTenbHble OpraHn3aum, 0byvatoLLMEeCcs, TIMrMeHNYECKNE yCNoBmns 00y4eHNs, MUKPOKMMAT, ANOKCUA YINepoaa, yMCTBEHHasA
pPaboTOCNOCOBHOCTb, YTOMAEHVE, PUCKM 300POBbLIO, MpodunakTka
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During the school years, the mental and physical health of students
is influenced by various factors, including how well classroom
conditions meet hygienic standards. Against the background
of an increasing academic workload, a compromised environment
depletes the body’s reserves, leading to functional abnormalities
and disorders of both mental and physical health [1, 2]. One
of the most important tasks in creating favorable conditions
for education is to monitor and improve classroom air quality,
which depends in particular on microclimate parameters and carbon
dioxide (CO,) concentration [3].

Studies have shown that prolonged exposure to elevated
concentrations of CO, (1000-1500 ppm or higher) has
both immediate and delayed negative effects on students'
well-being. Such exposure disrupts the metabolic processes
of the circulatory, central, and respiratory systems, leading
to deteriorated performance and mental activity, increased fatigue,
lower resistance to infectious and non-infectious agents,
and a higher incidence of upper respiratory tract diseases [4-7].

Children studying in classes with high concentrations
of CO, often experience heavy breathing, shortness of breath,
dry cough, and rhinitis. Students with asthma may have
attacks [8]. Higher CO, levels in schools are associated with
an increase in illness-related absences; respiratory infections
and asthma are the main diseases in such conditions.
An increase in the concentration of CO, in a classroom
negatively affects the academic performance and general
productivity of schoolchildren. It is considered a risk factor
for chronic fatigue syndrome and higher incidence of upper
respiratory tract diseases [9-11].

A study involving more than 400 schools in the United States
found that an increase in classroom CO, concentration to 1,000
ppm was associated with a 10-20% drop in attendance, and
that each additional 100 ppm of CO, corresponded to a further
0.2% decrease in yearly attendance [12]. Studies focusing
on preschool establishments have shown that increasing
the frequency of air exchange has a positive effect on kindergarten
attendance: morbidity decreases by 12% with each additional
hourly increase in the air exchange rate [13].

In Belarus, researchers reported that carbon dioxide
concentrations above 1500 ppm in classrooms are associated
with more complaints of rapid fatigue and headaches, affecting
about one-third of primary school students [14, 15]. There
is evidence of a 30.0% decrease in concentration of attention
at CO, levels above 600-800 ppm; when these exceed
1500 ppm, about 80.0% of students experience fatigue [16].
Substandard microclimate indicators can worsen people's
well-being by causing physiological changes in the functional
state of organs and systems [17, 18]. In educational settings,
failure to meet regulated indoor climate parameters can also
disrupt children's adaptation processes [19].

Thus, numerous studies support the importance of examining
how indoor air quality affects the functional state and health
of individuals, particularly children, taking into account microclimate
parameters and carbon dioxide levels.

It is important to note that in educational establishments,
an increase in CO, concentration correlates with the accumulation
of a wide range of other anthropotoxins released by humans
as well as substances emitted by finishing materials, furniture,
and educational supplies. Thus, CO, in this context can
be considered as a convenient integral indicator (surrogate
marker) of the overall level of anthropogenic load on the indoor air
environment. Consequently, the observed effects on performance
and well-being are highly likely caused by the combination
of contaminants, and the concentration of CO, is an indirect
indicator of this combination.
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This study aimed to investigate variations in schoolchildren's
mental performance across the school day, relative to classroom
microclimate conditions and CO, concentration

METHODS

Hygienic, physiological, and analytical research methods were used
in the work.

The indoor climate parameters were measured with
the Engineering Technical Module (measuring instrument pattern
approval certificate 89313-23) in the automatic continuous
mode over the course of one week. The module recorded
values of individual microclimate indicators (temperature,
relative humidity) and carbon dioxide concentration around
the clock, generated summary reports covering current and past
data, and compared the measurements to the given regulated
value ranges, visualizing the monitoring results.

The module worked for a week in two elementary school
classrooms used by 39- and 4"-grade classes. The 4"-grade
class studied during the first shift in Room 1, and the 3“-grade
class had the second shift in Room 2. The total number
of observations was 673. The indoor climate was evaluated
against the regulated parameters stipulated in SP 2.4.3648-20
"Sanitary and epidemiological requirements for educational
organizations, recreational establishments for children and youth";
SanPiN 1.2.3685-21 "Hygienic standards and requirements
for safety and (or) harmlessness to humans." As for carbon
dioxide, its values were compared to those given in GOST
30494—2011 "Residential and public buildings. Indoor climate
parameters"; GOST R EN 13779—2007 "Ventilation in non-
residential buildings. Technical requirements for ventilation
and air conditioning systems"; EN 13779:2004 "Ventilation
for non-residential buildings — performance requirements
for ventilation and room-conditioning systems." The rooms
were similar in their architectural, planning, and sanitary
specifications: each had an area of 54 m? and a ceiling height
of 3.2 m. The design occupancy met sanitary standards
and was set at 25 people, providing a minimum of 6.9
m?3 of air per student. The heating carrier (water) came from
the centralized town system to the radiators in the rooms.
The temperature of the carrier could not be adjusted during
the school day. The ventilation was natural, enabled by window
transoms and exhaust ducts, with no forced elements.
In accordance with the relevant regulations, the teachers
fully aired the rooms for five minutes during breaks according
to the general school schedule; we did not monitor compliance
with the established airing routine. Wet cleaning was performed
twice a day — at the end of the first and second shifts.
It is important to note how the classrooms were used differently:
Room 1 was reserved for 4th-grade classes in the first shift,
while Room 2, used by the 3rd grade in the second shift,
served for part-time activities (up to 12 people) in the first shift.

The students’ mental performance was assessed
using indicators of the working capacity coefficient, short-term
memory dynamics, attention span, concentration, and stability.
The assessment was conducted with the NS-PsychoTest
hardware and software complex, and measurements were taken
three times a day — at the beginning, middle, and end
of the school day — over the course of a week (total number
of observations: 352).

The following techniques were used to measure mental
performance:

1. Kraepelin tables [20], designed for assessment of the dynamics
of mental performance and detection of fatigue, completed
three times during the school day (n = 132). Each table consists
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Table. Mean microclimate parameters and CO, concentration during the school day over a week

First shift (Room 1)

Inl\;i icia;clsrs Lessons
1 2 3
Temperature, C° 222 +05 23.3+04 23.3+0.8
Relative humidity, % 46.5+2.7 52.4+43 50.5+ 6.0
CO, concentration, ppm 1312.2 + 485.4 2586 + 543.7 2039 + 823.8
Second shift (Room 2)
Inl\j iia;clsrs Lessons
1 2 3
Temperature, C° 25.7+0.2 25.7 +0.9 25.7+0.2
Relative humidity, % 31.3+25 325+5.0 33.5+25
CO, concentration, ppm 1443.3 + 482.7 2097.1 + 4251 2097.6 + 500.6

of eight pairs of rows of single-digit numbers, with the numbers
arranged vertically one above the other. The performance
coefficient C_, is calculated as S2/51, where S2 is the sum
of correctly performed additions of the last four rows (S2), and S1
is the sum of correctly performed additions of the first four rows (S1).

2. Memory for numbers [21], designed to assess the dynamics
of short-term memory, completed twice during the school day
(n = 88). The mnemonic performance is evaluated by the number
of correctly found numbers: 2 points — low efficiency, 3 points —
satisfactory, 4 points — average, 5 points — high.

3. Munsterberg's method [22], designed to assess the attention
concentration and stability, completed three times during the school
day (n = 132). The testing involves finding words in rows random
letters, duration — 2 minutes. The measured results are the number
of incorrectly highlighted words and the number of missed words.
The level of stability and concentration of attention can be low,
below average, average, above average, and high.

Statistical data processing was performed using the methods
of parametric and nonparametric analysis. The distribution
of quantitative variables was assessed using the Shapiro—
Wilk test when number of indicators was below 50
and the Kolmogorov-Smirnov test when it exceeded 50.

We used the standard methods of descriptive statistics:
calculated means, standard deviations, medians, ranges (minimum
and maximum), 25"-75" percentiles, and coefficients of variation.

For the comparative assessment of changes in quantitative
indicators, we used the parametric Student’s t-test for normally
distributed data. In the case of a non-normal distribution,
the Mann-Whitney test was applied for two independent
groups, the Wilcoxon test for two dependent groups,
and the Kruskal-Wallis test for several independent groups.

To study the relationship, we used the correlation analysis
methods. The Pearson correlation coefficient was used to assess
the strength of the relationship between quantitative indicators
with a normal distribution, and the Spearman rank correlation —
for variables with non-normal distributions. Correlation coefficients
were interpreted using the Chaddock scale: weak (0.1-0.3),
moderate (0.3-0.5), strong (0.5-0.7), high (0.7-0.9), very high
(0.9-0.99). The significance of the relationship was assessed
using the Student's t-test, and the relationship was considered
significant at p < 0.05.

Statistical processing was performed in STATISTICA 10 (StatSoft;
USA) and MS Office Excel 2016 (Microsoft; USA).

RESULTS
The assessment of the actual dynamics of temperature, relative

humidity,and CO, concentration was performedto determine the
cause-effect relationship of these parameters and the functional

state of students. The recorded values of the indicators generally
varied highly. During the first shift, the mean air temperature was
within acceptable limits. In the second shift, we registered values
exceeding the norm: the temperature in Room 2 was significantly
higher than that recorded earlier in Room 1 through all three
lessons (p < 0.001 for each comparison). The relative humidity
in Room 1 was significantly higher than in Room 2 during all
lessons (p < 0.001). The CO, concentration varied greatly during
the school day in both classrooms, reaching values significantly
exceeding those recommended in the hygienic standard
(800-1000 ppm, GOST R EN 13779—2007 "Ventilation
in non-residential buildings. Technical requirements for ventilation
and air conditioning systems"). Significant differences in CO,
concentration between shifts were observed only in the second
lesson (p = 0.049); in the first and third lessons, the values
of this parameter did not differ significantly (o > 0.05).
The dynamics of indicators within each shift also deserves
attention. In Room 1, the CO, concentration increased
from the first to the second lesson (from an average of 1312
to 2586 ppm), and decreased by the third lesson (2039 ppm),
remaining high. In Room 2, the CO, concentration increased
from the first to the second lesson (from 1443 to 2097 ppm)
and remained almost unchanged in the third lesson (2098 ppm).
Thus, we identified stable differences in temperature and humidity
between shifts, while the differences in CO, concentration were
unsystematic (Table).

It should be noted that although the ventilation and heating
systems are in working condition and hygienic requirements
for classroom cleaning and airing are met, the microclimate
parameters and carbon dioxide concentration indicate that
the current preventive measures are not sufficiently effective.
This highlights the need for new engineering solutions to ensure
optimal air quality in classrooms.

QOver the course the school day, the classroom microclimate
indicators, including carbon dioxide concentration, generally
increased from the 1%t to the 6th lesson. This increase was
associated with the growth of proportion of schoolchildren whose
performance dropped significantly — by more than 30% (p < 0.05;
Fig. 1A). “At the same time, we observed a more drastic drop
in the share of well-performing students during the first shift —
by more than 40% (p < 0.01 for the pairwise comparison
of proportions between the 15t and 6" lessons). By the end
of the school day (second shift), there were no schoolchildren
showing a high level of performance, and the differences
in the distribution of the performance indicators between
the beginning and the end of the school day were significant
(0 <0.001). These changes, together with the influence of the studied
factors, may result from the natural buildup of fatigue by the end
of the second shift (Fig. 1B).
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Fig. 1. Characteristics of schoolchildren by performance, %

The characteristic of the performance coefficient depending
on the actual dynamics of the microclimate and carbon dioxide
concentration is shown in Fig. 2. Using the Spearman's rank
correlation coefficient, we found significant inverse moderately
strong relationships between the performance coefficient and
CO, concentration (r = -0.464, r* = -0.198, p = -0.0000),
as well as weak ones between the performance coefficient
and air temperature (r = -0.327, r?* = -0.118, p = —0,000).
As for humidiity, it did not affect the said coefficient significantly
(r=-0.056, r* = -0.003, p = -0.821).

The evaluation of the dependence of mnemonic processes
on the dynamics of microclimate and carbon dioxide
concentration (using Spearman's rank correlation coefficient)
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revealed significant inverse relationships of moderate strength
between memory performance and CO, concentration (- = —0.500,
r> = 0.254, p = 0.001), as well as between memory performance
and air temperature (r = -0.384, r> = 0.141, p = 0.002).
The relationship between memory performance and relative
humidity was insignificant (r = —0.060,? = -0.002, p = -0.577).

A comparative assessment of short-term memory showed
that, over the study period, the proportion of students whose
short-term memory remained highly effective by the end
of the school day decreased from 22.7% to 9.1%, while
the proportion of those who demonstrated low accuracy and poor
short-term memory efficiency increased from 6.8% to 18.2%
(Fig. 3A). This finding is relevant to both shifts: in the first shift,

CO, concentration
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Fig. 2. Dispersion diagram of correlations between CO, concentration, temperat
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Throughout a school day
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Fig. 3. Effectiveness of mnemonic processes among students throughout the school day, %

the considered indicator dropped by 15.4%, in the second shift —
by 10.9% (Fig. 3B).

The share of students with low mnemonic efficiency is greatest
at the highest carbon dioxide levels (Fig. 4).

Using the Munsterberg test [22], we assessed the selectivity
and volume of attention in the dynamics of the school day.
This test allows determining the degree of fatigue depending
on the actual indicators of the microclimate and CO, concentration.

The results of the test, which reflect the dependence
of the number of correct answers on the parameters
of the microclimate and CO, concentration in the classrooms,
are shown in Fig. 5.

In the dynamics of the school day, the assessment of fatigue
levels based on actual microclimate indicators and carbon
dioxide concentration revealed a strong inverse correlation
between CO, concentration and the number of correct answers,
both over the entire monitoring period and across study shifts
(r =-0.599, r* = 0.359, p < 0.0001) There was also a weak
significant inverse relationship between fatigue indicators and air
temperature (r = -0.3083, r* = -0.092, p = -0.0004), as well
as relative humidity (- = —0.244, r> = —0.059, p = —0.005).

The largest proportion of respondents with the highest
levels of fatigue was registered during periods when the optimal
concentrations of carbon dioxide in the classroom air were
exceeded (Fig. 6).

The distribution of students by attention span and selectivity
also indicates that fatigue becomes more prevalent as the school
day progresses. Over the entire observation period, the share
of children with high fatigue levels increased by 70.4%:
from 2.3% at the beginning to 72.7% by the end of lessons.
Specifically, in the first shift, the proportion rose from 3.8%
10 65.4%, and in the second shift — from 0% to 77.8%. In the
background of this process, there is a progressive deterioration
in the parameters of the air environment: carbon dioxide
concentration, elevated from the outset (Table), increased
by 1.5-2 times by the middle of the school day, significantly
exceeding hygiene standards. In addition, during the second
shift (Room 2), the air temperature was consistently above
the permissible values, and the relative humidity decreased.

DISCUSSION

The importance of maintaining good air quality in classrooms
and other educational spaces is beyond doubt. Back in the 1980s,
Russian scientists observed a direct relationship between air
quality and the well-being, performance, and other functional
indicators of students, as well as significant variability in the indoor
microclimate under conditions of insufficient or imperfect air
exchange [23, 24]. According to current interstate standards
(GOST 30494—2011 "Residential and public buildings. Indoor
climate parameters"; GOST R EN 13779—2007 "Ventilation
in non-residential buildings. Technical requirements for ventilation
and air conditioning systems"), carbon dioxide concentration
is the main indicator of indoor air quality, serving both
as an independent factor and as an integral marker of human-
related air pollution.

In this study, assessing the relationship between the parameters
of the microclimate, CO, concentration, and mental performance
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Fig. 4. Distribution of students' short-term memory efficiency depending on the actual
carbon dioxide concentrations over the entire monitoring period
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Fig. 5. Dispersion diagram of correlations between microclimate indicators and CO, concentration and the number of correct answers

of students, we registered a progressive deterioration in their
functional state during the day. In Room 1, the number
of students capable of high performance by the end of the first shift
decreased by 30%, and in Room 2, there were no such students
by the end of the second shift. The lack of high-performing
schoolchildren by the end of the second shift deserves
a special mention. There was a combination of factors behind
this phenomenon: consistently increased air temperature
throughout the day (exceeding the regulatory values)
and a significant increase in the initially high concentration
of CO,. Such a combination could have a negative effect.

Correlation analysis confirmed significant inverse relationships,
moderately strong and weak, between performance indicators,
mnemonic processes, fatigue, and microclimate parameters
(CO, concentration and air temperature). It is important to note
that although the observed correlations are consistent with
the hypothesis of the influence of environmental factors, they
do not allow an unambiguous declaration of cause-and-effect
relationships. The data obtained indicate that a decline in performance
and deterioration of cognitive functions (such as memory
and concentration) over the course of the school day occur
in parallel with a progressive deterioration in the parameters
of the air environment. This is consistent with literature data
indicating a link between weakening cognitive capabilities
and elevated CO, concentrations [25], as well as unfavorable
microclimate parameters [26-29].

However, it is necessary to take into account the complex
nature oftheimpact. Thelearning processitselfis aburden, which
naturally leads to fatigue. In the context of this observational
study, it is impossible to fully isolate the contribution of the actual
educational load and the contribution of the microclimate
parameters to the observed deterioration of the functional
state. Therefore, a more accurate conclusion is that when
the learning process takes place under unfavorable air and thermal
conditions (such as combined anthropogenic air pollution, high
temperature, and low humidity), the development of fatigue
and the deterioration of cognitive functions in students are more
pronounced. The revealed relationships indicate the potential
role of these environmental factors as aggravating components
in the overall picture of learning fatigue.
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Limitations and prospects of the study

The limitations of the study include its observational design,
which does not allow full control of all related factors (person-
specific variability of fatigue, pedagogical techniques, etc.), as
well as measuring CO, concentration as the main, but not
the only, marker of air quality. Further controlled intervention
studies are needed to more accurately establish cause-and-
effect relationships and assess the contribution of each factor.
Such a study could include, for example, targeted adjustment
of ventilation parameters and monitoring of a wider range
of indoor air contaminants. The results of this work justify
the need for continuous monitoring and the development
of preventive measures to improve classroom air quality
as an essential element of a healthy educational environment.

CONCLUSIONS

Continuous monitoring of temperature, relative humidity,
and carbon dioxide concentration in educational facilities
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Fig. 6. Distribution of students' fatigue levels depending on the actual carbon
dioxide concentrations over the entire monitoring period
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revealed significant deviations from the regulated values
of these parameters over the course of the school day. Room 2
(second shift) had a higher temperature because it was heated
continuously throughout the day, used for part-time activities
in the morning, and exposed to sunlight in the afternoon. In contrast,
Room 1, which was occupied only during the first shift, lacked
these sources of heat and prolonged exposure. The lower
relative humidity in Room 2 is consistent with the hypothesis
of increased temperature and possible insufficient ventilation
efficiency. High and comparable levels of carbon dioxide
concentration in both classrooms, reaching values significantly
exceeding the hygienic standard, indicate that the natural
ventilation, managed by a pattern, is insufficient to ensure
the necessary air exchange given the actual occupancy
of classrooms. The increase in CO, concentration by the second
or third lesson reflects a typical accumulation of anthropogenic
pollutants, and the absence of a systematic difference between
classrooms suggests that the ventilation regime in place
is ineffective at maintaining acceptable CO, levels, regardiess
of the time of classes. Thus, the presented parameters
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