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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
ObITb MCMONB30BAHO A9 OLEHKM 3(OMEKTUBHOCTY BHEOPSEMbIX 300POBbECOEPEratOLLMX TEXHOOTUIA.
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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.



METHOD

25

Prevalence of overweight, %

Girls, 15t year Boys, 1% year

m 2016

20.83

Girls, 6" year Boys, 6" year

m 2023

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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