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ORIGINAL RESEARCH

OCCUPATIONAL AND GENERAL SOMATIC PATHOLOGY IN HEALTHCARE WORKERS
Stepanov EG'?, Masyagutova LM"?, Shaikhlislamova ER'?, Sadrtdinova GR'®, Vlasova NV', Rafikova LA, Muzafarova AR', Valeeva LR?

T Ufa Scientific Research Institute of Occupational Medicine and Human Ecology, Ufa, Russia
2 Bashkir State Medical University, Ufa, Russia
3 Ufa State Petroleum Technological University, Ufa, Russia

Today, the world medical community and the World Health Organization share an understanding of health as the most important right of every person
and nation. Unfortunately, the level of occupational morbidity in healthcare significantly exceeds that in other sectors of the economy. In 2012-2017, about 30%
of all the professional diseases diagnosed were registered in healthcare workers. We have searched for foreign and Russian papers covering this subject in various
databases, including Scopus, Web of Science, MedLine, eLIBRARY.RU, CyberlLeninka, and RSCI. During the search, we paid special attention to the PubMed
database. Summarizing the current data on working conditions and health indicators of healthcare professionals published in the papers, it is necessary to identify
several key areas that are particularly relevant: harmful aspects associated with professional activities as factors raising occupational morbidity; lifestyle of healthcare
workers and the prevalence of non-communicable diseases; and professional burnout, with the consequences thereof for the health and mental state of the medical
professionals. The topic of their health and the conditions they work in is considered urgent and relevant in the scientific circles. The conducted studies confirm
that healthcare workers face unique factors that can negatively affect their health and well-being.

Keywords: working conditions, health workers' health, review, professional burnout syndrome

Author contribution:: Stepanov EG, Masyagutova LM — study conceptualization and design, data collection and processing, article authoring; Shaikhlislamova ER,
Sadrtdinova GR — data collection and processing, article authoring, editing; Vlasova NV, Rafikova LA, Muzafarova AR, Valeeva LR — article authoring, selection
and translation of literature; all authors — approval of the final version of the article, responsibility for the integrity of all parts thereof.
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NMPOPECCUOHAJIbHAA N OBLLUIECOMATUYECKAA MATOJ10IMA Y PABOTHUKOB 30PABOOXPAHEHNA

E. I Crenaros'?, J1. M. MacsryTtosa'?, 3. P. LLianxnucnamosa'?, I. P. CagptavHoBa' ™, H. B. Bnacoga', J1. A. Pacdwvkosa', A. P. Mysachaposa',
J1. P. Baneesa?

T YhuMCKIIA Hay4HO-MCCNea0BaTENbCKMIA MHCTUTYT MeavLMHbBI TPpyOa U 9Konorn Yenoseka, Yda, Poccus
2 BallKMPCKMiA rocynapCTBEHHbI MedNUMHCKINIA yH1BepcuTeT, Yda, Poccust
3 YhMCKII roCyAapCTBEHHDIA HEPTAHOM TEXHUYECKMIA yHMBEpcUTeT, Yba, Poccrs

CeropHa MnpoBas MeauUmMHCKas 06LLEeCTBEHHOCTb 1 BcemmnpHasa opraHmnsaumns 30paBoOXpaHeHnst MOATBEPXAAOT NMOHVMaHVEe 300P0BbSA Kak BaXKHELero
npaBa Kaxk[oro YenoBeka 1 Hapoga. K coxaneHuto, NpoeccroHanbHas 3abonesaeMoCTb B 30paBOOXPaHEHMM 3HAYMTENBHO MPEBbILLIAET YPOBEHb B APYrvX
oTpacnsax 3KoHoMukK., CornacHo AaHHbiM 3a 2012-2017 rr., okono 30% Bcex 3aboneBaHnin 3apervcTpupoBaHbl Y MeULMHCKX PabOTHUKOB. Hami BbINOHEH
MOWCK 3apyOeXKHON 1 OTEHECTBEHHOW NTEPaTyPbl MO AaHHOW TeMAaTVKe B pasnnyHbix 6adax AaHHbIX, Takmx kak Scopus, Web of Science, MedLine, eLIBRARY.RU.,
CyberlLeninka n PUHL. B xone nouncka ocoboe BHUMaHWe yaensanu 6ade aaHHbix PubMed. O6o6Las npuBedeHHbIE B MTEPATYPHbIX NCTOYHMKAX COBPEMEHHbIE
Hay4Hble AaHHble 00 YCMOBUAX TpyAa M nokasaTtensx 300PpOoBbs MEAMLIMHCKMX PabOTHVKOB, CNeayeT BbIAENNTb HECKOMBKO KOYEBLIX HaNpaBneHui, KoTopble
SABNAIOTCA OCOOEHHO aKTyasbHbiMW. B nepeyto odepenb, CTOMT 06patuTb BHYMaHWe Ha BPEAHble MPOU3BOACTBEHHbIE (PaKTOPbI, KOTOPbIE MPVBOOST
K BbICOKOW NpodeccrnoHansHoln 3abonesaemMocTy. BTopoe HanpaBneHne, KOTopoe cnegyeT paccMOTPeTb, — 3TO 006pa3 »KU3HW MeOULMHCKUX PaboTHUKOB
1 PacnpPOCTPaHEHHOCTb HEMH(DEKLIMOHHbIX 3abonesaHuin. TpeTbe HanpaBieHre, KOTOpoe CTOUT YNOMSHYTb, — 3TO CUHAPOM NPO(ECCUOHANBHOMO BbIropaHus
1 ero NocneacTsna Ans 340P0BbS W IMHHOCTY MEAULMHCKX PabOTHVKOB. Tema yCnoBuin Tpyaa 1 300pOoBbsi PAOOTHUKOB 3PaBOOXPaHEHNA ABNSAETCS HACYLLHOM
1 aKkTyanbHON B Hay4HOM MUpe. NpoBefeHHble NCCNefoBaHMS MOATBEPKAAIOT, HTO PabOTHUKIN 34PaABOOXPAHEHNS CTANKMBAIOTCS C YHMKaNbHbIMU (hakTopamu,
KOTOPbIE MOMYT OTPULIATENBHO CKa3bIBAaTECS Ha VX 3[0POBbLE 1 Brnaronony4mm.

KrntoueBble cnosa: ycrosus TPYAA, 3A0P0BbE PAGOTHIKOB 3APAaBOOXPaHeHs, 0630p, CUHAPOM MPOMECCHUOHANBHOTO BbIMOPaHUs

Bknap aBtopos: E. I CtenaHoB, J1. M. MacsarytoBa — KOHLENuua 1 andanH nccnefoBanns, cbop 1 obpaboTka AaHHbIX, HanMcaHvue TeKcTa CTaTb;
3. P. Wawnxnucnamosa, I. P. CagptanHoBa — cbop 1 06paboTtka AaHHbIX, HanncaHve TekcTa ctatbu, pegaktnpoBanve; H. B. Bnacosa, J1. A. Padvkosa,
A. P. Mysadhaposa, B. P. Baneesa — HanucaHune TekcTa ctaTbu, Nogoop v NepeBof, NUTepaTtypbl; BCE COaBTOPbl — YTBEPXKAEHNE OKOHYATENbHOMO BapuaHTa
CTaTbW, OTBETCTBEHHOCTb 3a LIeNOCTHOCTb BCEX YacTel CTaTbu.

><] Ons koppecnoHaeHumu: y3ans PasutoBHa CagpTanHoBa
yn. M. Ty6angynnuHa, a. 25/3, 1. Ydha, 450022, Poccus; Guzi24@mail.ru

Cratbsl nonyyeHa: 27.05.2024 Ctatbs npuHsATa K nevatu: 10.12.2024 Ony6nnkosaHa oHnaiiH: 09.03.2025

DOI: 10.24075/rbh.2025.118

One of the most important achievements of the 20" century,
which marked the transition from the era of medicine to the era
of healthcare, is recognition and identification of the main
patterns of development of healthcare systems both in a broad
public and professional and administrative contexts at all levels,
from local to global. Today, the world medical community and

the World Health Organization (WHO) share an understanding
of health as the most important right of every person and nation.
A medical doctor, or, more broadly, a healthcare professional,
was and is the main guardian of health [1].

Unfortunately, the level of occupational morbidity in healthcare
significantly exceeds that in other sectors of the economy.
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According to the data collected from 2012 to 2017, about
30% of all the professional diseases diagnosed were registered
in healthcare workers [2].

Papers on occupational medicine show that the situation
in healthcare is the direst. According to the researchers, this
is the activity where the labor is very or extremely stressful
due to the high psychological burden, lack of social support,
workplace violence and intimidation, general dissatisfaction
with work, and low appreciation thereof by society [3-6].

Currently, because of the COVID-19 pandemic, the issue
of safety and health of those involved in healthcare is particularly
relevant. Healthcare workers face an even greater risk of contracting
and transmitting an infection. The conditions of their labor
are highly stressful, the resources are limited, and the protocols
and recommendations change constantly. These factors create
additional challenges for their physical and psychological
well-being [7].

According to the 2022 Russian Federation Sanitary
and Epidemiological Status Report, occupational morbidity
in various sectors of the economy is generally decreasing.
However, in healthcare and social services, this indicator
is 2.7 times higher than it used to be, which is a significant
increase [8].

Experts from the WHO and the International Labor
Organization (ILO) consider psychosocial factors, stress,
and mental exhaustion as the new forces peculiar to the working
environment and process; some of the most serious problems
posed before occupational medicine today stem from these forces,
and this is equally relevant for both industrial and non-industrial
settings. According to the WHO, depression caused by stress
at work is currently becoming the main health problem
and the leading cause of disability [9].

This study aimed to explore foreign and Russian scientific
papers, and analyze studies investigating the problems of labor
conditions and their impact on the health of healthcare professionals.

For this purpose, we searched the Scopus, Web of Science,
MedLine, Cyberleninka, RSCI databases for Russian and foreign
literature on the subject. Special attention was paid to data
from the PubMed database, the largest repository of scientific
publications on medicine and healthcare, and eLIBRARY.RU,
a Russian information and analytical portal giving access
to a scientific library with a wide range of publications. We have
also analyzed the websites of scientific journals specializing
in the topic of this work.

First, the keywords reflecting the essence of the study's
subject were identified. For this purpose, we analyzed the existing
literature on the topic, and used dictionaries of medical terms.
The keywords were selected with the aim to cover all aspects
of the topic. We entered them into the search fields of Scopus,
Web of Science, MedLine, CyberLeninka, RSCI, and eLIBRARY.
RU. In PubMed, the search relied on MeSH (Medical Subject
Headers), a standardized system of medical terminology.
The resulting lists of articles were carefully studied. First of all,
we selected articles published in peer-reviewed scientific
journals. The articles on the subjects other than that of this work
were taken off the list. In addition, relevance of the research,
methodological rigor, and data quality were considered. We analyzed
the citation rate peculiar to the selected articles, and, in some
cases, verified the accuracy of the information provided.

Problems of mental and physical health
of healthcare professionals

One of the most difficult problems was the emotional (professional)
burnout syndrome, the term for which was introduced into
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psychology by Herbert Friedenberg, an American psychiatrist,
in 1974 [10].

Burnout syndrome is usually understood as a professional
deformation of those who, in the context of their work, have
to communicate closely with people (the so-called "helping"
or "communicative" professions). The worker grows indifferent,
emotionally exhausted, shows signs of dehumanization (negative
attitude towards colleagues and clients), and ultimately develops
a negative self-perception [11-16].

Currently, in many countries, alcoholism and substance
abuse, deterioration of mental health are major problems among
doctors. Interestingly, the situation is similar for veterinarians
[17-20]. According to foreign experts, doctors should ensure
that their colleagues who misconduct can be suspended from
their professional activities. In addition, medical professionals
are required to lead a healthy lifestyle or make efforts in this
direction, and to report colleagues who continue abusing
alcohol and drugs and violate discipline [21, 22].

Early retirement of doctors is a worldwide problem,
and every effort is being made to prolong their active
professional life [23, 24].

According to the experts, the best approach to the psychosocial
problems of doctors should stem from the "better too early than too
late" principle. Mandatory neuropsychiatric and neuropsychological
assessment should help plan optimal treatment and start social
and professional rehabilitation in a timely fashion. It is also
important to improve the organization of work in medical
institutions, and access to legal aid [25].

Dentists of all specializations suffer from similar physiological
and ergonomic stresses. They are associated with work-induced
prolonged static tension of the spine muscles, and the rotated
shoulder joint. Such loads, resulting from the working posture,
can lead to tonic tension of the occipital and trapezius muscles.
However, there are also other factors that affect the physical
condition of dentists. For example, frequent use of vibrating
instruments can put additional strain on the hands and wrists,
which can lead to the development of carpal tunnel syndrome.
In addition, a static pose maintained for a long time can
translate into back and neck pains as well as limited mobility
thereof. All of these factors can ultimately trigger development
of chronic diseases of spine and joints [26-29].

Among dentists, the highly prevalent conditions are hand
neurodermatitis and disorders of the musculoskeletal system;
researchers attribute them to overweight and lack of awareness
of the occupational risks [30].

The COVID-19 outbreak had a huge impact on healthcare
workers. Numerous studies confirm that the COVID-19
pandemic undermined their mental health. For example,
a Chinese study that involved nearly 1,300 medical professionals
found that 70% of them exhibited symptoms of anxiety
and depression. Another study, conducted among healthcare
workers in the United States, demonstrated that 40%
of them suffered from the post-traumatic stress disorder
(PTSD) [31].

In the Czech Republic, a study enrolled 500 medical
professionals who provided care to COVID-19 patients; this
work showed that they were more likely to be diagnosed with
the burnout syndrome, and the severity of this syndrome
was associated with the symptoms of post-traumatic
stress [7].

In a study conducted at the University Hospital of Verona (Italy),
63.2% of the participants reported a traumatic experience
related to COVID-19 that they had experienced at work.

In 53.8% of them, symptoms of post-traumatic distress were
registered. Moreover, over half of the participants (50.1%) also
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exhibited symptoms of clinically significant anxiety, and 26.6%
experienced at least moderate depression [32].

The professional duties of nurses are mainly associated
with moderate physical activity. Compared to doctors
and junior medical staff, there are significantly more nurses
who do morning exercises, sports, and walk. In addition, they
regularly (during the warmer months) do physical work at home,
in the countryside. Work-related back pain is the most common
and "expensive" musculoskeletal system disorder reported
in nurses worldwide. For example, in 1990, 57% of Chinese
nurses complained thereof. Bending, turning the body around
the spine, lifting something heavy, movements performed with
force and strain, such as when supporting and moving patients,
are risk factors for lower back pain. Approximately 70%
of back pain cases in nurses originated from moving patients
in orthopaedics and intensive care units. Nurses who lift patients
often are 7.5 times more likely to experience lower back pain
than their colleagues who do it relatively infrequently [33, 34].

The risks faced by nurses are associated with respiratory
disorders caused by exposure to chemicals and intensive
smoking; disorders of the nervous system caused by the intensity
of the work process, nutritional disorders, alcohol consumption
and job satisfaction indicators; disorders of the cardiovascular
system caused by the severity of the work process and indicators
of medical activity [35].

According to a study, 89.60% of neonatology nurses
experienced mild burnout, while for 10.40% the burnout was
moderate. However, no neonatal nurses have been reported
to have severe burnout. In addition, it was found that this
condition is more often diagnosed in young nurses and those
with poor technical skills. Poor interpersonal relationships,
irregular meals, and insufficient rest were established to significantly
affect the likelihood of burnout among nurses [36].

In China, most nurses face various forms of violence
from patients and their relatives. About 75.4% of the study
participants confirmed that they had such an experience.
The most common forms were verbal abuse (65.2%),
intentionally created obstacles (54.5%), defamatory rumors
(37.5%), crowd behavior (34.9%), intimidation (18.8%), physical
violence (14.6%) and sexual harassment (5.9%). This study
also showed that 92.4% of the participants saw compassion
from their colleagues (84.9%), supervisors (67.3%), and even
patients (65.3%) [37].

A survey of dentists in New Zealand produced similar
results: every fifth respondent admitted cases of violence,
intimidation or insults at work [38-40].

In addition to emotional burnout, healthcare professionals
of many specializations can be exposed to harmful factors
of the working environment and process, including biological
hazards, ionizing and non-ionizing radiation, hard labor, etc.;
in some cases, these factors are difficult to identify and even
more difficult to quantify [41, 42].

In Russia, this fact triggered development of special
requirements (conduct specifics) for the assessment of working
conditions of certain categories of medical workers, which
is regulated by Federal Law No. 426-FZ of December 28, 2013
"On Special Assessment of Working Conditions" [43].

In particular, this applies to healthcare professionals who
directly provide emergency medical care outside a medical
institution, including during medical evacuation; medical
workers stationed in spaces subject to the requirements
stipulating the need to maintain a special microbiological
environment and to ensure stable operation of medical
equipment (intensive care units, operating rooms); medical
workers using medical equipment to diagnose and treat, such

medical equipment potentially malfunctioning in the presence
of measuring instruments used during the special assessment
of working conditions. In addition, there was drawn up a list
of medical equipment (devices) the normal operation of which
may be affected by measuring instruments used during
the special assessment of working conditions [44].

The following harmful and (or) dangerous production factors
are mandatorily studied and measured at the workplaces
of medical workers who directly provide emergency medical
care: chemical hazards, noise, vibration, microclimate parameters
in the vehicle interior, biological hazards, severity and intensity
of the labor process, and workplace injury potential.

Based on the assessment, the class (subclass) of working
conditions previously considered potentially hazardous is moved
up a step.

In addition, the work intensity class is moved a step
up based on the assessment of the said intensity in case
healthcare professionals render emergency medical assistance
facing time constraints, lacking information about the patient's
health status, and needing to make decisions on which the life
and health of this patient depend in the future.

Chemical hazards, non-ionizing and ionizing radiation,
biological hazards, and the severity and intensity of the labor process
are subject to mandatory assessment and measurement
at stations of medical workers located in rooms that are subject
to special requirements [45-50].

The class of working conditions by intensity of the labor
process also increases by one degree in case of performing
operations in operating rooms using surgical (microsurgical)
treatment methods, including during childbirth and the postpartum
period, with manipulations aimed at saving the life of a patient
in a life-threatening condition, and with management of vital
functions of the patient's body in intensive care units [43].

Thus, currently in Russia, federal agencies have formulated
and started solving the practical issues related to quantifying
the impact of dangerous and harmful factors of the working
environments and labor processes peculiar to certain healthcare
specializations, and in many cases the priority is given
to the assessment of intensity of the labor process, which,
to a certain extent, is the root cause of the burnout syndrome.

Health of medical workers: key issues

Thus, summarizing the current research of working conditions
and health indicators of healthcare professionals, it is necessary
to identify several key areas that are particularly relevant.
First, harmful aspects associated with professional activities
as factors raising occupational morbidity. These may stem
from contact with infectious agents or exposure to chemicals
that are present in the medical environment. Tuberculosis
and allergic reactions are among the most common diseases
associated with such factors. Second, lifestyle of healthcare
workers and the prevalence of non-communicable diseases.
As in any other profession, medical workers may have
problems related to poor nutrition, lack of physical activity,
and stress. Irregular work schedules and high workload can
negatively affect their overall health. Therefore, it is important
to pay attention to the prevention of noncommunicable diseases
such as cardiovascular diseases, diabetes, and obesity,
and to promote a healthy lifestyle among healthcare professionals.
Third, professional burnout, with the consequences thereof
for the health and mental state of the medical professionals.
Constant stress, demands for high productivity, and the need
to make difficult decisions can lead to burnout and
poor health.
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CONCLUSION

The conducted studies of the peculiarities of working conditions
and health of healthcare professionals confirm the relevance
of this topic for the scientific community. The data obtained can
be used in the development of effective strategies and programs
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INTEGRAL ASSESSMENT OF DRINKING WATER QUALITY IN RESIDENTIAL DISTRICTS OF RYAZAN
Gavrikova AA, Dementiev AA, Solovyov DAY, Tsurgan AM, Paramonova VA, Korshunova EP
Pavlov Ryazan State Medical University, Ryazan, Russia

The quality of drinking water is one of the key factors defining the health of the population. The risk-based approach is one of the most effective drinking water quality
assessment and control tools. This study aimed to make a comparative integral assessment of the quality of drinking water from a centralized water supply system
in residential areas of Ryazan based on chemical safety indicators. We have considered organoleptic, non-carcinogenic and carcinogenic risks, and compiled
an integral assessment based on MR 2.1.4.0032-11. The drinking water quality monitoring data used for the assessment came from the Center for Hygiene
and Epidemiology in the Ryazan Region, and covered years 2017 through 2022. Identifying the hazards, we relied on the above-norm spikes in drinking water
quality indicator values registered during the specified period. The maximum figures used to calculate the organoleptic risks had 98% confidence interval, while
that for the data enabling non-carcinogenic and carcinogenic risk assessments was 95% (nonthreshold models), the said data reflecting the average long-term
concentrations. The uncertainties inherent in the risk assessment stem from the limited list of indicators controlled in drinking water. In all residential districts
of the city of Ryazan, the integral indicator (I) of the level of hazard of drinking water from the centralized water supply system exceeds the acceptable values, with
the said level being the highest in Solotcha (Il = 8.8) and Kanishchevo (Il = 5.6). In all districts of the city, the indicator is largely shaped by the high organoleptic
risk, which points to the need for respective mitigation measures.
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WHTErPAJIbHASA OLLEHKA KAYECTBA NMUTBLEBOW BOLbl B XXUJbIX PAMOHAX I. PA3AH
A. A. TaBpukoBa, A. A. emeHTbeB, [. A. Conosbes™, A. M. Llypran, B. A. MapamoHoBa, E. M. KopLuyHosa

PsagaHckuii rocynapCTBEHHbI MEANLIMHCKMIN YHUBEPCUTET nMeHn akagemuka . T. Maenosa, PasaHb, Poccus

KadecTso MUTLEBON BOAbI ABNSIETCA OAHVIM U3 KMIOYEBbIX (hakTopoB, OnpeaensitoLLyX 300POBbe HAaCeNeHUs. PUCKOPUEHTVPOBaHHbIM NOAXOL, ABASETCS OOHM
13 Hanbonee athMEKTUBHbIX NHCTPYMEHTOB KONMMYECTBEHHOM OLIEHKM 1 YNPaBNEHNs Ka4eCTBOM MUTbEBOW BOAbI. Llenbio nccnenosaHns Oblio BbIMOAHUTE
CPaBHUTENbHYIO VHTErpasibHyHO OLIEHKY KadecTBa NMUTbEeBON BOfbI LIEHTPaIM30BaHHON CUCTEMbI BOLOCHAGKEHUS B XXWU/bIX parioHax . PasaHy no rnokasatensm
XUMmHeckon 6e3speaHoCTY. poBeaeHa CpaBHUTENbHAA OLEHKa OPraHoNenTUHECKIX, HEKAHLIEPOreHHbIX 1 KaHLLEPOreHHbIX PYICKOB, a Takke MHTerpasnbHas
OLieHKa NUTEEBON BOAbI LIEHTPaM30BAHHOM CUCTEMbI BOOOCHAOXKEHNS B XKWUMbIX ParioHax . PA3aHn no nokasarensm XMMUHecKon 6e3BpeHOCT Ha OCHOBaHUM
MP 2.1.4.0032-11. [Ona OLeHKM PUCKOB MCNONb30BaN AaHHble MOHUTOPUHra Ka4ecTBa MUTbLEBOW BOAbI CaHUTAPHO-XMMU4Yeckon nadopatopumn ®EY3
«LleHTpa rurneHbl 1 anngemuonorim B PasaHckol obnactu» 3a 2017-2022 . Ha ctagum naeHTudmnkaumm onacHoOCTU B Xofe UCCNeaoBaHus 1Cnonb3oBani
nokasartenn Ka4ecTsa NTLEBOW BOAp!, MOMy4eHHbIE B TEHYEHME YKa3aHHOro neproaa v Korga-nmbo npesbillaBlune rriteHnYeckme HopMatvebl. [ns pacyeta
OpraHoNenTUHECKMX PYCKOB MCMOMNb30BaUV MakCMasbHble nokadatesnit 98%-i BEpOATHOCTHOM 06ECMEHEeHHOCTI, TOrAa Kak HeKaHLEPOrEeHHbIA 1 KaHLIEPOreHHbIN
PUCKIN PaCCHUTBIBASM MO CPEAHUM MHOMONETHUM KOHLIEHTPaLWmAM 95%-i1 BEPOSTHOCTHOM 06ecnedeHHOCTV No 6ecnoporoBbiv Mofensam. K HeonpeaeneHHoCTam
OLEHKN puUCKa CnefyeT OTHECTU OrpaHuWYeHHbIR NepeYeHb nokasaTenei, KOHTPOIMPYeMbIX B MUTbEBON BoAe. BO BCex xubix paoHax ropoda PssaHu
VHTEerpanbHbin nokasatens (/M) onacHOCTV MUTBEBOW BOAbI LEHTPaIM30BAHHOW CUCTEMbl BOAOCHAOXKEHNS NMPEBbILLAET MPYEMIIEMbIE 3HAYEHVA, NPV 3TOM
HanbonbLLel ONacHOCTLIO XapakTepusyeTcs NMTbeBasi Boda B »XnMNomM paiioHe Conotya (UM = 8,8), a HaumeHbLel — B parioHe Kanuieso (M = 5,6). Mpw aTom
OCHOBHOW BKMag, B dopmmposanme VM onacHOCTV NUTLEBOI BOAb! BO BCEX PaioHax ropoAa BHOCUT BbICOKUIA OPraHONEMTUHECKUIA PUCK, YTO CBUAETENbCTBYET
O HEOOXOAMMOCTI peanuaaLmn MEPONPUATIUA MO €ro CHYDKEHWIO.

KntoyeBble crioBa: puck, NTbeBas BOAA, LIEHTPaNM30BaHHOE BOAOCHABKEHE, NHTErpalbHbIN NMoKasaTeslb, XUMMYeckas 6e3BpeaHOCTb
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The quality of drinking water is one of the key factors defining
the health of the population. In the developing countries,
deviations in its qualitative composition mainly underpin
epidemiological health risks, whereas in industrially developed
areas, it is chemical safety indicators that are most important
from the hygienic viewpoint [1-3]. According to the available
data, 87% of the population are provided with high-quality
drinking water, and the key goals of the Clean Water Federal
Project have been fully achieved only in three quarters of the territory

of the Russian Federation [4]. The common flaws of drinking
water in centralized water supply systems that draw upon
surface and underground sources are excessive hardness,
high levels of iron, boron, cadmium, and lead [5-9]. The quality
quality of drinking water is affected not only by the sanitary,
hygienic and hydrological features of the source, but also
by the water treatment methods; for example, chlorination
of water contaminated with phenols translates into formation
of chlorophenolic compounds [3].
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One of the most effective approaches to the drinking water
quality evaluation and control is risk assessment: it allows
ranking chemical threats by their impact on public health,
and helps identify and prioritize scientifically sound measures
aimed at reducing health risks to acceptable levels [5, 10, 11].

In a capital of a subject of the Federation, it is particularly
interesting to compare, district-wise, the chemical safety
of drinking water from the centralized water supply system that
draws upon different sources; such a comparison will allow
identifying priorities among the efforts aimed at improvement
of the quality of drinking water within given residential areas.

This study aimed to make a comparative integral assessment
of the quality of drinking water from a centralized water supply
system in residential areas of Ryazan based on chemical safety
indicators.

METHODS

The study was conducted on the territory of Ryazan,
the administrative center of the Ryazan region. The population
there, as of January 1, 2024, was 520.5 thousand people.
The population of the regional center receives water from
a central ring-type water supply system, which draws upon
the Oka River (55-60%) and the artesian waters of the Podolsk,
Oka and Kashira aquifers (40-45%). Sanitary protection zones
have been established for all water supply sources. In all districts
of the city, the water in the system is a mixture from surface
and artesian sources, with the exception of Solotcha, which
receives water from the artesian wells only.

For this study, we used water quality assessments made
at monitoring points of the supply network during the period
from 2017 to 2022. There is one such point in each district
of the city, with the exception of Oktyabrsky, where there
are two monitoring points. The samples are taken monthly, i.e.,
12 times a year. In total, the study relied on the results of 3,440
drinking water quality analyses that involved 720 samples. MR
2.1.4.0032-11 was the guiding document for the comparative
integral assessment of chemical safety of drinking water from
a centralized water supply system of the city of Ryazan [12].
To identify hazards, we specifically monitored the water quality
indicators the values of which were above the relevant hygiene
standards in 2017-2022. The confidence interval for the maximum
values used in the calculation of organoleptic risks was set
at 98%. Non-carcinogenic and carcinogenic risks were calculated
based on the average long-term concentrations expressed
as values with 95% confidence interval (non-threshold models)
[12, 13]. The uncertainties inherent in the risk assessment stem
from the limited list of indicators controlled in drinking water
in the context of sanitary and hygienic monitoring.

OPUTMHAJIBHOE NCCJTEAOBAHNE

Primary data were processed using the one factor analysis
of variance with the target significance level p < 0.05;
the software employed for the purpose was STADIA 8.0
(Informatics and Computers LLC; Russia).

REéULTS

In the considered districts of the city, the maximum values
for drinking water smell and taste (98% Cl) varied from 2.9-3.4
points, which is above the hygienic norm (Table 1). The color
of the water, however, was within the standard range (20°).

The given data show that the turbidity values (at p = 0.98)
were maximum in Solotcha and Stroitel districts, where they
exceeded the hygienic norm by 2.1 and 1.8 times, respectively;
in other districts, this indicator was within the hygienic norm
and ranged from 1.7-2.5 mg/l. The maximum concentration
of iron (2+) in the drinking water was the greatest in Solotcha:
it exceeded the maximum permissible concentration (0.3 mg/l)
by 7.6 times. In Zheleznodorozhny, Stroitel and Oktyabrsky,
this indicator was 3.5-5.2 times higher than the maximum
permissible concentration, while in the remaining districts
it was 1.1-2.8 times higher. Single concentrations of aluminum
in the drinking water in Dyagilevo, Moskovsky, Solotcha,
and Stroitel districts were below detection threshold (bdt),
while its maximum concentrations in the remaining districts did
not exceed the maximum permissible concentration
(0.2 mg/l).

The study showed that in all districts of the city, drinking
water's smell (at 20 °C) and taste values, the organoleptic
indicators, amounted to 0.5, which is five times higher than
the acceptable value of 0.1 (Table 2). In the city, the organoleptic
risk associated with iron (2+) content in the drinking water
was 2 to 8 times higher than the acceptable values, with
the exception of Moskovsky and Sovetsky districts. The highest
value, 0.821, was registered in Solotcha. In Oktyabrsky
and Stroitel districts, iron content was six times higher,
in other districts — 2-3 times higher than acceptable. It should
be noted that organoleptic risks of drinking water associated
with aluminum ion content and turbidity were insignificant
in all the districts considered. In the overall assessment,
the organoleptic risk of drinking water in Solotcha, Oktyabrsky,
and Stroitel stemmed from the content of divalent iron, whereas
in the remaining districts the factors shaping this risk were smell
and taste, which could have various origins (increased iron
content, corrosion of metal pipes, formation of microbial films
of iron bacteria on the inner walls of water pipes, formation
of chlorinated hydrocarbons, stagnation of water, etc.) [14-20].

The average long-term concentrations (95% Cl) of the main
contaminants in drinking water from Ryazan's centralized

Table 1. Maximum values of indicators affecting the organoleptic properties of drinking water, residential districts of Ryazan (S, + to, at p = 0.98)

District Sm(;l!)ﬁ?s"C) ! Taste, points Color, ° mg;u(f;dlitay(;nn) Fe?*, mg/l AR, mg/l
Dashkovo-Pesochnya 3.4 3.4 11 2.5 0.7 0.2
Dyagilevo 2.9 2.9 1 1.7 0.8 bdt
Kanishchevo 3.3 3.4 10.8 1.7 0.8 0.2
Moskovsky 3.1 3.1 10.4 1.8 0.3 bdt
Oktyabrsky 3.3 3.3 1.1 1.9 1.6 0.1
Solotcha 2.9 2.9 16.6 5.3 2.3 bdt
Sovetsky 3.4 3.4 10.9 1.9 0.5 0.2
Stroitel 3.3 3.4 12.4 4.6 1.4 bdt
Zheleznodorozhny 3.3 3.4 11.9 1.8 1 0.2

Note: bdt — below detection threshold.
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Table 2. Organoleptic risk (OR) of drinking water in residential districts of Ryazan

District Smell (20 °C) Taste Color Turbidity Fe? Al OR total
Dashkovo-Pesochnya 0.5 0.5 0.005 0.009 0.2 0.043 0.5
Dyagilevo 0.5 0.5 0.005 0.005 0.3 0 0.5
Kanishchevo 0.5 0.5 0.005 0.005 0.3 0.008 0.5
Moskovsky 0.5 0.5 0.004 0.005 0.03 0 0.5
Oktyabrsky 0.5 0.5 0.005 0.006 0.6 0.002 0.6
Solotcha 0.5 0.5 0.013 0.048 0.8 0 0.8
Sovetsky 0.5 0.5 0.005 0.006 0.1 0.028 0.5
Stroitel 0.5 0.5 0.006 0.032 0.6 0 0.6
Zheleznodorozhny 0.5 0.5 0.006 0.005 0.4 0.028 0.5

water supply system did not exceed the respective maximum
permissible concentrations (Table 3). The total non-carcinogenic
risk was below the threshold (0.05) in all the districts; it ranged
between 0.013 (Moskovsky) and 0.021 (Stroitel).

Of the chemicals presented in Table 3, only cadmium (Cd)
and lead (Pb), which belong to IARC carcinogenicity groups 1
and 2B, respectively, have carcinogenic effects [15]. The study
showed that only in Dashkovo-Pesochnya did the carcinogenic
risk of drinking water exceed the acceptable value (1 x 10°)
and amounted to 1.25E-05; in other districts, its values ranged
between 3.19E-06 (Kanishchevo) and 6.09E-06 (Stroitel) (Table 4).
It should be noted that the main contributor to the total
carcinogenic risk of drinking water was cadmium: in Dashkovo-
Pesochnya, it supported the said risk by 93.2% (the highest),
and in the Sovetsky district — by 66.8% (the smallest).

The results of the integrated assessment of hazards
in the drinking water from centralized water supply system
in residential districts of Ryazan are given in (Table 5).

The study showed that in all residential districts of the city
of Ryazan, the integral indicator (Il) of the level of hazard of drinking
water from the centralized water supply system exceeds

the acceptable values, with the said level being the highest
in Solotcha (Il = 8.8) and Kanishchevo (Il = 5.6). The greatest
contribution to the Il of hazard of drinking water is made
by the organoleptic risk.

DISCUSSION

High maximum concentrations of iron in the drinking water
in Solotcha, Stroitel, and Oktyabrsky create unacceptable
organoleptic risks (0.6-0.8); they may stem from a higher
proportion of artesian waters (Podolsk and Kasimov aquifers)
in the supplied mixture, since this element is common therein
[21, 22]. The content of iron in drinking water is known
to grow with the time the water spends in the supply system due
to pipe corrosion. The process also increases color and turbidity
indicators, and the water acquires characteristic metallic taste.
The organoleptic properties of water can also deteriorate due
to the proliferation of iron bacteria inside water pipes [9, 14-17, 23].
Drinking water with a high iron content increases the risk
of skin and subcutaneous fat diseases in children and adolescents
[11]. Other studies have shown that elevated concentrations

Table 3. Long-term average concentrations (95% Cl) of contaminants in drinking water in residential districts of Ryazan (S, +t,, at p = 0.95)

District Boron (MPC = 0.5 mg/l) Cadmium (MPC = 0.001 mg/l) Nickel (MPC = 0.02 mg/l) Lead (MPC = 0.01 mg/l)
Dashkovo-Pesochnya 0.133 0.0007 0.011 0.0024
Dyagilevo 0.108 0.0002 0.005 0.0038
Kanishchevo 0.1 0.0001 0.008 0.0024
Moskovsky 0.095 0.0002 0.005 0.0029
Oktyabrsky 0.102 0.0002 0.008 0.0018
Solotcha 0.091 0.0002 0.012 0.0034
Sovetsky 0.128 0.0002 0.009 0.0037
Stroitel 0.259 0.0003 0.005 0.0047
Zheleznodorozhny 0.106 0.0003 0.008 0.0036

Table 4. Individual carcinogenic risk (CR) of drinking water in residential districts of Ryazan

District Cadmium Lead CR total
Dashkovo-Pesochnya 1.16E-05 8.54E-07 1.25E-05
Dyagilevo 3.23E-06 1.38E-06 4.60E-06
Kanishchevo 2.30E-06 8.90E-07 3.19E-06
Moskovsky 3.24E-06 1.08E-06 4.31E-06
Oktyabrsky 3.84E-06 6.70E-07 4.50E-06
Solotcha 2.78E-06 1.25E-06 4.03E-06
Sovetsky 2.74E-06 1.36E-06 4.10E-06
Stroitel 4.39E-06 1.70E-06 6.09E-06
Zheleznodorozhny 4.71E-06 1.30E-06 6.01E-06
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Table 5. Integral indicator (Il) of hazards in the drinking water, districts of Ryazan

OPUTMHAJIBHOE NCCJTEAOBAHNE

District RO/PV, RN/PV, RC/PB, 1l
Dashkovo-Pesochnya 5 0.4 1.2 6.6
Dyagilevo 5 0.3 0.5 5.8
Kanishchevo 5 0.3 0.3 5.6
Moskovsky 5 0.3 0.4 5.7
Oktyabrsky 6 0.3 0.5 6.8
Solotcha 8 0.4 0.4 8.8
Sovetsky 5 0.4 0.4 5.8
Stroitel 6 0.4 0.6 7
Zheleznodorozhny 5 0.3 0.6 5.9

Note: RO is the total risk of reflex-olfactory effects, RN is the total non-carcinogenic risk; RC is the total carcinogenic risk; PV is the acceptable risk of reflex-olfactory
effects; PV_is the acceptable value of non-carcinogenic risk; PV_is the acceptable value of carcinogenic risk.

of iron in drinking water can have an adverse effect
on the hematopoietic and immune systems [14, 15].

The identified high organoleptic risks of drinking water
associated with the maximum values of smell and taste
indicators may also be due to the formation of organochlorine
compounds as a result of chlorination, which calls for preference
of combined methods of disinfection [18-20]. However,
the existing uncertainty stemming from the limited character
of the list of substances the content f which in drinking water
is controlled prevents us from confirming or disproving
the above-mentioned reason in this study.

The individual carcinogenic risk above the acceptable
threshold was registered in Kanishchevo only, and the reason
behind this spike by 93.2% were cadmium ions, which
may be related to anthropogenic pollution of the Oka River
[24, 25]. The results of this study are generally consistent
with the data reported by other authors, who underscore
the unacceptable level of carcinogenic risk caused
by the drinking water in Ryazan having lead and cadmium
[26, 27].
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HYGIENIC EDUCATION OF YOUNGER SCHOOLCHILDREN USING A RATIONAL
NUTRITION SKILLS DEVELOPMENT PROGRAM

Tsukareva EAE, Avchinnikov AV
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Protection of health of children is the most important task before the country; preservation and strengthening of health of schoolchildren necessitates introduction
of scientifically sound technologies and new methods of hygienic education. This study aimed to evaluate the effectiveness of the developed original educational
program for primary schoolchildren designed to give them knowledge about rational nutrition and healthy lifestyle. From 2019 to 2020, we tested the rational
nutrition and healthy lifestyle skills development program that relies on the Children and Adolescents Individual Diet Calculation and Hygienic Assessment Module.
The study involved 336 schoolchildren (176 schoolchildren in the treatment group, 160 in the control group) from 4 classes of three educational institutions
in Smolensk. The analysis of effectiveness of preventive measures showed that the proportion of children whose daily diet included vegetables and fruits has grown
1.5 times, and the consumption of fast food products and sugary carbonated drinks has dropped 4 and 2.5 times, respectively. Control group, where no preventive
measures were implemented, exhibited no positive trends. The effectiveness of the program was confirmed by a significant decrease in the share of overweight
primary schoolchildren: from 17.6% to 9.3% (x* = 5.239, p = 0.023). The results of this study allow recommending the developed nutrition and healthy lifestyle skills
development program as an effective hygienic education technology for primary schoolchildren.

Keywords: primary schoolchildren, rational nutrition, educational program, information technology
Author contribution: the authors have made equal contributions to this publication.

Compliance with ethical standards: the study was approved by the Ethics Committee of the Smolensk State Medical University (protocol No. 1 of October 24, 2017).
Each participant signed a voluntary informed consent form. The study conformed to the principles of biomedical ethics and did not endanger the participants.

B<] Correspondence should be addressed: Ekaterina A. Tsukareva
25 Sentyabrya, 30a, ap. 148, Smolensk, 214019, Russia; lavesi15@mail.ru

Received: 28.10.2024 Accepted: 21.12.2024 Published online: 17.03.2025
DOI: 10.24075/rbh.2025.120

MrMeHNYECKOE BOCIMUTAHUE MJTAALLNX LLIKOJIbHUKOB C NCIMOJIbSOBAHUEM NMPOIrPAMMbI
Nno ®OPMNPOBAHUIO HABbIKOB PALIMOHAJTIbHOIO NMUTAHUA

E. A. Llykapesa™, A. B. ABY/HHIKOB
CMONEHCKUIN rOCYAapCTBEHHbIN MEAVLIMHCKWIA yHBEpcuTeT, CMoneHck, Poccunst

OxpaHa 300Pp0Bbst AETCKOrO HACENEHNs OCTAETCS BaKHENLLIEN roCcyAapCTBEHHOM 3afaqdelt. CoxpaHeHme 1 yKpenmneHe 300P0Bbst YHaLLWIXCS AVIKTYIOT HEOOXOAMMOCTb
BHeLpEHVS Hay4YHO-0O0CHOBAHHbIX TEXHOMOMMIA 1 HOBbIX METOLOB MIMMEeHNYeCKOro BocinTaHus. Liensto paboTbl 66110 oLeHUTb 3thdeKTUBHOCTL paspaboTaHHoM
OpUrMHaIbHOM 06pa3oBaTeNbHOM MPOrpPaMMbl MO TUMMEHNYECKOMY BOCMUTAHNIO MadLLNX LUKOMBHMKOB B BOMPOCAxX pPauvOHANbHOMO MUTaHUS 1 300POBOro
obpasa xu3Hu. C 2019 no 2020 r. B agvHaM1Ke anpobupoBanv NporpaMmy rno hopMUPOBaHIO HABBLIKOB PaLMOHaIBHOMO NMUTAHKS 1 3A0PO0BOr0 06pasa »N3HM
C NPVIMEHEHNEM MHAOPMALMOHHOIM TexHonorum «Mogynb pacdeTa U MriMeHnYecKon OLEHKW MHOVBUAYaNbHOrO paunoHa NUTaHna OeTer v NOAPOCTKOB>.
B nccnepoBaHum npuHamm ydactve 336 LWKOMbHMKOB (176 LUKOMBHMKOB — OCHOBHaA rpynna, 160 LUKOMbHUKOB — rpynna CPaBHEHWS) 4-X KNaccoB TPex
obLeobpasoBaTeNbHbIX ydpexkaeHuii r. CmoneHcka. AHanna adeKTUBHOCTY NPOBOANMbBIX NPOMUNaKTUYECKMX MEPONpUsATAIA nokasan, 4to B 1,5 pasa
yBENMYMNace AONS AETEN, B eXK6AHEBHbIN PALMOH KOTOPbIX BXOANAM OBOLLWM 1 (DPYKTbl. B 4 1 2,5 pada COOTBETCTBEHHO CHU3WIOCH NOTPEbNeHe NPOLYKLMN
«hacT-hyna» 1 Cnagkvx rasavpoBaHHbIX HAMUTKOB. B rpynne LUKOMbHWKOB, rae He NMpOBOAUIM NPOMUNAKTUHECKE MEPONPUATIAS, NMONOXKUTENBHAS AMHAMMKA
He Habnoganacb. MoaTeepXxaeHeM aMEKTUBHOCTY NMPOrpaMMbl CTano 3HAYUMOE CHYDKEHVE O0NN MAAALINX LUKOSbHUKOB C M36bITOYHOM Maccol Tena
¢ 17,6% 00 9,3% (x* = 5,239, p = 0,023). [Nony4eHHble pesdynsTaThl MO3BONSIOT PEKOMEHAOBATL paspadboTaHHYt0 Hamuy NporpammMy No oPMUPOBaHNIO HaBbIKOB
paLVOHaNbHOMO MUTaHMS 1 3A0POBOrO 00pa3a XKN3HN Kak IPMEKTVBHYIO TEXHONOMMIO FIUMIMEHNHYECKOrO BOCMUTAHNSA MAALLIMX LLIKONBHUKOB.

KntoueBble cnoBa: MiagLLvie LWKOMbHUKY, paLMoHanbHOe NiTaHne, 06pasoBaTebHas NporpamMma, MHHOPMAaLVIOHHaS TEXHONOMs
Bknap, aBTOpPOB: aBTOPbI BHEC/N PaBHbI BKAL, B MOATOTOBKY MyGAMKaLyK.

Co6niofgeHne aTUHEeCKUX CTaH[AapToOB: MCCenoBaHne ofobpeHo aTndecknm kommutetom ®rb0yY BO CIMY (npotokon Ne 1 oT 24 okTsbpst 2017 ).
[o6poBosibHOE MHOPMMPOBAHHOE COrfiacue MosyHeHo A5 KaXKAoro yqacTHuKa. ViccnenoBaHre COOTBETCTBOBAIO NPUHLMNAM BUOMELULMHCKOW STUKM
1 HE NoABEePrasio y4acTHUKOB ONacHOCTU.
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The most important guideline for modern healthcare and education
is to strengthen the health of the nation and protect that
of children. Decree of the President of the Russian Federation
No. 204 of May 7, 2018 sets a specific task: develop a system
motivating citizens to lead a healthy lifestyle, including
in the aspects of nutrition and physical culture [1]. Implementation
of the state projects aimed at strengthening public health
is inextricably linked with hygienic education and introduction
of innovative health-saving programs [2, 3].

Nutrition, with its age-dependent specifics, is a key
factor influencing growth and development of a child's body
[4]. Nutrition's quantitative and qualitative attributes shape
the processes of the organism's physical development
and functioning, and determine its adaptive resistance to adverse
environmental factors [5, 6].

Increasing the awareness of all social strata, including
children, about fundamental, scientifically proven nutrition-
related knowledge is an effective way to strengthen public health
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[7-9]. Children and adolescents are the most promising target
audience, since childhood is the period when fundamental
information is learned, and stereotypes that most often persist
throughout life are formed [10].

Health-saving programs are effective in prevention of many
social problems and remedying drawbacks of the public health
protection system [11, 12]. The World Health Organization
(WHO) and other international institutes are actively working
on the development and implementation of health protection
and promotion programs in educational establishments [13, 14].

Deployment of educational programs aimed at development
of rational nutrition and healthy lifestyle skills in schools can
expand children's knowledge in this area, which makes schools
a viable platform for such programs [15, 16].

The purpose of this study was to evaluate the effectiveness
of the original educational program for primary schoolchildren
designed to give them hygienic knowledge and promote
their motivation to adopt rational nutritional patterns and lead
a healthy lifestyle.

METHODS

The study was conducted in 2019-2020. Schoolchildren from
three secondary schools in Smolensk (Secondary School
No. 8, Secondary School No. 26, Secondary School No. 35)
were involved in the evaluation of the effectiveness of the
original educational program aimed at development of rational
nutrition and healthy lifestyle skills. The participants (n = 336,
studying in the fourth grade) were divided into two groups,
176 schoolchildren in the treatment group, where preventive
measures were implemented, and 160 schoolchildren in the control
group, where no such measures were deployed. Inclusion
criteria: 4" grade (ages 9.5-10.5 years); voluntary consent
to participate in the study; informed consent form signed
by parents (legal representatives) allowing to collect and process
the survey data the children participate in. Exclusion criteria:
different age category; status other than schoolchild; lack
of the signed informed consent form; severe hereditary
and congenital diseases affecting nutritional status (4™ and 5
health status groups).

To establish the degree of maturity of the rational nutrition
skills and the level of awareness of the schoolchildren
about the key components of healthy lifestyle, we surveyed
the participants using the specially developed questionnaire.
[t included 10 questions seeking to uncover the features
of the diet, eating behavior, and lifestyle (habitual level of physical
activity, daily routine). The participants were surveyed twice:
once before the implementation of the preventive program
and again six months afterward. The effectiveness of the preventive
measures was assessed by examining the change in the proportion
of overweight schoolchildren, an indicator that was monitored
before and 12 months after the start of the program.

We used MyOffice package (New Cloud Technologies;
Russia) for statistical analysis of the data collected. In the context
of sample comparison, the chi-squared (%) test and the Fisher's
exact test were used. The differences were considered significant
at p < 0.05.

RESULTS

In 2017-2019, pilot of the School Medicine federal project
by the Russian Ministry of Health was conducted in the Smolensk
Region. In the context of this project, specialists from the General
Hygiene Department of Smolensk State Medical University
studied the prevalence of overweight and obesity among
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primary schoolchildren of Smolensk, and established these
conditions in a significant proportion (25.3%) of the said
children [17]. The excessive nutrition risk factors were identified
in in-school and daily life routines; they were used as the basis
for the original educational program aimed at development
of the rational nutrition and healthy lifestyle skills.

The aim of the program is to make primary schoolchildren
highly motivated to practice healthy eating and healthy lifestyle.
Its key objectives were to teach schoolchildren the basics
of nutrition; to give them proper nutrition patterns; to motivate
them to be more physically active, and to do sports; and to involve
parents of schoolchildren, their teachers, educators, and school
psychologists in the process of development of healthy lifestyle
skills in this population.

The preventive program had three directions: organizational
and methodological, educational, and scientific. The organizational
and methodological direction involved development of methodological
recommendations, manuals, and reference materials
for schoolchildren and their parents, teachers, school psychologists,
and medical and preventive specialists, with the respective
materials factoring in the specifics of the target audience.

Educational activities utilized modern tools in hygiene
education and information technology. The latter took form
of the Children and Adolescents Individual Diet Calculation
and Hygienic Assessment Module, a specially developed
computer program (Computer Program State Registration
Certificate No. 2020616752 of 22.06.2020; hereinafter referred
to as the Module).

The scientific direction implied a complex of actions
designed to provide scientific support to the preventive
measures and to enable assessment of their effectiveness.

Methodologically, the rational nutrition and healthy lifestyle
skills development program consisted of five lessons of 40 minutes
each. Each lesson included informational and practical
parts. During the former, schoolchildren were given the rules
of healthy eating and explained the importance of the main
components of food in plain terms. One lesson was dedicated
to educating the children about the importance of regular
physical activity, the need to keep it at the optimal level,
and the process of drawing up a rational daily routine.
There was also a lesson for the parents, where they learned
new information about organization of rational nutrition
for their children, and ways to encourage adoption of a healthy
lifestyle. During the practical part of the lessons, schoolchildren
absorbed the given theoretical knowledge in the context
of games. The Module, used by children and their families,
was also a component of the practical part.

The module allows calculating the energy value (caloric
content) of food in the diet; determine the individual daily need
for basic nutrients and energy depending on age and gender;
build an optimal diet for the child that factors in modern
hygienic requirements and standards. The module includes
a reference block of theoretical material for children and parents,
providing comprehensive information on compiling healthy
diets based on current Russian hygiene requirements and WHO
recommendations (Fig. 1).

In the context of the integrated approach, the lessons
were co-hosted by child and adolescent hygiene specialists,
pediatricians, teachers, and school psychologists. Fig. 2
provides th details of the educational program.

To analyze the effectiveness of our comprehensive
approach to hygienic education based on the original
educational program designed to develop rational nutrition
and healthy lifestyle skills in primary schoolchildren, we evaluated
the results of the survey these children took.
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Fig. 1. Interface of the Children and Adolescents Individual Diet Calculation and Hygienic Assessment Module

The following notions were introduced for the comparative
analysis:

— treatment group (n = 176): TG — schoolchildren
of the treatment group during the initial diagnosing; TG* —
schoolchildren of the treatment group during diagnosing
6 months after the start of the preventive program;

—control group (n = 160): CG — schoolchildren of the control
group during the initial diagnosing; CG* — schoolchildren
of the control group during diagnosing after 6 months.

A comparative analysis of the survey results showed
a significant positive trend in indicators reflecting the development
of rational nutrition skills and certain elements of a healthy
lifestyle (Fig. 3-4).

For example, the program increased the share of children
who have breakfast every day from 71.6% to 90.3% (<,o*emp =4.62;
p <0.01). There were significantly more schoolchildren with positive
nutritional changes in the treatment group (TG*) than in the control
group (CG*): 90.3% and 70.6%, respectively (o < 0.01).

The share of schoolchildren in the treatment group who
often snack right before bedtime decreased 1.8 times, from
19.3% to 10.8% ((p*emp = 2.26; p < 0.05). Participants from
the treatment group (TG*) consumed food significantly less
often before bedtime than their peers from the control group
(CG*): 10.8% and 26.9%, respectively (p < 0.01).

As for the nutritional preferences and foods eaten,
the results were as follows: in the treatment group, the number
of schoolchildren consuming (daily) food that includes
vegetables and fruits increased from 46.6% to 70.5% (@”, =
4.59; p < 0.01); in the control group, there was no significant
effect registered. Second diagnosing confirmed that the share

of treatment group schoolchildren (TG*) who regularly consume
vegetables and fruits (70.5%) was significantly higher than that
seen in the control group (CG*), where the figure was 45%
(o <0.01).

In treatment group, the habitual consumption of fast food
products decreased from 4.5 t0 1.1% ((,o*emID =1.68, p < 0.05),
and sugary carbonated drinks — from 14.7 10 5.7% ((p*emp =2.89;
p < 0.01). Comparing these indicators, we established that
in the treatment group, there were significantly fewer
schoolchildren prone to eating fast food and consuming sugary
drinks than in the control group.

As for the daily routine and lifestyle, the following significant
changes were registered in the treatment group: the share
of schoolchildren actively spending leisure time outdoors
increased 63.1 to 77.8% (@*emp = 3.06; p < 0.01); the share
of children doing sports increased from 35.8 to 52.3%
(cp*emp = 3.13; p < 0.01). A comparative analysis of the data
collected in two groups at the stage TG* and GC* stage
showed that the proportion of schoolchildren who regularly
engage energetic leisure activities outdoors and do sports
is significantly higher in the treatment group.

Before deployment of the preventive program, 37.5%
of schoolchildren in the treatment group noted that it was most
difficult for them to give up playing games on a computer (tablet,
smartphone); after the deployment, this figure went down
10 27.3% (Lp*emp 2.06; p < 0.05). A comparison of the data
at the TG+ and CG* stage has shown that there are significantly
fewer treatment group participants affected by this than
in the control group: 27.3% vs. 41.3%, respectively ((p*emp =2.71;
p <0.01).
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Information part (duration 15-20 min)

Lesson #1 Fundamentals of Healthy Eating

Lesson #2 What are "Healthy" Foods. Dietary Pattern

Lesson #3 "What are Harmful Foods

Lesson #4 Physical Activity is the Key to Health!

Lesson #5 For Parents. New knowledge about healthy diets for
primary schoolchildren and promotion of healthy lifestyle
among them

x\ J

4 )

Practical part (duration 20-25 min)

Lesson #1 Interactive Game: Compile a Diet Based on the
"Healthy Plate" Principle

Lesson #2 Interactive Game: Tell the Benefits of the Food

Lesson #3 Animated Film About Fast Food

Lesson #4 Interactive Quiz: Healthy Lifestyle

Lesson #5 Presentation of the Children and Adolescents Individual
Diet Calculation and Hygienic Assessment Module

. J

Information technology (Children and Adolescents Individual Diet
Calculation and Hygienic Assessment Module)

— ™~

Set of methodological and reference materials for schoolchildren, parents,
teachers, and school psychologists on the basics of rational nutrition

and adoption of healthy lifestyle by primary schoolchildren
S— ”

v

v

Testing of the complex of preventive measures in three schools of Smolensk (#8, #26, #35), 336 pupils, 4™ grade
Treatment group: 176 schoolchildren (86 boys, 90 girls), participated in the implementation of the prevention program
Control group: 160 schoolchildren (82 boys, 72 girls), did not participate in the implementation of the preventive program

—

N — B
v v
— N
Performance control:
First review (after 6 months): assessment of the dynamics of indicators reflecting the development of rational nutrition
and healthy lifestyle skills in both groups
N —— e
v v
—
Performance control:
Second review (after 12 months): assessment of the dynamics of prevalence of overweight in both groups
~—
Fig. 2. The algorithm of the rational nutrition and healthy lifestyle skills development program
The effectiveness of the program and the included The environment of school is natural for children

preventive measures designed to develop rational nutrition
and healthy lifestyle skills in schoolchildren was confirmed
by significant changes registered through the study. Specifically,
in the treatment group, the participants from which stayed
in the program for 12 months, the proportion of overweight
children decreased from 17.6 to 9.6%, which is a statistically
significant result (> = 5.239, p = 0.023). In the control group,
which was not in the program, the respective proportion
changed in the opposite direction during the same period
of time: from 16.9 to 19% (p > 0.05).

These data confirm that the implemented program of preventive
measures has had a positive impact on the health of primary
schoolchildren. The program employed various methods of hygienic
education that helped form a conscious attitude to diet and lifestyle
in the children. Participating in the respective events, they not only
learned new information about healthy nutrition, but also changed
their eating habits. Such changes were positive for preservation
and strengthening of the children's health, and mitigated the risks
of overweight and obesity.

The experience of deploying the original rational nutrition
and healthy lifestyle skills development program for primary
schoolchildren has found application in practical healthcare.
The materials resulting from the study are used in the work
of the Children's Health Center of the Smolensk Children's Clinical
Hospital and the Smolensk Regional Children's Clinical Hospital.

DISCUSSION
Despite the measures taken in our country to strengthen

the health of the child population, the trend reflecting the status
of somatic and mental health of schoolchildren is downward [18].
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and adolescents. It is a place where they spend a significant
portion of their time, so the matter of adoption of a healthy
lifestyle should be part of the educational process.
The specific traits of schoolchildren, however, add
complexity to the respective efforts, since they may not
see elementary hygiene skills that are appropriate for their
age as a natural part of life, including maintenance of the
proper daily routine with balanced work and rest, alternating
of mental and physical activity, practicing regular and rational
nutrition, receiving adequate sleep, getting age-appropriate
physical activity, doing adequate outdoor activities, and using
gadgets rationally [19-21].

In recent years, there has been published an increasing
number of works describing various methodological approaches
and technologies of hygienic education for schoolchildren.
These reports note that successful development of healthy
lifestyle skills in children and adolescents is a long process that
involves consistent exposure to health-preserving programs
and technologies [15, 22]. One example of a non-standard
approach to hygienic education of this population relies on habit
trackers and checklists [23].

The testing of the the original educational program
and information technology developed by us, the Children
and Adolescents Individual Diet Calculation and Hygienic
Assessment Module, has shown its high efficiency in the formation
of rational nutrition skills and adoption of basic elements
of a healthy lifestyle among primary schoolchildren. An integrated
approach to hygiene education based on the analysis
of the key excessive eating risk factors in this population
helped reduce the likelihood of development of overweight
and obesity.
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Fig. 3. Indicators of the treatment group schoolchildren

Note: 1 — the share of schoolchildren eating regular meals; 2 — the share of schoolchildren regularly having breakfast at home; 3 — the share of schoolchildren
regularly snacking between meals; 4 — the share of schoolchildren regularly snacking before bedtime; 5 — the share of schoolchildren regularly adding fresh vegetables
and fruits to their diet; 6 — the share of schoolchildren regularly consuming fast food products; 7 — the share of schoolchildren regularly consuming sugary carbonated
drinks; 8 — the share of schoolchildren practicing energetic leisurely activities outdoors every day; 9 — the share of schoolchildren doing extracurricular sports; 10 —
the share of schoolchildren preferring to spend their free time using a computer/tablet. The significance of the differences between the groups (Fisher z-transformation):
*—p<0.05*—p<0.01;* —p<0.001.

CONCLUSIONS education curricula for primary schoolchildren. The developed

program was proven to be highly effective, and can be
The positive results of the study that involved deployment  considered as an element of primary prevention in relation
of the original nutrition and healthy lifestyle skills development  to the correction of the nutritional status of primary
program allow recommending it for inclusion in the hygienic ~ schoolchildren.
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Fig. 4. Indicators of schoolchildren from the treatment group and the control group

Note: 1 — the share of schoolchildren eating regular meals; 2 — the share of schoolchildren regularly having breakfast at home; 3 — the share of schoolchildren
regularly snacking between meals; 4 — the share of schoolchildren regularly snacking before bedtime; 5 — the share of schoolchildren regularly adding fresh vegetables
and fruits to their diet; 6 — the share of schoolchildren regularly consuming fast food products; 7 — the share of schoolchildren regularly consuming sugary carbonated
drinks; 8 — the share of schoolchildren practicing energetic leisurely activities outdoors every day; 9 — the share of schoolchildren doing extracurricular sports; 10 —
the share of schoolchildren preferring to spend their free time using a computer/tablet. The significance of the differences between the groups (Fisher z-transformation):
*—p <0.05**—p<0.01; "™ —p<0.001.
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SPECIFICS OF THE DYNAMICS OF OVERWEIGHT AND CONCOMITANT CHRONIC DISEASES
IN VORONEZH OBLAST
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Overweight and obesity are some of the global problems faced by the civilization characterized by the growing prevalence and the development of concomitant
diseases. This study aimed to assess the mid- and long-term incidence and dynamics of these disorders in various age groups of the population of Voronezh
Oblast, including the mentioned concomitant chronic diseases, and to compare the learned data to the mean figures registered in the Central Federal District (CFD)
of the Russian Federation and the country in general. From 2016 to 2020, in Voronezh Oblast, the values of the indicators reflecting the prevalence of overweight
were profoundly influenced by the regional specifics; in all the age groups, these values were significantly higher than the mean figures recorded in the Central Federal
District and Russia on the whole (p < 0.05). As for the concomitant diseases, the incidence of the disorders of endocrine system, mental and behavioral disorders,
urolithiasis was high, showing an upward trend, whereas in the country in general and CFD in particular, the respective indicators tend to decrease. The results
of this study indicate the need for further exploration of this subject, including investigation of the potential risk factors defining the specifics of the prevalence
in the region in question, some of which are the features of the nutritional patterns, the content of vitamins and minerals in the general diet in particular, and factors
not connected to nutrition, such as chemical composition of water and features of the soil.
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OCOBEHHOCTU JMHAMUKN 3ABOJIEBAEMOCTU O>KUPEHMEM 1 COMYTCTBYOLL MM
XPOHUYECKUMU 3ABOJIEBAHUAMU CPEOUN HACEJIEHUS1 BOPOHEXXKCKOW OBJIACTU

V. . Hosukosa', M. A Jlobkuc'™, . ®. Murrazos', A. B. CopokunHa', B. U. Monos?

" HoBoCKBMPCKNI HayHHO-UCCNER0BATENLCKUA MHCTUTYT rrneHsl PocnotpebHaasopa, Hosocnbupcek, Pocens
2 BOPOHEXCKMIA rOCYAapCTBEHHbIN MEAVMUMHCKIMIA yHMBEpCUTET MeHn H. H. BypaeHko, BopoHex, Poccus

Mpobnema n36bITOHHOM MaCChl Tena 1 OXKMPEHNs — OfHa 13 robanbHbIX MPOBIEM LIBUIM3ALMN, KOTOPAas XapakTepU3yeTCst Kak MPOrpPecCUpyOLM POCTOM
3TOM (hOPMbI MATONOTNW, Tak ¥ Pa3BUTUEM XPOHUHECKIX 3aB0NeBaHuiA, COMyTCTBYHOLLMX OXMPeHto. Lienbto nccnefoBaHs 6bI10 OLEHUT CPEAHEMHOTONETHYE
YPOBHM U OMHaMKKy MokasaTenein 3aboneBaeMoCTV B Pa3fndHbiX BO3PACTHbIX rpynnax HaceneHus BopoHeXXckon obnacti, B TOM 4mcne 3abofieBaemMocTu
OXKMPEHNEM 1 OBYCIOBIEHHBIMU IM XPOHWNHECKIMM 3a00/1EBaHMAMMN B CPABHEHWI CO CPEOHMMMN nokasaTtenamu no LieHtpansHoMy egepansHomy okpyry (LIPO)
1 Poccuiickoin ®epepaumn (PD) B uenom. B BopoHexXckoi 06nacTv pervcTpupyemble rnokasaTesnn pacnpoCcTpaHeHHOCTV oxxmpeHns B neprog ¢ 2016 no 2020 .
VIMEN SIPKO BbIP&XXEHHbIE PErVIOHaNIbHbIE OCOBEHHOCTY 11 BbIN CyLLIECTBEHHO BbiLLE MO CPaBHEHUIO CO CpeaHMI nokadaTtensmm no PO n LIOO (p < 0,05) Bo Bcex
BO3PACTHbIX rPynnax. 3aperncTpupoBaHbl 601ee BbICOKME NMokasaTen 3ab0n1esaeMocTy A1 3a00neBaHNA SHAOKPUHHOWM CUCTEMBI, MCUXMHECKUX PacCTPOVCTB
1 PaCcCTPOWCTB MOBEEHIS, MOYeKamMeHHOM 60M1e3HN, AEMOHCTPVPYIOLLME HAMPaBNEHHOCTb K POCTY MpK OBLLEN TEHAEHUM K CHIDKEHMIO B LienoM no PO u LIPO.
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cneunduKy 3aboneBaeMocTy Ha STON TEPPUTOPUN, K KOTOPbIM OTHOCATCA XapakTep NMTaHus, B HaCTHOCTM OCOBEHHOCTN BUTAMMHHO-MVHEPaNIbHORO CocTaBa
NWLLEBBIX MPOAYKTOB OCHOBHOW rpynnbl NOTPebeH s, a Takxe hakTopbl, He CBA3aHHbIE C OCOBEHHOCTSMY NUTaHWS!, Takne Kak XUMUYECKMIA COCTaB BOfbI,
0COBEHHOCTH CoCcTaBa MoYBbl.
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The problem of overweight and obesity is one of the global  physical activity also aggravates the risk of overweight, as well
problems of civilization [1]. Its prevalence on the scale of entire  as type 2 diabetes mellitus, cardiovascular disease, and other
populations stems primarily from unhealthy eating behavior, conditions caused by obesity [4]. The list of general significant
characterized by increased consumption of high-calorie foods risk factors includes eating disorders (overeating and night
and dishes with excessive sugar content [2, 3]. Insufficient  eating syndrome), sleep deficiency, and hypodynamia [5]. Thus,
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those who sleep for less than 8 hours are 3.1 times more likely
to be overweight than those who sleep for at least 10 hours [6].
There are also specific risk factors, which basically determine
regional features of overweight; being primarily of chemical
nature, they slow down metabolic processes [7].

Adipose tissue, as a metabolically active endocrine organ,
influences immunity, glucose levels, lipid metabolism, angiogenesis,
and metabolic rate. Against the backdrop of obesity and overweight,
the body increases the production of pro-inflammatory
and atherogenic cytokines, experiences oxidative stress,
and faces heightened risks of insulin resistance, dyslipidemia,
hypertension, and orthopedic issues [8].

Recent studies indicate that overweight and obesity
are risk factors for cardiovascular diseases, with their prevalence
continuing to rise [9-13] not only among adults but also among
children [14]. The pattern of distribution of adipose tissue
in the body is considered one of the key drivers behind
cardiovascular pathologies in obese individuals; it particular,
the respective conditions are associated with the predominance
of visceral fat [15, 16]. There are about 230 complications
that obesity contributes to. In addition to the mentioned
cardiovascular system disorders, the list includes type 2
diabetes mellitus, diseases such as dyslipidemia, obstructive
sleep apnea syndrome, chronic kidney disease, non-alcoholic
fatty liver disease, and some cancers [17, 18]. There is evidence that
obesity promotes the development of polycystic ovary syndrome
[19], and reports describing cases of otorhinolaryngological
diseases [20] and inflammatory bowel conditions [21] in obese
individuals. Many patients with obesity are more prone
to developing respiratory diseases [22]. Studies point to a link
between obesity and certain cognitive impairments due
to the development of cerebrovascular pathology, which is one
of the most common disorder of the nervous system. Thus,
published research positions obesity as a global problem,
describing it as both a progressing pathology and a risk factor
for concomitant diseases that significantly reduce the quality
and duration of life. The urgency of this problem substantiated
conducting a study within the framework of the Demography
national project [23].

This study aimed to assess the mid- and long-term incidence
and dynamics of obesity and the diseases associated therewith
in various age groups of the population of Voronezh Oblast,
and to compare the collected data to the mean figures
registered in the Central Federal District (CFD) of the Russian
Federation (RF) and the country in general.

METHODS

We analyzed the official statistical data of the Ministry of Health
of the Russian Federation (report form #12 "Information
on the number of diseases reported in patients living in the service
area of the medical organization" and the national statistical
books on the general morbidity of children (0-14 years old),
adolescents (15-17 years old) and adults (18 years and older)).
The analysis covered different age groups; the data described
years 2011 through 2020.

We used parametric and nonparametric statistical methods
to process the results in MyOffice Standard 3 package (New
Cloud Technologies; Russia). The tests employed to check
the normality of the distribution and the equality of variances
were the Shapiro-Wilk test and Levene's test, respectively.
Since the parameters studied exhibited normal distribution,
we used parametric methods. The Student's t-test enabled
the comparison of numerical data between two independent
groups. The differences were considered significant for p < 0.05.

RESULTS

The analysis of obesity prevalence in the Voronezh region
during the past decade has revealed an upward trend across
all considered age groups, including children (0-14 years old),
adolescents (15-17 years old), and adults (18 years and older).
From 2016 to 2020, the incidence rates recorded there
exhibited pronounced specific features characteristic of the region,
and were significantly higher than the average for the RF
and the CFD (p < 0.05) (Fig. 1).

From 2011 to 2020, the incidence of obesity among children
(0-14 years old) in the Voronezh Region was significantly
higher than in the RF, with the mean being 35.8% (from 23.7
to 48.7%) (p < 0.05). Compared to the CFD, the figures
for the Voronezh Region were higher by 35.0% on average (from
8.11061.5%), which is significant (o < 0.05) (Fig. 1A). Compared
to the RF, the incidence of obesity was significantly higher
(p < 0.05) than the country mean among adolescents (15-17
years old) and adults (18 years old and older), too. Specifically,
the figures for adolescents were, on average, 54.4% (from 31.2
to 80.8%) greater than country means, and 51.7% (from 12.3
to 71.3%) greater than the means registered in the CFD (Fig. 1B).
As for adults, the average values were higher than in the RF
by 26.1%, and significant differences were recorded from 2016
on, ranging from 34.3 to 61.9%. Compared to the CFD, with
the prevalence dynamics stable, the considered indicator within
the studied period was 90.5% higher in the Voronezh Region,
and since 2016, the incidence rates there have been more than
twice as high as in the CFD (Fig. 1C).

Thus, during the period in question, the rates of obesity
in all age groups were significantly higher in the Voronezh Region
than in the RF (o < 0.05). A similar trend was observed for mental
disorders, behavioral disorders, and urolithiasis (Tables 1, 2).

The analysis of morbidity among adults (18 years and older)
revealed a significantly higher incidence of digestive system
diseases, including gastric and duodenal ulcers, as well
as a significant prevalence of diseases with long latency periods,
including diseases of the circulatory system, hypertension
in particular [9-13]. According to available literature, they may
be etiologically linked to obesity (Table 2).

In the Voronezh Region, diseases of the endocrine system
(type 2 diabetes mellitus), digestive disorders, and urolithiasis
are in the rise among children and adolescents, whereas in the RF
and the CFD, the direction of the trend for these ailments
is opposite (Fig. 2).

Against the backdrop of a general upward trend in the incidence
of diabetes among adolescents, in the Voronezh Region (Fig. 2B),
the prevalence of this disease was dropping from 2013
to 2016, followed by a significant spike in the period from 2019
t0 2020. The situation is similar for the digestive diseases: in 2011,
the incidence thereof in the Voronezh District was lower than
in the RF in general, but from 2014 on, the trend for such diseases
in the said region is upward and stable (Fig. 2C). As for urolithiasis,
in child population (0-14 years old), a significant increase
in the incidence thereof was revealed during the observed period,
with the prevalence significantly higher than in the CFD and nationwide
(Fig. 2A). In adolescents, while the general incidence of urolithiasis
was on the rise, in the Voronezh Region, this disease was diagnosed
less often that in the RF and the CFD, but from 2017 to 2019,
the situation changed to the opposite.

DISCUSSION

Along with the increased incidence of obesity in various age
groups of the Voronezh Region population (compared to those
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Fig. 1. Trends in obesity per 100,000 population (according to official data from the Ministry of Health of the Russian Federation)

registered in the CFD and Russia in general), we have found
high prevalence of mental and behavioral disorders that may be
associated with obesity, the said association shown in a study
[24] that reported the set of obesity-related factors to influence
cognitive well-being. The high incidence of urolithiasis requires
further study to determine additional factors unrelated to dietary
patterns. For the diseases with a long latency period (those
of the circulatory and digestive systems), the morbidity rates
in the adult population of the Voronezh Region were significantly
higher, which may be a consequence of a long-term persistent

high level of obesity in children and adolescents, which is also
consistent with the available literature [7,11-14, 21].

CONCLUSIONS

Thus, in the Voronezh Region, we found significantly higher
obesity indicators across all age groups, with a stable trend
over time. Among the specifics elated to this morbidity
in the considered territory are the upward trends for the endocrine
system (type 2 diabetes mellitus), digestive diseases (gastritis

Table 1. Groups of diseases with significantly higher mid- and longterm prevalence in the Voronezh Region, children and adolescents, per 100,000 population

Children (0-14 years old) Adolescents (15-17 years old)
Groups of diseases

VR CFD RF VR CFD RF
V. Mental and behavioral disorders 4580 2475.6 2874.6 7823.6 5256.3 6016.5
Gastritis and duodenitis (XI. Diseases of the digestive system) 2310.2 1667.3 1891.2 6620.8 5602.6 6182.2
Obesity (IV. Endocrine, nutritional and metabolic diseases) 1629.6 1206.8 1199.9 4431 2921.6 2870.6
Diseases of tlhe t_hyr0|d gland (IV. Endocrine, nutritional 136.8 131.6 112.4 3475 310 274.7
and metabolic diseases)
Urolithiasis (XIV. Diseases of the genitourinary system) 49.5 19 245 167.1 79.2 90.2
Cystic fibrosis (IV. Endocrine, nutritional and metabolic diseases) 12 10.5 9.2 9.1 7.7 6.8
IV. Endocrine, nutritional and metabolic diseases 4107.3 3580.3 4045.4 12429.9 8528.6 9555.3

Note: VR — Voronezh Region; CFD — Central Federal District; RF — Russian Federation.
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Table 2. Groups of diseases with significantly higher mid- and longterm prevalence in the Voronezh Region, adults, per 100,000 population

Adults (18 years and older)
Groups of diseases
Voronezh Region Central Federal District Russian Federation
Obesity (IV. Endocrine, nutritional and metabolic diseases) 1397 733.2 1108.2
V. Mental and behavioral disorders 5728.4 4398.5 4669
Urolithiasis (XIV. Diseases of the genitourinary system) 912.1 712.9 709.9
IX. Diseases of the circulatory system 37067 28293.2 28979.4
Hypertension (IX. Diseases of the circulatory system) 18553.9 11558.9 2239.7
Stomach ulcer and duodenal ulcer
(XI. Diseases of the digestive system) 1299.5 1027.6 1065.2
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Fig. 2. The dynamics of morbidity in children and adolescents, 2011 to 2020; the Voronezh Region, the Russian Federation, and the Central Federal District compared

and duodenitis), and urolithiasis in children and adolescents,
while the situation registered on the level of the nation
in general for these diseases is downward in the respective
population cohorts. The results of this study support
the need to continue research and investigate the potential

risk factors that determine the specifics of morbidity
in the given area, including the vitamin and mineral content
in the mainstay foods, and factors unrelated to nutrition,
such as the chemical composition of drinking water and soil
composition.
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THE STATE OF HEALTH OF 157, 2\o- AND 3RfP-YEAR STUDENTS OF A MEDICAL UNIVERSITY
Shestera AA™, Trankovskaya LV
Pacific State Medical University, Vladivostok, Russia

Today, preserving the health of medical students, who constitute the labor pool for Russia's healthcare system, is a strategically important task for both the state
and society. The purpose of this work was to investigate the status of health of 15-, 2"- and 3"-year students of Pacific State Medical University of the Ministry
of Health of the Russian Federation. The students underwent a comprehensive examination at the beginning and at the end of the academic year. All in all,
we examined 698 people in 2022 and 516 people in 2023. The examination was physical, focusing on the functional state of the cardiorespiratory system, and
also assessed the participants' mental health. Primary medical documentation was used as a source of information to assess the incidence of temporary disability
and chronic non-communicable diseases of students. Data comparison was done using nonparametric statistical methods. The differences were considered
statistically significant at p < 0.05. We revealed a downward trend for the students' health indicators, which confirms their allocation into health status groups.
At the beginning of the academic year, the 15t group was the largest, and by its end, the share of those reallocated to the 3 group was significant, with the group
including 33.1% of make participants and 36.8% of female participants. This study substantiates the need for continued monitoring of the health status of students.
The resulting data enable assessment of the students' health status and identification of priority preventive measures to be developed to preserve their health.
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COCTOAHUE 300POBbA COBPEMEHHbBIX CTYOEHTOB MJTAALWLNX KYPCOB MEOULUMHCKOIO BY3A
A. A LLlectépa™, J1. B. TpaHkoBcKas
TUXOOKEAHCKMIN rOCYAapPCTBEHHBIN MEVLMHCKINIA YHBEPCUTET, BnagmeocTok, Poccus

B coBpemMeHHbIX CoLManbHO-3KOHOMUYECKMX YCIOBUSX MpobfiemMa COXpaHeHVs 300p0BbS CTYAEHTOB-MEAMKOB Kak OCHOBHOIO pesepBa KaapoB CUCTEMbI
3apaBooxpaHeHns Poccurickon defepauny MMEET cTpaTernyeckoe 3HadeHne, Kak Ans rocynapctsa, Tak 1 ana obulectsa B LenoM. Llensto paboTbl 6bino
vcenenoBath 300poBbe cTyaeHToB PrE0Y BO TIMY Munsgpasa Poccumn 1-3 KypcoB. BbinonHeHa KOMMNEKCHast OUeHKa COCTOSIHNS 340P0BbsSt CTYAEHTOB
MnafLLNX KypcoB B Hadane v B KoHue ydebHoro roga. Beero o6cnenosaHo 698 Yenosek B 2022 1. 1 516 venosek B 2023 r. OueHeHo hrandeckoe pasBuTme
CTYLEHTOB. VI3y4eHbl nokasaTen (yHKLUMOHaIBHOrO COCTOSIHUS KapAYOPECTIMPATOPHONM CUCTEMBI, & TakXKe COCTOSIHME VX MCKXMHECKOrO 300PO0Bbs. N1st OLEHKM
rnokasarener 3a601eBaeMoCTI C BPEMEHHOW YTPaTol TPYAOCNOCOBHOCTU 1 XPOHUHYECKON HEMHMEKLIMOHHOM 3a601eBaEMOCTI CTYAEHTOB B KA4ECTBE UCTOYHMKA
MHbopMaLMM MCnonb3oBaHa NepBuYHas MeauUMHCKas AoKyMeHTaums. CpaBHUTENbHDBIA aHanM3 Mony4eHHbIX AaHHbIX MPOBOAMAM C MPUMEHEHeM METOLO0B
HenapameTpUHecKor CcTatucTuky, CTaTcTn4eckast 3Ha4MMOCTb pasnuyunia onpegensnace npu p < 0,05. BbigBneHa TeHAEHUMA K yXyALLIEHWIO nokasaTenen,
XapaKTepu3yoLLIMX COCTOsIHME 3L0POBbS CTYAEHTOB, YTO NOATBEPKOAET pacnpeneneHmne Ux no rpynnam 300posbst. Ecnn B Havane y4ebHoro roga npeobnagan
obyHatoLLIMECs C MEePBOW MPYMNMO 300P0BbS, TO B KOHLE y4eOHOro rofa MpoLEHT CTYAEHTOB C TRETbEV MPynnov 3Ha4UTENBHO BO3POC 1 cocTarnan 33,1% Yy toHOLLEN,
36,8% y peByLuek. [NpoBeneHHOe ccnenoBaHve yKasblBaeT Ha HEOOXOAVMOCTb AaNbHENLEro HabMoaeHNa 3a nokasaTensamMn COCTOAHUST 300POBbSA CTYAEHTOB.
[Mony4eHHble JaHHble NO3BONSIOT OLEHUTL COCTOSIHUE 30POBbLS CTYAEHTOB ¥ ONPELENUTb MPUOPUTETHbIE HaNpaBeHVst Pa3paboTKu NPOMUNAKTUHECKNX MeP
L5 COXPaHEHNS X 300POBbS.

KntoueBble cnoBa: CTyfeHTbl, (PU3NHecKoe pasBuUTnE, NCUXNHECKOE 3[0PO0BbE, 3a601eBAaEMOCTL C BPEMEHHOW YyTPaTON TPYAOCNOCOOHOCTU, XPOHUYECKIME
HEeVH(EKLIMOHHbIE 3aboneBaHus, rpynnbl 340POBbS

®duHaHcupoBaHue: paboTa BbINoHEHa B paMKax AMCCepTaLUMOHHOIO NCCNeaoBaH s MHCTUTYTa npodunakTmieckon meanumHsl ®rb0Y BO TTMY MuHsapasa
Poccun.

BKﬂap, aBTOPOB: . B. TpaHKOBCKaFI — MNJlaHnpoBaHne 1 opraHnadaumnsa nccrnenoBaHna, peaakTmpoBaHMe CTaTbi; A A LI_IeCTépa — npoBefeHne nccneqoBaHns,
C60p, aHanms 1 nHTepnpeTauna AaHHbIX, NoOAroTtoBka OKOHYaTeIbHOro BapuaHTa ctaTtby.
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Today, preserving the health of medical students, the labor  all of which affect organisms of students, with all the anatomical
pool for Russia's healthcare system, is a strategic task for both  and physiological specifics of a young age [6-8].

the state and society [1-5]. Receiving a medical education Health status has a direct effect on the students' performance,
involves significant mental efforts, labor inputs, exposure  grades, motivation, and the quality of learning the professional
to potentially hazardous factors of hospital environments,  skills. This is most relevant for those in the 1, 2, and 3
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years, since they often struggle with mastering general cultural
and professional competencies [6, 9-10].

Recent studies have revealed that the health of medical
students is generally deteriorating: the prevalence of chronic
diseases and functional abnormalities is increasing, while
indicators of physical development and fithess are declining
[6, 7, 11]. Researchers report that mental conditions are on the rise;
up to 54% of them are nosological, concomitant neurotic
reactions with discernible symptoms [7]. The number of students
signed up to the special physical culture curriculum because
of poor health is increasing every year [1, 4], and in some
universities, it reaches almost 50% of all those attending
the classes [12].

The health status of students is an objective indicator that
allows assessing the effectiveness of the already implemented
hygiene measures and formulates the directions of further
activities [13]. Annual medical examinations that show how
healthy the students of the country are support overall health
preservation efforts designed for this population.

The purpose of this work was to investigate the status
of health of 18-, 2m-and 3"“-year students of Pacific State
Medical University of the Ministry of Health of the Russian
Federation.

PATIENTS AND METHODS

Using the "Methodological recommendations for a comprehensive
assessment of students' health based on the results of medical
examinations" [13], we assessed the health of 18-, 279- and 39-year
students of Pacific State Medical University, collecting
the data twice, at the beginning and at the end of the academic
year. There were 698 participants (25.5% males, 74.5%
females) in 2022 (beginning of the academic year) and 516 participants
(81.2% males, 68.8% females) in 2023 (end of the academic
year). Height (body length) and weight were measured against
regional regression scales to assess the level of physical
development (PD) [14]. In addition, we analyzed the functional
state of the cardiorespiratory system: vital lung capacity
(VC), heart rate (HR), blood pressure (BP), Myocardium
and Rhythm indices. Using the Hamilton Depression Rating
Scale (HDRS) and Khanin's adaptation of Spielberg state-trait
anxiety inventory [15, 16], we have also evaluated the mental
health status of 176 1%t-year students (30.1% males, 69.9%
females). In addition, medical reports (form 025-TsZ/u) were
analyzed with the aim to establish values of the indicators
reflecting the incidence of temporary disability (TD) and chronic
non-communicable diseases (CNCD) among students of the 1,
2", and 3 years.

For statistical analysis of the data, we used StatTech v.4.7.3
(StatTech; Russia). Categorical data are given as absolute
values and percentages. For comparative analysis, we used
nonparametric statistical methods. Pearson's chi-squared test
(x°) was used to compare percentages in multifield conjugacy
tables, and Holm method for multiple comparisons. The differences
were considered statistically significant at p < 0.05.

RESULTS

The collected data indicate that 46.1% of male participants
had harmonious PD at the beginning of the academic
year, and by the end thereof, this figure dropped to 43.8%.
Through the academic year, the share of male participants
with disharmonious PD (body weight deficiency) decreased
by 8.1%, which is significant (p = 0.05), but the proportion
of male students whose PD was sharply disharmonious due

to body weight deficiency has grown by 6.6% (p = 0.06),
which was not significant but very close to the threshold value.
At the same time, disharmonious and sharply disharmonious
PD due to overweight was registered in 23.0% of young men
at the beginning and 26.9% at the end of the academic year.
The share of female participants whose PD was harmonious
remained virtually unchanged through the academic,
and was 56.4% at the beginning and 52.5% at the end of thereof.
Body weight deficiency as a reason of disharmonious PD
was 4.5 times more common than overweight. By the end
of the academic year, the proportion of overweight female
students (varying severity) increased only slightly, from 15.4%
to 18.8%.

External respiration is one of the most important health
characteristics. It was found that the vast majority of 1st-, 2nd-,
and 3“-year students (91.6% of males and 88.1% of females)
had normal VC, and this indicator did not change through
the academic year.

The cardiovascular system (CVS), which provides all organs
and systems with oxygen and nutrients, largely determines
the adaptive capabilities of the whole organism. Heart rate
is an important indicator of the functioning of both the cardiovascular
and nervous systems. The majority of the examined students
(60.0%) had normal heart rate, and one third exhibited
tachycardia. Bradycardia was diagnosed in 9.6% of males
and 3.3% of females. While the number of male students
with normal indicators and various deviations from the norm
remained unchanged through the academic year, the number
of female students with bradycardia increased significantly
t0 7.6% (p = 0.003).

At the end of the academic, blood pressure was within
the physiologically normal range in 87.5% of male and 82.9%
of female participants. In males, it did not change significantly
throughout the study period; by the end of the of the academic
year, hypotension-type blood pressure deviations amounted
103.8% of cases for SBP and 1.3% for DBP, while for the hypertension-
type blood pressure deviations the respective figures were
8.8% for SBP and 9.4% for DBP. In the female cohort, by the end
of the academic year, the share of participants with normal
SBP dropped from 89.6% to 82.9% (x> = 8.58; p < 0.01),
that with normal DBP — from 88.9% to 83.4% (x*> = 5.37;
p = 0.02). At the same time, the proportion of female students
with hypertension-type SBP disorders rose from 3.7% to 8.2%
(x> = 8.59; p < 0.01) same type DBP disorders — from
10.0% to 14.6% (> = 4.29; p = 0.04). It is noteworthy that
by the end of the academic year, the frequency of registration
of hypotension-type SBP deviations in males was 2.4 times
lower than in females (x> = 4.61; p = 0.03).

Examinations under the Myocardium and Rhythm indices
revealed a significant decrease of the number of students with
normal indicators for the former index, 44.9% to 32.5% in the male
cohort (p = 0.02), and from 41.7% to 32.6% in the female
cohort (p = 0.01). The functional state of the cardiovascular
system was borderline in more than half of the participants
at the beginning of the academic year, and it increased to over
60.0% by the end thereof in both sex cohorts.

During the academic year, the number of male participants
who had the Rhythm index indicators verging upon being
abnormal increased significantly, from 4.5% to 13.1% (p < 0.01).
In addition, the proportion of female participants whose
Rhythm indicators deviated from the norm slightly increased
significantly (from 62.1% to 69.4% (p = 0.03)), while the number
of girls with normal values of this index decreased (from 30.0%
to 21.6% (p < 0.01)). It should be noted that by the end
of the spring semester, normal Rhythm index was registered
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Structure of CNCD, students of the 1%, 2", and 3" years, 2022/2023
academic year

Fig. Structure of CNCD, students of the 1%, 2", and 3 years (%)

only in 23.8% of male and 21.6% of female participants. In the female
cohort, slight deviations from the normal values of this index
were detected thrice as often as in the male cohort.

In the 2022/2023 academic year, 14.5 cases per 100 participants
(mean) involved ailments causing TD, with the respective figure
among the 3"-year students being 17.5 cases, that among
the 2™-year students — 13.6 cases, and among the 1s-year
students — 12.5 cases. Respiratory diseases, including acute
respiratory viral infections, were the main reason for medical
absences. Overall, the number of academic days skipped
because of them was 73 per 100 students. The average
duration of a sick leave was 8.9 days. It was also revealed
that male students (all years) were less likely to seek medical
assistance in a clinic than female students (44.0% and 56.0%,
respectively; x* = 4.5; p = 0.05).

As for the structure of incidence of TD-causing ailments, the
most common nosology was respiratory diseases, including
acute respiratory viral infections (ARVI): 56.3%. The second
most common reason were disorders of the musculoskeletal
system (12.3%), the third — digestive system diseases (10.9%).

As for CNCD, in the 2022/2023 academic year students of the 1%,
2 and 39 years most often suffered from the diseases of the eye
and adnexa, digestive organs and circulatory system (Fig.).

Table 1. Distribution of students into health status groups

. Diseases of the eye and adnexa

. Diseases of the digestive system

. Diseases of the circulatory system

Respiratory system

Genitourinary system

Diseases of the musculoskeletal system and connective tissue
Diseases of the blood and blood-forming organs and

certain disorders involving the immune mechanism

Endocrine, nutritional and metabolic diseases

Nervous system diseases

Diseases of the ear and mastoid process

The results of the comparative assessment of mental health
of 1%-year students revealed that depressive disorder was 1.6 more
common in females than in males (p = 0.02). Moderate trait
anxiety was found to affect 54.7% of male and 56.1% of female
1st-year students, low trait anxiety — only 22.6% of males
and 14.6% of females, and high trait anxiety — 77.4% of males
and 85.4% of females. At the same time, about one in four
first-year students exhibited symptoms of moderate reactive
anxiety, and high reactive anxiety was registered only in 6.5%
of the participating girls.

Based on the results of medical examination, 1st-, 2nd-
and 3“-year students of Pacific State Medical University were
distributed into health status groups (Table 1).

According to the data, at the beginning of the academic
year, the majority of 18-, 279- and 3-year students were classified
in the first health status group. However, by the end of the academic
year, the proportion of healthy students decreased significantly:
by 29.2% among male participants (x> = 29.76; p < 0.01),
and by 24.7% among female participants (p < 0.01). We have
registered a growing number of those reclassified into second
and third health status groups, with the amount of students
meeting the criteria of the third group being significant among
both boys and girls (p < 0.01).

Males Females
p-value p-value
Health status groups Academic year start Academic year end Academic year start Academic year end
Abs. % Abs. % Abs. % Abs. %

First 102 57.3 45 28.1 < 0.001 298 57.3 116 32.6 < 0.001
Second 50 28.1 58 36.3 0.1 154 29.6 107 30.1 0.89
Third 23 12.9 53 33.1 < 0.001 67 12.9 131 36.8 < 0.001
Fourth 3 1.7 4 25 0.62 1 0.2 2 0.6 0.34
Fifth - - - - - - - - - -

Note: * — differences in indicators are statistically significant (o < 0.05).
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Table 2. Classification of students into health status groups, by year (%)

Health status groups
Year Period n
First Second Third Fourth

Start 368 54.3 32.3 13.0 0.3
. End 295 36.6 29.8 32.2 1.4
X2 20.98 0.49 35.77 2.53
p-value < 0.001* 0.48 <0.001* 0.11
Start 180 56.7 28.3 14.4 0.6

End 104 26.9 33.7 38.5 1
2 ba 23.38 0.9 20.9 0.17
p-value < 0.001* 0.34 <0.001* 0.68
Start 150 65.3 22.7 10.7 1.3
End 117 21.4 35.9 41.9 0.9
8 X2 50.17 5.57 34.17 0.13
p-value < 0.001* 0.02* <0.001* 0.72

pvalue Academic year start Pl et years say = 0-02% P1 i e s sy = 0-03”
Academic year end P a1 years say = 0-003”

Note: * — significant differences (p < 0.05).

A comprehensive assessment of the health status of 1¢-, 2nd-,
and 3“-year students showed that even within one academic
year, it deteriorates to the point of reclassification (Table 2).

At the beginning of the academic year, there were significantly
more 1st-year students in the first and second health status
groups (p = 0.02 and p = 0.03, respectively) than 34-year
students. However, there were no significant differences
in distribution of 2"- and 3-year students into health groups.
At the end of the academic year, the number of 3“-year students
belonging in the first health status group decreased significantly,
while the number of 3-year students classified into the second
and third health status groups increased significantly.

DISCUSSION

The results of previous studies indicate that the majority
of students have harmonious PD. However, the percentage
of students with disharmonious and sharply disharmonious
PD remains fairly high [17]. For example, 17.0% of students
of Pirogov Russian National Research Medical University
have disharmonious PD, and 9.0% — sharply disharmonious
[18]. At the same time, our study has shown that by the end
of the academic year, 56.3% of boys and 47.5% of girls have
abnormal PD.

According to the collected data, various functional disorders
of hemodynamics were detected in students both at the beginning
and at the end of the academic year. For example, by the
end of the vyear, hypertension-type SBP deviations were
registered in 8.8% of male participants and 8.2% of female
participants, and hypertension-type DBP deviations — in 9.4%
of boys and 14.6% of girls. For comparison, the assessment
of blood pressure indicators of students of the Medical Faculty
of Kabardino-Balkarian State University revealed hypertension
only in 3.1% of cases [19].

Our work has also confirmed the data from other studies
indicating that 18-, 2nd-| and 34-year students most often seek
medical help with respiratory diseases [20]. The prevailing
chronic pathologies among the Pacific State Medical
University students were diseases of the eye, digestive,
and cardiovascular systems. At the same time, according
to the literature, students of the Russian medical universities

most often suffer from "respiratory diseases, accounting for about
18.0%, followed by the musculoskeletal system diseases
and diseases of the eye and are in second place, and diseases
of the eye and adnexa [21].

In our work, we observed a tendency towards developing
depressive disorders of varying degrees, as well as high levels
of trait and reactive anxiety among students; these findings
are consistent with reports from other researchers [22-24].
For example, a study conducted in Voronezh State Medical
University named after N.N. Burdenko revealed that in the fall
semester, 6.0% of students had low state anxiety, 51.0% were
classified as having a moderate version thereof, and 43.0%
of the respondents had high state anxiety. As for trait anxiety,
only 24% of the participants had it at a high level, and 76.0%
experienced moderate trait anxiety [23].

Our work revealed a gradual deterioration of health indicators
of 18-, 2m-and 3"-year students of Pacific State Medical
University, which is confirmed by their distribution into health
status groups. At the beginning of the academic year, the first health
status group was the largest, but at the end of the academic
year, the percentage of students with chronic diseases
in the compensation stage, which puts them into the third
health status group, increased significantly and amounted
to 33.1% for boys and 36.8% for girls. Thus, over the course
of the study, the number of practically healthy students decreased
twofold. For comparison, we give data on classification of students
of a medical academy into health status groups: first group —
from 23.8 to 30.0%, second group — from 32.8 to 40.0%,
third group — from 30.0 to 43.4%" [25].

This study substantiates the need for continued monitoring
of the health status of students. The resulting data enable
assessment of the students' health status and identification
of priority preventive measures to be developed to preserve
their health.

It is particularly important to identify students belonging
in the first (practically healthy) and second (various functional
or morphological changes) health status groups, since the former
may be in a borderline condition, between being healthy and ill.
Diagnosing, preventing, and curing these states is the most
important task of medical science and practical healthcare.
Moreover, timely implementation of several preventive and remedial
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measures can facilitate the transition of students from the second
group to the first one.

CONCLUSIONS

The comprehensive examination of health status of 1s-, 2md-
and 3"-year students of a medical university revealed
negative trends. More than half of the students (50.2%)
have disharmonious and sharply disharmonious physical
development, mainly due to body weight deficiency. By the end
of the academic year, their cardiovascular system deteriorates
functionally, with the number of students scoring within
the normal range of Myocardium and Rhythm indices
decreasing significantly (p < 0.01). The prevalence of diseases
causing TD was established as high, and female students
are more likely to seek medical help (56.0% vs. 44.0%,
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ANALYSIS OF BODY MASS INDEX FORMATION IN CHILDREN AND ADOLESCENTS
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To prevent health problems in pediatric population, the Russian Federation (RF) is implementing the Complex of measures to combat obesity in children under
18 years of age, approved on December 1, 2023, No. 18824-P12-TG. The study aimed to consider body mass index (BMI) formation in Russian children
and adolescents in the regional aspect. As part of the all-Russian monitoring of the physical development of children and adolescents in 2021-2024, BMI of 258,611
boys and 252,629 girls living in 50 constituent entities of the RF was studied. Big data analysis has shown that in most regions there is a harmonious development
of the child population and the indicators fit into the BMI 257-75™ centile for the RF as a whole, which is 19.6-22.9 kg/m? in boys aged 17 and 18.7-22.3 kg/m?
in girls. At the same time, there is an influence of socio-economic factors. The analysis of the regional features of BMI formation in children and adolescents aged
7-17 years has shown that BMI has a higher value, the lower the place of the subject of the RF in terms of gross regional product.
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AHATN3 POPMUPOBAHNA MHOEKCA MACCbI TEJIA 'Y AETEA 1 NOJPOCTKOB POCCUACKOW ®EOQEPALINA
C. M. Nesywwknn', O. 0. MunyLukmHa®, H. A. CkobnuHa'?, C. B. Mapkenosa'?&, A, A, TatapuH4ink®, M. C. iBaHoB?

" VIHCTUTYT pasBuTusi, 300poBbs U aganTaumm peberHka, Mockea, Poccus

2 POCCUNCKMIA HAUMOHaTbHBIN MCCNEefoBaTENbCKUN MegULMHCKNIA yHBepenTeT UMmenn H. . Tuporosa, Mockea, Poccust

[ns npohunakTnky HapyLleHnst 340poBbs AETCKOro HaceneHnst B Poccuiickon ®epepaumn (PP) ocyllectenaeTca ncnonHeHne Komnnekca mep no 6opsbe
Cc oxumpenvem y getet 1o 18 net ot 1 gexkabps 2023 r. Ne 18824-M112-TT. Llensto paboTbl 66110 paccMoTpeTb hopMmnpoBaHne nHaekca maceol Tena (VIMT)
Y POCCUCKNX [eTelt 1 NOAPOCTKOB B PernoHasibHOM acnekTe. B pamkax npoBefeHusi 06LLEPOCCUIACKOrO MOHUTOPUHIA PU3NHECKOro pasBuTUSt feTen
1 nogpocTkoB B 2021-2024 rT. 6bin n3dydeH VIMT 258 611 manb4mkoB 1 252 629 geBodek, npoxkmsaiowmnx B 50 cydbektax PO. AHanua big data nokasan,
YTO B GOJBLUMHCTBE PEMMOHOB MMEET MECTO FaPMOHUYHOE Pa3BUTUE AETCKOrO HACeNeHNs 1 YTO rokasaTtenu yknaapisatotces B VIMT B 30He 25-75-r0 LeHTUNSA
nnst PO B LienoMm, KOTopbli y ManbinkoB 17 net coctaBnseT 19,6-22,9 Kr/M?, a'y aeBodek — 18,7-22,3 Kr/M?. B TO »ke Bpemsi MpUcyTCTBYET BNSIHME CoLManbHO-
9KOHOMUYECKIMX (DAaKTOPOB. AHaIM3 PervoHaibHbIXx 0cobeHHoCTen thopmmpoBaHna VIMT y aetein 1 noapocTkoB 7-17 net nokasan, 4to VIMT numeeT Tem 6onee
BbICOKOE 3Ha4eH1e, YeM HIke MecTo cybbekTa PO no nokasarento BasoBOro permoHanbHOr0 NpoayKTa.

KnioueBble cnosa: AeTu, NOAPOCTKMN, MHAEKC MAcChbl TeNna, PErvoHbl, MOHUTOPWHE, (DU3N4ECKOe pas3BUTHE
Bknap, aBTOpOB: BCe aBTOPbI BHEC/M PaBHbI BKIa B MOArOTOBKY MyGamKaLmm.
CobniofieHne 3TMHECKNX CTaHAAPTOB: VICCNefoBaHne 0f0OPeHO aTnHeckM koMuteToM PHIAMY nmenmn H. . Muporosa (mpotokon Ne 239 ot 15 anpens 2024 ).
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The issue of overweight and obesity is relevant for pediatric
population all over the world [1-5].
Currently, the Russian Federation (RF) is implementing

The study aimed to consider BMI formation in children
and adolescents of the RF in the regional aspect.

the Complex of measures to combat obesity in children under
18 years of age, approved by T.V. Golikova, Deputy Chairman
of the Government of the Russian Federation, on December 1,
2023, No. 18824-P12-TG. As part of the screening assessment
within the framework of the check-up aimed to allocate groups
of overweight children and adolescents at risk, calculation
of body mass index (BMI) with estimation is performed in accordance
with the guidelines of the World Health Organization (WHO)
and clinical guidelines “Obesity in Children” of the Ministry
of Health of the RF [6].

Consideration of BMI formation in Russian children
and adolescents in the regional aspect taking into account
growth and development patterns seems to be a relevant task.
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METHODS

When conducting all-Russian monitoring of physical development
of children and adolescents in 2021-2024, a cross-sectional
study of physical development indicators (body length, body
weight) was performed in children and adolescents aged
7-17 years with subsequent BMI (kg/m?) calculation in 50 constituent
entities of the RF. Considering the growth and development
patterns, we selected the regions that were different
in climate and geographic conditions, ethnic composition
of the population, socio-economic and other factors. The sample
was calculated using the method by K.A. Otdelnova (95.0%,
p < 0.05): each gender and age group in the studied constituent
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entity of the RF was represented by 100 children. The data
on body length and body weight of 258,611 boys and 252,629
girls were selected for statistical analysis to calculate BMI (Table 1).

Statistical processing of the data obtained was performed
using the Microsoft Office Excel (Microsoft; USA) and Statistica
13.0 (StatSoft; USA) software packages. When processing
the results of physical development assessment, the data were
tested for normality using the Kolmogorov-Smirnov, Lilliefors,
and Shapiro-Wilk tests. The quantitative data acquired were
normally distributed, which is in line with the literature data
on assessing physical development indicators. We used
parametric statistical methods involving the use of the mean
(M), error of the mean (m), and standard deviation (o). To assess
significance of differences in mean values, the Bonferroni
adjusted Student’s t-test was used. The differences were
considered significant at the significance level not exceeding 0.05.

The data on socio-economic indicators in constituent
entities of the RF at the midpoint of the observation period (main
economic indicators in 2022: per capita income (per month),
average monthly nominal accrued wages of the employees
of organizations (per month), gross regional product in 2021,
agricultural products, retail trade turnover; place occupied
by the constituent entity based on the major socio-economic
indicators in the RF in 2022: per capita gross regional product
in 2021, agricultural products, per capita retail trade turnover)
were taken from official sources [7].

Correlations between BMI of children and adolescents aged
7-17 years and socio-economic indicators were assessed
using the Spearman’s rank correlation coefficient, since
the distribution of socio-economic indicators was non-normal.

RESULTS

BMI formation in children and adolescents of the RF in the regional
aspect was considered based on the gender and age BMI
curves (Fig. 1-8).

The gender and age curves of BMI formation in children

and adolescents aged 7-17 years living in the constituent
entities of the CFD are provided in Fig. 1.

Fig. 2 presents gender and age curves of BMI formation
in children and adolescents aged 7-17 years living in the constituent
entities of the NWFD.

The gender and age curves of BMI formation in children
and adolescents aged 7-17 years living in the constituent
entities of the SFD are provided in Fig. 3.

The gender and age curves of BMI formation in children
and adolescents aged 7-17 years living in the constituent
entities of the NCFD are provided in Fig. 4.

Fig. 5 presents gender and age curves of BMI formation
in children and adolescents aged 7—17 years living in the constituent
entities of the VFD.

The gender and age curves of BMI formation in children
and adolescents aged 7-17 years living in the constituent
entities of the UFD are provided in Fig. 6.

The gender and age curves of BMI formation in children
and adolescents aged 7-17 years living in the constituent
entities of the SFD are provided in Fig. 7.

The gender and age curves of BMI formation in children
and adolescents aged 7-17 years living in the constituent
entities of the FEFD are provided in Fig. 8.

The analysis of gender and age BMI curves shows that
in the majority of regions there is a smooth increase in BMI
with age in both boys and girls — usually without crossovers,
which is in line with such biological patterns, as directionality,
gradualism, irreversibility and heterochrony. Indicators of boys
are superior to that of girls, which is consistent with such
pattern, as sex-specific growth and development (sexual
dimorphism). In general, harmonious development is observed
in the majority of regions.

There are regional BMI differences observed by growth
termination. Thus, the following maximum and minimum BMI
values are reported for the CFD: in boys aged 17 years living
in the Kursk Region, the value is 21.97 + 0.17 kg/m?, while
in boys aged 17 years living in the Ivanovo Region
it is 20.95 + 0.34 kg/m?, i.e. the difference is 1.02 kg/m?
(Student’s t-test: 2.68; p = 0.007746). In gifs living in the Oryol
Region, BMI is 21.51 + 0.39 kg/m?, while in those living
in the Kursk Region it is 20.55 + 0.39 kg/m?, i.e. the difference
is 0.96 kg/m? (Student’s t-test: 2.19; p = 0.029425).

No significant differences are reported for the NWFD (o > 0.05).

The following maximum and minimum BMI values are reported
for the SFD: in boys aged 17 years living in the Republic
of Kalmykia, the value is 22.57 + 0.59 kg/m?, while in boys
aged 17 years living in the Krasnodar Krai it is 21.41 + 0.06 kg/m?,
i.e. the difference is 1.16 kg/m? (Student’s t-test: 2.00;
p = 0.005000). In girls living in the Republic of Kalmykia,
the value is 21.34 + 0.34 kg/m?, while in those living in the Rostov
Region it is 20.16 + 0.14 kg/m?, i.e. the difference is 1.18 kg/m?
(Student’s t-test: 2.34; p = 0.018815).

The following maximum and minimum BMI values are reported
for the NCFD: in boys aged 17 years living in the Republic
of North Ossetia—Alania, the value is 21.98 + 0.15 kg/m?, while
in boys aged 17 years living in the Karachayevo-Circassian
Republic it is 21.16 + 0.21 kg/m?, i.e. the difference is 0.82 kg/m?
(Student’s t-test: 3.18; p = 0.001600). In girls living
in the Karachayevo-Circassian Republic, BMI is 21.80 + 0.23 kg/m?,
while in those living in the Chechen Republic it is 20.25 + 0.29 kg/m?,
i.e. the difference is 1.55 kg/m? (Student’s t-test: 4.19;
p = 0.000042).

The following maximum and minimum BMI values are reported
for the VFD: in boys aged 17 years living in the Republic
of Mordovia, BMI is 21.68 + 0.32 kg/m?, while in boys aged

Table. Size of samples to form big data for analysis by the constituent entities of the Russian Federation, n

Federal District Observations, boys, n Observations, girls, n Total observations, n
Central Federal District (CFD) 42 042 40 003 82 045
Northwestern Federal District (NWFD) 13 401 12911 26 312
Southern Federal District (SFD) 66 935 64 923 131 858
North Caucasus Federal District (NCFD) 19110 17 290 36 400
Volga Federal District (VFD) 51535 48 769 100 304
Urals Federal District (UFD) 27 902 26 493 54 395
Siberian Federal District (SFD) 14 593 19 443 34 036
Far Eastern Federal District (FEFD) 23 093 22797 45 890
Total observations, n 258 611 252 629 511 240
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Fig. 1. Body mass index (BMI) formation in children and adolescents of the Central Federal District (CFD), kg/m?
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Fig. 2. Body mass index (BMI) formation in children and adolescents of the Northwestern Federal District (NWFD), kg/m?
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Fig. 3. Body mass index (BMI) formation in children and adolescents of the Southern Federal District (SFD), kg/m?
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Fig. 4. Body mass index (BMI) formation in children and adolescents of the North Caucasus Federal District (NCFD), kg/m?

17 years living in the Chuvash Republic it is 20.49 + 0.14 kg/m?,
i.e. the difference is 1.19 mg/m? (Student’s t-test: 3.41;
p = 0.000708). In girls living in the Chuvash Republic, BMI
is 21.46 = 0.34 kg/m?, while in those living in the Republic
of Tatarstanitis 19.79 + 0.15 kg/m?, i.e. the difference is 1.67 kg/m?
(Student’s t-test: 4,49; p = 0.000011).

The following maximum and minimum BMI values are reported
for the UFD: in boys aged 17 years living in the Kurgan Region,
the value is 21.74 + 0.22 kg/m?, while in boys aged 17 years
living in the Tyumen Region it is 20.03 = 0.18 kg/m?, i.e.
the difference is 1.71 kg/m? (Student’s t-test: 6.02; p = 0.000001).
In girls living in the Yamalo-Nenets Autonomous Okrug, BMI
is 21.34 + 0.25 kg/m?, while in those living in the Tyumen
Region it is 20.37 + 0.21 kg/m?, i.e. the difference is 0.97 kg/m?
(Student’s t-test: 3.28; p = 0.001182).

The following maximum and minimum BMI values are reported
for the SFD: in boys aged 17 years living in the Altai Krai, BMI
is 21.95 + 0.39 kg/m?, while in boys aged 17 years living
in the Omsk Region it is 20.82 + 0.14 kg/m?, i.e. the difference
is 1.13 kg/m? (Student’s t-test: 2.73; p = 0.006711). In girls
living in the Irkutsk Region, BMI is 21.53 + 0.20 kg/m?, while in
those living in the Omsk Region it is 20.33 + 0.15 kg/m?, i.e. the
difference is 1.20 kg/m? (Student’s t-test: 4.80; p = 0.000002).
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The following maximum and minimum BMI values are reported
for the FEFD: in boys aged 17 years living in the Amur Region,
the value is 21.61 + 0.24 kg/m?, while in boys aged 17 years
living in the Khabarovsk Krai it is 20.85 + 0.22 kg/m?, i.e.
the difference is 0.76 kg/m? (Student’s t-test: 2.33; p = 0.020329).
In girls living in the Amur Region, BMI is 20.95 + 0.27 kg/m?,
while in those living in the Khabarovsk Krai it is 20.18 + 0.17 kg/m?, i.e.
the difference is 0.77 kg/m? (Student’s t-test: 2.41;
p =0.016486).

In general, the following maximum and minimum BMI
values have been revealed in the regional aspect: in boys aged
17 years living in the Republic of Kalmykia, BMI is 22.57 + 0.59
kg/m2, while in boys aged 17 years living in the Tyumen Region
it is 20.03 + 0.18 kg/m?, i.e. the difference is 2.54 kg/m? (Student’s
t-test: 4.02; p = 0.000077). In girls living in the Karachayevo-
Circassian Republic, BMI is 21.80 = 0.23 kr/m?, kg/m?, while
in those living in the Republic of Tatarstan it is 19.79 + 0.15 kg/m?,
i.e. the difference is 2.01 kg/m? (Student’s t-test: 7.32;
p = 0.000001).

Assessment of the impact of socio-economic indicators
in the constituent entities of the RF on BMI formation in boys
and girls aged 7-17 years in the regional aspect has shown that
integral indicators of the subject of the RF were significant, i.e.
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Fig. 5. Body mass index (BMI) formation in children and adolescents of the Volga Federal District (VFD), kg/m?
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Fig. 6. Body mass index (BMI) formation in children and adolescents of the Urals Federal District (UFD), kg/m?

per capita gross regional product, by which all the constituent
entities were ranked in descending order (moderate correlation
based on the Spearman’s rank correlation coefficient: 0.519;
p < 0.05), and the related indicators, such as supply of agricultural
products 0.659 (p < 0.05) and per capita retail trade turnover
0.577 (p < 0.05).

DISCUSSION

Assessment of BMI formation in children and adolescents
performed based on big data analysis has shown that there
is harmonious development of pediatric population in the majority
of regions, and the regional indicators of boys and girls fit
into the BMI 25""-75" centile for the RF as a whole, which
is 19.6-22.9 kg/m? in boys aged 17 years and 18.7-22.3 kg/m?
in girls. At the same time, there are effects of socio-economic
factors and, probably, climate and geographic, ethnic,
and other factors.

The impact of climate and geographic factors and the regional
differences in indicators of physical development of children
and adolescents have been previously reported by many
researchers [8-10]. There are earlier reports showing the effects
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of socio-economic factors on physical development of children
and adolescents, as well as BMI [11].

The Pearson correlation coefficient calculated for the BMI
of schoolchildren and the distribution of the number of children,
who spent their summer vacations in children's recreation
and health organizations in the year preceding the study, was
-0.68 (p < 0.05) [12].

It has been also shown that Pearson correlation coefficients
for BMI in schoolchildren aged 11 and 15 years and the value
of availability of physicians and nurses per 10,000 population
were —0.63 and —-0.39 (p < 0.05) [13].

Our study has shown that BMI has a higher value, the lower
the place of the subject of the RF in terms of gross regional
product. The regions that require special attention are the Republic
of Kalmykia (66th place) and Karachayevo-Circassian Republic
(82nd place).

To date, the numerically significant data have been accumulated:
511,240 observations acquired at once over a short time that
make it possible to develop national nomograms for gender-
and-age-based assessment of BMI in pediatric population,
as well as to update the previously developed standards
of this kind [14].
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Fig. 7. Body mass index (BMI) formation in children and adolescents of the Siberian Federal District (SFD), kg/m?
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Fig. 8. Body mass index (BMI) formation in children and adolescents of the Far Eastern Federal District (FEFD), kg/m?
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CONCLUSIONS

During the study the regional features of body mass index (BMI)
formation in children and adolescents aged 7-17 years have
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CTPATEIMS HAYYHOIO OBECMNEYEHUA PEAJIMSALINU TOCYOAPCTBEHHOW MOJIUTUKA
B OBJIACTU ONTUMU3ALIN MNTAHUA HACENNEHUA

B. A. TytenbsH, [. B. Hukutiok, W. HO. Tapmaesa, A. B. Moroxesa &2
depepanbHbIn CCNeaoBaTeNsCKUA LEHTP NUTaHKs, GruoTtexHonorumn 1 6esonacHocTy nuwm, Mockea, Poccus

B cTatbe N3noXXeHO MHEHME aBTOPOB O MyTAX ONTMMMU3aLMK NMTaHWs HaceneHns Poccuinckon depepaun. MNMpoaemMoHCTPUPOBAHO, YTO B HACTOSILLEE BPEMS
TpaauUMOHHas CTPYKTypa NUTaHWst HaceneHnst CTpaHbl BCe elle Janeka OT OnTUMasibHOM, YTO CBA3AHO C HEAOCTATOYHBIM COAEPKaHWEM B paLyioHe OBOLLIEN
1 (DPYKTOB, MOJIOYHBIX MPOAYKTOB Ha (hOHE N3OLITOHHOIO KONMYECTBA caxapa, Cou1, MPOAYKTOB, 60raThbiX XKXMBOTHBIM >XXMPOM 1 TPAHCKMPaMU. HapyLLeH1e CTRYKTYpbI
NUTaHUSA NPYBOLWT K HEraTUBHbIM NMOCNEACTBUSIM AN 340P0BbS, NULLEBOIO CTaTyca, MOCTOSIHHOMY MPOrPeCCUPOBaHMIO YMCa alMMeHTapHO-3aBUCUMbIX
3ab01eBaHNI, TakNX Kak OHKOMOMMYecKme, CepaeyHO-CoCyanCTble, caxapHbli AnabeT 2-ro Tvna, OXXMpeHWe, nogarpa, 0CTeonoposd 1 Ap., KOTopble SBAAKOTCA
OCHOBHbIMU MPUHMHAMN CMEPTHOCTM HACENEHNA OKOHOMUHECKN PasdBUTbIX CTPaH, B TOM Y1cne 1 Poccun. [ns NOBbILLEHMS YPOBHS 300POBbA 1 Ka4eCTBa XI3HU,
NPOANEHNS Neproaa akTUBHOMO JONTONETUS!, MO MHEHWIO aBTOPOB, Havbosee BaXKHOE 3HAYEHVIE UMEIOT CefytoLLe acneKTbl: ONTVMU3aLWIs NTAHNS HaceneHns
Poccun, BHefpeHve NpUHLMNOB pauMoHaNbHOro NUTaHNA U 30POBOr0 06pasa »KM3HN B OOLLECTBEHHYIO MPaKTVIKY; CHXKeHMe 3ab0/1eBaeMOCTV coLmabHO
3HAYNMbIMU HEVH(EKLIMOHHBIMI 3a00NEBaHVSIMI (aTEPOCKIEP03, CePAEHHO-COCYANCTbIE 3ab0NeBaHNs, apTepuaibHas MMNepTOHKS, CaxapHbIi AnabeT 2-ro Tina,
anVMEHTapHOE OXVPEHME 1 OP.); YCKOPEHNE BHEAPEHUS B NMPaKTUKY 300aBOOXPAHEHNST MHHOBALMOHHBIX 3L00POBbeCOEperaioLLx TEXHONOMUIA, BKIIOHasi PaHHIO
VarHOCTVIKY HeNHMEKUMOHHbBIX 3a60M1eBaHWin anMMeHTapHOM NPUPOABI, UX HANPaBNEHHYIO NMPOMUNAKTUKY 1 NeveHne.

KrntoyeBble cnosa: onTUMMU3aLMS NUTaHNS, MULLIEBOI CTaTyC, 3L0POBLECOEPEKEHIE, anMMEHTaPHO-3aBMCKIMble 3a001eBaHSI, HYyTPVYIOM
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Optimization of nutrition of the population is one of the priorities
in the Russian Federation's state health preservation policy.

Unfortunately, the dietary patterns currently common
in the country are still far from optimal, as they underdeliver
on vegetables, fruits, and dairy products, and provide excessive
amounts of sugar, salt, foods rich in animal fat, and trans
fats [1].

Recent research revealed that inadequate dietary patterns
compromise health and nutritional status, leading to an increase
in diet-related diseases such as cancer, cardiovascular
diseases, type 2 diabetes, obesity, gout, and osteoporosis,

which are major contributors to mortality in economically
developed countries, including Russia [2].

The analysis of data from epidemiological studies conducted
at the Federal Research Center for Nutrition, Biotechnology
and Food Safety allows identifying several factors that hinder
the development of a conscious need to eat properly:

— continuity of improper dietary patterns in the families
and society in general;

— insufficient knowledge about proper nutrition;

— unreliable, incorrect, contradictory information about nutrition
given by the media;
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— active advertising, availability and a wide range of foods
with improper content of critically important nutrients.

Given the current situation, it is necessary to boost
the scientific efforts supporting popularization of proper nutrition
and spread of information about it; these efforts are also aligned
with the goals set by the Decree of the President of the Russian
Federation of 25.04.2022 No. 231 "On Declaring the Decade
of Science and Technology in the Russian Federation",
the Demography national project, Order of the Ministry of Health
of the Russian Federation of 15.01.2020 No. 8 "On Approval
of the Strategy for Promotion of Healthy Lifestyle in the Population,
Prevention and Control of Non-Communicable Diseases
up to 2025" [3-5].

According to the Decree of the President of the Russian
Federation of 18.06.2024 No. 529 "On Approval of Priorities
and the List of the Most Important High-End Technologies,"
one of the main directions for scientific and technological
evolution of Russia involves development of "preventive
and personalized medicine, ensuring healthy longevity," which
is further supported by the goal of preserving the people of Russia
and developing human potential of the country, formulated
as a strategic national priority. The implementation of these plans
and the achievement of this goal primarily involve establishing
a foundation for sustainable natural population growth
in the Russian Federation and increasing life expectancy.
Thus, the main purpose of the Long and Active Life national
project is to increase the average life expectancy of the Russian
population to 78 years by 2030 and to 80 years by 2036.

Currently, the following aspects are most important
for improving health and quality of life of the population, as well
as prolonging active longevity therein:

— optimization of the dietary patterns practiced by the Russian
population, implementation of the principles of rational nutrition
and healthy lifestyle;

— reduction of the incidence of socially significant non-
communicable diseases (atherosclerosis, cardiovascular
diseases, hypertension, type 2 diabetes, nutritional obesity, etc.);

— acceleration of adoption of innovative health-saving
technologies in healthcare, including early diagnosis of non-
communicable diseases of alimentary nature, their targeted
prevention and treatment.

Federal Research Center for Nutrition, Biotechnology
and Food Safety conducted fundamental, exploratory, and applied
research in this area, and achieved the results described below.

First-ever formalization of the concept of nutriome as a set
of nutritional factors necessary to maintain a dynamic balance
between humans as an evolution-shaped biological species
and the environment, with the purposes thereof being
the support of vital activity, procreation and preservation
of the species, maintenance of the body's adaptive potential,
antioxidant defense system, apoptosis, metabolism, and the immune
system function [6, 7].

Clarification of the human being's need for energy
and nutrition, with the updated knowledge underpinning
the newly formulated methodological recommendations
"Standard Physiological Need for Energy and Nutrition
among Various Population Cohorts of the Russian
Federation" (MR 2.3.1.0253-21), which became the basis
for the development of a new edition of the Decree of the Ministry
of Health of Russia No. 614 "Rational Standards of Food
Consumption Meeting Current Healthy Nutrition Requirements
(Recommendations)" [8, 9].

Identification of the fundamentally new mechanisms
of interaction of biologically active substances and their effect
on the body, as well as proving their essential properties
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(L-carnitine, dihydroquercetin, polyunsaturated fatty acids,
polyphenoals, flavonoids, vitamins, etc.) [10, 11].

In progress: metagenomic studies of the intestinal microbiome
as it relates to the features of nutrition, including in case
of alimentary-dependent diseases [1].

We formalized a fundamentally new scientific field of medicine:
anthroponutriology. It emphasizes the leading role of nutritional
factors in physical development and enables personalized
optimization of nutrition and lifestyle, accounting for the parameters
of basic metabolism, muscle function, which generally
determine the risk factors for cardiovascular, endocrine,
gastroenterological diseases, diseases of the musculoskeletal
system (depending on the somatotype). We conducted
a comprehensive examination of the nutritional status and functional
capacity of top tier athletes, discovered basic-level flaws
in the structures of their diets, and suggested personalized
remedial measures. The effectiveness of immunity boosting
biologically active substances (L-carnitine, coenzyme Q10,
anthocyanins, capsaicin, ginsenosides, etc.) was proven
in experiments that involved athletes practicing various sports,
with their current professional activity phase factored in [12—14].

Development of an interdisciplinary approach to early
prevention of obesity based on the knowledge of nutritional
factors triggering obesity in childhood, including in breastfed
children; the approach was incorporated into methodological
recommendations "Early Prevention of Obesity in Children."
The results of the respective research are included in the "Program
of Optimization of Feeding of Children in the First Year of Life
in the Russian Federation" and the "Program of Optimization
of Nutrition of Children Aged 1 to 3 years in the Russian
Federation." There were developed approaches to dietary
therapy of epilepsy for children based on the ketogenic
diet, which are included in the clinical recommendations
"Glut1 deficiency syndrome." Studies of the eating behavior
of schoolchildren and the factors that determine it are the basis
of methodological recommendations MR 2.4.0312-22
"Additional Nutrition in Educational and Health Organizations
for Children." Long-term studies of the nutrition of women
during pregnancy and breastfeeding formed the basis
of the monograph "Nutrition of Pregnant and Lactating Women.
Breastfeeding" [15-17].

Investigation of the risk factors for development of osteoporosis
in children with chronic liver diseases, including concomitant
pathologies, drug therapy associated with the development
of osteoporosis, decreased physical activity, and insufficient
intake of calcium and vitamin D with food [18].

Investigation of the allergens that cause food allergies
in children and adolescents. There were suggested methods
of step-by-step diet therapy that promote the formation
of oral tolerance, and developed formulations of alternative
food products for patients with food allergies that enable
diet therapy personalization and malnutrition prevention;
The research efforts also studied the biomarkers of immune
inflaomation that predict the development of severe clinical
manifestations of food allergy [19-21].

The analysis of single nucleotide polymorphisms that
enabled molecular-level examination of the role played
by nutrition in maintaining health or developing various diseases;
together with clinical, molecular biological and epidemiological
studies, it is important to the matter of nutrition optimization.
The use of nutrigenomics methods allowed understanding
the significance of interaction of genes and food components
in the etiology and pathogenesis of obesity, which is a significant
risk factor for cardiovascular diseases, type 2 diabetes,
etc. Differences in the frequency of occurrence of gene
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polymorphisms associated with obesity have been established
for the regions of the Russian Federation. Studies have
shown the role of the said polymorphisms in the development
of nutritional deficiencies, including those associated with
insufficient amounts of vitamins (in particular, vitamin D). There
were established the diagnostically valuable features of gene
polymorphism in obese patients, including those with type 2
diabetes; low vitamin D availability, anxiety and depression
have been discovered in patients with obesity and degenerative
spinal diseases [1, 22].

Study of the nutritional risk factors for non-alcoholic fatty
liver disease, with description of the characteristic nutritional
patterns that increase the risk of the disease, and design
of innovative specialized food products to correct the said
patterns that enable effective treatment and prevention
of non-alcohoalic fatty liver disease and its complications [23].

The results of 10 years of research on chemical composition
of Russian-made food products conducted by the Federal
Research Center for Nutrition, Biotechnology and Food
Safety are summarized in the 4™ edition of the "Chemical
Composition of Russian Food Products" reference book.
The book was developed and prepared for publication as part
of the implementation of the "Public Heath Reinforcement"
federal project of the Demography national project, with
the participation of the Federal Service for the Oversight
of Consumer Protection and Welfare (Rospotrebnadzor).
Industry research institutes and unions of manufacturers
of various food products also took part in the work on the reference
book. For the first time, a printed publication provides data
on the composition of specialized food products present
on the Russian consumer market; the new edition also contains
significantly reviewed and updated data on the composition
of bread, fish and fish products, dairy products, fruits
and vegetables [24].

The "Strategy for Improving the Quality and Safety of Food
Products in the Russian Federation until 2030", approved
by Decree of the Government of the Russian Federation
of 29.06.2016 No. 1364-r (hereinafter referred to as the Strategy),
along with the action plan for its implementation approved
by Decree of the Government of the Russian Federation
of 19.04.2017 No. 738-r, promote healthy dietary patterns
in different Russian population cohorts. The strategy is focused
on providing adequate nutrition, preventing diseases, increasing
the duration and improving the quality of life, stimulating
the development of production and sales of food products
of proper quality on the market.

There were developed and implemented methodological
recommendations MR 2.3.0122-18 "Color Coding Food
Labels for Consumer Information"; they contain unified
approaches to colors used on food labels depending on the content
of critically important substances in it, including added sugar,
salt, saturated fatty acids, and transisomers of fatty acids
(measured against the recommended daily intake), which
allows raising the consumers' awareness and enables them
to make an informed and correct choice of foods for a healthy
diet [25].

One of the most important tasks of the state policy
is to saturate the consumer market with high-quality food
products to ensure proper nutrition of the population, prevent
diseases, and stimulate the development of production.

In order to optimize the provision of micronutrients
to the Russian population and prevent vitamin deficiency,
it is advisable to legislate fortification with vitamin D and B
vitamins of mass-consumption foods such as bread and milk.
Fortification of the diet is a strategy that is safe and effective

in prevention or minimization of micronutrient deficiencies.
There have been developed several approaches to this practice
[26, 27].

Biofortification involves increasing the micronutrient
value of food products through plant or animal breeding, use
of genetic engineering, agronomic techniques relying on fertilizers
or protective agents, and the enrichment of farm animal feed
with micronutrients. Under this approach, the micronutrient,
entering the animal's body, goes through biotransformation,
and is ultimately consumed by humans in its natural form,
which negates the arguments of opponents of the use
of synthetic vitamins.

In high-income countries, along with application of this
approach, the food has been artificially fortified for more than
100 years now: essential micronutrients (vitamins and mineral salts)
are added thereto during production. Large-scale fortification
means the mandatory or voluntary addition of micronutrients
that are scarce in the usual diet of a given population, with
the target foods being those most commonly consumed.
The purpose of large-scale fortification is to reduce the frequency
and severity of micronutrient deficiency and correct
micronutrient-related disorders in the general population.
The effectiveness of mandatory food fortification depends
on the initial saturation of the population with micronutrients,
the incidence of deficiency-related conditions, the correct
choice of the product to be fortified, which depends on its share
in the diet structure, habits of the population and its availability
thereto, effectiveness of quality control, degree of fortification,
and regular monitoring and evaluation of consumption
of the fortified products.

There is scientific and practical evidence that the use
of fortified mass-produced foods increases the amount
of micronutrients consumed (their blood serum content grows),
and reduces the incidence of anemia, goiter, and the likelihood
of neural tube defects. According to the "Fundamentals
of Russia's State Policy in the Field of Healthy Nutrition,"
the proportion of foods fortified with vitamins and minerals
should be 50% of the total output of bread, but until recently,
the share of bakery products high in vitamins and minerals was
insignificant. Expanding the range and increasing the produced
volume of fortified foods will improve micronutrient consumption
in the country, provided the consumers make informed choices
of micronutrient-rich products.

Increasing the market share of foods with preventive
properties, which have a special chemical composition, will help
to solve the micronutrient deficiency problem, reduce calorie
counts, and improve the nutritional density of the diet both
in organized groups and in individual consumption. In recent
years, the range of such products has grown significantly,
but they are often designed without regard to the preventive goals
and lacking the necessary medical and biological justification
of the composition and declared properties. The range
of vitamin-like and minor food components with antioxidant
properties used in the formulation is expanding. There are foods
with processed fruit and berry materials (pomace, black
currant berries, etc.) that combine the properties of two types
of substances, dietary fiber and antioxidants, as functional
components [28].

[t is necessary to implement measures amed at explaining
to the population the importance of micronutrients
and consumption of vitamin-mineral supplements and fortified
foods. There is an obvious need for a state-level integrated
approach to the design of fortified mass-consumption
and specialized products. It is important to develop a system
of recommendations for the food industry that defines
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the priorities in the field of forming healthy diets and providing
the population with all essential nutrients, with an emphasis
on micronutrients.

In this area, a serious problem is the virtually lacking
domestic production of food ingredients and substances
(protein isolates and concentrates, amino acids, vitamins, food
additives, enzyme preparations, biologically active substances,
starter cultures, and probiotic microorganisms). The nation
still depends on imports of vitamin-mineral polyunsaturated
fatty acids, premixes, long-chain nucleotides, and prebiotics
(oligosaccharides). One of the solutions to the problem
of import substitution in this sector of the food industry
is the restoration of the domestic biotechnological industry [25].

We believe that implementation of "Health for Everyone"
federal project would benefit from measures seeking to develop
and deploy high-end technologies for personalized, therapeutic,
and functional nutrition designed for health preservation, which
would be directly related to the creation of innovative food
products and their mass production.

In 2021, devised by the Presidium of the Russian
Academy of Sciences and the Federal Research Center
for Nutrition, Biotechnology and Food Safety, there was launched
the "Health Preservation, Nutrition, Demography" consortium,
which is an effective tool creating conditions needed to fully
commercialize and mass-produce the newly developed foods
for personalized and functional nutrition. It is a comprehensive,
full-cycle R&D project that includes activities from fundamental
and exploratory research in the field of specialized food
products for all groups of the Russian population to large-
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CONCLUSION
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ASSESSING TOXICITY AND HAZARD OF AGIDOL-1, THE VITAMIN E SYNTHETIC ANALOGUE
Golubeva MI', Sheina NI?= Bidevkina MV?, Bobrineva IA', Fedorova EA'
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Agidol-1 belongs to non-enzymatic antioxidants and represents a synthetic vitamin E analogue, it is widely used in chemical and food industries, livestock
production, cosmetology, perfumery and pharmaceutical production. The increase in its production is a prerequisite for creating optimal working conditions
for employees and developing the currently not existing hygienic standard of the tentative safe exposure level (OBUV) in workplace air. The study aimed to develop
and substantiate agidol-1 OBUV in workplace air through experimental study of toxicity and hazard. We studied toxicity, irritant, skin-resorptive effects and hazard
of agidol-1 concentrations of 24.7 and 67.8 mg/m? after a single inhalation. Integrated indicators and functional indicators of some organs and systems were
assessed in rats after inhalation. It has been shown that based on toxicometry data (DL, ) after a single intragastric injection to mice agidol-1 is a moderately
dangerous substance (hazard class 3), while when administered to rats it is a slightly dangerous substance (hazard class 4). The substance has no irritant effect
on the rabbit ocular mucosa and skin, it does not possess skin-resorptive or cumulative activity. Inhalation of agidol-1 concentrations of 24.7 and 67.8 mg/m?® has
no toxic effect on the nervous, carviovascular, and respiratory systems, it does not alter peripheral blood composition and biochemical parameters of blood serum
and urine. The lack of agidol-1 harmful effects in the study, availability of MPC levels in ambient air for the Agidol brand substances with the chemical composition
similar to that of agidol-1 and hygienic standards for agidol-1 in different countries have made it possible to substantiate OBUV for production facilities of 10 mg/m?®,
aerosol, hazard class 4.
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N3YYHEHUE TOKCUYHOCTWN 1 ONMACHOCTUN ArngoJiA-1 — CUHTETUYECKOIO AHAJTIOTA BUTAMUHA E
M. W. Tony6esa', H. M. LWenHa?®= M. B. bupgeskura®, . A. BobpuHesa', 3. A. ®epoposa’

" Bcecoto3Hbli Hay4HbIN LieHTP Mo 6e30MmacHOCTV B1onornyeckn akTneHbIX BellecTs, CTapas KynasHa, MockoBckas obnacTb, Poccus
2 Poccuincknin HaumoHasbHbI MCCNefoBaTenbCKUn MEAMUMHCKIUIA yHMBEpCUTET MmeHn H. . Muporosa, Mocksa, Poccus
3 VHCTUTYT AesunHbekTonornm ®enepanbHoro HayqHoro LeHTpa rureqbl nveHn ®. @. Spricmana PocnotpebHaasopa, Mockea, Poccus

Arnzon-1 oTHOCUTCH K He(EPMEHTHBIM aHTUOKCUAAHTAM U SBASIETCS CUHTETUYECKMM aHanorom ButaMmnHa E, OH LUIMPOKO MCMONb3yeTcs B XUMUYECKOW
1 MALLIEBOI MPOMBbILLIIEHHOCTW, XKUBOTHOBOACTBE, KOCMETOSIONMN, NapttoMEpHOM MPOMBILLNIEHHOCTI U (hapMaueBTVKe. YBenmyeHne o6bemoB ero NpovsBoAcTea
SABNSETCS NPEANOChIIKON ANs CO3AaHVs ONTUMaTbHBIX YCIOBUIA TPpyAa PaboTHUKOB M paspaboTky OTCYTCTBYIOLLErO B HACTOSILLEE BPEMSI MUMMEHNYECKOMO
HopMaTVBa — OPUEHTUPOBOYHBIN 6e30onacHbii ypoBeHb BosaencTeust (OBYB) B Bo3ayxe pabo4dert 30Hbl. Lienbto paboTsl Obi1o paspaboTats 1 060CcHOBaTbL
OBYB arnpona-1 B Bo3ayxe paboyeit 30Hb! MOCPEACTBOM SKCMEPUMEHTASIBHOO N3YHeHVIst TOKCUYHOCTU 1 OMaCHOCTU. /13y4eHbl TOKCUYHOCTb, pasaparkatoLLee,
KOXXHO-PE30POTUBHOE AEVCTBYE 1 OMACHOCTb araona-1 B KOHUeHTpauusx 24,7 n 67,8 Mr/M® nocne ofgHOKPATHON MHransumn. Mocne MHransaummn y Kpbic
OLIEHMBAIIN UHTEr PasIbHbIE MOKA3ATeNM 1 (PYHKLYIOHAIbHbIE NOKA3aTen OTAESbHLIX OPraHOB ¥ CUCTEM. YCTAHOBIEHO, HTO MO NoKasaTesisiM TokcukomeTpum (DL )
MY OOHOKPATHOM BHYTPVKESYAOYHOM BBEASHN MbliLLiaM arnaon-1 OTHOCUTCS K YMEPEHHO OMacHbIM BELLIECTBAM (3-11 KacC OMacHOCTH), a Mpuv BBEAEHN Kpbicam —
K MaJi00MnacHbIM BelLiecTBaM (4-11 Knacc onacHoCTY). BellecTBo He OkadblBaeT pasapaxatoLlero apdekTa Ha CM3NCTYIO0 06004KY rasa 1 KOXyY KPovka,
He 0bnafaeT KOXXHO-Pe30POTUBHBIM AENCTBMEM N KYMYISTVBHON aKTUBHOCTLIO. VIHransauvst arvgona-1 B KOHUEHTpauuvsix 24,7 Mr/m® 1 67,8 Mr/M® He okasbiBaeT
TOKCUYECKOro OEMCTBUSI HA HEPBHYO, CEpAEYHO-COCYONCTYIO N AbIXaTeNlbHyl0 CUCTEMbI, HE U3MEHSIET COCTaB MepudepuHeckort KPOBU 1 BUOXUMUYECKIE
napameTpbl CbIBOPOTKM KPOBY 1 Mo4n. OTCYTCTBUE BPeaHbIX 3PdeKToB arvaona-1 B NpoBeaeHHOM 1ccnefosaHuy, Hanuuve MAOK B aTMochepHOM Bo3ayxe
L5 BELLLECTB Mapku «Aruaos», 61IM3KMX Mo XMMUHECKOMY CTPOEHMIO K arnziony-1, a Takxe rmrmeHn4ecknx HopMaTneoB arnaona-1 B pasHbix CTpaHax Nno3sonmnm
obocHoBaTb OBYB Ans NnponsBoACTBEHHbIX MoMeLLeHMiA 10 Mr/M3, aspo30osib, 4-11 Knacc onacHOCTU.

KntoueBble cnosa: arvaon-1, TOKCUYHOCTb, ONACHOCTb, MIMMEHNYECKOEe HOPMUPOBaHVE
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Synthetic non-enzymatic antioxidants are widely used in almost
all areas of human life and activity, and the importance of those
is constantly growing. Their effects aim to inhibit oxidative
activity of free radicals and other substances, since oxidative
processes can impair the properties of polymeric materials,
oils used in industry, reduce the quality of food products, etc.
[1-3]. Antioxidants play an important role in comprehensive
approaches to disease treatment and prevention allowing one
to adjust the diet and prevent a number of disease processes
in the body [4].

Antioxidants are extensively used as food additives to improve
stability of food products. These ensure extended shelf life
of food products, preservation of nutritional value, natural
color and flavor. Antioxidants are contained in pharmaceutical
and cosmetic preparations, these are used in livestock production
when producing animal feed and to increase productivity [5-9].

In addition to natural antioxidants, an example of which
is vitamin E in foods, there are antioxidants obtained through
organic synthesis, i. e. synthetic ones, such as propyl gallate
(PG, E310), tert-butylhydroquinone (TBHQ, E319), butylated
hydroxyanisole (BHA, E320), and butylated hydroxytoluene
(BHT, E321). The latter, BHT or agidol-1 represents one of widely
demanded synthetic antioxidants.

It is used to produce petroleum products, synthetic
rubbers, plastics, elastomers, oils, waxes, soap, paints, and ink
[1, 2]. Agidol-1 is a synthetic vitamin E analogue registered
and licensed for cosmetics and packaging materials, food
products and animal feed. Thus, in cosmetology, it is used
as an additive when producting suppositories, creams, gels,
and skin care products [10-12]. Manufacture of cosmetics,
perfumes and pharmaceuticals, food products (food additive
E321) require the use of agidol-1 having a Vulkanox BHT GMP
Grade specification, which ensures microbiological purity
of the product and the quality compliant with the HACCP
(Hazard Analysis and Critical Control Points), GMP standards.

Agidol-1 as a food additive E321 is widely used to produce
various confectionery, dairy products, soft drinks, alcoholic
beverages, etc. The E321 food additive content standards
have been established for food products, which are 100-200 mg/kg
of the final product, and permissible daily intake of E321 with
food products of 0.125-0.3 mg/kg/day [13-15].

Taking into account the widespread use of agidol-1 as a synthetic
antioxidant and the increase in its production, it is necessary
to develop a hygienic standard (tentative safe exposure level,
OBUV) in workplace air, which is currently unavailable. In turn,
OBUV substantiation is an essential requirement for creating
optimal working conditions for workers in chemical, food
and chemical-pharmaceutical industries.

The study aimed to perform experimental assessment
of agidol-1 toxicity and hazard in order to estimate its workplace
safety.

METHODS

Butylated hydroxytoluene (Butylhydroxytoluenum, BHT),
the aromatic hydrocarbon, phenol derivative (C,H,,0),
was the study object. Its chemical names are as follows:
2,6-bis(1,1-dimethylethyl)-4-methylphenol; 2,6-Di-tert-butyl-
4-methylphenol; 2,6- Di-tert-butyl-4-hydroxytoluene; 2,6- Di-
tert-butyl-p-cresol. Synonims: Dibunol, lonol. CAS: 128-37-0,
molecular weight 220.35 g/mol. Tradenames: agidol-1 crystal
mark A; food additive E321. This is a white crystalline substance,
odorless or with a characteristic faint odor. T_ = 69-73 °C.
It is almost insoluble in water, soluble in 96% alcohol, acetone,
organic solvents, esters, fats [16-19].
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Determination of the dispersion of agidol-1 dust particles has
shown that the sample of the test substance is homogeneous,
it consists mainly of large particles (1000 um and more),
the presence of a small number of medium size particles (about
20-100 pm) has been reported; the ratio of the first and the latter
is 9 : 1. The mixture of substance particles after mechanical
grinding was used for inhalation: particles sized 50-200 pm
(70%), 10-50 pum (20%), and less than 10 um (10%).

Experimental studies of toxicometry parameters and prediction
of safe industrial exposure levels were conducted in accordance
with the current legislation [20-23]. The experiments involved
laboratory animals: outbred white mice and white rats, albino
guinea pigs, chinchilla rabbits (Andreevka branch of the Scientific
Center for Biomedical Technologies of FMBA of Russia).
The animals quarantined for 10 days were kept under standard
vivarium conditions with ad libitum access to water and food.

The agidol-1 toxicometry parameters (DL ) were determined
when performing intragastric administration of the substance
to both male and female mice (24 males, 18 females) and male
rats (18 animals), as well as when performing intraperitoneal
administration to male mice (24 animals). The DL, determination
groups consisted of 6 animals each. The average lethal doses
were calculated by probit analysis modified by V.B. Prozorovsky.

The irritant effect was assessed through a single injection
of 50 mg of the substance into the conjunctival sac of the rabbit
eye (8 animals), while the skin irritant effect was assessed through
a single or repeated application of 500 mg of the substance
in the form of suspension in starch gel (1 : 1) to the depilated
skin of the rabbit back (8 animals) for 4 h. The skin-resorptive
activity of the substance was assessed in male mice by dipping
2/3 of the tail length in the test substance suspension in starch
gel, i.e. by the test-tube method. Tails of the control mice
were dipped in the starch gel. The control and experimental
groups consisted of 6 animals each. The 2-h applications were
made daily throughout 4 weeks (5 days a week). The agidol-1
cumulative activity was assessed in male mice with intragastric
administration of the increasing doses of the test substance
in starch gel throughout 24 days by the method by Lim et al.
[24]. Initial dose was 150 mg/kg (0.1 DL,). The control animals
were subjected to intragastric administration of starch gel.
Experimental groups consisted of 10 animals each.

Taking into account low melting point (69-73 °C) of the studied
agidol-1, we studied inhalation hazard of the substance under
conditions of static inhalation. Single inhalations of outbred
male rats were performed in the specialized sealed 200 L
chambers for 4 h. Each group consisted of 8 animals. To record
manifestations of poisoning in rats, integral parameters (body
weight, body temperature), indicators of functional state
of certain organs and systems (nervous, cardiovascular
and respiratory systems), peripheral blood composition, liver
and kidney function were estimated.

To assess the nervous system functional state, the summation
threshold index (STI) estimation by the method by S.V. Speransky
was used [22], along with the complex of behavioral responses
in the open field test and the test in the dark chamber with holes
[23]. Respiratory rate (RR), heart rate (HR) were recorded; blood
pressure (BP) was measured, and rectal body temperature was
determined. The BC-2800 Vet hematology analyzer (Mindray;
China) was used to record red blood cell, white blood cell,
and platelet counts, hematocrit and the white blood cell
differential components: relative lymphocyte, neutrophil, eosinophil,
monocyte, and basophil counts.

To assess functional state of the liver in experimental
animals, serum glucose, total protein, albumin, and cholesterol
levels were determined, as well as enzyme activity (alanine



Table 1. Agidol-1 acute toxicity parameter, intragastric and intraperitoneal administration
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Bug, non >XnBOTHbIX Administration route DL, mg/kg DL,,, mg/kg DL,,, mg/kg
Male mice intragastric 715 1550 2400
Female mice intragastric 1550 2290 3020
Male rats intragastric - > 5000 -
Male mice intraperitoneal 200 480 757

aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (AP)). Functional state of kidneys was
assessed based on the 17 h urine output following the 4%
water load, as well as based on the urinary protein and chloride
levels; urinary pH and the levels of urea and electrolytes
(Na, K, and Ca) in blood serum and urine were determined.
Electrolyte concentration was determined using the PFM flame
photometer (ZOMZ; USSR). Urinary pH was determined using
the Kelilong automated pH meter (Kelilong; China) for small
amounts of urine.

Statistical processing of the results was performed using
the StatTech software package (StatTech; Russia) in order
to determine significant differences in the reported responses
of experimental and control animals under exposure to the drug
using Student’s t-test in accordance with the 95% (p > 0.05)
confidence level taking into account the number of animals
used in each experiment.

RESULTS

Determination of acute toxicity parameters after intragastric
administration revealed species differences in susceptibility
of rats and mice to agidol-1. DL, for rats exceeded 5000 mg/kg
(hazard class 4, slightly dangerous substances, GOST
12.1.007-76), in male mice it was 1550 mg/kg, and in female
mice it was 2290 mg/kg (hazard class 3, moderately dangerous
substances, GOST 12.1.007-76) (Table 1). Death of mice
was reported on days 5-8 after intragastric administration
of the substance. There were no clinical manifestations of poisoning,
only weight loss (up to 10-15%) was reported. In case
of intraperitoneal administration to male mice, DL, is 480 mg/kg
(according to classification by K.K. Sidorov, the substance
belongs to class 4 of slightly toxic substances) [25] (Table 1).

Agidol-1 had no irritant effect on the eye mucosa and the skin
(after the single and repeated application). No signs
of the skin-resorptive or cumulative activity was reported,
a single exposure to the agidol-1 saturated vapor caused no
changes in the overall state, animals’ behavior, and body’s
functional indicators (RR, STI, body temperature).

To determine the minimal effective concentrations (Lim_ ),
two concentrations of the agidol-1 aerosol were tested:
24.7 + 5.6 mg/m® and the maximum achievable concentration
of 67.8 = 12.5 mg/m?®. No deaths of laboratory animals were
reported during the experiments. There were no differences
in appearance and overall state between the experimental
and control rats. No effects of the substance on the rectal body
temperature and the studied physiological indicators (RR, STI,
BP, HR) or behavioral responses were reported.

Biochemical testing of the animals’ blood serum components
revealed no increase in hepatic enzyme activity, as well
as in the levels of protein, albumin, cholesterol, glucose,
metabolism and synthesis of which involve the liver (Table 2).
There was also no renal function impairment when inhaling
agidol-1 in both concentrations: no significant differences
in urine biochemistry parameters between experimental groups
and the controls were reported (Table 3).

There were no differences in peripheral blood hemoglobin
levels, red blood cell counts, hematocrit, platelet and white
blood cell counts between experimental groups of rats
and the controls (Table 4). The experimental rats’ leucogram
shows no differences from controls.

Thus, inhalation of agidol-1 concentrations of 24.7 mg/m?
and 67.8 mg/m? (maximum achievable) had no harmful effect
on the animals’ overall state, functional state of the nervous,
cardiovascular, and respiratory systems, as well as on peripheral
blood composition and biochemistry parameters of blood
serum and urea. No acute inhalation effect threshold was
determined during the experiment, therefore the acute effect
threshold Lim__ of agidol-1 > 67.8 mg/m?q.

DISCUSSION

Agidol-1 being a representative of synthetic non-enzymatic
antioxidants is widely used in various various industries,
including chemical, pharmaceutical, food, medicine, and livestock
production [15-17]. In this regard, a goal was set for the study
to develop the agidol-1 safe exposure level in workplace air
for industries involving synthesis and its use. Based on the mechanism

Table 2. Blood serum biochemistry parameters in male rats following a single agidol-1 inhalation, M + m (n = 8)

Indicators Units Control Concentration, mg/m*

247 +5.6 67.8 £12.5
Glucose mM/L 5.11+0.12 5.08 +0.13 4.89 +0.11
Cholesterol mM/h-L 2.23+0.07 2.21+0.06 2.18 £ 0.09
Urea mM/L 8.48 +0.13 8.35+0.16 8.21+0.18
Total proteins g/L 63.35+1.13 63.03 + 0.83 62.77 + 1.03
Albumins g/L 33.28 +0.73 33.09 + 0.55 32.85+0.93
ALT mM/h-L 1.08 + 0.03 1.11 £ 0.04 1.07 £ 0.02
ASP mM/h-L 3.62 + 0.05 3.68 + 0.08 3.71 +0.09
AP mM/h-L 7.14+£0.16 7.26 +0.12 7.37 +0.14
Sodium mM/L 128.3 £ 0.75 128.2 + 1.06 128.6 + 0.93
Potassium mM/L 6.59 + 0.12 6.55 + 0.09 6.43 + 0.11
Calcium mM/L 2.03 + 0.02 2.04 +0.01 2.02 + 0.03
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Table 3. Urine biochemistry parameters in male rats following a single agidol-1 aerosol inhalation, M + m (n = 8)

Concentration, mg/m?
Indicators Units Control

247 +5.6 67.8+12.5
Urinary output mL 5.42 + 0.67 5.63 + 0.46 6.01 + 0.58
Urinary pH u 7.02 +0.11 6.83 £ 0.13 6.92 +0.17
Protein mg/L 31283 +1.74 32.48 + 1.53 32.85 +2.18
Chlorides mM/L 4512 + 2.15 47.03 + 1.68 50.05 + 2.17
Urea mM/L 473.5 +17.38 468.8 + 14.21 482.9 + 18.25
Urea clearance mL/min 0.30 + 0.03 0.32 + 0.02 0.35+0.03
Sodium mM/L 45.08 + 1.56 46.13 £ 1.72 48.52 + 1.51
Potassium mM/L 32.23 + 1.67 32.82 +1.26 34.69 + 1.53
Calcium mM/L 0.38 + 0.03 0.39 + 0.02 0.41 +0.03

of action agidol-1 is like natural vitamin E, it is also a hydrogen
atom donor and converts peroxide radicals into hydroperoxides,
and the agidol-1 molecule deactivates two peroxide
radical molecules. Being a synthetic analogue of vitamin E,
it nevertheless effectively suppresses autocatalytic processes
of radical oxidation of various materials and products.

Agidol-1 is easily absorbed through the gastrointestinal
tract. After the long-term consumption of foods containing
the antioxidant it accumulates in the adipose tissue and the liver
with the half-life of 7-10 days. Agidol-1 is excreted mainly
in urine and to a lesser extent in feces [13]. The study
of the dispersion of the agidol-1 sample presented has shown
that it is almost homogenous based on the particle size
and is represented mainly by very large particles (@about 1000 pm
and more). The ratio of large and medium particles is 9 : 1,
which can indicate the lack of the ability to penetrate into
the lower respiratory tract and elimination of agidol-1 in the upper
respiratory tract. The substance is almost insoluble in water,
which also makes it difficult for it to enter the lung tissue.
The findings on dispersion suggest the lack of negative agidol-1
aerosol effects when inhaled.

Experimental data on toxicometry and the substance
hazard assessment confirm the above. It has been shown
that based on the acute toxicity (DL,,) reported following
intragastric administration to mice and rats agidol-1 belongs
to moderately dangerous and slightly dangerous substances
(hazard classes 3 and 4, GOST 12.1.007-76) respectively,
which is fully in line with the literature data [18, 26-28]. Agidol-1
had no irritant effect on the rabbit skin and eye mucosa,
the experiment revealed no skin-resorptive or cumulative
activity.

According to the literature data, agidol-1 and agidol-0
(2,6-di-tert-butylphenol, the basic raw material for obtaining
agidol-1 and other effective phenolic antioxidants) do not
possess skin-resorptive or cumulative activity. The available
literature data on the irritant effects of agidol-1 are slightly
different. Most of authors note a weak irritant effect on the rabbit
eye mucosa and skin [13, 16, 28, 29], however, a number

of researchers report the lack of such effect [26, 30]. A single
exposure to agidol-1 saturated vapor causes no changes
in behavior or functional indicators of the animal’s body (RR,
STI, body temperature).

The literature data analysis shows that the prolonged
or repeated use of high-dose BHT (agidol-1) can affect
the function and structure of the lung, liver, kidney, result
in hyperfunction of the thyroid gland, adrenal glands,
cause alteration of peripheral blood composition (red
blood cell counts), blood serum composition, as well as lead
to weight. The authors believe that liver is the main target organ
for agidol-1 due to its lipophilicity. In cases of chronic oral
exposure to the BHT doses exceeding 25 mg/kg of body
weight/days, liver enlargement and induction of a number
of liver enzymes were observed [31]. In this regard, when
performing inhalations we relied on biochemical indicators
of the liver and kidney functional state, not avoiding assessment
of other body’s vital organs and systems.

The tests have shown that the dynamic inhalation exposure
to the agidol-1 aerosol concentrations of 24.7 mg/m?®
and 67.8 mg/m® (maximum achievable concentration) for 4 h
had no general toxic effect: no deviations in the state of the nenvous,
cardiovascular and respiratory systems, as well as changes
in the function of the liver, kidneys and the composition
of the rat peripheral blood were noted.

Multiple experimental and clinical data unequivocally
confirm that agidol-1 has no sensitizing effect. The substance
is not classified as a mutagen or carcinogen. Agidol-1 shows
no selective effect on the reproductive system, since minimal
embryotoxic activity (decreased fetal weight) was reported
in chronic experiments involving exposure to the doses toxic
for maternal body [13, 16, 18, 26, 28, 30, 31].

When substantiating the agidol-1 OBUV, if no acute
inhalation effect threshold is established even for maximum
achievable concentration, it is necessary to refer to the standardized
analogues of the substance or to the approved standards
for the substance in atmospheric air of urban and rural
settlements. In domestic literature, there are data on toxicity

Table 4. Peripheral blood indicators of rats following a single agidol-1 aerosol inhalation, M + m (n = 8)

Concentration, mg/m?
Indicators Units Control

24.7+5.6 67.8 £12.5
Hemoglobin g/L 1448 +5.9 139.6 + 4.5 138.1+4.4
Red blood cells 10"%/L 79+03 7.5+0.9 74 +0.6
Hematocrit U 445 +1.2 432 +1.3 424 +1.5
Platelets 10%L 765.2 + 35.4 740.5 +25.9 738.9 + 23.7
White blood cells 10%L 7.7+04 75+05 7.6+0.8
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and hazard of three alkylphenol antioxidants of the Agidol
brand (agidol-0, agidol-1, agidol-10), comparative toxicological
characteristics of these are also reported. These studies
have vyielded estimates of safety of these substances
and recommended safe exposure levels in atmospheric air
of populated areas [30]. The evidence-based MPC for three
compounds of the Agidol brand (MPC, daily average — 0.6 mg/m?,
MPC, maximum single — 2.0 mg/m?, hazard class 4) were
approved by the Chief State Sanitary Physician of the Russian
Federation [32]. At the same time in different countries (USA,
Germany, UK, Denmark) the maximum permissible levels
of occupational exposure (TLV, ACGIH, PEL — NIOSH,
MAK — Europe) have been established for BHT (butylated
hydroxytoluene). These are within the concentration range
between 2 mg/m® and 10 mg/m?, however, the hygienic
standard of 10 mg/m? is valid in most countries [28].

References

1. Drugs.com. Antioxidant. Medical Dictionary [Internet]. 2000-2025
[cited 2015 Oct 16]. Archived from the original 6.09.2015.

2. Novakov IA, Soloveva JuD, Novopolceva OM, Kuchin AV,
Chukicheva [Ju. Fenol'nye antioksidanty: napravlenija i perspektivy
prakticheskogo ispol'zovanija. Himicheskaja promyshlennost'
segodnja. 2012; (12): 25-33 (in Rus.).

3. Samohvalova TV, Vdovina SV. Vlijanie antiokislitel'noj prisadki
Agidol-1 na termookislitel'nuju stabil'nost' reaktivnogo topliva
marki TS-1. V sbornike: Materialy Mezhdunarodnoj (zaochnoj)
nauchno-prakticheskoj konferencii "Nauka XX| veka: aktual'nye
voprosy, innovacii i vektory razvitija". Pod obshhej redakciej A. .
Vostrecova. Neftekamsk: Nauchno-izdatel'skij centr "Mir nauki",
2020; 44-8 (in Rus.).

4. Ludan VV, Polskaja LV. Rol" antioksidantov v zhiznedejatel'nosti
organizma. Tavricheskij mediko-biologicheskij vestnik. 2019; 3
(22): 86-92 (in Rus.).

5. Iverson F. Phenolic antioxidants: Health Protection Branch studies
on butylated hydroxyanisole. Cancer Lett. 1995; 93 (1): 49-54.
DOI: 10.1016/0304-3835(95)03787-W.

6. Ahmadova LB, Mustafayeva VS. Effect of food additives on
human health. German International Journal of Modern Science.
2023; (48): 4-5.

7. Semenova AA, Tunieva EK, Vostrikova NL, Nasonova W, Veretov LA.
Pishhevye dobavki v mjasnoj promyshlennosti. Pishhevye ingredienty
v produktah pitanija: ot nauki k tehnologijam. M., 2021; 499-531
(in Rus.).

8.  lkrami MB, Turaeva GN, Sharipova MB. Antioksidanty v pishhevoj
promyshlennosti. Vestnik tehnologicheskogo universiteta Tadzhikistana.
2020; 40 (1): 17-27 (in Rus.).

9. Rascvetaev IE. Vlijanie raznyh antioksidantov na sistemu
antioksidantnoj zashhity organizma norok i ih produktivnost'.
Krolikovodstvo i zverovodstvo. 2011; (3): 17-8 (in Rus.).

10. Sharova AJu, Krjuchkova NA. Krem dlja lica. Patent RU2753515CH.
17.08.2021.

11.  Babij SV, Bahij AV, Cherpak AM, Cherpak OM. Maz' protivovospalitel'naja.
Patent RU2493837C1. 27.09.2013.

12. Borc MS, Nikolaeva EG, Maslennikova NA, Kulevskaja VL. Aktivnaja
kosmeticheskaja dobavka. Patent RU2677661C1. 18.01.2019.

13. 2,6-di-tert-butyl-p-cresol (BHT). SIDS Initial Assessment Report
For SIAM 14. Paris, France, 26-28 March 2002. OECD SIDS.
Available from: https://hpvchemicals.oecd.org/Ul/handler.
axd?id=6d30349e-efof-496c-a2af-6d497d4f1cca.

14. Vkusologia.ru. Pishhevaja dobavka E 321: antioksidant dlja
raketnogo topliva [Internet]. August 2016 [cited 2022 June 29].
Available from: https://vkusologia.ru/dobavki/antioxidanty/e321.html.

15. Bakshaeva M. Sinteticheskie antioksidanty [Internet]. Institut
radiobiologii NAN Belarusi. May 2017 [cited 2022 Jul 16]. (In
Rus.). Available from: https://www.irb.basnet.by/ru/sinteticheskie-
antioksidanty/.

CONCLUSIONS

The testing conducted has shown that agidol-1 belongs
to slightly toxic and slightly dangerous substances and shows
no irritant effect in cases of single injection in the eye or repeated
application to the skin. Based on the lack of general toxic effects
of the agidol-1 inhalation in the study conducted, considering
the established MPC for three Agidol brand compounds
in atmospheric air and hygienic standards of occupational
exposure for agidol-1 in different countries, the tentative safe
exposure level (OBUV) in workplace air of 10 mg/m3, aerosol,
hazard class 4 has been proposed. The recommended value
has been considered and approved by the Chief State Sanitary
Physician of the Russian Federation. Agidol-1 in workplace air
is controlled by spectrophotometry within the concentration
range of 5.0-40.0 mg/m? at the wavelength of 278 nm.

16. Pasport bezopasnosti RPB Ne 057426862046989 ot 27 ijunja
2017 g. Agidol-1 kristallicheskij marka A. Predstavleno AO
"Nizhfarm".

17. Butylated Hydroxytoluene [Internet]. March 2005 [cited 2024
Jul 15]. Available from: https://chem.nlm.nih.gov/chemidplus/
rn/128-37-0.

18. Butylhydroxytoluene MSDS, E 321 Millipore Merck Life Science
LLC [Internet]. [cited 16.07.2024]. Available from: https://www.
merckmillipore.com/RU/ru/product/Butylhydroxytoluene, MDA _
CHEM-8170747ReferrerURL=https%3A%2F%2Fwww.google.com%2F.

19. Negwer M, Schamow H-G. Organic-Chemical Drugs and Their
Synonyms (An International Survey). 8th edition, WILEY-VCH
Verlag GmbH, (Federal Republic of Germany), Berlin, 2001; 2
(5799): 1172.

20. Metodicheskie ukazanijaMU 1.1.726-98. Gigienicheskoe normirovanie
lekarstvennyh sredstv v vozduhe rabochej zony, atmosfernom
vozduhe naselennyh mest i vode vodnyh ob#ektov. M.: Federal'nyj
centr gossanjepidnadzora Minzdrava Rossii, 1999; 70 p. (in Rus.).

21. MU Ne 2163-80. Metodicheskie ukazanija k postanovke
issledovanij dlja obosnovanija sanitarnyh standartov vrednyh
veshhestv v vozduhe rabochej zony. M., Gosstandart SSSR,
1980; 18 p. (in Rus.).

22. Speranskij SV. Opredelenie summacionno-porogovogo pokazatelja
(SPP) pri razlichnyh formah toksikologicheskogo jeksperimenta.
Metodicheskie rekomendacii. Novosibirsk, 1975; 6-14 (in Rus.).

23. MU Ne 2166-80. Metodicheskie rekomendacii po ispol'zovaniju
povedencheskih reakcij zhivotnyh v toksikologicheskih issledovanijah.
MZ SSSR, Kiev, 1980; 47 p. (in Rus.).

24. Lim RK, Rink KG, Glass HG, Soaje-Echague E. A method for the
evaluation of cumulation and tolerance by the determination of
acute subchronic median effective doses. Arch Intern Pharmac
Therapie. 1961; 3 (4): 336.

25. Sidorov KK. O Klassifikacii toksichnosti jadov pri parenteral'nyh
sposobah wedenija. Toksikologija novyh promyshlennyh himicheskih
veshhestv. M.: Medicina, 1973; vyp. 8: 47-51 (in Rus.).

26. Sciencelab.com. Butylated hydroxytoluene MSDS [Internet].
January 2010 [cited 2024 Jul 15]. Available from: http://download.
ceris.purdue.edu/file/3194.

27. Safety Data Sheet SRS Ersolan 680 SRS Schmierstoff Vertrieb
GmbH [Internet]. July 2015 [cited 2024 Jul 15]. Available from:
https://www.yumpu.com/de/document/view/48661678/msds-
srs-ersolan-680-srs-schmierstoff-vertrieb-gmbh.

28. 2,6-Di-tert-butyl-p-cresol (CAS No: 128-37-0). Health-based
Reassessment of Administrative Occupational Exposure Limits
Committee on Updating of Occupational Exposure Limits, a
committee of the Health Council of the Netherlands [Internet].
March 2004 [cited 2024 Jul 05]. Available from: https://www.
healthcouncil.nl/documents/advisory-reports/2004/03/30/2-6-
di-tert-butyl-p-cresol.

RUSSIAN BULLETIN OF HYGIENE | 1, 2025 | RBH.RSMU.PRESS



OPUTIMMHAJIbHOE NCCJTIEQOBAHVE

29.

30.

Acute Toxicologic Evaluation of Butylated hydroxytoluene 1976
(skin, eye); 1978 (oral). Department of Toxicology, BAYER AG,
D-42096 Wuppertal, Germany. J Am Coll Toxicol. 1996; 15:
Suppl. 1. Available from: https://journals.sagepub.com/doi/pdf/1
0.1177/10915818960150S144.

Valeev TK. Gigienicheskaja ocenka viijanija proizvodstva alkifenol'nyh
antioksidantov na sostojanie atmosfernogo vozduha naselennyh
mest [dissertacija]. M., 2011; 179 p. (in Rus.).

JNutepatypa

1.

10.
11.

12.

13.

14.

15.

16.
17.

18.

POCCUICKNIA BECTHUK TUIMAEHBI |1, 2025 | RBH.RSMU.PRESS

Drugs.com. Antioxidant. Medical Dictionary [VIHTepHeT].
2000-2025 rr. [paTta obpaweHma 16.10.2015]. ApxmBrpoBaHO
13 opuruHana 6.09.2015.

Hosakos M. A., Conosbesa KO. [., Hosononbuesa O. M.,
KyunH A. B., Yykndesa W. KO. ®eHONbHblE aHTUOKCUOAHTBI:
HanpaeneHns 1 NepCnekTVBbl MPaKTUHECKOrO NCMONb30BaHS.
Xmmyeckas NpoMbILLNEHHOCTb cerogHs. 2012; (12): 25-33.
Camoxsanosa T. B., BoosuHa C. B. BnvsiHue aHTUOKNCTENBHOM
npucagkn Armgon-1 Ha TEPMOOKUCINTENbHYIO CTabUNbHOCTb
peakTvBHOro Tormea Mapku TC-1. B cbopHuke: Matepuansl
MexxayHapoaHOW (3a04HOM) HayYHO-MPAKTUHECKON KOH(epeHLWN
«Hayka XXI Beka: akTyaibHble BOMPOChI, MHHOBALMW 1 BEKTOPbI
passutus» / nop obuwien pepakuven A. . BocTtpeuosa.
Hedrekamck: HayuHo-nsgatensckuii ueHTp «Mup Hayku», 2020;
44-8.

Nypan B. B., MNonbckasa J1. B. Ponb aHTMOKCMAaHTOB B
XKNBHEAEATENbHOCTU OpraHudmMa. TaBpu4ecKnin mMegmko-
Bronormndeckunii BeCTHuk. 2019; 3 (22): 86-92.

Iverson F. Phenolic antioxidants: Health Protection Branch studies
on butylated hydroxyanisole. Cancer Lett. 1995; 93 (1): 49—
54. DOI: 10.1016/0304-3835(95)03787-W.

Ahmadova LB, Mustafayeva VS. Effect of food additives on human
health. German International Journal of Modern Science. 2023; (48): 4-5.
CemenoBa A. A., Tynmesa E. K., Boctpukosa H. I,
Hacorosa B. B., Bepetos J1. A. lNuiieBble 4O6aBKN B MSACHON
NPOMBILIAEHHOCTN. [lnLLeBble VHIPEAneHTbl B MPOAyKTax
NUTaHKA: OT HayKK K TexHonoruam. M., 2021; 499-531.

Vikpamun M. B., Typaesa I. H., LLlapvnosa M. B. AHT1OKCHOAHTI
B MULLEBOV MPOMbILLNAEHHOCTU. BECTHUK TEXHOMOrMYECKOro
yHuBepcuTeTa Tapxkmkmctana. 2020; 40 (1): 17-27.

PacusetaeB M. E. BnusHue pasHbiX aHTUOKCWAAHTOB Ha
CUCTEMY aHTUOKCUOAHTHOW 3allnTbl OpraHM3Ma HOPOK U KX
NPOAYKTUBHOCTL. KpOonmMkoBOACTBO 1 3BepoBoacTBO. 2011; (3):
17-8.

Lllaposa A. 1O., KptodkoBa H. A. Kpem gnga nvua. lNMateHT
RU2753515C1. 17.08.2021.

Babuin C. B., Babuin A. B., HYepnak A. M., HYepnak O. M. Masb
npoTtusoBocnanuTensHas. [MNateHt RU2493837C1. 27.09.2013.
Bopuy, M. C., Hukonaesa E. I, MacneHHvkosa H. A., Kynesckas B. J1.
AKTVBHasA KocMeTudeckas gobaska. [NateHT RU2677661C1.
18.01.2019.

2,6-di-tert-butyl-p-cresol (BHT). SIDS Initial Assessment Report
For SIAM 14. Paris, France, 26-28 March 2002. OECD SIDS. URL:
https://hpvchemicals.oecd.org/Ul/handler.axd?id=6d30349e-
ef9f-496¢c-a2af-6d497d4f1cca.

Vkusologia.ru. MNuwesas gobaska E 321: aHTmokcmaaHT ons
pakeTHoro Tonnmea [VHTepHeT]. ABrycT 2016 r. [nata obpatleHnst
29.06.2022]. URL: https://vkusologia.nu/dobavki/antioxidanty/e321.html.
bakwaesa M. CuHTETMYECKNE aHTUOKCUOAHTbI [IHTEpPHET].
VHcTutyT pagnobunonorun HAH Benapycu. Man 2017 r. [gata
obpaueHua 16.07.2022]. URL: https://www.irb.basnet.by/ru/
sinteticheskie-antioksidanty/.

Macnopt 6esonacHocT PIB Ne 057426862046989 OT 27 mioHs
2017 r. Arnpon-1 kpuctannuyeckmin mapka A. MNpeactasneHo AO
«Hmxhapm».

Butylated Hydroxytoluene [VHTepHeT]. MapTt 2005 r. [gata
obpaweHua  15.07.2024]. URL: https://chem.nim.nih.gov/
chemidplus/rm/128-37-0.

Butylhydroxytoluene MSDS, E 321 Millipore Merck Life Science LLC
[NHTepHeT]. [maTta obpaweHrsa 16.07.2024]. URL: https://www.

31.

32.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Specification for Butylated Hydroxytoluene, Granular, NF (B1196).
Spectrum Chemical Mfg Corp Safety Data Sheet [HTepHeT].
Asryct 2021 r. [gata obpaueHus 05.07.2024]. Available
from: https://www.spectrumchemical.com/media/sd/B1196_
SD.pdf.

Sanitarnye pravilainormy SanPin 1.2.3685-21 "Gigienicheskie
normativy i trebovanija k obespecheniju bezopasnosti i/ili
bezvrednosti dlja cheloveka faktorov sredy obitanija" (in Rus.).

merckmillipore.com/RU/ru/product/Butylhydroxytoluene, MDA _
CHEM-8170747ReferrerURL=https%3A%2F%2Fwww.google.com%2F.
Negwer M, Schamow H-G. Organic-Chemical Drugs and Their
Synonyms (An International Survey). 8th edition, WILEY-VCH
Verlag GmbH, (Federal Republic of Germany), Berlin, 2001; 2
(5799): 1172.

MeToondeckne ykazanHus MY 1.1.726-98. [urueHundeckoe
HOPMMPOBAHVE NEKAPCTBEHHbIX CPEACTB B BO34yxe paboyen
30Hbl, aTMOC(EPHOM BO3YXE HACENEHHbBIX MECT 1 BOAE BOAHbIX
obbekToB. M.: PemepanbHbii LEHTP roccaHanMaHanlopa
Munagpasa Poccuun, 1999; 70 c.

MY Ne 2163-80. MeTopgumdeckre ykasaHus K MOCTAHOBKE
1nccnepoBaHuin ons 060CHOBaHWA CaHUTapPHbIX CTaHZApPTOB
BpeAHbIX BELLECTB B BO3Ayxe paboyert 30Hbl. M., foccTtanoapT
CCCR, 1980; 18 c.

Cnepanckun C. B. OnpegeneHne cyMMauMOHHO-MOPOroBOro
nokagarens (CI1I1) npu pasnmyHbIx (hopMax TOKCUKONOTMYECKOro
aKcnepumeHTa. Metoguyeckre pekomeHgaumm. HoBocuompCeK,
1975; 6-14.

MY Ne 2166-80. Metoandeckue pekoMeHaaLmm no UCMONb30BaHNIO
NMOBELAEHYECKNX Peakum >KMBOTHbBIX B TOKCUKOMOMMHYECKMX
ncenepoBaHunsx. M3 CCCP, Kues, 1980; 47 c.

Lim RK, Rink KG, Glass HG, Soaje-Echague E. A method for the
evaluation of cumulation and tolerance by the determination of
acute subchronic median effective doses. Arch Intern Pharmac
Therapie. 1961; 3 (4): 336.

CunpopoB K. K. O knaccudukaumm TOKCUYHOCTW S00B Mpu
napeHTepanbHbIx cnocobax BBEAEHWS. TOKCUMKOMNOrnsa HOBbIX
MPOMbILLIAEHHbIX XMMUYeCKMX BelecTB. M.: MeanumHa, 1973;
BbIn. 8: 47-51.

Sciencelab.com. Butylated hydroxytoluene MSDS [HTepHeT].
AnBapb 2010 . [maTa obpawenns 15.07.2024]. URL: http://
download.ceris.purdue.edu/file/3194.

Safety Data Sheet SRS Ersolan 680 SRS Schmierstoff Vertrieb
GmbH [VHTepHeT]. Mionb 2015 1. [gaTta obpatdeHns 15.07.2024].
URL: https://www.yumpu.com/de/document/view/48661678/
msds-srs-ersolan-680-srs-schmierstoff-vertrieb-gmbh.
2,6-Di-tert-butyl-p-cresol (CAS No: 128-37-0). Health-based
Reassessment of Administrative Occupational Exposure Limits
Committee on Updating of Occupational Exposure Limits, a
committee of the Health Council of the Netherlands [HTepHeT].
Mapt 2004 r. [gata obpatteHns 05.07.2024]. URL: https://www.
healthcouncil.nl/documents/advisory-reports/2004/03/30/2-6-
di-tert-butyl-p-cresol.

Acute Toxicologic Evaluation of Butylated hydroxytoluene 1976
(skin, eye); 1978 (oral). Department of Toxicology, BAYER AG,
D-42096 Wuppertal, Germany. J Am Coll Toxicol. 1996; 15:
Suppl. 1. URL: https://journals.sagepub.com/doi/pdf/10.1177
/109158189601505144.

Banees T. K. TurneHn4yeckas ouLeHka BVSHUS MPOU3BOACTBA
ANKNNEHONBHBIX aHTUOKCOAHTOB Ha COCTOSAHME aTMOCKHEPHOIO
BO3/yxa HaceneHHbIx MecT [guccepTtauns). M., 2011; 179 c.
Specification for Butylated Hydroxytoluene, Granular, NF (B1196).
Spectrum Chemical Mfg Corp Safety Data Sheet [MIHTepHeT].
Asryct 2021 r. [gata obpallenns 05.07.2024]. URL: https://
www.spectrumchemical.com/media/sd/B1196_SD.pdf.
CaHutapHble npasuna u  Hopmbl  CadlluH  1.2.3685-21
«[UrneHn4eckne HopMaTnBbl 1 TPeboBaHNA K 06ecnedeHuo
BezonacHoCTM n/vnmn 6e3BpefHOCTM ANd HYenoBeka hakTopoB
cpefbl obuTaHns».



