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REVIEW

ASSESSMENT OF HEALTH IMPROVEMENT EFFECTIVENESS IN CHILDREN IN SUMMER CAMPS:
MODERN APPROACHES AND INDICATORS

Sonkin VD, Goncharova GA
Institute of Child Development, Health and Adaptation, Moscow, Russia

Stationary summer recreation camps provide opportunities for comprehensive health improvement and optimal physical development of children and adolescents.
However, the issue of evaluating the effectiveness of health measures during a single session (typically lasting 21 days) remains relevant. The paper is focused
on the analysis of to modern approaches to physiological and hygienic assessment of the effectiveness of recreation and health improvement in children and adolescents
in summer recreation camps, considering the short duration and complex nature of the health interventions. Additionally, it explores prospects for using modern
biomedical technologies to enhance the reliability and information value of methods for assessing health-improving effects. Promising methods include those based
on bioelectrical impedance and the use of digital health monitoring systems, considering the child’s baseline health status and individual characteristics.

Keywords: children's health, summer camps, assessment of health improvement effectiveness, physical development, functional tests, individual approach
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and Health Improvement”.
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OLIEHKA 3®®EKTUBHOCTW O340POBNEHUSA OETEN B NIETHUX NNATEPAX:
COBPEMEHHbIE NMOAXO0Abl N MOKA3ATENN

B. [. CoHbkuH, T. A. ToH4aposa =
VIHCTUTYT pasBuTYsi, 300p0Bbst U afanTaumn pebenka, Poccus, Mockea

JeTHre cTaumoHapHble 0300POBUTENbHbIE flarepsi 06ecneqmnBatoT BO3MOXKHOCTb BCECTOPOHHENO YKPEMeHns 300POBbs 1 ONTVMaIbHOMO (h13UHECKOro Pas3BuTHs
[OeTel 1 NoapOCTKOB, OAHAKO aKTyasbHbIM OCTaeTCs BOMPOC OLEHKN 3((HEKTUBHOCTN O340POBNEHNS 32 OAHY CMEHY (Kak NpaBuio, MPOAOIKaOLLYIOCS
21 peHb). Lienbto paboTbl 6bIn10 NpoaHanManpoBaTh COBPEMEHHbIE NOAXOAb! K (DU31ONOro-rMriMeHNYeCKon oLeHKe 3heKTVBHOCTY OT/bIXa 1 0300PO0BNEHIS AeTel
1 MOAPOCTKOB B NIETHMX CTaLMOHAPHbIX 03[0POBUTENBHBIX Narepsix ¢ y4eToM HeGO0MbLLIOM MPOLO/KUTENBHOCTY 1 KOMMIEKCHOMO XapakTepa 03[0P0BUTENBHOMO
BO3AEVCTBUSA, a TakxKe NMepCrneKTViBbl MCMONb30BaHWS COBPEMEHHbBIX BUOMEANLIMHCKIX TEXHONOT A ANS MOBbILLEHWS HAAEXKHOCTU 1 MH(DOPMATUBHOCTV METOLOB
OLEHKM 0300POBUTENBHOrO 3dhdexTa. MepcneKTBHBIMU NMPEACTaBNSOTCH METOANKA HA OCHOBE OVO3MEKTPUHECKOrO MMMefaHca 1 UCronb3oBaHmne LppoBbIxX
CUCTEM MOHUTOPWHIA 300POBbBS C YHETOM UCXOAHOIO COCTOSHUSA 1 MHAMBUAYAbHbIX OCOBEHHOCTEV pebeHka.

KrntoueBble cnoBa: 300poBbe AETEN, NIETHNE Narepst, OLeHKa dPEKTUBHOCTY O3L0POBAEHNS, (U3NHECKOE PasBUTHE, (DyHKLIMOHAbHBIE MPOObI, HAVBILYANbHbINA
nogxon

drHaAHCUPOBaHUE: 1CCNefOBaHMe BbINMOMHEHO B paMKkax rocyfapcTBeHHoro 3agaHuns OIrBHY «HCTUTyT pa3BuTus, 300poBbst U aganTaumn pebeHka»
Ne 073-00070-25-02 ot 21.04.2025 no Teme «AKTyanaaumsi KpUtepres OLEHKN 3(PMEKTVBHOCTY O300POBEHVS AETEN B CTALUMOHAPHbIX OpraHn3aLyax oTapixa
OETEN N X O3A0POBNEHNS».
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Modern research reports negative trends in children’s health:
decreased physical activity, deterioration in physical development,
and the increased incidence of acute and chronic diseases
among school-age children, necessitating effective health
measures [1].

To assess and improve the effectiveness of health
improvement programs, it is necessary to introduce simple,
accessible in the context of summer camps, and at the same
time informative methods that allow one to estimate the dynamic
changes in children’s physical development, functional state
and general health during the session [2-5].

In the current context of socio-economic changes against
the backdrop of deteriorating health of the younger generation,
improving the system of summer recreation camps is becoming
an important state task aimed at preserving and improving
the health of children [1, 6].

The review is focused on evaluating modern approaches
to physiological and hygienic assessment of the effectiveness
of children’s and adolescents’ recreation in summer recreation
camp considering the short duration and complex nature
of the health-improving effect, as well as prospects for using
modern digital and biomedical technologies to enhance
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the reliability and information value of methods for assessing
health-improving effects.

Role of summer recreation camps in development
and health improvement of children

Summer recreation camps for school-age children are characterized
by systematic organization of a rational motor regimen, diet
improvement, implementation of the participants’ social activity
considering their personal interests, as well as the exposure
to natural health-improving factors, i.e. sun, air, and water,
having a beneficial effect on the immunity and psycho-
emotional state [5, 7].

All the above has a positive effect on the self-realization
and socialization of children and adolescents, that is, it forms
the socio-pedagogical aspect of health improvement [8].
Furthermore, the children’s psycho-emotional and physical
state is improved, largely due to the provision of high physical
activity in the format of various sports-oriented events [9].
However, the question of how this improvement can be measured
and evaluated is still a matter of debate [4, 5, 10].

In summer recreation practice, such an assessment
is carried out by medical professionals on the basis of current
guidelines approved in 2019 [2]. According to the guidelines,
at the beginning and in the end of the session, the summer camp
medical staff records the following child's morphofunctional state
indicators, which provide the basis for drawing a conclusion
about the health improvement program effectiveness:

e height (body length);

e body weight;

e muscle strength (handheld dynamometry);

e vital capacity (VC).

These indicators are evaluated during follow-up throughout
the health improvement session (lasting at least 21 days).
To ensure the reliability and comparability of the results
of assessing the effectiveness of children's health improvement
in summer camps, it is important to adhere to the same timing
of measurements and requirements for performers. Baseline
measurements are performed at the beginning of the session:
on days 1-2 after arrival. Measurements are taken in the camp's
medical unit to record baseline data. In the end of the session,
1-2 days before departure, final measurements are carried
out to evaluate the dynamic changes. In the camp, these
are carried out by a staff physician or nurse, who had been
trained and use calibrated equipment. It is important that
the measurements are carried out by the same specialists using
the same methods and instruments, under the same conditions,
to ensure data consistency and high assessment quality.

Along with the above quantitative indicators, the following
is also recorded:

e physical development (harmonious, disharmonious —
underweight; disharmonious — overweight);

e health group — first, second, third;

e group for physical education classes — basic, preparatory;
therapeutic exercise group.

It is recommended to express the total dynamics of the indicators
in points in accordance with a specially developed scale [2].

A differentiated approach is used to assess the dynamic
changes in body weight, depending on the baseline physical
development. In contrast to the standards of 50-60s
of the last century, when any weight gain was considered
as a positive trend, the current guidelines suggest that
the weight gain represents a sign of health improvement
in cases of harmonious physical development or disharmonious
physical development due to underweight, while in overweight
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individuals the decrease in this indicator would be a health
improvement manifestation.

Recently, it was proposed to take into account the child's body
type when analyzing the dynamic changes in physical development
indicators, as this has a great effect on the direction of the body's
adaptive changes during health improvement [11, 12].

According to the guidelines [2], the total score for each
child expressed in health improvement effectiveness indicators
should be assessed. When the child’s total score (based
on the height, body weight, muscle strength, and respiratory
function measurements) for the health improvement session
is 12-16 points, the health improvement effectiveness
is considered to be high; 6-11 points — the health improvement
effectiveness is considered to be low; below 6 points —
no health-improving effect.

A sufficiently large number of published reports are focused
on scrupulous implementation of the guidelines on assessing
the effectiveness of organized summer recreation for children
and adolescents in various regions of the Russian Federation
[18, 14, etc.]. In most cases, the authors note a fairly high
efficiency of health improvement (over 80%), but there
always remains a part of the child population in whom health
improvement is ineffective (usually within 5%). This may be due
to both shortcomings in the organizational and technological
procedures in a particular health institution and the specific
individual characteristics of some participants.

Thus, classical biomedical criteria are basic in terms
of assessing the effectiveness of health improvement: dynamic
changes in anthropometric indicators (height, body weight,
body mass index — BMI); dynamic changes in physiological
indicators (blood pressure, heart rate, vital capacity, handheld
dynamometry data, body’s adaptive-homeostatic responses);
functional tests (exercise tests); immunological indicators
(incidence rate, rate of complications of chronic disorders,
etc.). The effectiveness of these criteria has been confirmed
by numerous studies by domestic and foreign researchers [1, 7.

Along with biomedical indicators, social and hygienic criteria
are also distinguished: incidence rate by visits, number of sick
days per 100 children, rate of infectious and noncommunicable
diseases, dynamics of children’s health groups, as well as indicators
of adaptation to camp conditions and the social environment [8].

Modern research emphasizes the importance of psychological
criteria, including assessment of psycho-emotional state,
sleep quality, emotional well-being, subjective satisfaction with
the time in the institution (surveys of children and parents),
assessment of motivation and communication skills (the use
of questionnaires, surveys, and digital tools allow us to track
these indicators in real time) [4, 8, 10].

Further development of the system of stationary summer
recreation camps meets the interests of the younger generation
and the expectations of parents [5]. The inclusion of novel,
advanced methods and technologies allowing for the more
informative assessment of the health status of participants
and facilitating the analysis of individual characteristics
in a stream of diverse information represents one important
direction of such development [10, 11].

Possible aspects of modernizing the methodology for assessing
the effectiveness of summer recreation in health improvement
institutions are as follows:

e the use of estimated indices, which are often more
sensitive in terms of information value, along with absolute
anthropometric and physiometric indicators [11, 15];

e consideration of individual anthropometric characteristics
and body type when analyzing shifts in physical development
and the results of functional tests [11, 12];
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e introduction of new research methods into the practice
of medical supervision under the conditions of a summer
recreation camp — bioelectrical impedance analysis [4, 16],
cardiointervalometry [11]; motor activity measurement [10, 17];

e development of software and application of digital
technologies for automated calculation of quantitative
indicators of health improvement and its effectiveness under
the conditions of summer stationary recreation camps [18, 19].

What fresh ideas and innovative methods are being
proposed to improve the health improvement assessment
accuracy and comprehensiveness?

First, integration of advanced methods, such as variational
cardiointervalometry (determination of the body’s adaptive
capacity and the balance of the autonomic nervous system
branches) [11, 20], bioelectrical impedance analysis
(quantitative assessment of body composition and metabolism)
[21], infrared thermography ( identification of vascular
dysfunction in the limbs and skin, assessment of the body's
temperature status) [22, 23], and accelerometry (quantitative
assessment of the amount and intensity of physical activity)
[24], allows one to complement the traditional approach
with new possibilities. These methods provide more in-depth
and accurate monitoring of children's condition, which is especially
important in the context of limited time spent in the camp.

Second, assessment digitalization and automation play
a key role in improving the efficiency and convenience of camp
staff. The integration of digital platforms and mobile applications
allows for the collection, processing, and interpretation
of large amounts of data, creating a personalized health pattern
for each child [4, 25, 26]. Such software is widely used
in practice nowadays [18, 19].

The third important aspect is related to personalization
of approaches to the formation of environmental conditions
contributing to health improvement. Consideration of the children’s
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THE IMPACT OF THE EDUCATIONAL PROCESS ON THE DIET AND EATING BEHAVIOR
OF MEDICAL STUDENTS

Melikhova EP %2, Khaustov SN, Kopylov AS, lurin GA, Tochenova UV
Burdenko Voronezh State Medical University, Voronezh, Russia

The problem of inadequate nutrition among students is especially significant at medical universities, where the academic workload is high. It is particularly important
because the years spent in higher education are when long-term eating habits are formed, and the body undergoes its final stages of development. In this work,

we aimed to assess how the intensity of the educational process affects daily diet and eating behavior of students, and suggest substantiated preventive measures.
The cross-sectional study involved 199 second-year students (114 women and 85 men; mean age 19.5 + 1.5 years), who completed a questionnaire; the results
were then processed using descriptive statistical methods. We assessed the caloric and macronutrient composition of the diet, dietary regime, and behavioral
factors. The mean dietary energy intake was 1597.3 + 27.1 kcal; the diet was calorie-deficient for 122 participants (61.3%) and adequate for 59 (29.6%) (p < 0.001).
By nutrient, 122 participants (61.3%) did not consume enough protein, 117 (58.8%) lacked sufficient fat, and 100 (50.3%) had insufficient carbohydrate intake.
Young men consumed more energy than young women (1701.6 + 31.8 vs. 1520.4 + 25.3 kcal; p < 0.001). Only 44.4% of the respondents ate three meals a day,
while 24.2% ate two or less. Regular consumption of fast food products was admitted by 157 students (78.9%). The resulting data indicate systemic nutritional
deficiencies and the need to implement preventive measures in educational settings.
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BJINAHUE YYEBHOIO NMPOLIECCA HA CYTOYHbIN PALMOH N NULLEBOE NMOBELEHUE
CTYAEHTOB MEAVLIMHCKOI'O BY3A

E. M. Mennxosa®™, C. H. XaycTos, A. C. Konbinos, . A. KOpuH, Y. B. ToyeHosa
BopoHexckuin rocyaapCTBEHHbIN MEAULIMHCKMI yHBepcuTeT nMmenn H. H. Bypaerko, Boporex, Poccuns

Mpobnema HepaLMOHaNbHOO NMUTaHNSA CTYAEHYECKOM MONOAEXM NPUOBPETAET 0COBYI0 aKTyanbHOCTb B YCOBUSAX BLICOKOM YHEOHOW Harpy3Kk/ MEAMLIMHCKOrO
BYy3a, MOCKOJIbKY B CTyAEeHYecKMe rofbl (hOPMUPYIOTCS YCTOMYMBbLIE MULLEBbLIE MPUBbLIYKYM, 3aBEPLUAETCS pasBuTMe (U3UONOMMHYECKNX cucTeM. Llenbio
1cenefoBaHyst Obi1o U3YHUTh BIUSIHME UHTEHCUBHOCTM 06pa30BaTenbHOro MpoLiecca Ha CTPYKTYPY CYTOYHOrO pauyoHa W MULLEBOe NOBEAeHWe CTyAEeHTOB
C nocneayoLwmM 060CHOBaHVeM NpodunakTudecknx mep. MNpoBeneHo nonepeyvHoe nccnefoBanve ¢ ydactvem 199 ctygeHToB 2-ro kypca (114 gesyluex
1 85 toHoLLen, cpegHuin BospacT 19,5 + 1,5 ner), npegnonarasLuee aHKeTHbI ONPOC U MPUMEHEHNE METOA0B 0N caTeNbHOM CTaTUCTUKU. OLEHEHbI KANOPUMHOCTb
1 MaKpOHYTPVIEHTHBIZ COCTaB paLyoHa, PEXIM NTaHWsS 1 noBeaeHYeckmne dhakTopbl. CpeaHsist aHepreTndeckas LIeHHOCTb palioHa coctaBuna 1597,3 + 27,1 kkarn;
0edunumnT KanopuitHoCT BoisiBneH y 122 venosek (61,3%) npotus 59 (29,6%) ¢ HopmanbHbIMK Nokasatensamu (p < 0,001). HegocTaTtouHoe noTpebnervie
6enka oTMmedeHo y 122 ctypgeHTos (61,3%), »upos — y 117 (68,8%), yrnesogos — y 100 (50,3%). FOHOWM noTpebnsanm 6onbLue SHEPrun, Yem AEBYLLIKN
(1701,6 + 31,8 npotvB 1520,4 + 25,3 kkaut; p < 0,001). Jnwb 44,4% pecrnoHAeHTOB NPUAEPXKMBAINCL TPEXPA30BOro NuTanus, 24,2% nutanncb ABa pasa
B AieHb 1 pexxe. PerynsipHoe ynotpebnerne dactdyna otmedeHo y 157 obydaroLmxcst (78,9%). MNonyyeHHble AaHHble CBUAETENCTBYHOT O CUCTEMHOW HYTPUTUBHOM
HEOOCTaTOHHOCTU 1 HEOOXOAVMMOCTY OpraHM3aLmm NPOMUNIaKTUHECKKX MEPONPUATUI B 0Bpa3oBaTenibHOM cpeae.

KnioyeBble crioBa: 3[0P0Bbe, MUTaHWE, CYTOUHbIA PALMOH, Y4eOHbI MPOLECC, CTYAEHT
Bknag aBTOpOB: BCE aBTOPbI BHEC/M PaBHbI BKNag, B MOArOTOBKY MyG/mMKauum.
CobniofeHne 3TUHECKUX CTAHAAPTOB: MCC/ef0OBaHNe COOTBETCTBOBAJIO MPUHLMNAM GUOMEONLMHCKOW 3TUKU. AHKETUPOBaHME OblNo aHOHVMHbBIM,

41O 0becneynBano KOHdJI/I,D,eHLI,I/IaJ'IbHOCTb I'Ipe,D.OCTaBJ'IeHHOVI I/IHqJOpMaLI,I/IVI. Ka)K,D,bIPI YyHacCTHUK gan I/IH(.bOpMIApOBaHHOe cornacyre Ha y4acTtue B nccnegosaHnn
A0 Hadasa onpoca.

D><] Ons koppecnoHpeHumn: ExkatepuHa MNetposHa Mennxosa
yn. CtyneHyeckas, a. 10, r. BopoHex, 394036, Poccus; katerina.2109@mail.ru

Cratbsi nonyyeHa: 23.03.2026 CtaTtbsa npuHsATa K nevatu: 04.04.2026 Ony6nnkoBaHa oHnaiiH: 02.06.2026
DOI: 10.24075/rbh.2026.159

AsTopckue npasa: © 2026 npuHagnexart asTopam. JinueHsmat: PHAMY um. H. . Minporosa. CTaTbs pa3MellieHa B OTKPbITOM AOCTYMeE 1 pacnpoCTPaHAETCs
Ha ycnosusx fmueHanm Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

A healthy lifestyle is a key factor in maintaining and improving Numerous studies report pronounced negative trends
population health, and proper nutrition is one of its main  in eating patterns and behavior among students. An analysis
components. For young people, especially those in higher  of the actual diet composition confirms that it is inadequate
education, nutrition is particularly important because student in both quality and energy value [3]. The ration was noted
years are when physiological systems finish developing to shift towards excessive fat content and easily digestible
and lifelong eating habits form [1, 2]. carbohydrates, while the amounts of protein, vitamins,
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and minerals are insufficient. In addition, this population tends
to resort to fast food often [4]. Improper eating patterns caused
by heavy academic workloads and limited free time, such
as irregular meals, skipping breakfast, and consuming most
calories in the evening, remain a serious problem [5].

The cyclical character of the educational process has
a significant effect on students' nutritional status. It has been
established that their diets deteriorate during the examination
period: the share of simple carbohydrates grows, the number
of meals a day decreases, there develops a stronger reaction
to stress that increases the risk of nutrition-associated
disorders [6]. Another important aspect is the educational
environment itself. Medical students often exhibit deviant eating
behavior, including overeating or excessive dietary restriction,
which are associated with severe anxiety and dissatisfaction
with their own bodies [7]. International students face additional
risks rooted in the need to adapt to new social and climatic
conditions [8].

Promising approaches to prevention include expanding
hygiene education programs, systematically monitoring
students' nutritional status, and improving the organization
of university nutrition. The latter, including introduction
of the principles of healthy, balanced eating into canteen
operations, is a particularly promising approach, because
it promotes sustainable healthy eating habits [9, 10]. Furthermore,
research indicates that organized and structured nutrition
can offset certain deficiencies in an individual's diet, although
it demands continuous quality control and diverse menus [11].

This study aimed to assess the influence of educational
intensity and the factor of educational environment
on the composition of medical students' daily diets and on their
eating behavior, and to propose substantiated preventive
measures.

METHODS

The study involved 199 second-year VSMU students —
114 women and 85 men — from the general medicine
faculty (n = 138) and pediatric faculty (n = 61). The mean age
of the participants was 19.5 + 1.5 years. The study
was conducted between March and April 2025.

The study was cross-sectional and single-stage. To collect
the primary data and register the actual nutrition information,
we created a survey in Yandex.Forms that asked about
demographic characteristics (gender, age, faculty), dietary
patterns and meal frequency, meal intervals, and the frequency
of consumption of certain foods, including potentially harmful
items (fast food, energy drinks). The survey revealed the factors
influencing eating behavior (stress, academic workload, financial
constraints).

Based on the collected data, we calculated the daily diet,
its macronutrient composition (protein, fat, carbohydrate),
and its energy content (kcal). The resulting figures were
compared with the physiological standards: for caloric content,

Table. Mean daily intake of calories and macronutrients (M + m)

the range was 1900-2400 kcal, for protein — 67-84 g, for fat —
63-80 g, for carbohydrates — 266-336 g. Additionally,
we evaluated the diet's structure for the inclusion of mandatory
components (fruits, vegetables) and the presence of harmful
products.

The resulting data were processed in MyOffice 2022
software package (New Cloud Technologies; Russia). We used
descriptive statistics: continuous data were presented as mean
(M) and standard deviation (o); qualitative variables were reported
as absolute and relative values (percentages).

RESULTS

Analysis of the data (n = 199) showed a pronounced imbalance
in students' dietary patterns (Table). "Mean energy intake
in the daily diet was 1597.3 + 27.1 kcal, below the recommended
dietary minimum for this age group under current mental stress
levels. A caloric deficit (consumption of less than 1,900 kcal)
was recorded in the majority of respondents — 61.3%. Only
29.6% of participants had the diet aligned with the norm
in this respect. The proportion of students not receiving
enough calories with their food was significantly higher than
the proportion of those with a normal calorie intake (p < 0.001).

The analysis of the macronutrient composition confirmed
the qualitative deficiency of the diet (Table). It was found that
61.3% of students had inadequate protein intake (mean 54.3 g;
normal threshold 60 g), and 58.8% had inadequate fat
intake. Carbohydrate intake was lower than normal in half
of the respondents (50.3%).

We established that the diets of young men had significantly
higher energy values than those of young women (1701.6 + 31.8 vs.
1520.4 + 25.3 kcal; p < 0.001). A similar trend was observed
for protein, fat, and carbohydrates (p < 0.01).

The mean ratio of the key nutrients was 13.5% : 33.6%
: 55.9% for females, and 13.8% : 34.0% : 57.8% for males.
Although all macronutrients showed a deficit (Table), analysis
of the participants' dietary patterns indicated a qualitative
imbalance and bias toward fat: its content in the boys' diets was
4% above the recommended value, and 3.6% above that value
in the girls' diets. This indicates a shift in the balance towards
increased fat content with a relative deficiency of protein
and carbohydrates in the total amount of food consumed.

The study of medical students' dietary patterns revealed
a lack of a clear meal schedule (Fig. 1). Only 44.4% of respondents
adhered to the optimal regimen (three meals a day), and a significant
portion of the sample (24.2%) ate twice a day or less.

The qualitative features of the students' eating behavior
indicate a high prevalence of harmful eating habits.
The absolute majority of respondents (78.9%) mentioned
regular consumption of fast food products, sugary carbonated
and energy drinks. At the same time, the intake of plant fiber
and micronutrients was critically low: daily diets of 80.4%
of students did not include fresh vegetables and fruits
in sufficient quantities.

Indicator Females (n=114) Males (n = 85) p
Energy value, kcal 15620.4 + 25.3 1701.6 + 31.8 < 0.001
Protein, g 51.2+1.4 589+1.7 <0.01
Fat, g 56.8+ 1.6 64.3+1.9 <0.01
Carbohydrates, g 2125+4.8 2457 + 5.3 <0.01
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Fig. 1. Frequency of meals, %

The analysis of factors influencing eating patterns
in the educational environment identified lack of time
and psycho-emotional stress as the main reasons for unhealthy
dietary practices (Fig. 2). The former, lack of time, was cited
as the main cause of eating disorders in 31.8% of cases,
stemming from the density of the academic schedule (daily
routine). The latter, stress, was mentioned by more than
a quarter of respondents as a factor that alters appetite.

The results generally showed that more than 60% of students
chronically consumed fewer calories and less protein than
needed, followed irregular eating patterns with infrequent
meals, and tended to replace balanced meals with fast food
due to stress and time constraints.

DISCUSSION

This study revealed an alarming picture of the nutritional status
of second-year medical students: their diets tend to be energy-
deficient, irregular in both timing and number of meals per day,
and lacking sufficient amounts of essential macronutrients.

The data indicate that the diets of 61.3% fail to deliver
the needed amount of calories (mean intake: 1597.3 kcal),
which is consistent with findings from a study conducted at Pacific
State Medical University, which reported a similar situation
for 54.79% of students [12]. However, studies from Samara
State Medical University contradict our findings; researchers
there reported that students exceeded the recommended dietary
energy values by 7-8% [13]. This discrepancy may be explained
by differences in the design of the studies or regional specifics
of food availability and cost. Regardless, all papers note that the diets
of young people in higher education are imbalanced [14].

A critical aspect is the protein deficiency recorded in 61.3%
of the respondents. This is consistent with findings from
other researchers, who also report that medical students do not
consume enough protein (male students, in particular, fall short
of the recommended intake by over 20.8%) [13]. Several studies
report similar trends that develop over time: from years 1 to 4,
students, especially females, tend to consume progressively
less protein [15]. Apparently, chronic protein deficiency against
a background of high academic workload ultimately impairs
the body’s adaptive capabilities and promotes morbidity, which
is consistent with data showing that by the end of the third
year, the number of students assigned to the third health group
increases significantly [16].

Analyzing the dietary data, we revealed that less than half
of students (44.4%) consume 3-4 meals a day, the optimal
number; this is comparable to the results of other studies
(38.93%) [12]. At the same time, the figures from our study
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appear somewhat more optimistic than data collected
at VSMU in previous years, when only 16.5% of boys and 14.2%
of girls ate three meals a day [17]. Nevertheless, the continued
high prevalence of students who eat one to two meals a day
(24.2% of respondents) indicates a persistent problem with
disorganized daily routines.

Qualitative deformation of the diet is a matter of special
concern: 78.9% of respondents regularly consume fast food,
and 80.4% tend to ignore vegetables and fruits. Similar eating
behaviors have been described in the literature; some studies
report that over 40% of students consume confectionery daily,
and 79.25% choose it as a snack [18, 19]. Stress, reported
by many respondents as a key factor influencing nutrition,
creates a vicious cycle: psycho-emotional stress leads
to the choice of comfort food, which, combined with physical
inactivity, contributes to metabolic disorders [20].

Thus, the identified violations are systemic in nature
and require the development of medical and educational
models aimed at promoting healthy lifestyle values within
the university environment [21]. Simply informing about
the rules of nutrition is not enough. There is a need for structural
changes in the university’s catering system to address time
constraints and ensure access to high-quality food.

CONCLUSIONS

In this study, we performed a comprehensive assessment
of the nutritional status and eating behavior of medical students.
The study results confirm a systemic crisis in student nutrition,
characterized by a chronic deficiency in energy intake and key
macronutrients (particularly protein) among most respondents.
Our findings indicate that heavy academic workloads
and associated psychological stress significantly disrupt dietary
patterns and promote the consumption of nutritionally poor
fast food.

The specifics of medical education (intense workload, lack
of time) were established to directly determine the formation
of deviant eating behavior and nutritional deficiencies. The identified
imbalance is not episodic, but persistent, which poses risks
to the health of future medical doctors.

Further investigation of this subject matter should involve
a transition from the identification of violations to the development
and implementation of intervention programs. The results
of this study can serve as an evidence base for administrative
decisions on reorganizing university catering systems (such
as introducing subsidized set meals with high protein content
or adjusting schedules to ensure adequate breaks). In clinical
practice, these data can be used by clinicians in student
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Fig. 2. The influence of various factors on students' eating behavior, %

health clinics to enable early detection of at-risk groups
for gastroenterological and metabolic disorders.

A possible hypothesis for future research is that chronic

protein deficiency and irregular eating patterns are significant
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PREVALENCE AND KEY FEATURES OF NICOTINE-CONTAINING PRODUCT USE AMONG STUDENTS:
THE ANALYSIS

Protasova OS'™, Nasybullina GM?', Kishka OV'?
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Despite restrictive measures adopted by many governments worldwide, nicotine addiction remains a serious global health problem. In recent years, adolescents
and young people have been strongly encouraged to use nicotine-containing products (NCPs), as the market has seen the emergence of new nicotine delivery
vehicles such as electronic cigarettes (e-cigarettes). This study aimed to analyze the patterns of use of NCPs by students. We surveyed 866 young people using
standardized questionnaires, including the WHO Global Youth Tobacco Survey (GYTS) and the Fagerstrém Test. Over the course of their lives, 65.6% of respondents
(n = 568) had consumed NCPs. E-cigarettes are the most popular product among current users (31.5% of respondents, n = 273), ahead of traditional cigarettes
and hookahs. A significant portion of users (67.3%, n = 233) combine several types of NCPs. The median age at first nicotine use was 16.0 [14.0-18.0] years
for boys and 17.0 [15.0-18.0] years for girls; among adolescents who had ever tried nicotine (n = 256), 44.4% reported e-cigarettes as their first product. High
nicotine addiction was identified in 22.5% of users (n = 78). The main reason for the first try is curiosity (63.5%, n = 366), and continued (current) consumption
is mainly motivated by the desire to relax and get distracted from problems. The results of this study emphasize the need to develop targeted prevention programs
that take into account current trends and psychological mechanisms of formation of addiction in adolescents and youth.
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AHAJN3 PACMPOCTPAHEHHOCTM Y OCHOBHbIX OCOBEHHOCTEW NMOTPEBJIEHUSA
HUKOTUHCOEPXALLIEV MPOAYKLIMW CPEAM CTYAEHYECKOW MOJTOAEXMN

O. C. MNMpotacosa'= I M. HacbibynnmHa', O. B. Kuwka'?

T YpanbCkuii rocyaapCTBEHHbIN MEAVULIMHCKIMIA YHUBEPCUTET, EkaTepuHOypr, Poccus
2 EkaTepyHOYPrekni MeanLMHCKUIN Hay4HbIA LIEHTP NPOMUnakTUKLA 1 OxpaHbl 300poBbst pabo4vx NpoMnpeanpusTuii, Ekateprnbypr, Poccus

HecMoTpst Ha NprHYMaeMble rocyapcTBamy akTVBHbIE OrpPaHNYUTENbHbIE MEPbI HUKOTVHOBAS 3aBMCUMOCTb MO Cell leHb OCTaeTCs Cepbe3HON NPobnemMoi
rno6asnbHOro 3apaBooxXpaHeHst. B nocneaHue rodpl HabniogaeTcs UHTEHCUBHOE BOBMEYeHME B MOTpebneHne HUKOTUHcoaepkaLlern npoaykumn (HCI) noapocTkos
1 MOJIOEXM 3a CHET BbIXOZA Ha PbIHOK HOBbIX CPEACTB [OCTaBKM HUKOTWHA, TaKNX KaK 3NIEKTPOHHbIE CUrapeTsl. Lienbio nccnenosanms 6bi10 NpoaHamanposaTts
noTpebnenve HCI cTyaeHYecko Monoaexxsto. INpoBeagHo aHKeTMpoBaHve 866 CTyAEHTOB C UCMONb30BaHNEM CTaHAaPTN3MPOBaHHbBIX ONpPocHKKoB (GYTS BO3,
TecT ParepcTpema 1 gp.). OnbiT notpebnexns HCIMN B TedeHne xunaHn umenn 65,6% (1 = 568) pecnoHaeHTOB. DNEKTPOHHbIE CUrapeTbl ABNSOTCS Havbonee
MOMyNSAPHbIM NMPOLYKTOM CPeamn TeKyLLX nonb3osatenen (Mx ncnonssosam 31,5% onpoLLeHHbIx, n = 273), onepexkas TPaanLMOHHbIE CUrapETbl 1 KauTbsH.
3BHaunTenbHas gonsa notpebutenen (67,3%, n = 233) coveTaeT HECKOMbKO BUAOB HUKOTUHCOAEP>KALLEN NpoayKumn. MeamaHHbI BO3pacT nepeoin npobbl
HUKOTWHa cocTasun 16,0 [14,0-18,0] neT ans toHowein 1 17,0 [15,0-18,0] neT ans aesyLlek, Npu aToM 44,4% noapocTKoB, koraa-nmbo npobosasLnx HCI
(n = 256), Ha4aIM 3HAKOMCTBO C HUKOTUHOM C 3MIEKTPOHHbIX curapeT. Y 22,5% notpebutenei (n = 78) BbiBIeHa BbICOKas CTENeHb HUKOTUHOBOW 3aBUCUMOCTY.
OCHOBHOW MPUHMHON NepBOK NPobbl SBAsSETC NHOMBITCTBO (63,5%, N = 366), Torga Kak Tekyllee noTpebnenne B OCHOBHOM MOTUBMPOBAHO CTPEMSIEHNEM
K paccnabneHuio 1 oTBfeHeHo OT Npobnem. MNonydeHHble pedynsTaTbl MOAYEPKMBAIOT HEOOXOAMMOCTbL Pa3paboTKM LieNeBbIX MPOMUAaKTUHECKIX MPOrpamM,
YYUTBIBAIOLLIMX COBPEMEHHbIE TPEHLBI U MCUXONOMMHECKME MEXaHN3MbI (DOPMUPOBAHMS aAVNKLMN Y MOLPOCTKOB U MONIOAEXN.

KnioyeBble cnoBa: HUKOTVHCOLEPKALLAS NMPOAYKLMS, CTyAeHYeCKas MONOLEXb, SMEKTPOHHbIE CUrapeTbl, NoTpebneHne Tabaka, HUKOTMHOBAsSH 3aBUCUMOCTb,
npodunnakTnka
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The consumption of nicotine-containing products (NCPs)
remains one of the most pressing public health problems.
According to WHO estimates, tobacco use accounts for about
7 million preventable deaths worldwide each year [1, 2].
On average, smokers lose 10 years of life compared
with people who never smoke; in the early 2000s, smoking
was the leading cause of adult mortality from non-communicable
diseases [3]. It has been found that when heavy smokers quit
tobacco, their risk of premature death decreases significantly,
and this effect is especially pronounced among those who quit
before age 40 [4].

Nicotine consumption is still widespread, including among
young people. According to the literature, in 2019, 155 million
people aged 15-24 in 204 countries smoked tobacco.
The prevalence of smoking in this age group was 20.1%
among males and 4.95% among females. In 120 countries,
the prevalence of tobacco smoking among men aged 15
to 24 years exceeded 20%, and Russia is one of them (31.6%) [5].

The restrictive and other measures adopted by states have
achieved certain successes in the fight against smoking; however,
the tobacco market has been undergoing transformation
in recent years. We observe that new forms of consumption,
such as electronic nicotine delivery systems (ENDS), are becoming
increasingly widespread [6]. The popularity of these products
is increasing rapidly, with e-cigarettes emerging as the most
commonly used NCPs among adolescents and young
people [1, 7, 8].

Due to their age and socio-psychological characteristics,
young people are at increased risk of nicotine use. They are highly
open to new experiences, seek social acceptance through
peer imitation, experience high stress, and tend to engage
in risky behavior. These factors make them especially vulnerable
to marketing and environmental influences that promote
e-cigarettes [9-11].

Existing anti-tobacco measures and prevention programs
are more effective for older individuals; they do not fully account
for youth as a target audience or for the potential risks of new
nicotine-containing products, so these programs have clear
limitations. School and short-term programs are not effective
in the long run, especially in the absence of integrated digital
components and involvement of family and community
[12-15]. Taken together, these factors underscore the urgency
of targeted research to identify the characteristics of nicotine
use among young people.

This study aimed to analyze the patterns of use of NCPs
by students.

METHODS

This single-stage cross-sectional study was conducted from
November 2023 to June 2025 at Ural State Medical University.
The study included 866 students in years 1-5 (532 females,
334 males); median age 20.2 years (19.7-21.3). We explored
young people's use of NCPs, including prevalence, age at first
use, frequency and intensity of use of different types of NCPs,
reasons for using NCPs, and the prevalence of nicotine
addiction symptoms among smoking students.

The study used an online questionnaire to collect data.
The questionnaire was based on Tobacco Questions for Youth
Surveys (TQS-Youth), a subset of the WHO Global Youth
Tobacco Survey, and included the Fagerstrom Test, which
assesses the degree of nicotine addiction.

The data were analyzed in jamovi 2.3 (https://www.jamovi.org)
[16]. The Shapiro-Wilk test was used to assess the conformity
of quantitative indicators to a normal distribution. Categorical
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data were described with percentages, quantitative data —
with medians and interquartile ranges. Proportions across
fields in the multifield conjugacy tables were compared with
Pearson's chi-square test (x%). The differences were considered
significant at p < 0.05.

RESULTS

It was found that at the time of the survey, 65.6% of respondents
(n = 568) had smoking experience (70.1% males (n = 234)
and 62.8% females (n = 334), x* = 4.82, p = 0.028). The median
age at the first try of NCPs was 16.0 [14.0-18.0] years for boys
and 17.0 [15.0-18.0] years for girls.

Almost half of the smokers in the sample — 44.4%
(h = 256) — tried e-cigarettes and vaporizers before other
NCPs; the choice of product type did not depend on gender.
Regular cigarettes were used for the first try by 47.5% (n = 115)
of male and 39.3% (n = 133) of female participants. Hookah
was first smoking experience for 9.1% (n = 22) of boys
and 10.9% (n = 37) of girls. Only a small percentage of students
were introduced to NCPs through tobacco heating systems
(1.9%, n = 11) and smokeless tobacco products (0.5%, n = 3).

The current consumption of NCPs among young people
can be described as follows: occasional use — 18.6%
of students (n = 161), 20.7% of boys (n = 69) and 17.3% of girls
(n =92), x* = 23.0, p < 0.001; regular daily use of some type
of NCP — 17.1% (n = 148), 24.0% of boys (n = 80) and 12.8%
of girls (n = 68), p < 0.001.

During the 30 days preceding the survey, 17.6% of respondents
(n = 152) smoked regular cigarettes or cigars: 29.0% of boys
(n = 97) and 10.3% of girls (n = 55), x* = 23, p < 0.001. Daily
cigarette smoking is more typical for boys than for girls: 7.8%
of all respondents (n = 26) versus 1.7% (n = 9), x* = 57.5,
p < 0.001. The most common daily dose, irrespective of gender,
was 1-4 cigarettes. Only 3.0% (n = 10) of male and 0.2%
(n = 1) of female participants smoked more than half a pack per
day, and two boys — 0.6% of the sample — reported smoking
more than one pack per day (x* = 59.2, p < 0.001).

During the month preceding the study, 20.9%
of the respondents (n = 181) smoked hookah or pipe with
tobacco: 24.3% (n = 81) of boys and 18.8% (n = 100) of girls
(% = 3.69, p = 0.055). Smokeless tobacco was used by 2.8%
(n = 24) of students, with males preferring it more often than
girls: 5.4% (n = 18) versus 1.1% (n = 6), respectively (x* = 13.9,
p < 0.001). Tobacco heating systems were used by 7.2%
of respondents (n = 62): 6.9% (n = 23) of boys and 7.3%
(n = 39) of girls; the gender differences were insignificant.

As for e-cigarettes, in the 30 days preceding the survey
they were used by 31.5% (n = 273) of the sample, including
38.9% (n = 130) of boys and 26.9% (n = 143) of girls (x* = 26.1,
p < 0.001). Daily use was reported by 11.9% of the participants
(n = 103), including 16.5% of boys (n = 55) and 9.0% of girls
(n = 48). Among the respondents, 7.0% (8.1% of males and
6.4% of females) reported using e-cigarettes once or twice
daily. Additionally, 4.4% of participants (5.7% of males and 3.6%
of females) used e-cigarettes 10-14 times per day, and 7.6%
(11.7% of males and 5.1% of females) reported using such
NCPs 30 or more times per day. In a single use of an electronic
cigarette or vaporizer, 24.4% of respondents (30.2% of boys
and 20.7% of girls) take 1-9 puffs on average, and 2.8%
of students (3.3% of boys and 2.4% of girls) take more than
30 puffs. In general, young men tend to resort to such NCPs more
frequently and more intensively than young women (Table).

Only 32.7% of current smokers (n = 113) had limited
themselves to one type of NCPs during the 30 days preceding



ORIGINAL RESEARCH

Table. Frequency of use of regular cigarettes, tobacco heating systems, and electronic cigarettes in the 30 days preceding the survey

NCP type Gender Haven't used 1-2 days 3-5 days 6-9 days 10-19 days 20-29 days | Bce 30 days
abs. 237 30 9 15 10 7 26
Males
% 71 9 2.7 4.5 3 21 7.8
i abs. 477 21 10 4 9 2 9
Regularl cigarettes, Females
cigars % 89.7 3.9 1.9 0.8 1.7 0.4 1.7
Both abs. 714 51 19 19 19 9 35
genders % 82.4 5.9 2.2 2.2 2.2 1 4
abs. 313 9 5 1 2 2 2
Males
% 93.7 2.7 1.5 0.3 0.6 0.6 0.6
Tobacco heating abs. 490 13 6 4 4 3 12
Females
systems % 92.1 2.4 1.1 0.8 0.8 0.6 23
Both abs. 803 22 11 5 6 5 14
genders % 92.7 2.5 1.3 0.6 0.7 0.6 1.6
abs. 204 22 13 11 10 19 55
Males
% 61.1 6.6 3.9 3.3 3 5.7 16.5
abs. 390 23 14 10 17 30 48
E-cigarettes Females
% 73.3 4.3 2.6 1.9 3.2 5.6 9
Both abs. 594 45 27 21 27 49 103
genders % 68.6 5.2 3.1 2.4 3.1 5.7 11.9

the survey. The remaining 67.3% (n = 233) used several different
types of NCPs during this period (66.5% (n = 111) of boys
and 68.2% (n =122) of girls) (Figure).

The majority of smokers in the sample — 72.8% (n = 252),
69.5% (n=116) of boys and 76.0% (n = 136) of girls — exhibited
mild or very mild nicotine addiction. High and extremely high
levels of nicotine addiction were identified in 22.5% (n = 78)
of nicotine users: 26.9% (n = 45) of boys and 18.4% (n = 38)
of girls. Medium level of addiction was typical for 4.6% (n = 16)
of the surveyed NCP consumers, 3.6% (n = 6) of boys and 5.6%
(n =10) of girls. A behavioral marker of addiction strength may
be the inability to abstain from smoking in prohibited areas;
24.5% (n = 39) of boys and 18.8% (n = 31) of girls reported
engaging in such behavior.

At the time of the survey, 53.5% of NCP users expressed
a desire to quit smoking (n = 185; no significant gender
differences). Over the past year, 51.5% (n = 86) of male smokers
and 63.1% (n = 113) of female smokers — 57.5% (n = 199)
overall — attempted to quit using NPCs (significant differences,
x? =4.905, p = 0.27). The question 'Do you think you could quit
smoking/using NCPs if you wanted to?' received an affirmative
answer from 73.7% (n = 123) of male smokers and 81.0%
(n = 145) of female smokers, for a combined 77.5% (n = 199)
of the sample (x* = 6.619, p = 0.011).

When asked why they first tried NCPs, the vast majority
of students — 63.5% (n = 366), 60.1% (n = 143) of boys
and 66.0% (n = 223) of girls — noted that they were interested
in experiencing new sensations. The second most common
reason is stress; it was reported by 18.8% (n = 108) overall,
including 18.5% (n = 44) of boys and 18.9% (n = 64) of girls.
Companionship and desire not to offend friends was mentioned
as the reason for the first try of an NCP by 4.9% (n = 28)
of the respondents, 7.1% (n = 17) of boys and 3.3% (n = 11)
of girls. For 3.7% (n = 21) of respondents — 2.5% (n = 6)
of boys and 4.4% (n = 15) of girls — the reason was peer
pressure, for 2.4% (n = 14) — 3.4% (n = 8) of boys and 1.8%
(n = 6) of girls — it was self-affirmation.

Currently, 28.4% of nicotine users (n = 98) indicated that
nicotine helps them relax and unwind (26.5% (n = 44) of boys

and 30.2% (n = 54) of girls); 24.9% (n = 86) use nicotine
to distract from problems (19.3% (n = 32) of boys and 30.2%
(n = 54) of girls; 16.5% (n = 57) answered that nicotine use
gives them pleasure (20.5% (n = 34) of boys and 12.8% (n = 23)
of girls); 11.9% (n = 41) continue to use NCPs because they
have grown addicted cannot quit (13.9% (n = 23) of boys
and 10.1% (n = 18) of girls); 1.2% (n = 4) use NCPs
for company (1.8% (n = 3) of boys and 0.6% (n = 1) of girls);
0.9% of respondents (n = 3) use NCPs to cope with stress —
1.7% of girls (n = 3).

DISCUSSION

The study revealed a number of aspects of student behavior
related to the use of NCPs that are significant for the public
health system. Among youth, the current prevalence of NCP
use matches international findings (204 countries) for men
and is nearly threefold higher than previously reported for women.
[5]. Comparison of the data with findings from domestic studies
revealed similar results regarding both the overall prevalence
of nicotine use and the magnitude of gender differences
in consumption frequency, with young men exhibiting higher
rates of use than young women [5, 17-21].

An important result is the identification of complex,
multi-product consumption model [22]. The fact that most
smokers use several types of NCPs simultaneously indicates
the transformation of nicotine addiction. It ceases to be tied
to one specific product (cigarettes) and becomes universal,
as different nicotine delivery devices and forms are used
situationally. This creates a serious challenge to the prevention
system, which has historically focused on traditional tobacco
smoking. Moreover, the transformation requires additional
research on the risk associated with the consequences of using
several types of NCPs.

Another significant finding is the dominant position of ENDS
in current smoking patterns among young people. They
are highly popular, used daily and intensively, which indicates
that they are perceived not as temporary fun, but as a full-fledged
alternative to traditional cigarettes or even the main method
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of nicotine consumption, as confirmed by data from similar
studies [1, 7, 22-23].

Nearly one-third (29.9%) of young people start nicotine use
with ENDS, confirming these devices' major role in recruiting
new users, which is particularly concerning. The presented
data strongly support applying comprehensive regulatory
measures to all NCPs, including e-cigarettes, tobacco-heating
systems, and hookahs; the updated Federal Law incorporates
such provisions [24].

The analysis of motivation revealed an important shift
in the causes of use: the first try of NCPs is commonly driven
by curiosity, and their continued use is largely determined
by the need for psychoemotional regulation. Nicotine is often
seen as a tool for relaxation, distraction from problems, and stress
management [25-28]. Therefore, high rates of consumption
can be considered an indicator of weak adaptive coping skills
among students and their inability to allocate effort properly
and organize meaningful leisure activities. Thus, the problem
goes beyond the purely medical framework and requires
an interdisciplinary approach.

More than half of the respondents (53.5%) expressed
a desire to quit using NCPs, which means that young people
are aware of the problem and recognize the need for change.
That said, 57.5% of participants attempted to quit over
the past year, with girls doing so significantly more often
(63.1%) than boys (51.5%), which may reflect their higher
propensity for health-conscious behavior. However, the fact
that a significant proportion of young people who are already
motivated to quit continue to use NCPs indicates that the path
to withdrawal contains obstacles. This clearly indicates that
young people need targeted, scientifically based help and support
to overcome nicotine addiction.

Another noteworthy finding is the discrepancy between
smokers’ history of quit attempts and their self-confidence
in their ability to quit smoking. The overwhelming majority
of respondents (77.5%) were confident they could stop using
NCPs if they wanted to, with girls exhibiting this confidence
significantly more often than boys (81.0% versus 73.7%).
Against the background of the previously mentioned high
percentage of unsuccessful attempts per year, this fact illustrates
an important problem: young people tend to overestimate their
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ability to give up a bad habit. This cognitive error, possibly
stemming from the perception of nicotine addiction as weak
or controllable by willpower, poses a serious risk. It can lead
to a postponement of decisive action, an underestimation
of the complexity of the nicotine withdrawal process,
and, as a result, to disappointment and a consolidation
of the habit after unsuccessful quit attempts.

Despite the popularity of NCPs, particularly e-cigarettes,
among young people, prevention measures designed and tested
for this age group remain insufficient. Educational campaigns
in the mass media can be one of the measures aimed
at prevention of use of NCPs. A randomized trial found
that informational messages about the dangers of vaping
and its addictive potential were effective. Participants found
information about the hazards of smoking more convincing,
reported reduced curiosity about vaping, and showed an increased
desire to quit e-cigarettes or smoke less frequently [29].

The results of this study show that NCP use among
students is a complex issue that extends beyond the medical
domain and affects their psychological, behavioral, and social
well-being. An effective control strategy should combine
awareness of the dangers of NCPs, systematic identification
of users, targeted assistance in quitting nicotine, and creation
of conditions for a healthy and eventful student life. This will
enable a comprehensive approach to the problem, addressing
not only addiction but also the need to improve young people's
health and quality of life.

CONCLUSIONS

The study revealed the following specifics of use of nicotine-
containing products (NCPs) among students.

1. The use of NCPs is common in this population: two
thirds of respondents have experience with such products.
Young men have higher rates of episodic and daily use, as well
as greater smoking intensity, for both traditional and electronic
cigarettes.

2. For almost every third young individual, e-cigarettes
are the first NCP tried, which puts them in second place after
traditional cigarettes. This may indicate a shift in consumer
preferences toward alternative nicotine products at the earliest
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and most vulnerable stage of habit formation. The median age
at first try (16 years for boys and 17 years for girls) confirms that
adolescence is a critically important age from the perspective
of preventive interventions.

3. The majority of users combine several types of NCPs,
which indicates the formation of a complex nicotine addiction
that is not tied to a single product.

4. E-cigarettes are the most popular product among current
users, significantly outpacing traditional cigarettes and hookah.

5. Although most users were found to have mild nicotine
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In Russia, physical development of children has been a subject
of research for historically long time. Ferdinand Friedrich
Erisman, the founder of the Russian hygiene school, laid
the foundation for analyzing the physical development of children
and adolescents in long-term dynamics [1].

Physical development indicators are used to characterize
public health, and they reflect the socio-hygienic and economic
well-being of a region, which, as suggested by several
researchers, necessitates timely collection of the younger
generation's physical development data and their comparison
over time [2].

Given the large body of accumulated scientific material,
it is necessary to not only review the literature, but also
to analyze the authors’ current publication activity, search
for possible research priority areas, and substantiate the relevance
of scientific investigations in this field.

This study aimed to analyze publications addressing
the physical development of children and adolescents during
the past ten years.

METHODS

We used the Russian Science Citation Index (RSCI, https://elibrary.ru/
(cited 28.01.2025)) to analyze the publication activity related
to research in physical development of children and adolescents.
The search for papers was limited to the sources included
in the core of the RSCI; the publication time span — from
the beginning of 2014 to the first quarter of 2025. There were
three stages to the search. At the first stage, we entered
"physical development" in the "Search for" field of the RSCl's
advanced search tool, and applied the following modifiers:
keyword presence in titles and keywords; type of paper —
journal articles; publication date from 2014 to 2025. The search
returned 5054 works. At the second stage, we used the "Continue
searching among the found results" tool and added "children OR
teenagers" to the query. This attempt yielded 945 publications
by 762 authors (mostly Russian) with a total of 7055 citations.
At the third stage, we selected papers published in the media
part of the RSCI core. Ultimately, the number of works included
in the analysis was 566. They covered the processes of growth
and development of the country's child population taking into
account the impact of climatic, geographical, ethnic, socio-
economic, medical, social and other factors. We discarded
publications investigating the specifics of physical development
of children and adolescents with somatic diseases or practicing
certain sports.

At the data processing stage, GigaChat 2.0 (https://giga.chat)
was used as an auxiliary tool to build the word cloud, cluster
the selected papers, and calculate the frequency of occurrence
of authors. The results were verified and edited by the authors
in accordance with modern approaches to data processing
[3]. The data was visualized using the Word Cloud service
(https://diaclass.ru/cloud/).

RESULTS

We analyzed the journals that published the studies investigating
aspects of physical development of the child population (Table).

The journals that published the articles reflect the research
directions the authors work in. There were more than 33 such
journals; Table above gives the main of them. The most popular
journals among the authors were "Hygiene and Sanitation"
(8.2.1 Hygiene) — 16 articles; "Bulletin of Moscow University.
Series 23: Anthropology" (3.3.1 Anatomy and anthropology) — 16;
"Theory and Practice of Physical Culture" (5.8.4 Physical
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culture and professional physical training) — 16; "Public Health
and Habitat" (3.2.1 Hygiene) — 15; "Russian Pediatric Journal"
(8.1.21 Pediatrics) — 10 articles. There were also publications
in other journals that publish materials on preventive medicine,
pediatrics, and physical education.

We have identified articles with the maximum number
of citations by year. This angle reflects current trends in the study
of the physical development of the child population. In 2014,
an article with 33 citations was published in "Theory and Practice
of Physical Culture"; it covered the impact of sports on the physical
development of students [4].

An article with 52 citations published in 2015 in the "Kazan
Medical Journal" considered the problem of assessing the physical
development of children and adolescents [5].

In 2016, the same journal published an article on the study
of the physical development of schoolchildren in a modern
metropolis, which was cited 38 times [6].

An article about the use of bicimpedance to assess
the component composition of the human body and the potential
of this method in the study of physical development was published
in 2017 in "Bulletin of St. Petersburg University. Medicine";
it gathered 143 citations [7].

An article by a team of pediatricians that discussed
assessment of the physical development of children of middle
and senior school age based on the results of a one-stage
study was published in 2018 in "Pediatric Pharmacology."
It was cited 63 times [8].

In 2019, the next installment of a discussion on methods
of assessing the physical development of the child population
factoring in the specifics of the region — St. Petersburg, in that
case — was published in "Pediatrician," and cited 38 times [9].

The same team of authors continued to elaborate on the topic
in 2020: they published an article in "lssues of Practical
Pediatrics" that covered screening assessment of the nutritional
status of schoolchildren living in various regions of the Russian
Federation. This work amassed 27 citations [10].

The results of a large-scale study of the state of health
and physical development of children and adolescents in school
ontogenesis were published in "Healthcare of the Russian
Federation" in 2021, and cited 84 times [11].

The long-term study of physical development of children
in various regions of Russia retains its relevancy, as it allows
characterizing the current acceleration and deceleration
processes. An article on this topic was published in "Human
Ecology" in 2022. It was cited 39 times [12].

In 2023, "Theory and practice of physical culture" published
an article demonstrating the functional capabilities of detrained
adolescents, which was cited seven times; in 2025, the same
journal delivered a piece analyzing the physical capabilities
of asthenized young men during regular training, which
amassed 16 citations [13, 14].

Among the authors of the above articles are well-known
pediatricians: L.S. Namazova-Baranova, Academician of the Russian
Academy of Sciences, et al; V.L. Gritsinskaya, professor,
et al; hygienists — V.R Kuchma, corresponding member
of the Russian Academy of Sciences, |.B Ushakov, academician
of the Russian Academy of Sciences, O.Yu. Milushkina,
corresponding member of the Russian Academy of Sciences,
V.I. Popov, corresponding member of the Russian Academy
of Sciences, N.A. Skoblina, professor, |.K. Rapoport, professor;
renowned anthropologists, specialists in physical culture
and sports. The word cloud below reflects the contribution
of the authors.

Professor V.L. Gritsinskaya, representing the St. Petersburg
pediatric school of thought, is the most prolific author with 10 articles
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Table. Analysis of journals containing studies investigating aspects of physical development of the child population

Journal title

Number of published articles

Hygiene and Sanitation

16

Bulletin of the Moscow University. Series 23: Anthropology

16

Theory and Practice of Physical Culture

16

Public Health and Habitat

15

Russian Pediatric Journal

10

Questions of Children's Dietetics

6]

Human ecology

Problems of Social Hygiene, Public Health and the History of Medicine

Human. Sport. Medicine

Yakut Medical Journal

Bulletin of Novosibirsk State Pedagogical University

Questions of Practical Pediatrics

Physical Education of Students

Preventive Medicine

Acta Biomedica Scientifica

Science for Education Today

Pedagogics, Psychology, Medical-Biological Problems of Physical Training and Sports

Questions of Nutrition

Bulletin of St. Petersburg University. Medicine

News of the Russian Military Medical Academy

NN W|[w]lw]lw |~ D] O

Kazan Medical Journal

Health Risk Analysis

Siberian Psychological Journal

Siberian Scientific Medical Journal

Human and Their Health

Questions of Balneology, Physiotherapy, and Remedial Gymnastics

Doctor.ru

World of Medicine and Biology

Medical Advice

Medical and Social Expertise and Rehabilitation

Russian Medical Journal. Mother and Child

Medical Studies and Practice

1

Acta Biologica Sibirica

1

mentioning her as part of the team of researchers. She has students
in various regions of Russia.

We can also mention the scientific school of hygienists,
which was formed on the basis of the "East-European" scientific
and educational medical cluster in the Central Federal District;
scholars from this cluster were cited as article co-authors
27 times. The related schools are those of Samara State
Medical University (associate professor M.Yu. Gavryushin —
7 times and professor O.V. Sazonova — 5 times) and Northern
State Medical University (associate professor D.M. Fedotov —
6 times). The research was carried out in close cooperation
with physical culture specialists (professor S.P. Levushkin —
5 times). Indicators of physical development and factors affecting
the health of children, adolescents and youth are also studied
by hygiene scientists at the F.F. Erisman Federal Scientific Center
for Hygiene, Burdenko Voronezh State Medical University,
and Volgograd State Medical University.

Scholars specializing in public health, organization and sociology
of healthcare, medical and social expertise also participate

in research on the problems of physical development of the child
population (professor E.N. Mingazova — 5 times).

Fundamental research in this field is conducted by the Russian
school of anthropologists (professor T.K. Fedotova — 7 times,
professor E.Z. Godina — 4 times, candidate of biological
sciences A.K. Gorbacheva — 6 times).

DISCUSSION

There is a sufficient amount of fundamental studies of the Russian
children's physical development that suggest methodology,
approaches to statistical processing, analysis of patterns
of growth and development, etc. [15, 16].

However, at the present stage, it is possible to use
big data (both current state and historical records) to further
study the biological patterns of growth and development
and the mechanisms of acceleration-deceleration. The data
arrays can be processed with the involvement of specialists from
related medical fields as well as economists, demographers,
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Fig. Contribution of authors to the bulk of articles covering research on the physical development of Russian children and adolescents

statisticians, programmers, etc., and the body of historical data
can be analyzed with the help of Al-driven cutting-edge tools.

Research in this area is relevant for world science, which
has been reflected in a number of publications over the past
decades [17-19].

For many years, there has been a discussion in the scientific
literature about methods for assessing the physical development
of the Russian child population and what standards should
be applied to this task. Most researchers highlighted the informative
value of comprehensive methodology, and pointed to regional
age-sex standards [9, 20, 21].

The problem of formulation of regional age-sex standards
to support morphofunctional status and biological development
assessments has been successfully solved. Alongside the published
collections, standards-management software and computer
programs enabling assessment of children's physical development
have been developed and are freely available [22, 23].

In September 2025, the Order of the Ministry of Health
of the Russian Federation of April 14, 2025 No. 211n
"On approval of the preventive medical examination procedure
for minors, registration form No. 030-PO/u "Card of preventive
medical examination of a minor," its record-keeping procedure,
and the form of sectoral statistical observation No. 030-PO/o
"Information on preventive medical examinations of minors"
became effective. This order includes assessment of body mass
index, which necessitates development of Russian standards
for assessing the body mass index of Russian children. The first
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SANITARY AND HYGIENIC APPROACHES TO FUNGAL CONTAMINATION ASSESSMENT IN LIVESTOCK
PRODUCTION FACILITIES
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Intensification of livestock farming creates conditions for the accumulation and circulation of pathogenic and opportunistic fungi with the development of antifungal
resistance. The study aimed to perform comprehensive assessment of fungal contamination of production environment in various areas of livestock farms
and determine sensitivity of the extracted isolates to common antifungal agent. The presence of fungal contamination in the air of all working areas of the studied
production facility was established. Predominance of Aspergillus niger and Candida albicans was revealed. In 50% of cases, mixed contamination with different
types of mold fungi was observed. The highest contamination levels were reported for the bedding material. Resistance of microorganisms to several antifungal
drugs with different mechanisms of action at once has been revealed. The study confirmed systemic contamination of the livestock complex production environment
with potentially pathogenic fungi forming stable communities in feed and bedding. The reported sanitary and microbiological approaches to assessing fungal
contamination at livestock production facilities have a pronounced comprehensive preventive focus, which makes it possible to improve the farm employees’
working conditions, as well as provide measures to improve the livestock complex production environment.
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CAHUTAPHO-TMMMEHNYECKME NMOAXO0Abl K OLEHKE IPUBKOBOW KOHTAMUHALINU
HA NMPON3BOACTBEHHbIX OB bEKTAX X)KUBOTHOBOCTBA

J1. M. Macarytosa'?, J1. I. TugatynivHa' = A, B. Bakupos'?, C. H. KanumynnvHa', 9. ®. Kabuposa'

T YhuMcKII Hay4HO-MCCNefoBaTenbCKMIA MHCTUTYT MedvUMHbI TpyAa U 9Konorn YenoBeka, Ya, Poccus
2 BalKMPCKUIA roCyaapCTBEHHbIN MEAVLIMHCKIMIA yHUBEpCUTET, Yba, Poccuist

VIHTEHCUMKaLMs XXMBOTHOBOACTBA CO3[AET YCNOBUSA A5 HAKOMNEHUS N LMPKYASLMN NaTOreHHbIX Y YCNOBHO-MATOreHHbIX MpMB0oB ¢ (hopMUPOBaHMEM
AHTVIMVKOTUYECKON pe3ncTeHTHOCTY. Llenbto nccnenoBaHna 6bin0 BbIMOAHUTL KOMMIEKCHYKO OLIEHKY YPOBHSA MPUOKOBON KOHTaMUHALMKU NPON3BOACTBEHHOM
cpefpl B PasdMHHbIX 30HaX MBOTHOBOAYECKWX MPEAnpUSTUN C ONpeaeneHrieM HYyBCTBUTENBHOCTU BblAENeHHbIX V30MSTOB K PacnpOCTPaHEHHbIM aHTUMUKOTVIKaM.
YCTaHOBMIEHO HanMyne rpnbKoBOM O6CEMEHEHHOCTY B BO3Ayxe BCEX PabO4MX 30H M3YHEHHOro NPeanpusTVa. BoiaBneHo foMuHMpoBanve Aspergillus niger
v Candida albicans. B 50% cny4aes 0TMe4eHa CMeLLaHHas KOHTaMUHALMA Pa3HbIMM BUOAMM MNECHEBbIX MPOOB. HanbonbLLnii ypOBEHb 3arpPsA3HEHNS BbIABNEH
B MOACTWIOYHOM MaTepuane. BbisiBneHa yCTONHMBOCTb MUKPOOPraHU3MOB OAHOBPEMEHHO K HECKOMBbKVIM aHTUMUKOTUHECKVIM MpenapaTam, UMEIOLLWIM PasinyHble
MexaHn3Mbl AenCTBMS. ViccnenoBaHne NOATBEPANIO CUCTEMHOE 3arpPA3HEHME NPON3BOLACTBEHHOW CPefbl XKMBOTHOBOAYECKMX KOMMIEKCOB NOTEHLMaIbHO-
naToreHHbIMK rprbamn ¢ (hOPMUPOBAHNEM YCTONHMBBIX COOBLLECTB B KOPMax 1 NOACTUKE. [peactaBneHHble B paboTe CaHUTapHO-MUKPOBNONOrnyeckme
noaxofb! OLEHKN rPYBKOBOV KOHTaMMHaLMK Ha MPOU3BOACTBEHHBIX OOBbEKTax XUBOTHOBOACTBA UMEIOT BbIPAKEHHYIO KOMMIEKCHYIO MPOMUNaKTUHECKYO
HanpaBNeHHOCTb, MO3BOAAIOLLYIO YYYLLNTL YCIOBUSA Tpyaa PaboTHUKOB dhepM, a Takke OpraHn3oBaTb MEPOMPUATUS MO O3[0POBEHNIO MPOV3BOACTBEHHOM
cpefbl KVBOTHOBOAYECKOrO KOMMIIEKCa.
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Intensification of livestock farming characterized by a high  cause mycoses in animals, reducing productivity and leading
concentration of livestock in a limited space creates specific  to economic losses, but also act as sources of allergens
environmental conditions that promote the accumulation  and mycotoxins, thereby creating occupational and environmental
and circulation of various microorganisms [1, 2]. Among risk for personnel [3, 4]. Contamination of livestock environments
these fungi of are particular importance, which can not only  with molds and yeast-like fungi sets the stage for deterioration
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of product sanitary and hygienic indicators and stable circulation
of opportunistic species in the closed system of the production
facility [5].

Air in the working area, surfaces of equipment and constructs,
feed and bedding material represent the key reservoirs
and vectors of mycobiota transmission in livestock complexes.
The air environment is the main route of spore dissemination,
while contaminated feed and bedding provide direct entry
of micromycetes into the gastrointestinal tract and constant
animal skin contamination [6, 7]. The difficulty of controlling
fungal contamination is compounded by the formation
of disinfectant-resistant biofilms on surfaces and the widespread
use of antifungal drugs, which contribute to the resistant strain
selection (8, 9].

Despite the relevance of the issue, comprehensive studies
that simultaneously assess the contamination of various
ecological niches (air, surfaces, feed, bedding) in livestock
production facilities and provide phenotypic characteristics
of the extracted fungal isolates remain underrepresented
in the scientific literature. Such a systematic approach is necessary
for the development of effective sanitary and preventive measures,
as well as guidelines on mycological safety monitoring.

The study aimed to perform comprehensive assessment
of fungal contamination of the air and surfaces in various
production areas of livestock farms and to characterize the isolated
yeast-like fungi based on sensitivity to common antifungal agents.

METHODS

The study was conducted at several typical livestock farms
in the Republic of Bashkortostan, specializing in dairy and beef
cattle breeding.

Samples were collected in the main technological zones:
premises for fattening cattle, calf houses, sections for keeping
young animals, heifers and bulls, as well as in milking parlors
and settling tanks. To monitor the indicators, administrative
premises and the canteen were inspected.

The entire research cycle, from the procedures for collecting,
transporting and storing samples to the laboratory stages
of sowing, culturing, identifying fungal isolates and determining
their sensitivity to antifungal drugs, was carried out in accordance
with the current legislation.

Monitoring was carried out in a wide range of production
areas, differing in key technological parameters: livestock
density, age and sex groups of animals, diet specifics,
and production purposes. Collection of samples for analysis
was synchronized with the key technological cycles (distribution
of feed, manure removal, loading and unloading of feed, etc.)
to estimate actual operational contamination.

Air contamination was assessed by the open sedimentation
method (Petri dishes with growth media: meat peptone
agar, Endo agar, egg-yolk agar, blood agar, Enterococci agar,
and Sabouraud agar (SRCAMB; Russia)) and aspiration methods
involving the use of the microbiological sampler. Sampling
was carried out at a height of 1.5 m from the floor in the central
part of the room and in high-risk areas (at feed tables, manure
aisles) with exposure time between 10 and 30 min.

Swab and swab blots were collected from the standard area
(100 cm?) from the technological equipment (drinkers, feeders),
fence elements, walls, floors and ventilation grilles using sterile
tampons soaked in saline or peptone solution.

The “envelope” method was used to obtain a representative
average sample of bulky and silage feeds. Single samples
(8-10 units) were collected from different points within the test
volume, including peripheral and central areas, as well as from

the upper, middle, and lower horizons. During sampling
the 30-50 cm thick surface layer was previously removed
from the silage and haylage to exclude the degraded mass.
All single samples were combined in a sterile container,
thoroughly homogenized to form an average laboratory
sample. The number of feed samples (n = 9) was determined
by the number of production zones allocated at the production
facility in accordance with the technological regulations. Such
a sample size ensured the coverage of all the main technological
groups of animals and made it possible to conduct comparative
assessment of contamination levels in different zones.

The bedding material (bedding) samples were collected
in sterile hermetic containers using sterile instruments.
The sampling scheme provided for sampling along the diagonal
of the room from six points. At each point, material
was collected after removing the top layer from the working
depth of 5-10 cm characterized by maximum microbiological
activity. A portion weighing about 100-200 g was taken
from each point, after which all portions were combined into
one common sterile container to form a combined sample.
The number of bedding samples (n = 7) was determined
by the number of sections in the production building that
met all the inclusion criteria at once (identical maintenance
conditions, operation term, physiological group of animals).
The collection was carried out within one technological cycle
of keeping, which excluded the time factor as an additional
variable. Such a sample size enabled statistical analysis
of the bedding mycobiota variability within homogeneous
production environment. Exclusion criteria: areas with visible areas
of moisture, mold or local disinfection (within less than 24 h).

Containers with samples were placed in a refrigerator bag;
the time of delivery to the laboratory did not exceed 6 h from
the time of sample collection.

To isolate and identify yeasts of the genus Candida,
inoculation of the following microbiological media with the test
material was performed: Sabouraud agar (SRCAMB; Russia),
Sabouraud agar with glucose and chloramphenicol (HiMedia;
India), Sabouraud agar with maltose (SRCAMB; Russia),
and chromogenic agar (HiMedia; India) for yeast and mold.
The yeast enzyme activity was determined in the media with
the 1% peptone water and an indicator (Andrade, bromothymol
blue (SRCAMB; Russia)) by the generally accepted methods.
Culturing complied with the required conditions: dishes with
cultures of yeast-like fungi was were incubated at a temperature
of 28 + 2 °C for 48-72 h. Microbiological testing of mold fungi
was performed using the growth medium No. 2 FPH (Sabouraud)
(SRCAMB; Russia), chromogenic agar (HiMedia; India) for yeast
and mold fungi at 25 °C. Culturing was performed for 5-7 years
with the daily monitoring. The incubation time for slow-growing
fungi was extended to 10 days. Identification was performed
using identification guides for microscopic fungi by assessing
morphology, shape, size, and the presence of characteristic
structures.

To control the correctness of the yeast-like fungi (genus
Candida) and mold fungi (genus Aspergillus) identification,
reference strains from the State Collection of Pathogenic
Microorganisms (SCPM) were used: Candida albicans ATCC
10231 wn Aspergillus niger ATCC 16404. The proportion
of confirmed isolates was at least 10% of the total number
of isolated cultures.

To estimate the potential pathogen significance, the test
results with a titer of al least 10° CFU/swab were considered.

Antifungal sensitivity testing was peformed for all isolated
yeast-like fungi of the genus Candida of the family
Saccharomycetaceae from the air and production environment
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Table 1. Number of strains of yeast-like fungi of the genus Candida isolated from the air and production environment samples at the livestock production facility

in the studied period

Number of Candida strains
Family Genus Species Air Swabs Feed Bedding Total
(n=50) (n=100) (n=9) (n=7) (n=166)
C. albicans 10 19 6 5 40
Cryptococcaceae Candida C. krusei 0 13 3 0 16
C. glabrata 1 4 2 2 9
Total 11 36 11 7 65

samples. A total of 65 isolates were tested, distributed as shown
in Table 1.

To assess yeast sensitivity, the Mueller-Hinton agar
(MHA) was used (HiMedia; India): modified, for antifungal
sensitivity determination in accordance with the CLSI standard,
recommended for diffusion of antifungal agents the paper discs
are impregnated with in agar gel, as described in the CLSI
standard. The antifungal activity criteria were determined
by the disk diffusion method using commercial disks with
antifungal agents for in vitro sensitivity testing (HiMedia; India).
We used an extended panel of disks containing different
concentrations of six antifungal drugs (fluconazole, clotrimazole,
ketoconazole, nystatin, amphotericin B, itraconazole) measured
in pg/disc or U. The results were assessed based on the diameter
of the delayed (no) growth of microorganisms around
the disks in accordance with the Instructions for Using Discs
with Antifungal Drugs (Table 2) and tables from the IACMAC
guidelines “Determination of the Sensitivity of Microorganisms
to Antimicrobial Drugs” (version 2025-01, section 2: “Disc
Diffusion Method to Assess Yeast Sensitivity to Antifungal Drugs”).

The 24-h culture (24 h at 35 + 2 °C) for used to prepare
the inoculum with the turbidity corresponding to the 0.5
McFarland standard for each strain, which corresponded
to the cell content (1 x 10%-5 x 105 CFU). A total of 1 mL
of the resulting suspension was applied to the surface of the growth
medium in Petri dishes in three directions. Discs with antifungals
were placed onto the agar 15 min after inoculation.

The dishes were incubated at 35 + 2 °C in the usual
atmosphere for C. albicans and in the 5% CO, atmosphere
for C. krusei and C. glabrata. The results were considered
reliable with the almost flush growth of the culture and uniformly
round zones of growth inhibition in the cups. If this was not observed
after 20-24 h of growing, the results after 48 h were considered.
A ruler was used to measure the zones of inhibition. The Petri
dishes with the closed lids were placed upside down on a dark
matte surface so that the light fell on it at an angle of 45°
(counting using reflected light).

The testing quality control at al stages was accomplished
in accordance with the IACMAC guidelines “Determination
of the Sensitivity of Microorganisms to Antimicrobial Drugs”
(version 2025-01). The yeast antifungal sensitivity testing quality

control involved the use of specific reference strains obtain
from commercial sources (SRCAMB) that were recommended
in accordance with the CLSI standard: C. albicans ATCC 10231,
C. albicans ATCC 24433. Reference strains were included
in each testing series. Inoculation and reference cultures
and test isolates was performed under the same condition
using the same batches of growth media. The series of tests
was considered valid, when the diameters of the zones of inhibition
for reference strains corresponded to the ranges determined
by the disc manufacturer (Table 3). When the values were beyond
the reference range limits, the series results were not taken into
account, and the analysis was repeated.

When using the disc diffusion method for the C. albicans
ATCC 10231 culture, the diameter of the zone of inhibition
was as follows: amphotericin B — 15.9 + 1.7 mm, nystatin —
19.6 + 2.6 mm, clotrimazole — 15.5 + 1.7 mm, ketoconazole —
19.6 + 1.3 mm, itraconazole — 19.6 + 1.2 mm, fluconazole —
32.7 + 3.7 mm. As for the C. albicans ATCC 24433 culture,
the zones of inhibition were as follows: amphotericin B —
14.8 + 1.6 mm, nystatin — 20.9 + 1.4 mm, clotrimazole —
22.2 + 3.3 mm, ketoconazole — 24.4 + 3.8 mm, itraconazole —
18.9 + 0.9 mm, fluconazole — 32.1 + 3.3 mm. The values
obtained correspond to reference ranges for the reference
strain, thereby confirming the experiment validity.

Statistical data processing was performed using the Statistica
10.0 software package (StatSoft; USA) and Microsoft Excel
(Microsoft; USA). Significance of the associations between
categorical variables (fungal species, object type, resistance
level) was assessed using the Pearson’s chi-squared test (x?)
for contingency tables. The two-tailed Fischer's exact test
was used in cases of violation of the assumption of sufficient
expected frequencies (when more than 20% of the cells had the
expected frequency < 5, or at least one cell had E < 1).

RESULTS

The microbiota of the air in the working area of the premises
is represented by two major groups: yeast-like and mold fungi
(Fig. 1).

Microbiological testing of the samples collected from
different premises of the working area showed that the mycobiota

Table 2. Zones of inhibition of the growth of yeast-like fungi cultures by antifungal drugs

Diameter of the zones of inhibition, mm
Antifungal agents . .
in the disk Contentin the disk esistant intermediate consitive

(sensitivity depends on the dose)
Amphotericin B 100U <18 - >18
Nystatin 100U <25 - >25
Clotrimazole 10 ug <18 - >18
Ketoconazole 10 pg <22 - >22
Itraconazole 10 pg <22 - > 22
Fluconazole 25 ug <30 15-18 > 30
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Table 3. Zones of inhibition (mm) by antifungals for reference strains

Zone diameter (mm) Control strains
: CopepxaHvie -
Antifungal Symbol B MCKe R S-DD* S C.albicans ATCC | C.albicans ATCC

or less or more 10231 24433
Amphotericin B AP 100 U - - - 10-18 10-17
Nystatin NS 100 U - - - 15-23 19-23
Clotrimazole CC 10 ug - - - 12-18 18-32
Ketoconazole KT 10 pg - - - 18-22 20-32
ltraconazole IT 10 pg - - - 18-22 16-20
Fluconazole FU 25 ug 14 15-18 19 28-39 28-39

Note: the reference ranges are provided in accordance with the instructions of the disk manufacturer (HiMedia; India) and confirmed during the method validation

in laboratory settings; * — sensitive dose-dependent.

generic and species composition was almost the same,
but the percentage varied depending on the department.
The typical representatives of pathogenic and opportunistic
mycobiota often detected during screening were as follows:
Aspergillus flavus, Aspergillus fumigatus, A. niger, C. albicans,
C. krusei, C. grabrata, Candida tropicalis. The distribution
of the specified microorganisms based the frequency
of their detection in the samples, as well as the share
in the opportunistic microflora structure were similar in the premises
with similar environmental conditions and similar indicators
of agrobiocenosis contamination (Fig. 2).

Assessment of the working area swabs showed that mold
and fingi represented mainly by A. niger and C. albicans were
present in all working areas of the complex. A. niger was most
often isolated in the calf house premises (35.7% of cases)
and in the section for keeping bulls (24.3%); C. albicans
was most often isolated in the section for keeping young animals
(42.81% of cases) and in the settling tank (45.39% of cases).

In terms of species, among mold fungi together with A. niger
such mold fingi, as A. flavus, A. fumigatus, were identified,
and C. krusei, C. grabrata, C. tropicalis were isolated together
with C. albicans. Furthermore, all these fungal species were found
in all premises of the working environment, but the percentage
was different. Other representatives of fungal microbiota,
Mucor spp., Penicillium spp., Fusarium, were detected in less
than 1% of samples.

The analysis conducted suggests that all the tested feed
samples are contaminated with mold and yeast-like fungi.
A. niger was identified in 90% of samples, while A. flavus
and A. fumigatus were found in 10%. In a half of cases (50%
of samples), mixed contamination represented by two species
of mold fungi at once was reported.

The most complex microbial cenosis represented by two-
and three-component associated was reported for feed samples
collected from the premises for keeping young animals, bulls,
and the settling tank. Associations of Pseudomonas aeruginosa,
Citrobacter freundii, and Enterobacter aerogenes were identified
in the samples from the section for keeping young annimals.
Escherichia coli, Proteus vulgaris, and Enterobacter aerogenes
were isolated from feeds from the premises for keeping bulls;
E. coli and Citrobacter freundii were isolated from samples
from the settling tank. E. aerogenes was also identified
in the structure of microorganisms isolated: 20% of samples.

Among all isolated opportunistic microorganisms, mold
and yeast-like fungi have the highest relative importance,
which may indicate unsatisfactory feed storage and insufficient
sanitary processing of the production environment working
areas (Fig. 3).

The bedding material fungal microflora is represented
by mold fungi: A. flavus, A. fumigates, and A. niger were isolated
from 100% of samples. As for yeast fungi, C. albicans was isolated
from 100% of samples. C. krusei and C. grabrata were detected
less often. C. tropicalis was not detected in any of the bedding
material samples (Fig. 4).

The analysis of the rate of the Candida yeast-like fungi isolation
revealed considerable differences depending on the studied object.
The maximum contamination (100%) was reported for feed
and bedding material samples. In swabs, the rate was 36%,
which was higher compared to air samples, in which
the isolation rate was minimal and reached 22%. The determined
dependence of the Candida spp. Detection rate from the substrate
type is significant (p < 0.001), which suggests the significantly
higher likelihood of detecting fungi in the feed and bedding
compared to the air and swabs. All the microorganisms isolated

120
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86.4 71.43 50 50
80—
60 —
40 — 50 50
20 28.57
13.6
0 ion f I I I I I
. EGCF'O” Otrﬂ Calf house Section Section Section Milking Settling
attening cattle for keeping for keeping for keeping section tank
young animals heifer bulls
W Yeast fungi M Mold fungi

Fig. 1. Mycobiota of the air in the working area of the livestock complex premises (% of isolated samples)
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Fig. 2. Content of fungal flora in swabs from the working area (% of isolated samples)

were found in the form of multicomponent associations with other
bacterial species.

The analysis of the resistance of 65 isolated strains
of Candida fungi to six antifungal drugs revealed significant
interspecies variability. No significant differences were found
when comparing sensitivity of different Candida species (A vs.
G and Kvs. G) (Table 4; p > 0.05 in all cases).

The highest in vitro efficacy was reported for nystatin
and clotrimazole. The share of C. albicans sensitive to nystatin
was 92.5% (95% Cl. 80.1-97.4), to clotrimazole — 87.5%

Enterobacter aerogenes
Proteus vulgaris
Citrobacter freundii
Escherichia coli
Pseudomonas aeruginosa
Candida tropicalis
Candida grabrata
Candida krusei

Candida albicans
Aspergillus niger
Aspergillus fumigatus

Aspergillus flavus

(95% Cl: 73.9-94.5). As for C. Krusei, the maximum activity
was reported for ketoconazole (93.8%; 95% Cl: 71.7-98.9)
and nystatin (93.8%; 95% Cl: 71.7-98.9).

Fluconazole showed the lowest efficacy: the share of resistant
C. albicans strains reached 70.0% (sensitivity was only 30.0%;
95% Cl: 18.1-45.4). Sensitivity of non-albicans species
(C. krusei and C. glabrata) to fluconazole was also low (56.3
and 55.6%, respectively). High C. krusei sensitivity to ketoconazole
(93.8%) attracts attention; the value reported for C. albicans
is 77.5%.

31.43

I T T
0 5 10

T T T T 1
15 20 25 30 35

Fig. 3. Typical composition of microbial communities of feeds collected in the livestock complex working areas (% of samples)
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Fig. 4. Species composition of fungal microorganisms isolated from the bedding material in the livestock complex working areas (% of the total number of isolates)

DISCUSSION

Microbiological testing of swabs from the production
environment surfaces confirmed fungal contamination
of all the complex working areas.

Feeds represent a significant reservoir and vector
of microorganism transmission. All the tested feed
samples were contaminated with mold and yeast-like fungi.
In addition to mycobiota, bacteria P aeruginosa, C. freundii,
and E. aerogenes were identified in feed samples, E. coli,
P, vulgaris were also isolated.

The highest microbial contamination levels are reported
for the bedding material, in which the communities are represented
by both micromycetes and various Gram-negative bacteria.
Among yeast fingi, C. albicans was isolated from all samples
(100%).

Comparative assessment of the Candida yeast-like fungi
isolation rate revealed considerabke intergroup differences.
The feed and bedding material samples were characterized
by the 100% contamination. Fungi were more often found
in swabs (36%), than in air samples (22%). The differences
obtained are highly significant (o < 0.001), which suggests
the priority role of feeds and the bedding material as a reservoir
of Candida spp. compared to the air environment objects
and swabs.

The findings confirm natural resistance of C. krusei
to fluconazole (sensitivity is 56.3%, that is considered a relatively
high indicator for this species against the background
of the literature data) and low sensitivity of C. albicans
to this azole (30.0%), which can indicate selection of resistant
strains in the population. The lack of significant differences
between species (p > 0.05) is likely to result from the small size
of the C. glabrata (n = 9) and C. krusei (n = 16) samples.

The literature data in the C. krusei itraconazole sensitivity
are controversial and demonstrate significant inter-strain
variability: from the high in vitro activity to the complete
resistance. This suggests that there is no species-specific
susceptibility [10-12].

The C. glabrata fluconazole resistance is multifactorial,
it is realized through overexpression of efflux pumps (resulting
from the PDR1 mutations) and mutation on the ERG1717 target
gene. Active elimination of the drug from the cell is the leading
mechanism, and the ERG1717 alteration increases resistance.
This determines the frequent lack of clinical response to fluconazole
and requires prescription of echinocandins [13-15].

CONCLUSIONS

The results obtained demonstrate systemic contamination
of the livestock complex production environment with potentially
pathogenic fungi with the formation of stable microbial
communities in key facilities (feeds, bedding). The determined
multi-resistance of the circulating strains of yeast-like fungi
to common antifungals (resistance to more than four drugs)
suggests the need to develop specialized control measures.

The yeast antifungal sensitivity in the context of CLSI
standards is the ability of microorganisms to inhibit visible
growth under certain test conditions in vitro. The determined
resistance to the azole class of drugs necessitates exclusion
of those from preventive regimens for livestock farming in order
to avoid the decrese in antifungal measure efficacy. Polyene
group drugs and echinocandins can be offered as alternative
antifungal drugs.

Considering the potentially reversible nature of the yeast
resistance to antifungals and the positive experience of rotation
of agents in adjacent areas, strategy of sequential change

Table 4. Sensitivity of Candida spp. clinical isolates to antifungal drugs, % (abs.) [95% Cl]

Drug

C. albicans (n = 40)

C. krusei (n = 16)

Amphotericin B (AP)

75.0 (30) [59.8-85.8]

68.8 (11) [44.4-85.8]

Nystatin (NS)

92.5 (37) [80.1-97.4]

93.8 (15) [71.7-98.9]

Clotrimazole (CC)

87.5 (35) [73.9-94.5]

81.3 (13) [56.9-93.4]

Ketoconazole (KT)

77.5 (31) [62.5-87.7]

93.8 (15) [71.7-98.9]

Itraconazole (IT)

60.0 (24) [44.6-73.7]

37.5 (6) [18.5-61.4]

Fluconazole (FU)

30.0 (12) [18.1-45.4]

56.3 (9) [33.2-76.9]

C. glabrata (n=9) p(Avs.G) p(Kvs.G)
77.8 (7) [45.3-93.7] 1.000* 0.683*
77.8 (7) [45.3-93.7] 0.199* 0.245*
77.8 (7) [45.3-93.7] 0.598* 1.000*
77.8 (7) [45.3-93.7] 1.000* 0.267*
55.6 (5) [26.7-81.1] 1.000* 0.433*
55.6 (5) [26.7-81.1] 0.242* 1.000*

Note: n — number of strains tested; the percentage of sensitive strains is specified in the cells, absolute numbers are specified in parenthesis, 95% confidence intervals
are specified in square brackets; p (A vs. G) — comparison of C. albicans and C. glabrata; p (K vs. G) — comparison of C. krusei and C. glabrata; * — non-significant

differences (p > 0.05).
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of antifungal drugs so overcome the resistance of Candida spp.
in candidiasis seems justified.

The reported sanitary and microbiological approaches

to assessment of fungal contamination in livestock production
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SLEEP QUALITY OF MEDICAL STUDENTS DURING UNIVERSITY YEARS
Lisovskii OV =, Moiseeva KE, Gritsinskaya VL, Lisitsa IA, Valiaknmetova DG, Uskova SYu, Shchekaleva PD, Stanchu AD
Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

Studying at medical universities involves a high academic workload, frequent movement between clinics, and, in some cases, employment in medical institutions.
These factors may impair cognitive function and contribute to the development of anxiety, sleep disturbances, and daytime sleepiness. This study aimed
to assess the prevalence and severity of sleep disorders among medical university students in a megalopolis. We used the Epworth Sleepiness Scale (ESS)
and the Spiegel Morningness—Eveningness Questionnaire (MOS-SS) to anonymously survey 1,627 students (1,329 females and 298 males) from all years and faculties
at St. Petersburg Pediatric Medical University. It was found that 86.7% of students feel daytime sleepiness of varying severity, and it is much more common
in females (96.0%) than in males (45.2%; p = 0.0000). Various sleep-quality disturbances were identified in 94.5% of students; girls had them more often (99.6%)
than boys (71.9%; p < 0.0000). We found a moderate positive correlation between daytime sleepiness and sleep disorder severity (r = 0.45; p < 0.05). The study
findings substantiate the need for preventive measures aimed at improving sleep quality and adjusting academic workload, as well as for specialist consultations
in cases of severe sleep disorders.

Keywords: sleep, sleep disorders, drowsiness, students, healthcare workers
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KAYECTBO CHA OBYYAIOLLIEMCA MONOOEXXWU B MEPUOMA OCBOEHUA MEAULIMHCKON CMNELUAIBHOCTU
0. B. Jlucosckuin B, K. E. Moviceesa, B. J1. lpuuyHekas, W. A. Jveunua, . . Bannaxmvetosa, C. HO. Yckosa, M. [. LLekanesa, A. [. CTaH4y
CaHkT-lNeTepbyprekuin rocyaapCTBEHHbIN NeanaTpUieckmii MeguunMHeKn yHeepcuteT, CaHkT-IeTepbypr, Poccus

O6y4eHVe B MEOULIMHCKIX BY3ax COMPSKEHO C BbICOKOW MHTEHCUBHOCTHIO aKaleMUYECKOM Harpy3Kki, TeppUTOpUasibHbIM NEPEMELLIEHEM MEXAY KIMHUHECKUMM
6a3amu, B psife cnyvaes — paboToin B MEAVLIMHCKIMX YHPEXAEHNSIX, YTO MOXKET CHIKATb KOrHUTUBHBIE CMOCOBHOCTW, MOTEHLMPOBATL Pas3BuTUE TPEBOXKHOCTY,
HapyLLEHMS HOYHOIO CHA 1 AIHEBHOW COHMMBOCTU. Llenbto nccneoBaHns Ob110 OLEHUTE PacipOCTPAaHEHHOCTb U BbID@XXEHHOCTb HAPYLLIEHWIA CHA Yy OOyHatoLLmXCS
MEAMLIMHCKOro By3a B Meranonnce. C noMoLLpto onpocHukoB dneopTta (ESS) v LLUnurena (MOS-SS) npoBefeHoO aHOHUMHOE TeCcTMpoBaHve 1627 CcTyaeHToB
(1329 peByLuek 1 298 toHoLLel), obyvatoLmxcst Ha Bcex Kypcax 1 hakynsteTax CaHkT-IeTepbyprckoro neamaTpuyeckoro MeAULIMHCKOrO yHMBepcuTeTa.
YCTaHoBMEHO, 4T0 Y 86,7% CTyAEHTOB UMEET MECTO AHEBHAA COHMMBOCTL Pa3NMYHOM CTEMEHM BbIPaXKEHHOCTH, MPUYEM Y AEBYLUEK OHA BCTPEYAETCS 3HAYUTENBHO
YalLLle (96,0%), 4em y L, My»xckoro nona (45,2%; p = 0,0000). PasnnyHble HapyLLeHNs Ka4eCTBa HOHYHOMO CHa OTMeHYeHbl y 94,5% CTyAeHTOB, MPY 3TOM CHIDKEHVE
Ka4ecTBa CHa y [ieByLLEK pervcTpyposam Yaule (99,6%), Y4em y torowen (71,9%; p = 0,0000). BbisiBneHa ymepeHHas npsiMast KoppensumyoHHas CBA3b Mexay
YPOBHEM [HEBHOW COHMBOCTU 1 BbIPaXKEHHOCTBIO HapyLueHuii cHa (r = 0.45; p < 0,05). PesynstaTbl ccneaoBanmns 060CHOBbIBAIOT HEOOXOAMMOCTE MPOBEAEHNS
HanpaBneHHbIX Ha yMyylleHne Ka4ecTBa CHa, KOPPEKTUPOBKY PEXMMA YHEOHOM Harpy3ki MPOUIaKTUHECKUX MEPOMPUSTUA 1 KOHCYNBTALMN CReLmanMcToB
NPV BbIPaXKeHHbIX HapYLLIEHKSIX CHa.

KntoyeBble croBa: COH, HapyLLEHUst CHa, COHNMBOCTb, CTYAEHTbI, MEAVLIIHCKIE PaBOTHIKN

Bknap aBTopoB: O. B. JIMCOBCKMA — KOHLENUma 1 am3aiH ncenegosarus; K. E. MounceeBa — nogbop mateprianoB W METOAOB, PefaKTUpOBaHe TEKCTa;
B. J1. TpuumHcKast — HanucaHune TekcTa ctatbu; W, A. Jlncnua — KoopauHauvst nccnefosaHvs, cbop aaHHbIX nutepatypsbl; . I BanvaxmetoBa — aHanua
1 nHTEepnpeTaunst gaHHbix; C. KO. YckoBa — cTtatucTtuyeckas obpaboTka matepuana; M. [. LLlekanesa — nogroTtoBka aHkeT, coop AaHHbix; A. [. CtaHdy —
cospaHve 6a3bl JaHHbIX; BCe aBTOPbl — YTBEPXKAEHNE OKOHYATENBHOrO BapuaHTa CTaTb, OTBETCTBEHHOCTb 3a LIeNIOCTHOCTL BCEX YacTe cTaTbu.

Cob6niogeHne 3aTMYECKMX CTaHAapTOB: MCCNefoBaHe Of0bpPEeHO NOKabHbIM 3TUYECKUM KOMUTETOM Npu CaHkT-IeTepbyprckoMm rocyaapCTBEHHOM
negnaTpu4ecKoM MeauUMHCKOM yHuBepcuTeTe (NMpoTokon Ne 60/16 oT 24 okTabpsa 2025 r.). YdacTve B onpoce 6bino A0BPOBOSbHEIM 1 nNpeanonarano
cobnofieHre KOHMUAEHLMANBHOCTL.
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Sleep is a fundamental physiological process that enables  onyoung people’s ability to learn professional skills. It has been
the recovery of cognitive capabilities, supports memory consolidation,  established that the persistent misalignment of an individual's
and promotes emotional stability and the regulation of bodily  chronotype and the externally imposed wakefulness schedules
systems [1]. In recent years, many researchers in Russia  with chronic sleep deprivation lead to social desynchronosis
and internationally have investigated the impact of sleep quality  and an increased risk of health disorders [2, 3]. It has also been
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found that sleep problems are more common among women,
heavy smokers and consumers of large doses of caffeinated
beverages, people intensively using digital gadgets before
bedtime and in the evening, and persons exhibiting symptoms
of anxiety and depression [4-6].

Medical students are at increased risk of developing sleep
disorders. That said, quality sleep is especially important
for them because of the inherently high academic workload,
clinical practice tasks, and night shifts, which potentiate chronic
sleep deficiency and cause drowsiness during the day. Sleep
disorders directly affect learning effectiveness by hindering
attention, slowing information processing and decision-making,
and generally impairing quality of life [7, 8]. Between 40.6%
and 77% of clinical students in Southeast Asia and Latin America
have been found to have poor Pittsburgh Sleep Quality Index
(PSQY) scores, and 90% reported daytime sleepiness [9-12].
In Kyrgyzstan, 72% of medical students had sleep problems
that reduced concentration and memory capacity [13]. Sleep
problems were experienced by 60% of medical students
in Egypt [14]. Russian researchers have also identified difficulties
with falling asleep, frequent night awakenings, and daytime
sleepiness in a significant part of medical students [15-19].

Given the relevance of the above, we conducted a study
to assess the prevalence and severity of sleep disorders among
medical university students in a megalopolis.

METHODS

This cross-sectional sociological study involved 1,627 students
(1,329 females and 298 males) and was conducted
by researchers from the Department of General Medical
Practice at St. Petersburg State Pediatric Medical University.
The study took place in the middle of the semester; it had
no relation to exams and tests. The researchers enrolled
students from all faculties, years 1 through 6; the mean
age of participants was 20.3 + 1.3 years. They were invited
to confidentially complete a survey created using Yandex
Forms that incorporated the Epworth Sleepiness Scale (ESS)
and the Spiegel Medical Outcomes Study Sleep Scale (MOS-SS)

44.1%

Females

Fig. 1. Daytime sleepiness registered with ESS

[1]. ESS is a diagnostic tool enabling subjective assessment
of excessive daytime sleepiness, which can be non-existent
(0-8 points), mild (9-12 points), moderate (13-17 points),
and severe (= 18 points). MOS-SS covers the time of falling
asleep, the duration of sleep, the frequency of awakenings
and condition after them, and overall satisfaction with sleep.
A score of 22 points or less indicated a sleep disorder, mild
(12-22 points) or severe (< 11 points).

After discarding incorrectly filled out surveys we exported
the data to an MS Office Excel spreadsheet (Microsoft; USA).
SPSS Statistics 23.0 (IBM; USA) was used for the main stage
of processing. The Kolmogorov—-Smirnov test was applied
to assess normality of distribution of quantitative data. Categorical
variables are reported as percentages with corresponding 95%
confidence intervals (95% Cl) Pearson's chi-square (x?) test
was used for intergroup comparison. The direction and strength
of the relationship between quantitative variables were assessed
using Spearman’s rank correlation coefficient (applied
for not normally distributed data). The differences were considered
statistically significant at p < 0.05.

RESULTS

According to the ESS, most participants — 86.7 [85.9-87.5]% —
experienced daytime sleepiness of varying intensity: mild
in21.9[20.8-22.7]% of respondents, moderate in 28.5 [27.4-29.6]%,
and severe in 36.3 [35.1-37.5]%. Only one in seven study
participants got enough sleep at night. More than half of the young
men did not feel drowsy during the day (54.8 [51.9-57.7] %);
one in three reported mild sleepiness (30.1 [27.7-32.5]%).
Significant drowsiness was established in 13.0 [11.1-14.9] %
of male participants. The condition was severe in 2.1 [1.3-2.9]%
of male students, and it significantly impaired their performance.
Among the girls, only 4.0 [3.6-4.5]% did not experience daytime
sleepiness, which is significantly less than in the male part
of the sample (o < 0.001; x* = 546.5). Female respondents
were less likely to feel mildly sleepy during the day
(20.0 [18.9-21.1]%; p < 0.001; x? = 14.5), but more prone
to moderate (31.9% [30.6-33.2%]; p < 0.001; x* = 56.5)

54.8%

Normal 0-8

B wild sleepiness 9-12

[l Moderate sleepiness 13-17

B Severe sleepiness =18

Males
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Fig. 2. Sleep quality registered with Spiegel MOS-SS

and severe drowsiness (44.1 [42.7-45.6] %; p < 0.001; x* = 312.1)
(Fig.1).

Spiegel MOS-SS revealed that only 5.5 [4.9-6.1]% of students
enjoyed healthy sleep, while 89.7 [89.0-90.4]% of them
suffered from moderate, and 4.8 [4.2-5.4]% — from severe
sleep disorders. Healthy sleep was more common among
boys than girls: 28.1 [25.5-30.7]% versus 0.4 [0.2-0.6]%
(o = 0.001; x> = 10.2). Female respondents mentioned
moderate sleep disorders more often (93.8 [93.2-94.5]%) than
male ones (71.9 [69.3-74.5]%, p < 0.001; x? = 128.5). Severe
sleep disturbances were recorded only in girls — their share
in the sample was 5.8 [5.2-6.4]% (Fig. 2).

Correlation analysis showed a moderate positive relationship
between daytime sleepiness and the severity of sleep disorders
(r = 0.45; p < 0.05). This indicates that students' daytime
sleepiness increases as their sleep quality deteriorates.

DISCUSSION

There are numerous studies that investigate sleep duration
and quality among medical students [2, 4, 8]. In this work,
we found high rates of moderate and severe drowsiness
(up to 31.9% and 44.1%, respectively), with an overall
sleepiness level of 86.7% (all components).

Our findings are consistent with the opinions of several

researchers who note increased drowsiness in up to 90%
of students, which allows considering it as a significant factor
affecting academic performance and health [3, 10, 11, 20].
Medical students often have to balance study, work, and personal
life, which can lead to insufficient sleep [21-23]. Most authors
highlight increased daytime sleepiness and decreased nighttime
sleep duration among students [5, 13, 24].

Sleep disorders were established in 94.5% of the respondents,
predominantly females [25]. Both the general patterns of daytime
sleepiness formation and the constitutional features of students
with sleep disorders have been identified [7, 26]. It has been
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shown that individuals with an evening chronotype are more
susceptible to sleep disorders because they are less well
adapted to attending morning classes [2].

We conducted this study during the semester, before
the exams, which suggests that the identified changes
are not related to acute stress, but reflect chronic fatigue,
sleep and rest disorders, as well as an imbalanced academic
load. Students with higher academic performance are more
likely to sacrifice sleep, experiencing significant discomfort
and drowsiness during the day [4, 17].

Impaired sleep quality and increased daytime sleepiness
may entail reduced attention and worsened cognitive functions
as well as an increased risk of emotional burnout [27, 28].
This is especially important for medical students, as it can
negatively affect not only academic performance, but also
future professional activities. Without remedial measures,
chronic sleep disorders and persistent daytime sleepiness
are an increased risk factor for psychosomatic diseases [3].

CONCLUSIONS

The Epworth Sleepiness Scale and the Spiegel Morningness—
Eveningness Questionnaire are reliable tools for detecting sleep
disorders and excessive daytime sleepiness among medical
students across all years.

The established relationship between deteriorating sleep quality
and increasing daytime sleepiness indicates the development
of chronic fatigue and a decline in students' adaptive capacity.

Sleep disorders affect more than 86% of students, highlighting
the need for regular monitoring of sleep and psycho-emotional
well-being, along with programs to prevent overwork and improve
daily routines.

Measures to improve sleep hygiene and establish a well-
structured academic schedule will enhance students’ mastery
of the core curriculum, preserve their quality of life, and support
the health of future healthcare professionals.
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One way to meet the body's physiological nutrient needs is to normalize the population's diet through specialized food products (SFP), including biologically active
supplements (BAS). At the same time, the content of bioactive substances in these products requires confirmation of compliance with the mandatory requirements
of the Eurasian Economic Union (EAEU) legislation. Sanitary and epidemiological examination is key to obtaining a positive or negative decision on the SFP's
compliance with established requirements and declared properties. ased on the results of the sanitary and epidemiological examination, Rospotrebnadzor
or another authorized body decides to issue a state registration certificate (SRC), which serves as a document allowing the manufacturer to produce and sell
SFPs within the EAEU. This article presents an assessment of modern hygienic approaches to the sanitary and epidemiological examination of SFPs and provides
explanations of the procedure for preparing the required documentation for examination. The provisions of the publication will be useful to specialists performing
sanitary and epidemiological examination of SFPs, as well as to manufacturers and applicants planning to obtain a SRC.

Keywords: specialized food products, list of documents for examination of specialized food products, sanitary and epidemiological examination, quality and safety
requirements

Author contribution: Setko AG — editing, material acquisition, analysis, and processing; Novokshanova AL — editing, concept and design of the analytical review,
material acquisition and analysis; Yuskina ON — editing, material collection, literature data processing; all authors — approval of the final version of the article,
responsibility for integrity of all parts of the article.

>< Correspondence should be addressed: Iga N. Yuskina
Semashko, 2, Mytishchi, Moscow Region, 141014, Russia; Yuskina.ON@fncg.ru

Received: 20.01.2026 Accepted: 13.05.2026 Published online: 24.06.2026
DOI: 10.24075/rbh.2026.164

Copyright: © 2026 by the authors. Licensee: Pirogov University. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

COBPEMEHHbIE 'NMIMEHWYECKUE NOAXO/[bl K OLLEHKE COOTBETCTBUSA
CNELWNAJTTUSNPOBAHHOW NMULLIEBOU NPOAYKLUUN

A. T. CeTko', A. J1. HoBokwaHosa?, O. H. FOckuHa'=

T ®epepanbHblii HayYHbIA LEHTP rureHbl veHn O. . SprcmaHa PefepanbHoi cry»xbbl Mo HaA30py B chepe 3alluTbl Npas NoTpeduTeneli 1 6r1arononyyms Yenosexa,
Moy, Poccuns

2 GepepasbHbIA UCCNeaoBaTENbLCKUA LEHTP NiuTaHus, BroTexHonornm 1 6esonacHocTi nulm, Mocksa, Poccus

OamH 13 nyTeit obecneyeHnst hr3NMONOrMHeCKNX MOTPEOHOCTEN OpraHM3mMa B HyTPUEHTaX NEXUT B HOPMaM3aLmN paumoHa MTaHns HaceneHnsl ¢ MOMOLLbIO
cneumanuanpoBaHHon nuesor npogykummn (CIMM), B TOM ymicne Bronornyeckn akTuBHbix 4o6aBok k nue (BAL). BmecTe ¢ aTuMm, copeprkaHne 61onornieckn
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Measures aimed at improving and optimizing the population's
diet and combating the constant increase in the incidence
of non-communicable diseases of a nutritional nature, such
as obesity, type 2 diabetes mellitus, diseases of the digestive
and cardiovascular systems, and cancer, are being taken
throughout the world. The Russian Federation (RF) adheres
to the same poalicy.

Monitoring the health status of the Russian population
has shown that lifestyle factors have become the most
significant factors influencing the health of citizens in 2023.

According to Rospotrebnadzor, in 50 regions of Russia,
more than half of citizens (53.1%, which in absolute terms
accounted for 77.7 million people) had significant health
consequences from the exposure to factors such as smoking,
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alcohol consumption, and the unbalanced diet [1]. Furthermore,
more than half of deaths in the Russian Federation occur
as a result of foodborne diseases associated with the consumption
of low-quality food products and poor nutrition. Chronic
non-communicable diseases are the leading cause of death
all over the world. Thus, in 2019 these caused 71% of deaths
registered worldwide [2].

One of the ways to normalize the population's diet involves
the development and production of innovative products, which
include fortified and specialized food products (SFPs), including
biologically active supplements (BAS), the use of which allows
for a balanced diet, leveling out macro- and micronutrient
imbalances. The use of SFPs reduces labor losses, medical
expenses, etc., associated with foodborne diseases goHe.
As a result, a better quality of life is achieved and the life
expectancy of the population increases in general [2].
Rospotrebnadzor is responsible for controlling the production
and release of such products for sale to the population.

Modern diets of the population in developed economies
are characterized by the increased consumption of processed
foods. Furthermore, manufacturers are constantly developing
new types of food products to adapt to consumer preferences
and demand. Compared to traditional food products, SFPs
with the modified macro- and micronutrient composition,
the effectiveness of which has been proven during the conformity
assessment, have a competitive advantage. The production
of such products is associated with specific preparation
of the main raw materials and/or further introduction of functional
food ingredients, and the technological process involves
the use of auxiliary techniques: mixing, grinding, refining, heat
treatment, extending storage periods, using additives that
improve the organoleptic properties and shelf life of products,
etc. Meanwhile, when trying to reduce the cost of production,
there is risk of the SFP counterfeiting. In this regard, control over
the production and release of such products, including sanitary
and epidemiological examination, is extremely important
to ensure the safety and health of the population. At the same
time, in the course of their professional activities, the authors
have become convinced that at the present time, in order
to confirm the SFP compliance with the established requirements,
objective hygienic criteria are required for conducting the sanitary
and epidemiological examination.

The SFP hygienic assessment is the subject of research
by many authors, but there are not enough relevant papers
at the moment. Thus, the researchers [3] describe some
of the features of the state registration procedure, including
the procedure for its implementation. There are papers describing
the market for baby food in the RF and abroad; the procedure
for state registration of food products for children over the age
of 3 years is provided [4]. The experience of implementing
technical regulations of the Customs Union into the activities
of regional bodies and organizations of Rospotrebnadzor
is reported [5]. A number of papers provide the data
on the market of SFPs in other countries of the Eurasian
Economic Union (EAEU) [6]. The paper [7] provides information
about the implementation of the draft "Guidelines for Conducting
Sanitary-Epidemiological and Hygienic Assessment (Expertise)
of Biologically Active Food Supplements" at the Eurasian
Economic Commission with the participation of representatives
of authorized bodies of the EAEU member states in the field
of sanitary and epidemiological welfare.

Based on the above, hygienic assessment of the SFP
compliance with mandatory requirements is a pressing
issue. The provisions of the paper will be useful to specialists
performing sanitary and epidemiological examination of SFPs,
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as well as to manufacturers and applicants planning to obtain
a state registration certificate.

The aim was to develop modern hygienic approaches
to assessment of the SFP quality, safety, and efficacy.

Methods

We performed the analysis, systematization, and synthesis
of the legal, regulatory, and scientific information concerning
the SFP hygienic standardization. The research objects
were full-text documents of the legislative and regulatory acts
of the Russian Federation, the EAEU and other countries,
scientific publications from the electronic databases (eLIBRARY,
PubMed, Scopus, Web of Science) on the issue of SFP
manufacture and conformity assessment, as well as our own
research data [8].

Analysis of the current situation

The analysis of the data of food quality and safety monitoring
conducted by Rospotrebnadzor since 2019 has revealed
an increase in the number of products that do not meet
mandatory requirements [1], including SFPs, which suggests
either insufficient registration control, or product falsification
by manufacturers. However, both require careful analysis
and corrective measures.

An example is the detection of the substances not declared
by the manufacturers in food products (Fig. 1). According
to Rospotrebnadzor, in 2023, undeclared ingredients or potentially
hazardous substances were found in most categories of food
products widely consumed by both adults and children in all regions
of the RF [1].

Of particular concern is the fact that all of these are mass-
market products present in the diet of a wide range of consumers.
The diagram clearly demonstrates that SFPs, including baby food
and dietary supplements, constitute a large share of products,
in which the undeclared substances were found, which suggests
the relevance of the issue under consideration.

At the same time, the exceeding of permissible levels
of contaminants in food products is a serious concern, which
once again highlights the importance of the SFP quality and safety
control (Fig. 2).

The sanitary and hygienic studies conducted
by Rospotrebnadzor in 2023 revealed the presence of hazardous
and unacceptable substances in food products. Preservatives
were found in 17.66% of the tested food samples, toxic elements
in 7.83%, glycidol and glycidyl esters in 3.41%, microbial
transglutaminase in 3.03%, sweeteners in 2.78%, pesticides
in 2.03%, antimicrobial agents in 1.36%, nitrosamines in 1.29%,
GMO ingredients in 0.66%, mycotoxins in 0.31%, B-adrenergic
agonists in 0.25%, colorants in 0.16% [1].

The presence of the above substances in food products
indirectly affects the total number of disease cases
in the population. It is estimated that the share of diseases caused
by the presence of toxic and other hazardous substances
in food products throughout the Russian Federation in 2023
in absolute terms was 958.4 cases per 100,000 population.

Improving the quality and life expectancy of the population
of the RF is undoubtedly possible with the use of SFP,
but this category of food products is not an exception in terms
of the possible presence of contaminants. The SFP quality
and safety are monitored by Rospotrebnadzor, and the state
registration system has been functioning since 1997. Some
food products in this category are sold through the Chestny
Znak (Honest Sign) state labeling and tracking system
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Fig. 1. The number of contaminated samples with the detection of undeclared substances by product group in the RF in 2023, % [1]: 1 — SFPs, including baby
food and dietary supplements; 2 — fish, non-fish fisheries and products derived from them; 3 — meat and meat products; 4 — poultry, eggs and products of their
processing; 5 — honey and bee products; 6 — sugar and confectionery; 7 — grain (seeds); 8 — fruit and vegetable products; 9 — packaged drinking water; 10 — fat

and oil products; 11 — beverages; 12 — milk and dairy products

in the form of dietary supplements. Despite this fact, more
than 30% of SFPs do not meet hygienic quality and safety
standards, and the percentage of dietary supplements
containing prohibited substances is high.

Methodology for preparing a package of documents
for examination

Information about the SFP state registration is contained
in the Unified Registry of Registered Food Products "Unified
Regulatory and Reference Information of the Eurasian
Economic Union" [1]. In the RF, the national part of the Unified
Registry of Specialized Food Products is in effect: the “Register
of State Registration Certificates (within the Eurasian Economic
Community Customs Union, Russian part)” [9]. The SFP state
registration is indefinite, but it can be terminated or suspended
by the authorized body for registration of SFPs. Such a forced
measure is resorted to in cases of the SFP non-compliance
with the requirements of technical regulations established
as a result of state control (supervision) and/or by decision

1.06

Quantity of products (%)

0.49 0.48

0.38

of the judicial authorities of a member state of the Customs
Union, due to the fact that providing the population with high-quality
and safe food products is one of the priority areas of the countries’
development.

The procedure for implementing state registration [10]
is based on the results of the sanitary and hygienic examination
aimed primarily at assessing the compliance with the following
hygienic criteria:

— production safety;

— quality and safety of raw materials and final products;

— SFP efficacy.

The SFP sanitary and hygienic examination represents
a the process of reviewing documents, analyzing and evaluating
the information contained therein, including information on the label
(label layout) and information on the presence of food, biologically
active and auxiliary substances, the results of laboratory testing,
efficacy assessment, based on which the conclusions about
the possibility of registering the product are drawn.

When analyzing the raw components used in SFP,
it is necessary to evaluate not only the food components,

0.27 0.24

0.15

0.08

0.08

Types of products

Fig. 2. The number of samples exceeding acceptable levels of contaminants by product group in the RF in 2023, % [1]: 1 — grain (seeds); 2 — SFPs, including
baby food and dietary supplements; 3 — meat and meat products; 4 — fruit and vegetable products; 5 — fish, non-fish fisheries and products derived from
them; 6 — packaged drinking water; 7 — milk and dairy products; 8 — poultry, eggs and products of their processing; 9 — honey and bee products; 10 — sugar

and confectionery; 11 — fat and oil products; 12 — beverages
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but also the biologically active substances characteristic of these
types of raw materials. The documents, in accordance with
which the products have been manufactured, are the sources
of such information: technical conditions, technological
instructions, specifications, recipes and/or information
on the composition of products, and other documents.
If the SFP contains components of animal origin, it is necessary
to confirm their safety by providing documents, including
veterinary certificates. If the SFP contains components of plant
origin, the documents required must contain information
on the part of the plant, as well as the binary name (genus
and species of plant) in Latin and Russian. If the SFP contains
auxiliary food components, including food additives and flavorings,
a document containing information on the source and method
of obtaining them has to be provided.

The documents provided for examination include
the manufacturer’s declaration indicating that the SFP
manufactured is compliant with the requirements of the regulatory
documentation according to which it is produced, such as copies
of quality certificates or safety (quality) data sheets for products,
or quality certificates certified by the manufacturer, or an information
letter from the manufacturer.

Before starting selling the SFP, the manufacturer develops
a draft label inscription (information indicated in the marking),
including so that consumers are informed about the product
features, and information about the product distinctive features
is presented objectively and does not mislead the consumer.
In this regard, copies of labels or their layouts must be submitted
for expert evaluation, containing not only information
on the product composition, nutritional and energy value,
but also recommendations for use, restrictions on intake.
The requirements for the labeling design are set out in TR CU
022/2011 “Food Products in Terms of Their Labeling” [11].

The SFP test samples are the object of conformity assessment
[12]. The product samples selected must be identical
1o the products intended for sale to the consumer in all parameters,
composition, and manufacturing technology o6pa3upl.
The product samples selected must be isolated from other
products, packed, sealed or stamped at the selection site.,
A selection report is produced in accordance with GOST R
58972—2020 based on the results of the SFP sample selection [13] .

Laboratory testing of the indicators characterizing
the quality and safety of food products must be carried out
in the testing laboratories (centers) accredited in the established
manner and included in the “Unified Registry of Conformity
Assessment Bodies of the Eurasian Economic Union” [14].
When establishing the SFP compliance with the safety
and quality requirements, the test methods certified in accordance
with the established procedure must be used. The product
testing and measurement results are applicable to all the products,
among which the specified product samples were selected [15].

The SFP production conditions are also the subject
of expert evaluation. For substantiation the documents
confirming the implementation of the management system
and/or a copy of the certificate of production compliance
with the principles of good manufacturing practice (GMP)
are provided. Furthermore, a copy of the certificate
of implementation of a food safety management system based
on the ISO 22000 international standard and/or documents
confirming that the manufacturer has developed, implemented
and maintains procedures based on the principles of hazard
analysis and critical control points (HACCP) can be provided [16].

When performing the SFP examination, the absence
(presence) of psychotropic, narcotic, toxic, potent substances,
doping substances as defined by the current WADA list,
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nanomaterials, hormones, pesticides, genetically modified
(transgenic) organisms and microorganisms, as well as synthetic
drugs in the products is determined [17, 18]. A declaration
of absence of the listed substances and a declaration
confirming the product compliance with the requirements
of the applicable Customs Union technical regulations are provided
[15,17,18].

To ensure objective assessment of the SFP quality and safety,
as well as authenticity, the conformity assessment documents
completed in accordance with the established procedure
must be available for raw material ingredient. Such documents
may include certificates of state registration, declarations
of conformity, specifications, certificates of analysis, quality
certificates and other documents that contain information
on the SFP ingredients in accordance with the recipe,
and research results. In addition, the documents confirming
the product packaging material safety are provided.

If the SFP is manufactured in the country located outside
the customs territory of the Customs Union of the Eurasian
Economic Union, justification for the supplied product quality
and safety is also required. The justification is documents
issued by state authorized bodies of the country in which
the SFP is manufactured. These may be health authorities,
food regulatory authorities or other competent authorities
that confirm the product safety and permit the SFP sale
in the country of manufacture and other countries. The document
is certified in accordance with the established procedure.

Furthermore, an agreement between the applicant
and the foreign manufacturer, which provides for the product
compliance with the requirements of technical regulations, must
be submitted for examination. Such an agreement serves
as a guarantee that in the case of the product non-compliance
with the declared characteristics or harm to the environment
and consumer health, the person authorized by the manufacturer
is liable in accordance with the Customs Union legislation [12].

In addition to the above documents, the applicant may
provide other information and materials of his/her choice,
substantiating confirmation of the product conformity with
mandatory requirements. In the SFP efficacy is declared,
specifically the product therapeutic and/or prophylactic
properties, it is necessary to provide evidence in the form
of a report and conduct a clinical trial focused on the efficacy
assessment in authorized medical institutions equipped with
the essential equipment and qualified personnel, with the provision
of a report completed in accordance with the established
procedure. According to the Methodological Guidelines [19]
the following guidelines represent the evidence of the SFP
efficacy: the bioactive ingredient introduced into the product
must be permitted for use in the food industry and registered
in accordance with the established procedure; the inclusion
of a bioactive ingredient in the SFP composition a must
be justified; each bioactive component introduced into
the SFP composition must have precise physical and chemical
characteristics that can be reliably determined in accordance
with the approved regulatory documentation in the laboratories
accredited in the established manner. It should be noted that
when developing a SFP, not only information on the effectiveness
of bioactive ingredients and substances must be taken into
account, but also possible interactions with other product
ingredients, and the bioactive ingredient amount in the food
product must be physiologically adequate and effective,
but, in accordance with Appendix No. 5 “Daily Food Intake
and Bioactive Substances for Adults in the Composition
of Specialized Food Products (SFPs) and Dietary Supplements”
[20], not exceeding the upper permissible consumption
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level. Furthermore, the bioactive component introduction
into a product should not worsen the product organoleptic
characteristics and presentation. The effectiveness of a specialized
dietary therapeutic and/or dietary preventive product means
the presence of a significant positive result and the absence
of a negative impact on the functions of human organs
and systems in relation to the declared disease entities. The efficacy
evaluation trial is conducted in accordance with the principles
of good clinical practice in authorized medical institutions.

On September 1, 2025 the Federal Law No. 150-FZ
of 07.06.2025 “On Amendments to Certain Legislative
Acts of the Russian Federation” [21] came into force in the RF,
in accordance with which the specifics of regulating
the appointment and use of dietary supplements are provided.
In August 2025, the Russian Government has submitted a draft
Resolution "On the Approval of Quality Criteria for Bioactive
Food Supplements and Their Effectiveness Depending
on the Degree of Impact on Human Health" [22]. The Federal
Law provides for the creation of a dietary supplement registry,
from which medical professionals will prescribe dietary
supplements to patients, if indicated. The registry will include
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CONSUMER MOTIVATION WHEN CHOOSING DRINKS POSITIONED AS HEALTHY
Oganesyants EL ™, Kochetkova AA
Federal Research Center for Nutrition, Biotechnology and Food Safety, Moscow, Russia

Given the growing prevalence of nutrition-related diseases (obesity, type 2 diabetes mellitus) in the Russian Federation, medical community and producers
of functional and specialized products have been increasingly focused on the category of soft drinks positioned as healthy. This study aimed to identify the key drivers
of consumers' choices of soft drinks marketed as healthy. The sample consisted of urban residents (Moscow) aged 18 and above. In June-July 2025, we invited
144 respondents to fill out an online survey and analyzed relevant regulatory documents published in 2023-2025. Five leading drivers of choice were identified:
taste (80%), ingredients and naturalness (71%), price (53%), functional effect (51%), and purchase convenience (38%). It was found that the gravity of the price
factor is inversely correlated with the respondents' income level (x? = 15.3; p = 0.0047). The results of this study confirm that beverage choices are largely driven
by hedonic motivations and subsequently rationalized through health-related justifications. Successful integration of functional beverages into consumer practices
requires adaptation to the system of consumer rituals and taste expectations.

Keywords: functional beverages; consumer choice; healthy diet; sweeteners; purchase drivers; soft drinks; beverage market
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MOTUMBbI MOTPEBUTEJIbCKOIO BbIEOPA HAMUTKOB, MO3NLIMOHUPYEMbIX
KAK MOJIE3HbIE A1 300POBbA

E. 1. OranecaHL, B9, A. A. KoveTkoBa
DepfepanbHbI MCCNenoBaTENbCKUN LIEHTP NUTaHNs, BroTexHonorum 1 6eaonacHocT N, Mockea, Poccurst

B ycnoBusix pocTa pacnpoCcTpaHEHHOCTV alMEHTapHO-3aBMCMbIX 3ab60NeBaHui (OK1peHne, caxapHblii avabeT 2-ro Tuna) B Poccuiickoin ®enepaliyivi BHAMaHVe
Bpave v NpounsBoamTeneit (yHKLMOHABbHbIX 1 CReLManvavpoBaHHbIX MPOAYKTOB BCe Yallle OblBaeT COCPEfOTOYEHO Ha KaTeropuin 6e3akorosbHbIX HAMMTKOB,
NO3MLMOHNPYEMbIX KaK MOMe3Hble A1 340P0BbS. Lienbio nccnenoBaHmst Obino BbIABUTL KITKOHYEBbIE AETEPMUHAHTLI MOTPEOUTENLCKOrO BbIOOpa 6€3aIKOrobHbIX
HaNUTKOB, NO3ULMOHNPYEMbIX Kak Mone3Hble 415 340POBbSA CPEAN MOPOACKMX »uTenen. B noHe—mnone 2025 r. MeTogomM oHnamH-onpoca 144 pecnoHaeHToB
B COYEeTaHUV C aHaM30M HOPMAaTUBHBIX JOKYMEHTOB 3a 2023-2025 IT. n3y4eHbl MPeAnoYTeHNs 1 MOTUBbI MOKYMKW xuTenen r. Mockebl B Bo3pacTe 18 net
1 cTapLue. BbigBneHb! NATb BeOyLLMX MOTUBOB: BKYC (80%), cocTas/HaTypansHOCTb (71%), ueHa (53%), hyHKUmoHanbHbI athdekT (51%), yoobcTBo nokynku (38%).
YCTaHOBMEHO, YTO 3HAYMMOCTb LIEHOBOIO (hakTopa 06paTHO KOPPEIMPYeT C YPOBHEM A0X0Aa PecnoHaeHToB (x? = 15,3; p = 0,0047). Peaynstarsl UccnenosaHus
NoATBEPKAAOT NpeobrnagaHvie reJOHNCTUHECKOrO hakTopa, paLmoHaIM3npyeMoro 3a0poBbecHeperatoLLieit PUTOPUKOM, NMpK BbIGOpe HamMTKOB. YcneluHas
NHTEerpaums (hyHKLMOHABbHbIX HAMUTKOB B NMOTPEOUTENLCKNE NMPaKTUKL TPebyeT adanTtaummn K CUCTeME NOTPEOUTENBCKIX PUTYaNIOB 1 BKYCOBbIX OXKUAAHWIA.

KntoueBble cnoBa: (hyHKLMOHAbHbIE HANUTKK, NOTPEOUTENBCKU BbIOOP, 300POBOE MUTaHWE, Caxapo3aMEHUTENM, MOTUBbI MOKYMKY, 6e3anKOorobHbIe HanmTKU,
PbIHOK HaMMTKOB

®duHaHcupoBaHue: paboTa BbINOSHEHA B paMKkax rocydapCTBEHHOro 6omxeTHoro 3agaHns, Tema Ne FGMF-2025-0014.

Bknap aBTopos: E. J1. OraHecsHL, — c6op v aHanua fdaHHbIX, HanncaHne pykonmen; A. A. KodeTkoBa — KOHUENUWs 1 An3aiH CcnenoBaHns, pefakTupoBaHme
pyKOMn1cH.

CobniofeHne 3TUYECKUX CTaHOAPTOB: MCCNEAoBaHME NPOBEAEHO B COOTBETCTBUM C 3TUHECKMMW CTaHdapTamy XenbCUHKCKON aeknapaumm 2013 1
Bce y4acTHUKM NpegocTaBunmv Lo6POBONbHOE MHDOPMUPOBAHHOE COrfacne Ha aHOHMMHOE yHacTVie B OHMalH-onpoce.
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Current dietary trends in Russia show high consumption
of foods with added sugars and fats, along with a deficiency
in dietary fiber, vitamins, and minerals [1-4]. In response
to public health challenges, including the growing prevalence
of obesity, type 2 diabetes mellitus, and metabolic syndrome,
the government has tightened nutrition-related legislation: there
have been introduced excise taxes on beverages with high
added sugar content and strict labeling and advertising rules

[6-7]. Against this background, a new market for functional
beverages is emerging. In this category, competitive advantage
is determined not only by taste but also by consumers’
perception of health benefits.

According to epidemiological studies, a significant proportion
of the population of the Russian Federation (RF) exceeds
the daily sugar intake recommended by the WHO: no more than
10% of total caloric intake, with an optimal target of no more
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than 5% [8]. The recommendations of the Ministry of Health
of RF suggest a threshold of about 24 kg/year/person (=~ 65 g/day)
[9], while the actual mean per capita sugar consumption
is estimated at 30-40 kg/year. According to the Ministry
of Health, the prevalence of obesity among adults is 24.6%,
with higher rates among women, highlighting the urgency
of addressing nutrition-related issues.

A diet high in calories but low in nutritional value leads
to more overweight and obese individuals, a higher prevalence
of cardiovascular diseases, and a shift in dietary patterns
toward "fast energy" from simple carbohydrates. The key problem
is the lack of a long-term dietary strategy in the population: people
prefer to focus on short-term effects (such as weight loss,
perceived improvements in health, and enhanced performance,
focus, and concentration) rather than on systemic lifestyle changes.

Trends in sugar content reduction and growth
of the sugar substitute market

Starting from July 1, 2023, the RF introduced an excise tax
on sugar-containing soft drinks: 7 rubles/liter for products
with a sugar content of more than 5 g/100 ml
(with some category-level exemptions). The tax is enshrined
in Chapter 22 of the Tax Code of the Russian Federation;
in 2025, the rate was increased to 10 rubles/I. This policy
stimulated manufacturers to switch to sweeteners (sucralose,
stevia, erythritol, and aspartame) [5, 6, 10]. However, sugar
substitutes have a dual effect: on the one hand, they reduce
calorific value of drinks and help to avoid blood glucose spikes,
and on the other hand, such products support the preference
for sweet foods, which prevents long-term changes in dietary
patterns [11-13].

The global trend of reducing the consumption of free
sugars has transformed the soft drinks market. In 2024,
the sugar-free segment in Russia grew by 22.7% in volume
and 49% in monetary value (according to Nielsen). Consumer
reports show a growing readiness to pay about 15% more
for natural composition and absence of artificial sweeteners
[14, 15]. People are increasingly concerned about their health
and therefore show interest in healthy drinks that align well with
their health improvement goals [14, 16-19].

Socio-demographic factors influencing the purchase
of healthy food products

According to various studies, age and gender are the main
characteristics that determine the choice of healthy food
and drinks. Women are more likely to prefer healthy products; they
buy them regularly, and report a more positive attitude towards
such food [2, 20]. Older consumers tend to choose healthy foods
and beverages more often than their younger counterparts;
they are especially interested in those products that, according
to manufacturers, reduce the risk of diseases [21, 22]. Young
people are less likely to overpay for healthier food options.

Some studies report a positive relationship between
the level of education and wilingness to buy foods and beverages
with a high content of biologically active substances [16, 23-25].
Another factor directly related to the consumption of functional
foods and beverages is income [23, 26].

Psychological factors influencing the choice
of healthy food products

Research suggests that beyond demographic factors,
the desire to "feel good" is a strong motivator in choosing
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OPUTMMHAJIbHOE NCCJTIEQOBAHVE

healthy foods [14]. The perceived value of personal health
is a strong predictor of purchasing behavior, especially
in the context of eating out [27, 28]. Health-conscious
consumers — for example, those who exercise regularly —
are much more likely to purchase healthy drinks, even
at the expense of taste.

The key drivers for consumers when choosing healthy
drinks are health benefits (low sugar content, added vitamins,
natural ingredients), taste (87% of consumers worldwide
consider taste to be a decisive factor — FMCG Gurus,
2025), safety and trust in the product, and product attributes
and marketing — brand reputation, packaging design, labeling,
price sensitivity [26, 29, 30].

This study aimed to identify the key drivers of consumers’
choices of soft drinks marketed as healthy among urban
residents in Moscow.

METHODS
Database compilation

The online survey was conducted among Moscow residents
from June to July 2025 via social media. The participants,
18 years of age or older, provided voluntary informed consent
to fill out the questionnaire anonymously in Russian. The study
included 144 respondents. Inclusion criteria: age 18 and over,
residence in Moscow, voluntary consent. Exclusion criteria: age
under 18, refusal to participate in the study.

The questionnaire consisted of four sections. Section 1 —
socio-demographic characteristics of the respondents,
employment and nature of work. Section 2 — information about
the participants' dietary habits (preferred drinks in the morning,
afternoon, and evening), key outlets where they buy beverages.
Section 3 — questions about new functional drinks, the desired
effect, as well as the key drivers for their purchase. Section
4 — functional drinks consumed during physical activity,
types of drinks, frequency of consumption, and places
of purchase.

Statistical analysis

Statistical data processing was done in IBM SPSS Statistics v. 26
(IBM Corp.; USA). Pearson's chi-squared (x?) test was used
to compare frequencies in groups with different income levels.
The differences were considered significant at p < 0.05. The data
are presented as absolute and relative frequencies.

RESULTS
Socio-demographic characteristics of the sample

The sample comprised 144 people, 92 of whom were women
(64%). Most of the participants were 18-24 years old (48%
of the sample), the second largest age group — 25-34 years old
(40%). By type of employment, the majority of respondents were
students (27%), full-time office workers (25%) and employees
on a hybrid schedule (23%). Up to 57% of respondents were
employed in finance, law, and analytics, 13% in information
technology, digital, and design, and 9% in retail and marketing.
By income, the respondents were distributed relatively evenly:
11-12% in subgroups "up to 30 thousand rubles/month,"
"60-100 thousand rubles/month," "100-150 thousand rubles/
month," "150-250 thousand rubles/month"; the subgroup with
an income of more than 250 thousand rubles/month was 20%
of the sample.
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Table 1. Beverage consumption through the day (n = 144)

Beverage Morning (before 10:00) Daytime (10:00-16:00) Evening (16:00-21:00) Night (after 21:00)

Water 121 (84%) 118 (82%) 115 (80%) 123 (85%)
Coffee 81 (56%) 81 (56%) 19 (13%) 4 (3%)
Tea 54 (38%) 80 (56%) 91 (63%) 49 (34%)
Herbal tea/herbal beverages 19 (13%) 28 (19%) 61 (42%) 41 (28%)
Soda/sugary drinks 4 (3%) 41 (28%) 40 (28%) 19 (13%)
Juices/smoothies 17 (12%) 28 (19%) 21 (15%) 6 (4%)
Milk/vegetable milk 13 (9%) 13 (9%) 8 (6%) 5 (3%)
Functional drinks (for focus, sleep, energy) 2 (1%) 6 (4%) 2 (1%) 0
Energy drinks 3 (2%) 13 (9%) 6 (4%) 4 (3%)
Alcohol 3 (2%) 5 (3%) 32 (22%) 22 (15%)
Protein/sports drinks 6 (4%) 4 (3%) 11 (8%) 2 (1%)
Fermented drinks (kombucha, kefir, ayran) 5 (3%) 6 (4%) 10 (7%) 5 (3%)
Other 2 (1%) 1(<1%) 1(<1%) 5 (3%)

Most participants — 74% — bought beverages in mid-tier
supermarkets (Lenta, Magnit, Pyaterochka, Perekrestok).
The second preferred outlet were delivery services Yandex
Lavka and Samokat (59%), the third option — VkusVill (46%).

Table 1 summarizes the information on the drinks most
frequently consumed during the day. Water is the preferred
drink at any time of the day; coffee and tea consumption
peaks in the morning and afternoon; carbonated sugary drinks
and juices rise up in the afternoon and evening; alcohol
is mainly consumed in the evening and at night.

Analysis of functional drinks

The majority of the respondents categorized protein shakes
(69%), isotonic and sports drinks (60%), and herbal teas (60%)
as functional beverages. Only 26% of the participants regarded
kombucha, fermented drinks, and enhanced soda with vitamins
as functional. The most sought-after effects of functional drinks
were reinforcement of concentration and attention (52.6%),
sleep improvement (44.1%), "a quick boost" (43.4%), digestive
support (42.8%), "something light and healthy" (41.4%).

As for the drivers of choice of functional drinks, taste comes
first (80%), followed by composition (71%), and price (53%)

(Table 2).

Price-wise, the respondents were ready to spend
up to 300 rubles (24%), up to 150 rubles (20%), and up to 200 rubles
(15%) on a beverage. The gravity of the price factor
is significantly lower in the group with an income of more than
250 thousand rubles/month (20.7%) compared with groups
with an income of 100-250 thousand rubles/month (66.7%)
and less than 60 thousand rubles/month (53.8%) (x* = 17.8;

p = 0.0016).

Table 2. Drivers of choice of functional drinks (n = 144)

The main negative factors when choosing a drink are unpleasant
taste (68%), excessive promises of the manufacturer (46%),
and price (45%). The price factor was most often noted
by respondents with an income of less than 60 thousand
rubles/month (74.4%) and much less often by those with
an income of more than 250 thousand rubles/month (31.0%)
(* = 15.3; p = 0.0047).

DISCUSSION

This study revealed not only the current consumption patterns,
but also deep contradictions that condition the functional
beverages market in Russia. Data analysis paints a portrait
of a modern urban consumer whose choice is shaped by desire
to lead a healthy lifestyle, a high pace of life, and hedonistic needs.

The core of the sample (88%) consisted of respondents
aged 18-34 years — the generation of millennials and zoomers,
for whom being health-conscious is not a trendy affair
but a part of life. Female participants formed the majority
of the sample (64%), which aligns with global trends: women
are the main driving force behind the demand for health
and self-care products [2, 20]. These data are consistent with
findings from foreign studies that report women being highly
knowledgeable about healthy nutrition [20].

More than 50% of respondents work in highly skilled,
well-paid professions, which produces two behavioural patterns:
high awareness and scepticism (this audience scrutinizes
ingredients, seeks evidence, and distrusts marketing claims)
and value-oriented consumption (they prefer paying for proven
quality, convenience and benefits rather than prioritizing low
price). This explains why "price" (53% of respondents), despite
its importance, is inferior to "taste" (80% of respondents)

Driver Number of positive responses
Tastiness 115 (80%)
Composition (natural, proven effect) 102 (71%)
Price 76 (53%)
Effect 73 (51%)
Sold at a convenient location 55 (38%)
Brand confidence 48 (33%)
Form factor (can, shot, powder) 23 (16%)
Packaging 22 (15%)
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and "composition" (71% of respondents). Similar patterns have
been described in foreign studies on samples with a high level
of education [16, 23-25].

An analysis of consumption by time of day demonstrates
a pattern of rational energy management: morning and afternoon
drinks (water, coffee, tea) are aimed at hydration and stimulation
of cognitive function, while evening and night drinks (herbal
teas, alcohol) are taken to recover and relax. Functional
drinks (for concentration, energy, sleep) occupy a narrow
niche, which indicates a deep gap between the supply and real
consumer habits.

The difference in how consumers perceive the functionality
of different categories of drinks deserves special attention.
Protein mixes and isotonic drinks are organically integrated
into the sports routine: their benefits are understandable
to consumers, linked to a specific action, and do not require
explanation. The situation with kombucha, prebiotic, and vitamin-
enhanced beverages is completely different. despite these
products being actively promoted in the media, the majority
of respondents perceive them as something "useful in general,"
without associations with specific effects. The lack of clarity
about the function deprives such drinks of value in the eyes
of the buyer [17, 19].

Clearly describing the beverage's properties on the label
is not enough to guarantee it a place in the customer's daily
basket. It is necessary to offer the consumer a clear logic of use —
when, why and in what situation to drink it. A product can
take root if it starts to integrate into existing consumer habits
or forms a new, socially accepted practice in which its benefits
become obvious and tangible.

Our findings confirm that it is the taste that determines
the initial purchase decision; dislike or lack thereof becomes
the main reason for refusal. The composition of the product
plays a different role: it does not encourage buying, but removes
doubts; the consumer must make sure that the product is "not
harmful" before choosing it. As for the distribution channels,
most respondents mentioned chain stores and delivery
services, which suggests that consumers value convenience:
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a functional drink should be easily accessible like any everyday
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CONCLUSIONS

This study allows formulating the following conclusions.
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4. The consolidation of functional drinks into consumer
behavior is possible only if the product, besides having
the claimed benefits, naturally fits the habits, values, and taste
preferences of the target audience.

6. Prozherina VD. Regulirovanie potreblenija sladkih bezalkogol'nyh
napitkov s pomoshh'ju akcizov. Nalogi i nalogooblozhenie. 2022;
(5): 25-40 (in Rus.).

7. Horkina NA, Chetaeva KG, Shpeko AD. Rol' gosudarstva v prodvizhenii
programm zdorovogo pitanija: mirovoj opyt. Voprosy gosudarstvennogo
i municipal'nogo upravlenija. 2024; (2): 183-210 (in Rus.).

8. Eliashevich SO, Orehova AV, Koncevaja AV, Drapkina OM.
Problema izbytochnogo potreblenija sahara: kulinarnye i
medicinskie aspekty. Kardiovaskuljarnaja terapija i profilaktika.
2024; 23 (4): 98-105 (in Rus.).

9.  Prikaz Minzdrava Rossii ot 19.08.2016 Ne 614 (red. ot 30.12.2022)
"Ob utverzhdenii Rekomendacij po racional'nym normam potreblenija
pishhevyh produktov, otvechajushhih sovremennym trebovanijam
zdorovogo pitanija" (in Rus.).

10. Chernjakova EE, Bogatyreva AF, Jastrebova EA. Mezhdunarodny;j
opyt nalogooblozhenija  saharosoderzhashhih  napitkov.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ORIGINAL RESEARCH

Jekonomicheskoe razvitie Rossii. 2023; 30 (12): 65-73
(in Rus.).

Begum RF, Nirenjen S, Rushendran R, Manisha M, Pavithra N, Sridevi S,
et al. Exploring the impact of artificial sweeteners on diabetes
management and glycemic control. Front Nutr. 2025; (12): 1587690.
Angelin M, Kumar J, Vajravelu LK, Satheesan A, Chaithanya V,
Murugesan R. Artificial sweeteners and their implications
in diabetes: a review. Front Nutr. 2024; (11): 1411560.

Dragomir N, Grigore DM, Pogurschi EN. Beyond sugar: a holistic
review of sweeteners and their role in modern nutrition. Foods.
2025; 14 (18): 3182.

Hallak R, Onur |, Lee C. Consumer demand for healthy beverages
in the hospitality industry: Examining willingness to pay a premium,
and barriers to purchase. PLoS One. 2022; 17 (5): e0267726.
Ren Y, Liu Q, Wu G, Loy J-P. Consumer preferences for sugar-
sweetened beverages: Evidence from online surveys and laboratory
eye-tracking choice experiments. Food Policy. 2025; (130): 102791.
Chang HP, Ma CC, Chen HS. The impacts of young consumers'
health values on functional beverages purchase intentions. Int J
Environ Res Public Health. 2020; 17 (10): 3479.

Dimitrova T, llieva |, Terziyska M. Understanding consumers'
functional beverages purchase intention: modeling the impact
of explanatory factors. BIO Web Conf. 2025; (170): 01020.

Lie B, Tjokrosaputro M, Ariniputri N, Krisnaputra A, Devotyasto M.
Factors affecting purchase intention of healthy drinks. Int J Appl
Econ Bus. 2023; 1 (4): 2639-49.

Kowalska A, Leoniak K, Solowiej BG. Consumers' attitudes
and intentions toward functional beverages: a lesson for producers
and retailers. Decision. 2024; 51 (3): 321-37.

Feraco A, Armani A, Amoah |, Guseva E, Camajani E, Gorini S, et
al. Assessing gender differences in food preferences and physical
activity: a population-based survey. Front Nutr. 2024; (11):
1348456.

JNutepatypa

1.

10.

MykaHeesa [. K. Meonko-aKOHOMYECKUI yLLEp6 11 0BOCHOBaHVE
Mep NOMNYNALMOHHON NPOMUNAKTUKM HEPALMOHANBHOO MUTaHNS
B Poccuiickon ®epnepaumn [oucceptauns). M., 2024.

MacTteposa C. H. MprBbIMKM 300POBOMO NMUTAHUSA Kak BHYTPEHHI
(haKTop BbIGOPA paLmoOHa NUTaHWSA HaceneHnem Poccumn. HayqHble
3annckn Monodbix uccneposatenen. 2023; 4 (45): 63-74.
NnbunHa WM. HO. CoupansHo-aemorpadudeckas anddepeHumaums
noTpebneHna HaceneHns [aucceptauys]. M., 2009.

ConHuesa T. H., Papyxkabkaames P. M., EBctpatosa B. C. OueHka
noTpebneHnst 0o6aBneHHOro caxapa HaceneHnem LleHTpansHoro
enepansHoro okpyra PO 1 BO3MOXHOE 3Ha4eHve 4acToTbl
€ro noTpebneHns B passuTUM U30bITOYHOM Macchl Tena. Bonpocsl
nutaHus. 2018; 87 (5): 118-9.

Mycaesa X. M. AKLIM3HOE HANIOroobNoXeHe BpeaHOM A1 300POBbLS
NPOAYKLMN B KOHTEKCTE peann3aunn HauvoHanbHbIX Lenem
paszsuTst Poccurckon Genepaumn. Hanoru n HanoroobnoxeHme.
2023; (3): 21-40.

MpoxepuHa B. . PerynupoBanve noTpebneHnsd cnagkux
Be3anKkorofbHbIX HaMMTKOB C MOMOLLBKD akumM3oB. Hanoru
1 Hanoroobnoxerwue. 2022; (5): 25-40.

XopkuHa H. A., Hetaesa K. I, LLIneko A. 1. Ponb rocynapcrtea
B MPOABVPKEHVM MPOrPamMmM 340POBOr0 NUTaHNSA: MAPOBOW OMbIT.
Bonpochkl rocygapCTBEHHOMO 1 MyHULMNANBHOIO yNpaBneHus.
2024; (2): 183-210.

Enmawesnd C. O., Opexosa A. B., KoHuesas A. B., OpankuHa O. M.
[Mpobnema n36bITOHHOrO NOTPEONEeHNs caxapa: KyauHapHble
N MEOVLUMHCKME acnekTbl. KapauoBacKkynapHas Tepanus
1 npocunaxkTmka. 2024; 23 (4): 98-105.

[Mprkas MwuHsgpaa Poccum ot 19.08.2016 Ne 614 (pep.
o1 30.12.2022) «O6 yTBepKaeHM PekoMeHaaLmii No pauyoHabHbIM
HOpMaM MOTPebNeHNa MULLEBbLIX MPOAYKTOB, OTBEYatoLLMX
COBPEMEHHbIM TPEOOBaHNSIM 300POBOrO MUTAHNS».

YepHakosa E. E., BoratbipeBa A. ®., fActpebosa E. A.
MexxayHapoaHbIN OMbIT HANIOrOOBAOXKEHMST CaxapOCoaepKaLLX
HaNUTKOB. DKOHOMMYecKoe passuTtne Poccumn. 2023; 30 (12):
65-73.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Szakos D, Ozsvari L, Kasza G. Perception of older adults about
health-related functionality of foods compared with other age
groups. Sustain. 2020; 12 (7): 2748.

Moss R, Gorman M, Stright A, Dolan E, Code M, McSweeney MB.
Consumer perception of meal replacement beverages: A comparison
between younger adults and older adults. J Food Sci. 2025; 90
(3): €70104.

Pechey R, Jebb SA, Kelly MP, Aimiron-Roig E, Conde S, Nakamura R,
et al. Socioeconomic differences in purchases of more vs. less
healthy foods and beverages: analysis of over 25,000 British
households in 2010. Soc Sci Med. 2013; (92): 22-6.

Azizi Farad N, De Francisci Morales G, Mejova Y, Schifanella R.
On the interplay between educational attainment and nutrition:
a spatially-aware perspective. EPJ Data Sci. 2021; (10): 18.
Baker MT, Lu P, Parrella JA, Leggette HR. Consumer acceptance
toward functional foods: a scoping review. Int J Environ Res
Public Health. 2022; 19 (3): 1217.

Okpiaifo GE, Dormoy-Smith B, Kassas B, Gao Z. Perception
and demand for healthy snacks/beverages among US consumers
vary by product, health benefit, and color. PLoS One. 2023; 18
(6): e0287232.

Huang Z, Zhu YD, Deng J, Wang CL. Marketing healthy diets:
the impact of health consciousness on Chinese consumers' food
choices. Sustain. 2022; 14 (4): 2059.

Chu K. M. Mediating influences of attitude on internal and external
factors influencing consumers' intention to purchase organic
foods in China. Sustain. 2018; 10 (12): 4690.

Nair SG. Consumer insights on health drinks: a satisfaction
analysis. Int J Sci Res Eng Manag. 2025; 09 (03): 1-9.

Skapska S, Marszatek K, Wozniak L, Szczepanska J, Danielczuk J,
Zawada K. The development and consumer acceptance
of functional fruit-herbal beverages. Foods. 2020 Dec; 9 (12):
1819.

Begum RF, Nirenjen S, Rushendran R, Manisha M, Pavithra N,
Sridevi S, et al. Exploring the impact of artificial sweeteners
on diabetes management and glycemic control. Front Nutr. 2025;
(12): 1587690.

Angelin M, Kumar J, Vajravelu LK, Satheesan A, Chaithanya V,
Murugesan R. Artificial sweeteners and their implications in diabetes:
a review. Front Nutr. 2024; (11): 1411560.

Dragomir N, Grigore DM, Pogurschi EN. Beyond sugar: a holistic
review of sweeteners and their role in modern nutrition. Foods.
2025; 14 (18): 3182.

Hallak R, Onur |, Lee C. Consumer demand for healthy beverages
in the hospitality industry: Examining willingness to pay a premium,
and barriers to purchase. PLoS One. 2022; 17 (5): e0267726.
Ren Y, Liu Q, Wu G, Loy J-P. Consumer preferences for sugar-
sweetened beverages: Evidence from online surveys and laboratory
eye-tracking choice experiments. Food Policy. 2025; (130):
102791.

Chang HP, Ma CC, Chen HS. The impacts of young consumers'
health values on functional beverages purchase intentions. Int J
Environ Res Public Health. 2020; 17 (10): 3479.

Dimitrova T, llieva |, Terziyska M. Understanding consumers'
functional beverages purchase intention: modeling the impact
of explanatory factors. BIO Web Conf. 2025; (170): 01020.

Lie B, Tjokrosaputro M, Ariniputri N, Krisnaputra A, Devotyasto M.
Factors affecting purchase intention of healthy drinks. Int J Appl
Econ Bus. 2023; 1 (4): 2639-49.

Kowalska A, Leoniak K, Solowiej BG. Consumers' attitudes
and intentions toward functional beverages: a lesson for producers
and retailers. Decision. 2024; 51 (3): 321-37.

Feraco A, Armani A, Amoah |, Guseva E, Camajani E, Gorini S, et
al. Assessing gender differences in food preferences and physical
activity: a population-based survey. Front Nutr. 2024; (11):
1348456.

Szakos D, Ozsvari L, Kasza G. Perception of older adults about
health-related functionality of foods compared with other age
groups. Sustain. 2020; 12 (7): 2748.

RUSSIAN BULLETIN OF HYGIENE | 2, 2026 | RBH.RSMU.PRESS



OPUTMHAJIbHOE NCCJIEJOBAHNE

22.

23.

24.

25.

POCCUICKNIA BECTHUK TUIMEHBI |2, 2026 | RBH.RSMU.PRESS

Moss R, Gorman M, Stright A, Dolan E, Code M, McSweeney MB.
Consumer perception of meal replacement beverages: A comparison
between younger adults and older adults. J Food Sci. 2025; 90
(3): €70104.

Pechey R, Jebb SA, Kelly MP, Aimiron-Roig E, Conde S, Nakamura R,
et al. Socioeconomic differences in purchases of more vs. less
healthy foods and beverages: analysis of over 25,000 British
households in 2010. Soc Sci Med. 2013; (92): 22-6.

Azizi Farad N, De Francisci Morales G, Mejova Y, Schifanella R.
On the interplay between educational attainment and nutrition:
a spatially-aware perspective. EPJ Data Sci. 2021; (10): 18.
Baker MT, Lu P, Parrella JA, Leggette HR. Consumer acceptance
toward functional foods: a scoping review. Int J Environ Res
Public Health. 2022; 19 (3): 1217.

26.

27.

28.

29.

30.

Okpiaifo GE, Dormoy-Smith B, Kassas B, Gao Z. Perception and
demand for healthy snacks/beverages among US consumers vary by
product, health benefit, and color. PLoS One. 2023; 18 (6): €0287232.
Huang Z, Zhu YD, Deng J, Wang CL. Marketing healthy diets:
the impact of health consciousness on Chinese consumers' food
choices. Sustain. 2022; 14 (4): 2059.

Chu K. M. Mediating influences of attitude on internal and external
factors influencing consumers' intention to purchase organic
foods in China. Sustain. 2018; 10 (12): 4690.

Nair SG. Consumer insights on health drinks: a satisfaction
analysis. Int J Sci Res Eng Manag. 2025; 09 (03): 1-9.

Skapska S, Marszatek K, Wozniak t., Szczepanska J, Danielczuk J,
Zawada K. The development and consumer acceptance
of functional fruit-herbal beverages. Foods. 2020 Dec; 9 (12): 1819.




METHOD

THE RESULTS OF APPLYING THE HEALTH DIAGNOSIS PROGRAM IN MEDICAL UNIVERSITY STUDENTS
Markelova SV' = Prokhorov PYu?

" Pirogov Russian National Research Medical University (Pirogov University), Moscow, Russia
2 Tula State University, Tula, Russia

The introduction of a system for monitoring the body’s functional state and nutritional characteristics into the medical university educational process seems
to be a relevant solution to the problem of maintaining the health of student youth. The study aimed to test the use of the Valeoscan program for monitoring
the health and diet features in the 1s-year, 4"-year, and 6™-year students of the Medical Institute of the Tula State University (n = 3676). A significant (o < 0.05)
increase in the time it took to complete psychophysiological tests was reported in the first-years, who studied in 2016-2023: the time to complete the correction
test increased from 200.59 + 4.21 s to 231.83 + 5.71 s in females; from 202.40 + 6.02 s to 229.00 + 7.34 s in males. In the dynamics of the years of study
(from the 1%'to 6" year), a significant (p < 0.05) increase in body mass index (BMI) was revealed: from 20.81 + 0.30 kg/m? to 22.45 + 0.41 kg/m? in females;
from 22.71 + 0.65 kg/m? to 24.24 + 0.54 kg/m? in males, respectively. Furthermore, an increase in the proportion of students with overweight in the BMI range
> 29 kg/m? was revealed. In the 6" year, the proportion decreased of the students with excess fat in their diet (from 13.72 + 0.09 to 8.32 + 0.04% in females,
p < 0.05; from 46.94 + 0.28 t0 6.72 + 0.05% in males, p = 0.00039) and water deficit (from 72.41 + 0.12 t0 66.73 + 0.21% in females, p < 0.05; from 71.85 + 0.13
to 66.72 + 0.21% in males, p < 0.05); the proportion of students, who followed healthy eating principles, increased (from 73.26 + 0.64 to 81.39 + 0.73%
in females, p < 0.05; from 62.86 + 0.52 to 65.71 + 0.54% in males, p < 0,05). The Valeoscan program introduction into the educational process has made
it possible to monitor the functional health indicators and nutritional characteristics of medical university students, which can be used to evaluate the effectiveness
of the health-preserving technology being introduced.
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PE3YJIbTATbl MPUMEHEHUA NMPOrPAMMbI ANATHOCTUKN 300POBbs OBYHAKOLLINXCAH
MEAOVLIMHCKOIO BY3A

C. B. Mapkenoga'=, 1. tO. MNpoxopos?®

" Poccuiickuii HauvoHabHbIA MCCNefoBaTeNbCKuin MEAULIMHCKIIA yHMBepcuTeT uvern H. V1. Minporosa (Minporosekuin YHuBepcuTeT), Mocksa, Poccust
2 TyNbCKUN roCyAapCTBEHHbIA YHMBEPCUTET, Tyna, Poccust

BHenpeHne B 06pasoBatenbHbI MPOLECC MEOULIMHCKOrO By3a CUCTEMbl MOHUTOPWHIA Nokasarenei yHKUMOHaIbHOMO COCTOSHMS OpraHm3Ma 1 0COOEHHOCTEN
NUTaHVs NPeLCTaBASETCA aKTyaNbHbIM peLleHeM NpobiemMbl COXpaHeHNs 340pOBbs oby4atoLLeics Monoaexu. Llensto paboTbl 66110 anpobrpoBaTh
NPUMEHEHVe Nporpammbl «BaneockaH» AN MOHUTOPWHIA 3[0P0BbS M OCOBEHHOCTEN MUTaHWs CTYAEHTOB 1-ro, 4-ro 1 6-ro kypcoB MeanUmHCKOro MHCTUTyTa
TynlY (n = 3676). Y nepBOKyPCHMKOB, 00y4asLumxcs B 2016-2023 rT., 0TMe4eHO 3Haqmmoe (o < 0,05) yBennyeHre BpeMeH BbIMOMHEHNSA NCUXOMU3NONOrNHECKINX
TECTOB: BPEMSI KOPPEKTYPHO Npobbl Bbipocno ¢ 200,59 + 4,21 ¢ go 231,83 + 5,71 ¢y aesyLuek; ¢ 202,40 + 6,02 ¢ 0o 229,00 + 7,34 ¢ y toHowlel. B auHamunke
net 0by4eHns (C 1-ro no 6-i Kypc) BbiSBNEHO 3HaqMMoe (o < 0,05) yBenmyeHre nHaexca Maccebl Tena (VIMT): y aeByluek ¢ 20,81 + 0,30 k/m? go 22,45 + 0,41 kr/m?;
y toHower ¢ 22,71 + 0,65 kr/M? 0o 24,24 + 0,54 Kr/M? COOTBETCTBEHHO. [TOMVMO 3TOrO BbISIBNIEHO YBENMYEHME L0 CTYAEHTOB C U3OLITOYHOM Maccom Tena
B AvanazoHe VIMT > 29 kr/m?. Ha 6-M Kypce cokpaTunach AoNst CTYOEHTOB C M3ObITKOM XXUPOB B paLioHe MTaHns (y Aesyllek ¢ 13,72 + 0,09 go 8,32 + 0,04%,
p < 0,05; y toHowein ¢ 46,94 + 0,28 no 6,72 + 0,05%, p = 0,00039) n gedurumTom XnakocTn (y aesywek ¢ 72,41 + 0,12 go 66,73 + 0,21%, p < 0,05;
y toHowew ¢ 71,85 + 0,13 0o 66,72 + 0,21%, p < 0,05); yBenn4mnacb 40N CTyAeHTOB, COBNOAABLUNX MPUHLMMBI 300POBOro NuTaHvs (y aesyluek ¢ 73,26 + 0,64
0o 81,39 + 0,73%, p < 0,05; y toHoLwelt ¢ 62,86 + 0,52 fo 65,71 + 0,54%, p < 0,05). BHegpeHve nporpammbl «BaneockaH» B y4ebHbIN NPOLLECC NO3BONNIO
06ecnevnTb MOHUTOPUHI NokasaTtenen yHKLMOHANBHOrO COCTOSHMSA 340PO0BbSt U OCOOEHHOCTEN MUTaHNS 00yHatoLLIMXCA MEAULMHCKOrO By3a, YTO MOXET
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The steady deterioration of health indicators among student youth
is a pressing issue of modern higher education. Numerous studies
point to the complex nature of the causes of this phenomenon.
The leading negative factors include high academic workload,
the spread of digital educational technologies, including distance
learning, a sedentary lifestyle, and an unbalanced diet among
students [1, 2].

The population health preservation is one of the main tasks faced
by the Government of the Russian Federation (RF). In the context
of the state's national policy, the student youth health preservation
becomes one of the primary tasks of preventive medicine [3].

The hardware and software systems for studying health
and lifestyle indicators, environmental factors are widely used
in various fields. The list of indicators monitored and the frequency
of their testing are determined in accordance with the objectives
of the study. Software packages may contain specific diagnostic
algorithms that can be applied to specific population groups
or professional groups.

Such software packages, as Helzy, SberHealth, SberMed Al,
Symptom Checker, Medical Diagnostics, LetsGetChecked, etc.,
are examples of the use of free online services for the diagnosis
of disorders [4].

Automated systems are used to diagnose the mental state
of workers in a number of professions associated with the risk
of emergency situations, high psycho-emotional stress, and irregular
working hours [5].

The Health Test program is used for preclinical diagnosis
of psychophysiological adaptation and health status under
industrial conditions [B].

By using the Sveto-Test device when studying the functional
state of the body, the critical frequency of light flickering fusion
is assessed in various modes of using electronic devices [7].

The NS-PsychoTest hardware and software system is used
to evaluate the psychophysiological properties and body’s
functions when using an interactive whiteboard in preschool
education institutions [8].

The use of KPFK-99 "Psychomat" for scientific research
purposes allowed scientists to evaluate a simple sensorimotor
responce and the critical frequency of light flickering when
studying the influence of the quality of visual materials presented
by electronic learning tools on the development of functional
disorders by the body [9].

The use of the domestically produced Varicard 2.51 software
package was tested in a higher education institution in 2022.
Researchers studied the functional health status based on heart
rate indicators. Data on the cardiac rhythm nervous regulation
features were obtained; an assessment of the body's adaptive
capability was carried out; the body’ functional state was studied
depending on the educational process organization form [10].

Monitoring the health and lifestyle indicators of students
in higher education institutions allows one to obtain the data
necessary for identifying the causes of the emergence and spread
of non-communicable diseases among student youth,
and developing a system of preventive measures for both
group and individual purposes.

The study aimed to test the use of the Valeoscan hardware
and software system for monitoring the functional health status
and diet features in students within the framework of the medical
university curriculum.

METHODS
A total of 3676 1s-year, 4"-year, and 6"-year students

of the Tula State University aged 17-24 years (2459 females
and 1217 males) were enrolled. Follow-up period: years 2016-2023.
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To implement a comprehensive personalized approach
to monitoring the students’ body functional state and nutritional
characteristics, the Valeoscan software package was introduced
into the educational process at the Tula State University Medical
Institute (Certificate of state registration of a computer program
No. 2024689385 RF. “Valeoscan”, developers Venevtseva YulL,
Melnikov AKh, Prokhorov PYu, Putilin LV; Russia). The survey
of students was carried out over eight years of follow-up
(2016-2023), including the study of the indicators of the 2017
recruitment course over six years of study (in the 1st, 4®
and 6" years). The testing frequency was determined by the need
to study the degree of health-preserving skill development
during mastering a medical specialty. The survey, conducted
in the first year, allowed us to evaluate the knowledge
and skills in health preservation formed by the time of entering
the medical university, as well as to study the body’s functional
state characteristics in the new educational environment.
The survey, conducted in the 4" year, allowed us to assess
the dynamics of the body's functional indicators, the knowledge
and skills in health preservation after mastering the program
of the discipline "Hygiene" and other educational programs
in the departments focused on theoretical training. The survey,
conducted in the 6" year, allowed us to assess the dynamics
of the indicators monitored, considering changes in academic
load, preparation for the state final certification, internship.

The Valeoscan software package included 45 survey items
and nine psychophysiological tests that allowed us to study
the body’s psycho-emotional state, cognitive functions,
and mental performance of students. The color test by M. Luscher
was used to assess the psycho-emotional state and the level
of aggressiveness; the correction test was used to assess
the mental performance; cognitive characteristics were studied
using the methods “Sequence of Images”, “Exclusion of Concepts”.
Computer testing was used to assess the prevalence of health
complaints and vision loss, dietary patterns and eating habits.
The examination protocol included information on systolic
and diastolic blood pressure, heart rate, height and body
weight, and the body mass index (BMI) was calculated.
The questionnaire part of the program was developed
by the research author with the help of specialists accredited
in the specialties "Hygiene of Children and Adolescents",
"Hygiene Education".

The study of nutritional characteristics was carried out taking
into account the analysis of the daily diet, which was assessed
in accordance with the approved regulatory and methodological
documents [11].

Based on the examination results, the Valeoscan hardware
and software system generated a list of individual preventive
measures taking into account the identified deviations from
the physiological norm in the state of the cardiovascular,
nervous, digestive, musculoskeletal systems, the facts of having
excess body weight, hypo/hypertension.

When compiling the recommendations, the criteria
presented in the documents issue by the World Health
Organization (WHO) were taken into account, regarding
the diet adjustment (reducing the consumption of table salt,
increasing the consumption of vegetables and fruits), optimizing
psychological well-being, the use of hardening measures (taking
a shower, bathing with regulation of the water temperature
and duration of the procedure); recommendations were proposed
for the use of music and aromatherapy elements [12].

Statistical processing of the data obtained was performed
by standard methods using the MS Office Excel (Microsoft;
USA), Statistica 12.0 (StatSoft; USA) software. The differences
were considered significant at p < 0.05.
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Fig. 1. Prevalence of overweight among 15- and 6"-year medical university students (BMI range = 29 kg/m?) in 2016 and 2023, %

RESULTS

Monitoring the indicators controlled yielded the following results.
During the eight-year follow-up (2016-2023) a significant
(o < 0.05) decrease in the proportion of the 1s- and 6'"-year
with normal body weight and an increase in the proportion
of overweight students, including in the range of BMI > 29 kg/m?,
was noted (Fig. 1).

During the eight-year follow-up (2016-2023) first-year
students showed a significant (p < 0.05) increase in the time
of psychophysiological test completion. The correction test
completion time increased from 200.59 + 4.21 s to 231.83 + 5.71
in females, from 202.40 + 6.02 s to 229.00 + 7.34 in males.
At the same time, the number of errors made in the correction
test remained stable. In the “Sequence of Images” test, the number
of images remembered increased significantly (o < 0.05)
in students of both sexes; the test completion time also increased
in females: from 46.08 + 1.22 s (2016) to 49.72 + 1.07 s (2023;

p < 0.05). In the “Exclusion of Concepts” test, girls also showed
a significant (p < 0.05) increase in the number of correct answers
against the background of an increase in the test completion
time: from 122.60 + 2.60 s to 130.93 + 2.92 s (p < 0.05).

The eight-year follow-up (2016-2023) showed that
among first-year students higher anxiety levels were observed
in females compared to males, along with the increase
in the levels of psycho-emotional stress in male first-year
students to the levels reported for female first-year students
(Fig. 2).

A study of students' diets over the years of study (from
the 1%t to 6" year) revealed a number of features.

Among first-year students, n3 excess fat in the diet
was significantly more often (p < 0.05) observed in males
(46.94 + 0.28%) compared to females (13.72 + 0.09%). Water
deficit was observed in more than 60% of students, excess salt
was reported for 27.62 + 0.02% of females and 18.83 + 0.73%
of males.
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Fig. 2. Dynamic changes in anxiety levels of 1si-year students in 2016-2023, points
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In the 6" year, compared to the 1 year, the proportion
of students with water deficit significantly decreased
(from 72.41 + 0.12 to 66.73 + 0.21% in females, p < 0.05;
from 71.85 + 0.13 to 66.72 + 0.21% in males, p < 0.05);
the number of students with excess fat in their diet has decreased
(from 13.72 + 0.09 to 8.32 + 0.04% in females, p < 0.05;
from 46.94 + 0.28 to 6.72 + 0.05% in males, p = 0.00039);
the proportion of students who adhered to healthy eating
principles increased (from 73.26 + 0.64 to 81.39 + 0.73%
in females, p < 0.05; from 62.86 + 0.52 to 65.71 + 0.54%
in males, p < 0.05).

The average BMI value in students of both sexes has increased
significantly over the years their studies (from the 15! to 6" year):
in females, 20.81 + 0.30 kg/m? in the 1%t year, 22.45 + 0.41 kg/m?
in the 6" year (p < 0.05); in males, 22.71 = 0.65 kg/m?
in the 1%t year, 24.24 + 0.54 kg/m? in the 6" year (o < 0.05).

DISCUSSION

Medical university students in various years were reported
to be overweight, which is consistent with the literature data
[13, 14]. Anincrease in the proportion of students with the BMI
> 29 kg/m? in the 1% and 6" years was reported in eight years
of follow-up, which suggests the increase in the proportion
of medical students with undeveloped health-preserving skills
and may be accompanied by the body’s functional state
violation, deterioration in the quality of life. In 2023, excess
body weight with the BMI maccbl = 29 kg/m? was determined
in every 10" girl (11.21%) in the 1%t year and every 11" one (9.09%)
in the 6" years, as well as in every 6" boy in the 15 (15.94%)
and 6™ (17.07%) years. An increase in the average BMI
value was reported in students of both sexes over the years
of study (from the 1%t to 6" year), which results from insufficient
development of rational nutrition skills among medical students,
violation of healthy lifestyle principles. This suggests the need
to expand the training program for medical university students
on these topics.

High levels of anxiety, especially among female students
in their 1st year of study, and psycho-emational stress
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can be the cause of poor academic performance and early
termination of training. According to the literature, the reasons
for increased psycho-emotional stress and anxiety may be high
activity on social networks and non-compliance with the principles
of digital hygiene [15], what can be considered as an area
of prevention to be implemented at a medical university.

The reduction in the proportion of students of both sexes
with a fluid deficiency and excess fat in their diet, registered
in the 6" year, and the increase in the proportion of students
who tried to follow healthy eating rules in the 6" year may
be the result of mastering the training program, but the list
and completeness of mastery of the issues covered are insufficient,
as demonstrated by the above research results.

The introduction of monitoring the body's functional state
indicators and nutritional characteristics into the curriculum will
facilitate the development of individual prevention programs
aimed, among other things, at reducing psycho-emotional
discomfort and optimizing the diet [6, 16].

CONCLUSIONS

The monitoring system organized at the Tula State University
provided dynamic control over the indicators of the body’s
functional state and the nutritional characteristics of students
over eight years of follow-up (2016 to 2023), as well as over
the years of study (from the 1%t to 6" year), made it possible
to develop individual prevention programs for students
and evaluate their effectiveness throughout the period of study
at the medical university. The introduction of automated software
systems into the medical university educational process
in various years of study contributes to the development
of health-preserving skills in future doctors, maintaining their
health, acquiring skills in self-diagnosis of health problems,
developing preventive programs and evaluating their
effectiveness, which ultimately forms a specialist competent
in health-preserving issues. The knowledge acquired
allow one to identify gaps in students' knowledge and skills
related to health preservation issues and can serve as a basis
for optimizing educational programs.
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NUTRITION OPTIMIZATION AND EDUCATIONAL TECHNOLOGIES IN THE SYSTEM OF PERSONALIZED
PREVENTION OF OBESITY COMPLICATIONS: HYGIENIC ASPECTS
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Obesity is a global epidemic of the 21t century and a core component in the development of nutrition-related diseases. In the Russian Federation (RF), more
than 60% of the adult population is overweight or obese, which necessitates designing and implementing new prevention strategies. This study aimed to provide
a scientific basis for the role of personalized dietary interventions and educational technologies in preventing obesity-related complications. We reviewed papers from
PubMed and eLIBRARY databases (2020-2026) found by keywords "obesity," "nutrition," "education," "prevention". The analysis showed that the effectiveness
of the traditional approaches to diet therapy is insufficient. It was established that the key to successful prevention is extended diagnostics providing data
on the individual metabolic phenotypes. Healthy Nutrition educational cluster and digital components of the NIAP system (research-based educational and analytical
platform) are important tools in increasing obesity-related public awareness and professional training of medical specialists. Effective personalized prevention
of obesity complications requires concurrent realization of three interrelated initiatives: diet correction based on instrumental diagnostics; adoption of educational
technologies for doctors and patients; and reinforcement of sanitary and epidemiological surveillance measures. The proposed multilevel approach, which integrates
hygiene-related measures and modern digital tools, enables a reduction in the prevalence of obesity and the achievement of strategic public health-saving goals
in the Russian population.
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ONMTUMU3ALUSA MUTAHNA N OBPA3OBATEJIbHBIE TEXHONOMW B CUCTEME NEPCOHAJTIM3UPOBAHHOW
MPODUITAKTUKU OCJTOXKHEHUI OXKUPEHUSA: TMTMEHUYECKUE ACMEKTDI

M. A. Nanvk'=, 1. O. Tapmaesa', [1. b. HukuTiok'?

" ®efeparnbHbIi UICCNEROBATENLCKUIN LIEHTP NUTaHWs, BroTexHonorum 1 6esonacHocTy Ny, Mocksea, Poccus
2 MepBbit MOCKOBCKWI rOCYAAPCTBEHHbIN MEANLIMHCKUIA yHBepcuTeT nMern . M. CeveroBa (CeveHoBckuin YHBEpcuTeT), Mocksa, Poccust

OxupeHre aBnseTcsa naHaemven XX B. 1 KOYEBbIM 3BEHOM B Pa3BUTUN anvMeHTapHO-3aBKCKMbIX 3abonesaHunin. B Poccuiickon ®enepaunm (PP) bonee
60% B3POCNOro HaCEeNeHNs UMEIOT U3OBbITOYHYIO Maccy Tena Ui OXXUPEHUe, YTO TPebyeT BHEAPEHWSt HOBbIX CTpaTernin npodunakTuki. Liensto paboTbl 6biio
NPeACTaBUTb Hay4HOe 0OOCHOBAHME PO NMEPCOHAIM3NPOBAHHON KOPPEKLIMM paLoHa 1 06pa3oBaTeNnbHbIX TEXHONOMMIA B CUCTEME MPOMUIAKTUKY OCNIOMKHEHI
OXMpeHus. BeinonHeH 0630p nybnvkaumin B 6a3ax aaHHbix PubMed 1 eLIBRARY (2020-2026) N0 K/toHEBbIM CNIOBaM: «OXKNPEHNE», «MUTaHNE», «0bpasoBaHe»,
«npounakTnuka». AHanma nokasas, YTo TPaAULIMOHHBIE MOAXOMbl K AMETOTEPanun AEMOHCTPUPYIOT HELOCTaTOYHYO 3((EKTVBHOCTL. YCTaHOBMEHO,
YTO KJHOHEBbBIM YCIOBMEM YCMELLHOM MPOMUNaKTUKN SBSETCS paclUMpeHHas QyarHOCTVIKa, HarnpaBieHHas Ha UOEHTUMUKaLWIO HOMBULYyaIbHbIX METAOOMMHECKIX
deHoTNNoB. BadKHbIM MHCTPYMEHTOM MOBbILLEHWS FPaMOTHOCTU HACENeHUst 1 NMPOdeCCMOHaIbHOM MOArOTOBKN KaApOB BbICTYNaeT 06pas3oBaTeNibHbIl Knactep
«300p0OBOE MUTaHME» B COBOKYMHOCTM C UMPOBLIMA BO3MOXHOCTAMM MAaThopMbl Hay4HO-MHGOPMALIMOHHOTO 1 aHaMTU4ecKoro npoceetleHua (HVAM).
OdpheKTnBHAS NepCoHaNM3VpoBaHHas NPOMUNAKTVKE OCIOXKHEHWI OXXUPEHIS TPebyeT OAHOBPEMEHHON peanv3aLn Tpex B3avMOCBSA3aHHbIX KOMMOHEHTOB!
KOPPEKLMM paunoHa Ha OCHOBE MHCTPYMEHTaIbHOW AMAarHOCTVKK; BHEAPEHNS 06pa3oBaTeNbHbIX TEXHONOMMIA A5 Bpadei 1 NauMeHToB; YCUNEHNs Mep
CaHWTapHO-3MMAEMMONONMHeCKOro Haasopa. MNpennoXKeHHbI MHOrOYPOBHEBbIN NMOAXOL, UHTEMPUPYIOLLWIA TUMVEHNHECKIE acneKTbl 1 COBPEMEHHbIE LMdpoBble
VHCTPYMEHTbI, SBMSETCH HEOOXOAMMBIM YCIIOBUEM AISt CHPKEHWS PACMPOCTPaHEHHOCTY OXXUPEHNS 1 OCTVIKEHWS CTPATErM4eckyx 3afad 300poBbeCOEpeKeHIst
HaceneHuns Pd.
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Obesity, which is a leading alimentary disease, is one of the priority
problems of hygiene and practical healthcare. More than
a billion people in the world are obese [1], and by 2050
the number of overweight and obese adults may increase
significantly [2]. In the Russian Federation (RF), the prevalence
of overweight and obesity among the adult population exceeds
60% [3]. The economic damage from obesity amounts to 3%
of global gross domestic product [4]. The problem of obesity
acquires particular urgency in the context of the effort
to increase the length of life in RF, which is one of the national
targets [5]. The portion of life expectancy lost to food quality
and adverse nutritional factors offers a significant potential
for preventive interventions [5]. Diet-related diseases account
for the largest share of mortality in the Russian population
and cause significant economic losses [6].

A key nutritional risk factor for obesity is a persistent deviation
from healthy dietary patterns common in the population:
insufficient consumption of vegetables, fruits, dairy products,
and excessive amounts of fats, salt, and added sugar [7].
People in Russia eat less fruits and vegetables than is optimal
for them, which significantly increases the risk of alimentary
diseases [8]. At the same time, traditional approaches to obesity
prevention based on standard dietary recommendations that
do not factor in individual characteristics of body composition
and metabolic profile have proven to be insufficiently effective:
with standard diet therapy, a significant share of patients
lose muscle mass, and the lost fat returns within a few years
[9, 10]. These limitations of standard approaches necessitate
finding new prevention strategies that integrate personalized
diagnostics, modern educational technologies, and hygiene aspects.

This study aimed to systematize current data on the role
of nutritional factors in the development of obesity
and its complications, to substantiate the role of nutrition
optimization and educational technologies in the personalized
obesity prevention system based on digital technology,
and to describe a multi-tier prevention framework emphasizing
hygienic aspects of the public health-saving efforts.

Materials and methods

We conducted an analytical review of publications in the PubMed
and eLIBRARY databases for the period 2020-2026 using
the keywords "obesity," "nutrition," "education," and "prevention."

Nutritional risk factors for obesity

Obesity, resulting from a persistent imbalance between
energy consumption and expenditure, is largely determined
by modifiable nutritional and environmental factors. In Russia,
nutritional disorders common in the population are some
of the core factors of this kind (Fig. 1). One of the country's main
diet-related problems is habitual dietary patterns: inadequate
intake of fruits, vegetables, and dairy products, and excessive
consumption of saturated fats, salt, and simple carbohydrates
[7]. Such patterns are associated with an increased risk
of obesity and its metabolic complications. A particularly
alarming trend is the growing consumption of ultra-processed
foods, which are high in calories, low in nutrients, and contain
flavor enhancers and preservatives [4, 11].

Economic indicators support the significance of the problem:
alimentary diseases cause a considerable proportion of deaths
in Russia, they are are associated with significant economic
damage [6]. At the same time, available data indicate that
sanitary and epidemiological control measures have been
effective: over the past 10 years, the prevalence of foodborne

diseases and the frequency of food-quality violations have
decreased significantly [5]. Nevertheless, the persisting
unhealthy dietary patterns combined with insufficient physical
activity and socio-economic determinants continue to support
the growing prevalence of obesity and related damage to health
and reduction of life expectancy.

Nutrition optimization as a priority area of prevention

Optimizing the nutrition of the population is one of the priorities
of the state policy of the RF in the field of health saving.
A personalized approach to obesity-related diet therapy
based on comprehensive medical examination (including
bioimpedance measurements, indirect calorimetry, laboratory
diagnostics) should be implemented with the identified gender
and age characteristics factored in. For obese men, whose rate
of fat oxidation is reduced, the main goals are to limit saturated
fats, increase the proportion of polyunsaturated fatty acids,
and ensure adequate protein intake to preserve muscle mass.
For obese women, whose rate of carbohydrate oxidation
is reduced, the main recommendations are an even distribution
of carbohydrates throughout the day, an emphasis on low
glycemic index foods, sufficient fiber intake from vegetables
and whole grains, and an adequate protein supply [12-15].
At the same time, individual nutrition optimization should
be complemented by population-wide prevention measures.
The level of fruit and vegetable consumption in Russia remains
below suboptimal, and international experience shows that
the most effective measures are information and communication
campaigns, economic support mechanisms (subsidizing
healthy eating), and legislative regulation of product labeling
indicating the content of added sugars and saturated fats
[8, 16]. The implementation of such measures can significantly
reduce the incidence of alimentary diseases [8].

In the context of the development of population-based
and personalized approaches, nutrition digital analysis tools
are particularly interesting; they are considered as components
of the strategy of development of the science of nutrition [17].
Digital technology gives rise to a fundamentally new ecosystem
of nutrition management, integrating data from instrumental
diagnostics (bioimpedance measurement, indirect calorimetry),
laboratory monitoring, and actual diet analysis. Food diary
applications, wearable devices monitoring physical activity,
and telemedicine platforms are being integrated into preventive
programs as a tool to increase patient adherence.

However, the effectiveness of digital interventions may
decrease with time, which underscores the need to develop
strategies to maintain long-term patient commitment
to prevention programs. As a solution to this problem,
and as a way to ensure seamless connection between
individual dietary correction and population-wide educational
efforts, Federal Research Center for Nutrition, Biotechnology
and Food Safety has developed NIAP, a research-based
educational and analytical platform usable through the Scientific
Nutrition Analysis Tool program (Software State Registration
Certificate No. 2023680849 of 05.10.2023). This software
automatically evaluates patients' diets, enables compilation
of personalized balanced menus in both manual and automated
modes using machine learning algorithms, and generates
individual recommendations for nutrition correction. The program
accepts and stores personal data of the patients (anthropometric
indicators, medical history, eating habits, food diary),
and automatically processes and analyzes them. Based
on the inputs, factoring in chemical composition of products
and ready meals, the software designs balanced diets,
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Fig. 1. Nutritional and environmental risk factors for obesity

individual recommendations, and generates reports. Integration
of bioimpedance measurement, indirect calorimetry, laboratory
monitoring and digital analysis of actual nutrition within NIAP
platform creates the basis for personalized next-generation
nutrition recommendations that can be used by doctors
of various specialties, nutritionists and other specialists
in the field of nutrition. An important prerequisite for the effective
implementation of such recommendations is the availability
of specialized food products that meet modern requirements
for nutritional value and micronutrient composition. To this end,
as part of the implementation of comprehensive scientific
programs under the auspices of the Ministry of Science
and Higher Education of the Russian Federation, the consortium
"Health Preservation, Nutrition, Demography" coordinates
development and deployment of innovative food technologies,
including specialized products enriched with micronutrients.
Together with digital tools, this work determines the current
vector of development of preventive medicine.

Healthy Nutrition educational cluster as a tool
in population-wide prevention programs

The effectiveness of preventive measures is largely determined
by the level of training of medical personnel and the literacy
of the population in matters of healthy nutrition. For this purpose,
the Healthy Nutrition educational cluster has been created
and is successfully operating on the basis of the Federal
Research Center for Nutrition, Biotechnology and Food
Safety. It combines the potential of a leading research center
and the educational capabilities of specialized departments
of medical universities [18]. The Healthy Nutrition cluster
is an integrated system of educational and regulatory initiatives
aimed at reducing the prevalence of obesity and alimentary
diseases in the Russian population. The concept of the cluster
is based on a three-vector approach: professional training
of specialists, hygienic education of the population, and conducting
information and educational campaigns. Professional training
of specialists involves the acquisition of competencies in the field
of nutritional diagnostics, personalized diets, clinical application
of bioimpedance and indirect calorimetry methods, as well
as interpretation of biochemical indicators of nutritional status.
The lack of nutritional training for doctors is recognized
as a key systemic problem in modern healthcare. According
to an international review, a significant proportion of clinicians
lack sufficient practical skills in dietary counseling, which
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substantially reduces the effectiveness of preventing diet-related
diseases [19]. The inclusion of courses on the principles
of nutritional science, vitamins, minerals, and bioactive food
components in professional educational programs provides
the necessary evidence base for clinically sound dietary
recommendations [20]. Hygienic education of the population
is aimed at learning the standards and rules of rational
nutrition, development of healthy lifestyle skills, and limiting
the consumption of saturated fats, ultra-processed foods,
and simple sugars. The results of the analysis of randomized
controlled trials demonstrate that preventive interventions
at school, including dietary adjustments, increased physical
activity, and general organizational changes, significantly
reduce body mass index in children and adolescents [21].

The cluster actively uses digital technologies, mobile
applications, and telemedicine, which enables wide audience
coverage, personalized recommendations, and continuous
monitoring of dietary patterns [22]. Information and educational
campaigns are aimed at increasing the nutritional literacy
of the population as a key predictor of healthy eating behavior.
Studies show that comprehensive education for obese patients,
combining dietary counseling and self-control exercises,
significantly reduces body weight, waist circumference,
and glycated hemoglobin levels compared with standard
medical care [23]. The work of the educational cluster relies
on systemic mechanisms, sanitary and epidemiological
monitoring, and legislative regulation of food labeling,
which enables creation of a conducive food environment
and ensure the consistency of educational and regulatory
interventions. Thus, Healthy Nutrition is a multi-level system
integrating professional training of doctors, hygienic education
of the population, and information and educational campaigns.
The implementation of a three-vector approach, combined
with digital technologies and regulatory mechanisms, creates
the basis for sustainable healthy eating skills and reducing
the prevalence of alimentary diseases. Further development
of the cluster should be aimed at standardizing nutritional
education programs, expanding population coverage with
preventive measures, and deepening interagency cooperation
in the field of health care.

Multi-tier system of prevention of obesity complications

The modern paradigm of obesity prevention is based
on the principle of several tiers, involving the integration
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Fig. 2. Multi-tier system for prevention of obesity complications in the context of population's health preservation efforts

ofindividual, population, and systemic interventions to achieve
a positive effect (Fig. 2). Long-term studies show that single
interventions aimed at only one patient or one risk group do not
achieve a sustainable reduction in the population-wide burden
of the disease. In this regard, the development of multi-tier
prevention systems working on the systemic, population,
and individual levels is a methodologically sound approach
[24-26].

At the systemic level, the efforts are aimed at legislative
regulation, food labeling, school nutrition standards, sanitary
and epidemiological supervision, food quality and safety control,
urban planning solutions and deployment of infrastructure
for physical activity, and launching healthy food supermarkets.
Experts recognize structural changes in the environment that
create conditions for healthy behavior as more effective than
isolated educational programs, since they affect risk factors
before they are realized at the level of a single person [26].

At the population level, the work revolves around general
medical and preventive examinations, assessment of nutritional
status, corporate health programs, provision of healthy meals
in canteens, as well as the development of educational clusters
and awareness-raising activities. The level of an individual involves
digital technologies and mobile applications, educational
programs for patients, personalized diet therapy, differentiated
physical activity, as well as diagnostic methods for metabolic
disorders (bioimpedance, indirect calorimetry, laboratory
diagnostics).

A personalized approach that accounts for individual
metabolic, genetic, and behavioral characteristics of the patient,
ensures higher adherence to treatment and long-term control
of body weight [27-29]. Personalized obesity therapy is based

on the identification of the patient's metabolic phenotypes.
The indirect calorimetry method allows determining the respiratory
coefficient and calculating the rate of oxidation of carbohydrates
and fats, which enables prediction of the effectiveness of diet
therapy and tailored selection of the ratio of macronutrients
[12]. Bioimpedance measurements show the total volume
of fat and its distribution, and reveal the musculoskeletal mass
and phase angle that reflect the integrity of cell membranes
and the quality of nutrition of the patient [30, 31]. An additional
method that increases the accuracy of personalization
is the analysis of biochemical markers of nutritional status
(carbohydrate and lipid profiles, vitamins, minerals, hormonal
status) and genetic polymorphisms (FTO, MC4R, PPARG,
ADRB2, ADRBB) associated with the risk of obesity and the rate
of metabolic processes [32, 33]. Consequently, the multi-tier
system of prevention of obesity complications is a complex
model in which systemic, population-based, and individual
interventions mutually reinforce each other. At the same
time, it is at the individual level that the data of bioimpedance
measurements, indirect calorimetry, and molecular genetic
analysis are integrated for personalization of therapeutic
and preventive measures, which is critically important
for the formation of a stable commitment of patients
and the prevention of relapses of the disease.

CONCLUSION

The analysis confirms that obesity is a multifactorial disease
based not only on individual metabolic characteristics, but also
on structural features of the food environment that form patterns
of poor nutrition at the population level [7, 8]. Our findings
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are consistent with the results of global epidemiological studies
demonstrating a stable relationship between the availability
of ultra-processed foods, low physical activity, and an increase
in the prevalence of obesity [4, 11]. Traditional approaches
to prevention, limited to dietary counseling not taking into
account the metabolic phenotype, show low effectiveness
in the long term, which is confirmed by high rates of repeated
weight gain after the end of diet therapy [9, 10].

The key result of this work is the justification of the need to
move from unified dietary recommendations to a personalized
strategy that integrates instrumental diagnostic data.
The use of bioimpedance allows not only to quantify fat
and musculoskeletal mass, but also to determine the phase
angle, which is considered as an integral marker of nutritional
status and cellular health [30, 31]. In turn, indirect calorimetry
enables calculation of the respiratory coefficient and the individual
rate of oxidation of substrates, which is critically important
for predicting the effectiveness of diet therapy and preventing
a slowdown of basal metabolism in response to caloric
restriction [12]. An additional predictor that increases
the accuracy of personalization is the analysis of genetic
polymorphisms associated with the risk of obesity and the rate
of metabolic processes [33]. The integration of these methods into
clinical practice is in line with current trends in the development
of personalized medicine; it enables realization of the individual
approach to nutritional support, taking into account the patient's
metabolic, genetic characteristics and eating behavior.
The three-level prevention model presented in the review,
combining systemic, population-based, and individual
interventions, deserves special attention. Literature data indicate
that structural changes in the food environment have greater
population effectiveness compared to isolated educational
programs, since they affect risk factors before they are realized
at the individual level [34].

However, the success of systemic measures directly
depends on the level of nutritional literacy of doctors
and the population, which underscores the important role
of the Healthy Nutrition educational cluster. The insufficient
level of dietary competence among clinicians, confirmed
by international reviews [19, 20], limits the implementation
of personalized prevention. In this regard, the development
of a system of continuing medical education in the field
of nutrition, as well as the implementation of school hygiene
education programs that have proven effective in reducing
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