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ABSTRACT
Maltsev V.P., Studying not only individual students indicators of students, but complex intersystem
Govorukhina A.A., interactions that reflect the specifics of adaptive capabilities is of scientific interest.
Malkov O.A. The aim of the study. To reveal the features of intersystem interactions of indicators

of the blood vessels functional state, morphological and neurodynamic character-
istics of students with different types of autonomic regulation, living in the Khanty-

Surgut State Pedagogical University Mansiysk Autonomous Okrug - Yugra.
(50 let VLKSM str. 10/2, 628400 Surgut, Methods. 429first-fourth-year students (348 girls, 80 boys) of the Surgut State Peda-
Russian Federation) gogical University were examined. The initial type of autonomic regulation was de-

termined by the average duration of electrocardiogram RR intervals. Anthropometry
parameters (body length and weight) and body composition were assessed using
Tanita BC-601 device (Tanita, Japan), vascular wall elasticity — using AngioScan-01
(AngioScan-Electronics Ltd, Russia), neurodynamic indicators — using NS-PsychoTest

Corresponding author: device (Neurosoft, Russia). Statistical analysis was carried out using Statistica 7.0
Victor P. Maltsev, software (StatSoft Inc., USA). We used the nonparametric Mann — Whitney U-test
e-mail: mal585@mail.ru to evaluate differences and the nonparametric Pearson R-test to analyze correlations.

Results. An increase in the stiffness of the vascular wall of large and small arter-
ies in girls is accompanied by an increase in parasympathetic activity. In young
men, an increase in the stiffness of large arteries raises with an increase in sym-
pathoadrenal activity, while a compensatory increase in the stiffness of small
muscular arteries is noted with an increase in parasympathetic activity. In persons
with the sympathicotonic type of autonomic regulation, an excess content of fat
mass, an increased frequency of visceral obesity, and a deficiency in water content
were registered. With the predominance of the parasympathetic component con-
tribution to the regulation of cardiac rhythm, an increase in the processes of inhibi-
tion in the central nervous system was noted. In young men, reduced sensorimotor
reactions are consistent with sympathetic activation in the regulation of heart rate.
Correlation analysis made it possible to establish some features in the interaction
of the vascular, morphological and central nervous systems.

Conclusion. Differences in indicators of functional systems (physical development,
blood flow, neurodynamic characteristics) in the examined groups of students
are shown, taking into account gender and autonomic regulation type. Features
ofintersystem interactions of indicators of physiological systems of students’ bodies
with different types of autonomic regulation were revealed.

Key words: type of neurovegetative regulation, functional state of the vascular
system, anthropometry, body composition, neurodynamics, intersystem interactions,
students, Northern region
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PE3IOME

HayuHell uHmepec npedcmassisem usydyeHue He omoesibHbix nokazamereu
0p2aHU3Ma o0yYaloWUXCA, a KOMNJIEKCHBIX MeXCUCMmeMHbIX 83aumodelticmaud,
ompaxarowux cneyuguky adanmayuoHHbIX 803MOXHOCmMed.
Lenwbuccnedosarus. Bbisisumbe0cobeHHOCMU MeXcucmeMHbiX 83aumodelicmauti
nokasamesneli hyHKUUOHA/IbHO20 COCMOSAHUS COCY008, MOPEhOI02UYeCcKUX U Hel-
POOUHAMUYECKUX XapaKmepucmuK cmy0eHmos C pasHbiM munom 8e2emamusHoU
pezynayuu, npoxusarowux 8 XaHmel-MaHcutickom asmoHoMHOM oKpyze — KOzpe.
Memooebi. O6cnedosaHo 429 cmydeHmos 1-4-x Kypcos (Oesywku — 348, 10HO-
wu — 80) bY «Cypaymckuli 2ocydapcmeeHHbIl nedazo2udeckull yHusepcumems,
WcxodHbil mun gezemamugHoU pe2ynayuu onpedesnsanu no cpedHell nNpoOosIXKU-
menbHocmu RR-uHmepaeasnos snekmpokapouozpammel. OyeHU8aau nokazamesnu
asHmponomMempuu (071UHyY U MACCy meJia) U KOMNOHeHMHO020 cocmasa mesa (npu-
60op Tanita BC-601 (Tanita, inoHus)), snacmuyHocme cocyoucmot cmeHKu (npubop
«AHeuoCkaH-01» (000 «AH2uoCKaH-31ekmpOHUKC», Poccus)); HelipoouHamudeckue
nokazamenu (npubop «HC-lcuxoTecm» (Helipocogpm, Poccus)). Cmamucmuye-
cKkuli aHanus nposedéH e cpede Statistica 7.0 (StatSoft Inc., CLLA). icnonb3oeanu
Henapamempuydeckuli U-kpumeputi MaHHa — YumHu 0715 oueHKU pasuyuti u Hena-
pamempuyeckuli R-kpumepudi [TupcoHa 0715 aHaau3a KoppenauyuoHHsIx cessell.
Pesynemamel. YgenuuyeHue Xécmkocmu cocyoucmol CmeHKU KPYNHbIX U MesTKUX
apmepuu y degyuiek Conpogox0aemcs pocmom Napacumnamuyeckol akmueHo-
cmu; y IoHowel ysesudeHue XEcmKocmu KpynHelx apmeputi o3pacmaem c yge-
JludeHUeM cCuMNAamoaopeHano8oli akmusHOCMU, NPU 3MOM ommeYyaemcs Kom-
NeHCcamopHoe ygesiuyeHue XECMKOCMu MeJIKUX MblleYHbIX apmepuli C pocmom
napacumnamudyeckol akmugsHocmu. Y auy cuMnNnamukKomoHUYecKko20 muna
sezemamusHoU pe2ynayuu ommeydeHol U36bIMoYHOe cooepXxaHue Xuposol Maccel
U NOBbIWEHHAs 4acmoma 8ucyepasibHo20 0XKupeHUs, 0eghuyum coO0epXaHus 800bI.
C npeobnadaHuem 8Kk1add NapacuMnamu4ecko20 KOMNOHeHMa 8 pe2ynayuto
Kapouopumma ommeHdeHo ygesiudeHue Npoyecco8 MopMOXeHUs 8 yeHMpaabHoU
HepsHoU cucmeme. Y oHowel CHUXeHHble CEeHCOMOMOpPHbIe peakyuu co2/1aco8aHbl
¢ cumnamuyeckol akmusayueli 8 pe2ynayuu kapouopumma. KoppenayuoHHell
aHau3 N0380J1UJ1 YCMAHOBUMb HEKOMOPble 0CO6eHHOCMU 80 83aumodelicmauu
cocyoucmod, mopgosnoaudeckol u YUeHmpaabHOU Hepe8HOU cucmemel.
3aknioyeHue. [lokazaHbl oOmuYUsA N0 NOKA3amenam hyHKUUOHAIbHbIX CUCMeM
(pusuyecko2o pazgumus, cocyoucmoezo pyca, HelipoOUHaMUYeCcKUx Xxapakmepu-
CcMuk) 8 06C/1e008AHHbIX 2pyNNAx cmyoeHmos ¢ y4émom nosa u muna eezema-
musHoU pe2ynayuu. BeisgneHs 0cobeHHOCMU MexcucmeMHbIx 83aumodeticmaudi
nokasamerieli ¢hu3uOI02UHECKUX CUCMEM Op2aHU3MAa CmMyO0eHMo8 C PAa3HbIM
munom 8ezemamugHou pe2yayuul.

Knioueeble cnosa: mun HelipogezemamusHoU pezyniayuu, hyHKYUOHAIbHOE CO-
CmosHue cocyoucmou cucmembl, GHMPONOMempUs, KOMNOHeHMHbIU cocmae mesda,
HelipoOUHamuKa, MexxcucmemHsle 83aumodeticmaus, cmyoeHmobl, CegepHobil pe2uoH

Ona untupoBaHua: Manbues B.M., loBopyxmHa A.A., ManbkoB O.A. OcobeHHOCTU
MEXCUCTEMHbIX B3aUMOAENCTBMI NOKasaTenen Gusnmonorniecknx cUcteM opraHnsmMa
CTYAEHTOB C pa3HbIM TUMOM BereTaTMBHOW perynaunn. Acta biomedica scientifica. 2023;
8(4): 207-219. doi: 10.29413/ABS.2023-8.4.23
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OBJECTIVES

Modern physiological research is aimed not only
at analyzing individual average values of parameters
of functional systems, but also at an integrative assess-
ment of the functioning of the body. In this regard, along
with the individual components of the systems, it seems
relevant to study the interrelationships between them [1].
From our point of view, it is interesting to study the rela-
tionship between the functioning of the cardiovascular
system and other body systems. Many modern authors
single out this system as the most sensitive to unfavora-
ble climatic and ecological factors in the northern territo-
ries, including the Khanty-Mansiysk Autonomous Okrug —
Yugra [2-4].

Students as a special cohort exposed to a complex
of specific social and environmental factors is of special
scientific interest [5]. It is known that in modern condi-
tions, studying at a university is associated with a high
level of mental and physical stress, which often leads
to a strain on the adaptive capabilities of the body of stu-
dents.

According to E.M. Kazin et al. [6], if a specific func-
tional system does not cope with its task, the functional
performance support system is activated, while the costs
of functional reserves increase. Having different adap-
tive potential, students’ bodies react differently to ex-
ternal impacts, and as a result, the "cost" of adaptation
is determined by the state of the body’s regulatory sys-
tems, primarily the central nervous system (CNS) and au-
tonomic regulation. The variability of heart rate indica-
tors acts as a universal indicator of the functional state
of the multilevel links of the regulatory systems of the hu-
man body, they are the first to activate and adapt to en-
vironmental factors.

An increasing number of authors are inclined
to the need to take into account the type of autonomic
regulation in the analysis and interpretation of heart rate
variability (HRV) indicators [4, 7, 8]. The establishment
of the type of autonomic regulation is extremely important
in the individual assessment of HRV parameters and is es-
pecially important when choosing the type and intensity
of exercise, identifying the risks of developing pathology
of the cardiovascular system.

It is known about the influence of the type of auto-
nomic regulation on the functioning of individual systems
[9], including in extreme conditions of the Northern terri-
tories [10], however, the features of intersystem interac-
tions of the functional state of blood vessels, morphological
and neurodynamic parameters of students with different
types of autonomic regulation have not been sufficiently
studied [11]. Recent publications [3, 4, 9-11] indicate the in-
fluence of many factors (the level and duration of stress
influences, the season of the year, gender and age, type
of professional and educational activities, etc.) on the na-
ture and strength of intersystem interactions. In this re-
gard, we believe it is relevant to identify the features of in-
tersystem interactions in students living in the conditions
of the northern region.

THE AIM OF THE STUDY

To reveal the features of intersystem interactions
of functional state of arterial vessels, morphological
and neurodynamic characteristics of students with differ-
ent types of autonomic regulation, living in the Khanty-
Mansiysk Autonomous Okrug - Yugra.

MATERIALS AND METHODS

The examination was carried out on the basis of the Sci-
entific Laboratory "Biological Foundations of Education-
al Safety", Surgut State Pedagogical University. A total
of 429 first-fourth-year students aged 17-21 years were ex-
amined. All the examined students were representatives
of non-indigenous nationalities. They were born and per-
manently (or more than 10 years) reside on the territory
of the Khanty-Mansiysk Autonomous Okrug - Yugra (a ter-
ritory equalled to the conditions of the Far North).

The total sample is differentiated by gender and type
of autonomic regulation: girls (n = 348) — sympathotonics
(n = 107), normotonics (n = 210) and vagotonics (n = 31);
boys (n = 80) - sympathotonics (n = 8), normotonics
(n=49), vagotonics (n =23). The study included only those
girls who were in the follicular phase of the menstrual cy-
cle. The exclusion criteria were acute infectious diseases
or exacerbation of chronic pathology.

The initial type of autonomic regulation was deter-
mined by the electrocardiogram (ECG) indicator - the aver-
age duration of RRintervals (RRNN). ECG recording was per-
formed under standardized conditions in a supine position
(5 min), with calm breathing, in the second standard lead.
HRV recordings different from sinus rhythm were exclud-
ed from the analysis. The normotonic type corresponded
to the range of RRNN values of 750-980 ms (60-80 bpm),
RRNN values above this range characterize the parasympa-
thetic type, below this range — sympathicotonic type of au-
tonomic regulation.

The functional state of the vascular system was as-
sessed by the level of blood pressure (BP) measured
using a standard technique using an electronic to-
nometer from A&D Medical (Japan), model - UA-777,
and the following parameters were recorded: SBP -
systolic blood pressure (mmHg); DBP - diastolic blood
pressure (mmHg). To assess the elasticity of the arteri-
al vascular wall, the AngioScan-01 diagnostic complex
(AngioScan-Electronics LLC, Russia; certificate of con-
formity No. POCC RU.MM25.[,06096) was used: accord-
ing to the photoplesiogram, the stiffness index (SI, m/s)
was analyzed, reflecting the average velocity of pulse
waves propagation through the aorta and its branch-
es; reflection index (RI, standard units), characterizing
the tone of small muscular arteries; augmentation index,
standardized for a fixed pulse rate of 75 bpm (Alp75, %);
pressure gain indicator, depending on the total periph-
eral vascular resistance and elastic resistance of the vas-
cular wall; aging index (AGlI, standard units), evaluating
the shapes of pulse waves of volume; ejection duration
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in the cardiac cycle (ED, ms); stress index (standard units),
characterizing heart rate variability.

Absolute anthropometric parameters — length (cm)
and body weight (BW; kg) — were measured using standard-
ized methods, using a medical stadiometer and scales. Next,
the body mass index (BMI; kg/m?) was calculated. The as-
sessment of body composition: body fat mass (FM; %), vis-
ceral fat (VF; standard units) and body water percentage
(BWP; %), was carried out using Tanita BC-601, body compo-
sition analyzer scales (Tanita, Japan; certificate of conform-
ity No. POCC JP.ME77.B08130) in modification for screen-
ing purposes.

The study of neurodynamic parameters was carried
out using NS-Psychotest hardware and software complex
(NeuroSoft, Russia; certificate of conformity No. POCC RU.
MM18.000567) according to the following methods: "Sim-
ple visual-motor reaction" (SVMR; ms), reflecting the speed
of sensorimotor response to a similar stimulus and the lev-
el of CNS activation; "Complex visual-motor reaction
(choice reaction)" (CVMR, ms), characterizing the mobil-
ity of nervous processes and the level of differentiating
inhibition; "Tap test", diagnosing the strength of nerve
processes. Along with this, the values of the standard de-
viation (SD) of the SVMR and CVMR (SVMR SD and CVMR
SD) reflecting the stability of the sensorimotor response
were recorded.

The statistical analysis of the results was carried out us-
ing the Statistica 7.0 application software package (Stat-
Soft Inc,, USA). A descriptive statistical analysis of the data
was performed. The assessment of the normality of the dis-
tribution of the studied indicators was carried out us-
ing the Shapiro — Wilk test. Some quantitative features
did not correspond to the law of normal distribution,
so these results are presented in the form of median (Me)
and interquartile range - the 25th and 75th percentiles
Qs Qo). The differences were analyzed using the non-
parametric Mann — Whitney U-test by pairwise compari-
son of the studied groups. Nonparametric Spearman’s test
was used to evaluate correlations. The critical level of sta-
tistical significance was p < 0.017 for all calculations.

The study was carried out during the intersessional pe-
riod.

Ethical review

The fundamental principle of the study was the ab-
sence of risk to the health of students, compliance with hu-
mane and ethical standards that meet the requirements
of the World Medical Association Declaration of Helsinki
(ed. 2013). Written informed consent was obtained from
each participant of the study before performing the pro-
cedures. The study protocol was approved by the Bioeth-
ics Committee of the Surgut State Pedagogical University
(Protocol No. 31 dated September 7, 2022).

RESULTS

The average values of indicators characterizing the state
of the cardiovascular system (AD, SI, Alp75, Rl, AGI) indi-
cate the optimal functional state of the examined students
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of both genders. The results obtained, taking into account
gender and type of autonomic regulation, are presented
in Table 1.

The blood pressure indicators of young men and wom-
en corresponded to the age norm. The value of SI (m/s)
in young men exceeded the values of this indicator
in young women, which indicates a more pronounced
decrease in the elasticity of large resistive arterial vessels
in male students. The value of Alp75 (%), characterizing
the elasticity of large-caliber arterial vessels, showed a dif-
ferent connection with the type of autonomic regulation:
in young women, it was the largest in the group of sym-
pathicotonics, the smallest in the group of vagotonics,
and in young men, on the contrary. Indicators of elastic-
ity of small arteries (RI, standard units) in young women
showed a statistically significant increase from the sym-
pathicotonic group to the vagotonic group; in young
men, the same trend was found, but not statistically con-
firmed. In young men, the average augmentation index de-
creased from the group of sympathotonics to vagotonics,
which have the most optimal average index of elasticity
of large arteries. The values of the aging index (AGI, stand-
ard units) are due to changes in blood pressure and heart
rate (HR). The established values of this indicator fell with-
in the range of reference values (-0.93 + 0.25) for all study
groups. Statistically significant differences in the values
of Alp75, Rl and AGI in young men have not been estab-
lished. The average stress index in the groups of young men
and women with pronounced sympathicotonia was statis-
tically significantly higher than this indicator in the groups
of normotonics and vagotonics (2 and 4 times, respective-
ly), which indicates a pronounced stress-induced fatigue
of the body of these students.

The features of neurovegetative regulation determine
the nature of adaptive reactions of the body, which is re-
flected, among other things, on metabolic parameters.
The indicators of morphological development of students
with different types of autonomic regulation are present-
edin Table 2.

It was found that in young men and women with pro-
nounced sympathicotonia body weight (kg) and fat mass
(%) indicators were higher than the values of similar indica-
tors in other groups. Statistically significant intersex differ-
ences between the normotonic groups were found by BMI
(kg/m?2). An increase in BWP (%) was noted in young men
and women of the examination groups from sympathoton-
ics to vagotonics.

Generalized characteristics of neurodynamic character-
istics of students with different types of autonomic regula-
tion are presented in Table 3.

A decrease in sensorimotor activity was found
in young women with an increase in vagal tonic activ-
ity, which is reflected in an increase in the average re-
action time. The results obtained characterize a de-
crease in the speed of processing sensory information
and the formation of a motor response to a stimulus, low-
er mobility and CNS excitability of vagotonic girls com-
pared with sympathiconics (on average by 4-7 %). Among
the examined young men, the optimal type of sensorimo-



TABLE 1
INDICATORS OF THE ARTERIAL WALLS IN STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION, ME (Q,; Q,;)

Type of autonomic regulation

Indicators Gender ]
sympathicotonia normotonia vagotonia
Q 111.0 (105.0; 121.0) 108.0 (101.0; 115.0) 110.0(103.0; 117.0) p, =0.003
SBP, mmHg
d 117.0 (110.0; 124.0) 118.0 (110.0; 124.0) 119.0 (108.0; 125.0) -
p* - < 0.001 0.01
p, <0.001
Q 72.0 (67.0; 79.0) 70.0 (64.0; 75.0) 65.0 (60.0; 70.0) p,=0.003
DBP, mmHg p5 <0.001
d 72.5 (66.0; 76.0) 75.0 (70.0; 80.0) 71.0 (66.0; 74.0) p, <0.001
p* - < 0.001 0.006
Q 7.2(6.8;7.7) 7.0(6.7;7.4) 6.9 (6.5;7.7) -
SI, m/s
d 7.3(7.0;8.0) 7.5(6.8;7.8) 7.5(7.0;7.7) -
p* - <0.001 -
p, <0.001
Q -12.0(-17.3;-3.4) -11.4(-18.8;-5.3) -3.7(-11.7,-1.0) p, <0.001
Alp75, % p; <0.001
d -17.0(-22.3;-11.7) -18.6 (-23.2;-6.1) -25.7 (-35.9;-15.7) -
p* - 0.009 <0.001
AGI. standard Q -0.9(-1.1;,-0.8) -0.9 (-1.0;-0.8) -0.8 (-1.0; -0.6) -
units ) ~1.1(-1.2;-1.0) ~0.8(-1.1;-09) ~1.0(-1.2;-09) -
p* - - 0.003
p, <0.001
Q 19.3 (14.4; 24.8) 26.2(19.8;32.1) 34.1 (24.1;41.3) p,=0.003
RI, standard units p5 < 0.001
d 16.1(13.7;21.8) 20.2 (14.2;23.4) 23.5(20.5;30.3) -
p* - < 0.001 0.01
Q 263.0 (250.0; 275.0) 274.0 (262.0; 288.0) 287.0 (268.0; 300.0) Py <0001
ED, ms p5 < 0.001
d 270.0 (243.0; 282.5) 264.0 (251.0; 272.0) 276.0 (268.0; 288.0) p, <0.001
p* - <0.001 -
p, <0.001
Stress index Q 206.0 (132.0; 337.0) 96.0 (63.0; 180.0) 46.0 (31.0; 75.0) p, <0.001
standard units ps <0.001
d 235.0(179.5; 362.5) 125.0 (83.0; 182.0) 49.0 (30.0; 87.0) p, <0.001

p*

Note. 2 —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagotonics; p; — sympathicotonics and vagotonics; p* ~ statistically

significant differences between genders.
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TABLE 2

INDICATORS OF MORPHOLOGICAL DEVELOPMENT OF STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION,

Type of autonomic regulation

ME (Q,;; Q,)
Indicators Gender
sympathicotonia
Q 21.9(19.2; 26.1)
BMI, kg/m?
o 22.7 (21.2; 26.3)
p* -
Q 61.0 (50.9; 69.4)
BW, kg
e 75.2 (60.7; 82.8)
p* 0.01
Q 28.1(21.1;36.2)
FM, %
e 26.1(17.3;35.0)
p* -
Q 53.3(47.7;58.4)
BWP, %
e 54.2% (48.0; 61.1)
p* -
VE Q 1.0 (1.0; 4.0)
standard units
o 3.5(1.5;5.5)

p* -

normotonia vagotonia g
21.8(20.0; 24.3) 20.2(19.3; 22.6) -
23.1(20.9; 26.3) 23.0(21.5;24.7) -

0.008 -
59.5 (53.0; 66.4) 56.2 (52.0; 65.0) -
73.0 (65.9; 80.5) 73.4 (63.6;77.0) -
<0.001 <0.001
27.8(22.7;33.1) 26.2 (21.4;29.8) -
16.5(11.8;21.2) 16.3(13.2;19.2) -
<0.001 <0.001
53.6 (49.8;57.1) 54.9 (52.3; 58.0) -
60.9 (56.5; 66.0) 63.4 (59.1; 66.8) p;=0.01
<0.001 <0.001
1.0 (1.0; 3.0) 1.0 (1.0; 2.0) -
1.0 (1.0; 4.0) 1.0 (1.0; 2.0) -

Note. @ —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagotonics; p, — sympathicotonics and vagotonics; p* — statistical-
Y sig groups: p; — symp 123 g p3—symp g p

ly significant differences between genders.

tor response was revealed in normotonics, while the indi-
cators of sympathicotonics and vagotonics had similar se-
verity. It is important to note that the variability indicators
(SVMR SD and CVMR SD), reflecting the homeostatic lev-
el of sensorimotor response, corresponded to the range
of normative values in all study groups. In the groups
of examined young women, we did not find a statistical-
ly significant effect of the type of autonomic regulation
on the performance of the motor component of activity
(according to the tap test). In young men, optimal indi-
cators were noted in normotonics, while sympathicoton-
ics and vagotonics found similar manifestations of senso-
rimotor performance. Statistically significant differences
between genders in most of the analyzed characteristics
were revealed in the group of normotonics. In general,
the most adequate indicators of sensorimotor response
of normotonic young men can be noted in comparison
with other studied groups.

In physiology, the principle is increasingly being in-
troduced, the meaning of which is that the optimal result
of the system'’s performance under the same type of con-
ditions is achieved by a variety of states that are charac-
terized by certain quantitative combinations of parame-
ters. One of the ways to characterize physiological sys-
tems can be a correlation analysis to identify the structure
of the connection between individual indicators in various
adaptive states [12]. The results of our correlation inter-
system analysis of groups of students with different types
of vegetative response indicate pronounced differences
between them. The correlation matrix uniting students
of both genders is presented in Table 4, it reflects statisti-
cally significant connections between the indicators.

According to the classical concepts of systemic physiol-
ogy of LI. Schmalthausen, R. Settler, generalized in the work
of A.A. Pozdnyakova [13], a living organism is considered
as a complex hierarchically subordinated dynamic struc-
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TABLE 3

NEURODYNAMIC INDICATORS OF STUDENTS WITH DIFFERENT TYPES OF AUTONOMIC REGULATION, ME (Q,; Q,;)

Type of autonomic regulation

normotonia

236.8 (221.6; 264.5)

221.6 (205.6; 238.1)

<0.001

60.7 (48.2;78.0)

58.4 (46.9;72.9)

354.1(327.4;384.4)

328.1(310.3;357.8)

<0.001

86.6 (72.4;101.2)

78.2(68.7;92.1)

vagotonia
246.0 (214.3; 267.7)
234.0 (204.3; 243.1)
0.004
56.6 (42.9;75.9)

57.2(38.0;77.5)

360.0 (340.5; 389.7)

333.3(325.0; 366.9)

85.4(66.8; 119.8)

79.2(70.4;97.7)

p,=0.01

Indicators Gender
sympathicotonia
? 230.3 (209.4; 257.0)
SVMR, ms
d 235.6 (209.4; 243.1)
p* -
Q 56.7 (44.9;70.2)
SVMR SD, ms
d 51.6 (39.2;61.3)
p* -
Q 347.6 (323.0;388.6)
CVMR, ms
d 357.1 (349.5;376.8)
p* -
Q 86.8(76.3; 113.5)
CVMR SD, ms
d 88.1(68.1; 128.3)
p* -
Q 6.7 (6.1;7.1
TT (average rate), ( )
standard units
o 6.9(6.4;,7.2)
p* -
200.0 (182.0; 213.0)
TT (number of taps),
standard units
e 204.5(190.5; 215.0)

p* -

0.003 -
6.7 (6.3;7.1) 6.9(6.3;7.3) -
7.2(6.7;7.7) 6.8 (6.5; 8.0) -

<0.001 -

199.0 (188.0; 213.0) 204.5 (188.0; 217.0) -

214.0 (200.0; 229.0) 204.0 (195.0; 238.0) -

<0.001 -

Note. @ —women; &' — men; statistically significant differences between groups: p, — sympathicotonics and normotonics; p, — normotonics and vagatonics; p, — sympathicotonics and vagotonics; p*  statistically

significant differences between genders; TT — tap test.

ture in which the functioning of one system depends
on the work of other body systems, the correlation be-
tween organs is considered as a network dynamic inter-
action. The absence of correlations in this context is con-
sidered as isolation of the system (organ) in a function-
al sense. Based on this position, we believe that the func-
tional diversity of the network interactions of the system
determines its greater dynamic stability in the implemen-
tation of the adaptive effect. Interpreting the obtained re-
sults of the correlation analysis, it can be noted that they
were the most variable in normotonics: they had 19 in-
tersystem connections of weak and moderate strength
(at p < 0.05) between nine indicators characterizing

the elasticity of the arterial vessel wall and five morpholog-
ical indicators; 10 connections between indicators of neu-
rodynamics and morphological features of the examined
and three connections neurodynamics with an aging in-
dexindicator. In all groups, a direct relationship was estab-
lished between blood pressure and height and weight in-
dex, body weight and visceral fat index. The indices of elas-
ticity of the arterial vessel wall were generally inverse-
ly related to the parameters of morphological develop-
ment. Indicators of neurodynamics, indicating an increase
in the performance of sensorimotor response, found a di-
rect relationship with body weight and an inverse relation-
ship with the value of the fat mass component.
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TABLE 4

CORRELATION MATRIX OF INTERSYSTEM INTERACTIONS BETWEEN THE STUDIED INDICATORS IN STUDENTS
WITH DIFFERENT TYPES OF AUTONOMIC REGULATION

-0.15

-0.15

- - 023 - - - -0.16  -0.16

- - -0.22 - - - 0.15 0.15

- - - - - - 032 032
039 - - - - - 035 035
-047 - - - - - - -
-0.39 - - - - - -034  -034
-0.32 - - - - - - -
-030 - - - - - - -

- - - - -031 - - -
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Sympathicotonics revealed the least intersystem con-
nections, they had the unidirectionality of correlations
of weak and moderate strength between blood pressure,
augmentation index, morphological development indica-
tors and SVMR indicators.

In the group of vagotonics, moderate strength connec-
tions with morphological development and elasticity of ar-
terial vessels were noted. At the same time, it is possible
to note a more pronounced connection between the elas-
ticity of arterial vessels with the water and fat mass com-
ponents of the body. Six of the seven identified connec-
tions of neurodynamic characteristics are related to vas-
cular tone indicators.

DISCUSSION OF RESULTS

According to the study [14, 15], the values of elastic-
ity of the vascular wall of the arteries act as prognostic
indicators in the development of arterial hypertension,
which is especially relevant in the conditions of the north-
ern region [2, 3]. An increase in arterial stiffness leads
to anincrease in central blood pressure and an increase
in afterload on the heart. It contributes to the restric-
tion of coronary blood flow, which leads to a decrease
in the contractility of the myocardium. Analyzing the in-
dicators characterizing the functional state of the arte-
rial vascular wall in students with different types of au-
tonomic regulation, we assume the existence of several
mechanisms to maintain an optimal blood pressure lev-
el. Anincrease in the stiffness of the vascular wall of large
and small arteries, expressed in an increase in the aug-
mentation index and the resistance index in groups
of young women, is noted with an increase in parasym-
pathetic activity; in young men, an increase in the stiff-
ness of large arteries increases with an increase in sym-
pathoadrenal activity, while there is a compensatory in-
crease in the stiffness of small muscular arteries with anin-
crease in parasympathetic activity.

From our point of view, in the group of young women
with a high level of sympathetic activation of the central
mechanisms of regulation of the cardiovascular system,
the hyperkinetic type of blood circulation is insufficiently
compensated by the elasticity of large arteries, which caus-
es a decrease in the tone of small muscular arteries, de-
spite increased sympathetic activity. In the group of young
women with high parasympathetic activity, a decrease
in the elastic properties of large arteries leads to an increase
in afterload on the myocardium, which reduces peripheral
blood flow, that requires an increase in peripheral arterial
tone. The combined effect of these mechanisms further in-
creases the afterload on the heart and excessive stimulation
of the mechanisms of regulation of vascular tone can con-
tribute to depletion of nitrogen monoamine production.
This allows us to make an assumption about the more pro-
nounced risks of cardiovascular disorders in young wom-
en with high parasympathetic activity.

In the group of young men with a high level of sympa-
thetic activation of the central mechanisms of regulation
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of the cardiovascular system, a decrease in the elasticity
of large arteries and an increase in afterload on the heart
are partially compensated by a decrease in the tone
of small peripheral arteries, despite the sympathetic acti-
vation of vascular tone regulation. From our point of view,
this imbalance of regulation indicates an increased risk
of cardiovascular disorders in this group of examined stu-
dents. In the group of young men with high parasympa-
thetic activity, the high elasticity of the vascular wall of ar-
terial vessels does not provide adequate peripheral blood
flow, which requires an increase in the tone of small ar-
teries to maintain it. The resulting constant stimulation
of nitrogen monoamine production can lead to depletion
of the mechanisms of its formation.

The absence of statistically significant differences
in the rate of pulse wave propagation (SI) characteriz-
es the preservation of the elastic properties of the aorta,
characteristic of young people. With increasing parasym-
pathetic activity and decreasing average HR, ejection du-
ration compensatory increases.

Thus, an analysis of the features of the regulatory
mechanisms of the cardiovascular system revealed that
in groups of young men and women with a high level
of sympathetic activation of the central mechanisms of reg-
ulation of the cardiovascular system, the risks of disorders
in this system are associated with dysregulation of vascu-
lar tone (decreased tone of small arteries against the back-
ground of increased activity of the sympathetic nervous
system). The predominance of parasympathetic influ-
ence in the regulation of heart rhythm against the back-
ground of high elasticity of large arterial vessels and in-
creased tone of small arterial vessels allows us to conclude
that there are higher needs for capillary blood flow of or-
gans and tissues. The noted imbalance in the regulation
of blood circulation suggests that in groups of young men
and women with high parasympathetic activity, the risks
of impaired blood flow are associated with a possible de-
pletion of the mechanisms of production of nitrogen mon-
oamine as one of the leading factors in the development
of arterial hypertension.

A decrease in heart rate variability and, consequent-
ly, an increase in stress index are associated with a high
risk of cardiovascular pathology. The absence of people
with pronounced manifestations of cardiac pathology
in the examination cohort, moderately high stress index
indicators in the groups of sympathotonics, probably in-
dicate the presence of a genetically determined stress-in-
duced response of the latter’s body.

The results of the assessment of the anthropometric
indicators of students obtained by us indicate the opti-
mal physical development of the majority of the exam-
ined students. According to a study by the team of au-
thors presented in [16], the body mass index current-
ly is an objective tool for obesity screening. The aver-
age BMl values fit into the medial values of the reference
norm range, which states the dominance of mesosoma-
totypes in the cohort of the study. Modern scientific stud-
ies [17] characterizing the average anthropometric indi-
cators of students state that the height of young men



is 170-177 cm, young women - 160-165 cm; the aver-
age body weight of young men is 68-72 kg, young wom-
en - 55-57 kg. However, the results of the assessment
of the physical development of students in the Ural region,
presented in our previous work [18], allowed us to estab-
lish statistically higher BMI and body weight due to a high-
er content of body fat, visceral obesity and a statistical-
ly significantly lower body water percentage in students
in Surgut compared with students in more southern ter-
ritories. L.V. Averyanova [19] showed that among men
born in the North, there is also a prevalence of persons
with a hypersthenic type of constitution, overweight
and signs of obesity. The results obtained are consistent
with the global and all-Russian trend of a higher preva-
lence of overweight in a cohort with high social and eco-
nomic status and income [20].

The revealed intersex features of the body composition
of the examined students reflect the general population
trend [21] of a higher fat content in the body of young wom-
en, which is consistent with the studies of a number of other
authors. Studying age-related changes in BMl and fat mass
component of both genders, C. Palomino-Devia et al. [22]
state that with age, an increase in BMI in young women
is combined with an increase in fat mass (p < 0.05); in young
men - with a decrease in fat mass (p < 0.05) and an increase
in the muscular component of the body.

The most optimal body composition was noted
in the groups of vagotonics and normotonics. The average
content of fat and water components of the body of stu-
dents belonging to these groups corresponded to the nor-
mative values. According to our data, the predominance
of sympathoadrenal activity in ensuring the regulation
of the rhythm of cardiac activity of the body is character-
ized by an excessive content of fat mass and visceral obe-
sity, water insufficiency in students, which is confirmed
by other modern studies [23]. Physiologists note the need
to take into account the characteristics of body compo-
sition of the examined in the prediction and prevention
of various nosologies. In particular, overweight and obesi-
ty are the leading risk factors for the development of car-
diovascular [24] and endocrine pathologies [25]. Excess
body fat causes the formation of extensive inflammatory
processes in the body, leading to cancer and the progres-
sion of many types of tumors [26], increases cancer mor-
tality by up to 20 % [27]. It was found that with an increase
in the fat component, both young men and women expe-
rience a decrease in the water level in the body [28]. Wa-
ter plays a crucial role in ensuring the normal functioning
and maintenance of homeostasis, and is also an indirect
indicator of preload of the heart. The deficient content
of the liquid component of blood plasma causes an in-
crease in the load on the contractile function of the my-
ocardium due to a violation of the rheological properties
of blood.

Our results indicate that with the predominance
of parasympathetic regulation of heart rate, inhibito-
ry processes in the central nervous system increase,
there is a decrease in activating effects, expressed in av-
erage indicators of a simple sensorimotor reaction
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and in conditions of sensory differentiation of the visu-
al stimulus. This pattern is most clearly seen in groups
of female students. In the group of sympathicotonic male
students, the variability of the average values of SVMR
and CVMR reflects the least favorable level of perfor-
mance in conditions of both simple and complex senso-
ry load, which reflects the reduced activation of the cen-
tral nervous system and attention switching of the latter
compared with young men of other types of autonomic
regulation. The indicators of variability of the average in-
dicators of SYMR and CVMR (SD) reflect the well-estab-
lished relatively stable manifestations of sensorimotor
reactions of students of different sexes and with differ-
ent types of autonomic regulation.

Relatively high neuromuscular performance in terms
of the tap test in young women is characteristic of va-
gotonics, in young men - normotonics. Large values
of the upper quartile of the tap test indicators in normo-
tonic young women and vagotonic young men allow
us to note their relatively better performance (endurance)
compared to sympathicotonics of both genders. Intersex
differences are clearly manifested in the results of neuro-
dynamic testing in normotonics. Young men are character-
ized by a more effective sensorimotor response and a more
advanced mechanism of differentiation inhibition of con-
ditioned reflex activity, which is consistent with the liter-
ature data [29].

The results of a comprehensive study of intersys-
tem connections of blood flow indicators, morphotype
and neurodynamics obtained using correlation analy-
sis revealed statistically significant weak and moderate
strength connections between the studied parameters.
Direct and inverse connections, along with the elements
of the system, make up its structure; their analysis expands
the understanding of the mechanisms of subordination,
redistribution, reactivity between the individual compo-
nents of the links of homeostasis. As R.M. Bayevsky notes
[30] that almost all functional systems of the body par-
ticipate in adaptation, one of the leading roles in it be-
longs to the cardiovascular system, which ensures the vi-
tal activity of the body at an optimal homeostatic lev-
el and is the most sensitive indicator of the productivi-
ty of adaptive reactions. In this regard, there is a special
group of sympathicotonic students, in which the number
and severity of correlations are less variable, which indi-
cates greater stiffness (compared with groups of vago-
tonics and normotonics) of the regulation mechanisms
in achieving a positive adaptation result.

CONCLUSION

In the majority of the examined students of the ped-
agogical university of the Northern region, the indicators
of the cardiovascular system, body composition and neu-
rodynamic processes correspond to the reference values.

The intersex differences in the mechanisms of main-
taining optimal blood pressure, body composition
and neurodynamic performance in students of different



types of autonomic regulation were revealed. For individ-
uals with a high level of sympathetic activation, the risks
of disorders are associated with dysregulation of vascu-
lar tone; for individuals with a predominance of parasym-
pathetic activity — with a possible depletion of the mech-
anisms of nitrogen monoamine production. In persons
of the sympathicotonic type of autonomic regulation,
body composition is due to an excessive content of fat
mass and visceral obesity, water insufficiency. In the im-
plementation of neurodynamic reactions, it is noted
that with the predominance of parasympathetic regula-
tion of heart rate, inhibitory processes in the central nerv-
ous system increase. In young men, reduced sensorimo-
tor reactions are also consistent with sympathetic activa-
tion in the regulation of heart rate.

The correlation analysis between the parameters
of the morphofunctional state in students with different
types of heart rate regulation made it possible to establish
some features in the interaction of physiological systems:
vascular, morphological and central nervous systems.
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