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CoMaTOoTHITIO/IOTHYECKHUE O0COOEHHOCTH BEreTaTUBHOMN PeryJiaiuu
Y AeBOYEK MOAPOCTKOBOIO Bo3pacra r. KpacHospcka

10.C. JleBuenko, B.B. Hukess, B.I1. Eppemosa

@I'BOY BO «KpacHospckuil eocyoapecmeerHblil meduyuHckuil yHusepcumem um. npo@d. B.®. Boiino-Acereykoz0»
Munsdpasa Poccuu, Kpacnosapck, Poccus

AHHOTAIIUA

BBenenue. CHmKeHUE TTOKazaTeaeld (GU3NUECKOTO 3/[0POBbs JIETEH M MOAPOCTKOB B HAIlllel cTpaHe 000CHOBBIBAET
HEOOXOUMOCTh Pa3paboTKH IPOTPaMM, HAIIPaBJIEHHBIX HA UCIIPABJIEHHUE JIAHHOU CUTYallMH, B YACTHOCTH — IIPOBE/IEHUE
HCCIeIOBAHUH B 00JIaCTH aHTPOIIOJIOTHH, U3YUeHHE BEreTaTUBHOTO OajlaHca U BIAUSHUS HA HETO MHAUBU/IyJIbHBIX MOP-
(dosiornueckux ocoGEHHOCTEN OpraHU3Ma.

1T e 1 b. BhIsIBJIEHHE B3aUMOCBS3H BETETATHBHOTO cTaTyca 1 MOpGOGyHKIIMOHATIBHBIX ITOKA3aTeJIeld Cep/IedHO-COCY/IHC-
TOH CHCTEMBI B 3aBUICIMOCTH OT COMATOTHIIA y IEBOYEK ITOPOCTKOBOTO Bo3pacra I. KpacHosipcka.

MaTepuaysbl U METO/bl. B HCCIeOBAaHUH yYacTBOBAIH 158 ZIeBOUEK IOPOCTKOBOTO Bo3pacTa (0T 13 /10 15
JIeT), MpoKUBaIoOIuX B r. KpacHosipcke. IIpoBOAMIOCH aHTPOIIOMETPUYECKOE 00CIEIOBAHUE C JJTAJIBHEHUIIINM OIpeziese-
HHEM COMATOTHIIA 10 WHAEKCY Prca — AlizeHka. OlleHUBAINCh HEKOTOPBIE TTOKa3aTe I (PyHKIMOHUPOBAHUS CEPAEUHO-
COCYZIUCTON CHCTEMBI (CHCTOJIMYECKOE W JIHacToimdeckoe aprepuanbHoe nasienue (CAIl u JTAT), 94ucIo cepAedHbIxX
cokpartiennit (YCC)) u TOHyC BereTaTUBHON HEPBHOU CHCTEMBI 110 HH7EKCY Kep/io.

PesynbpTartsel. Ilo pe3yspraraM aHTPOIIOMETPHUH YYACTHHUIIBI PACIIPEAEIMIACH CIIEAYIOIIMM 00pa3oM: aCTEHUIECKHI
TUI — 65 YeJl., HOPMOCTEHUUECKUH — 51 YeJl., THIEPCTEHMYECKU — 42 Jesl. BBIsSBIEHO CTATUCTUUECKN 3HAUMMOE YBETHIe-
Hue CA/l u JIA/l o Mepe MOBBIIIIEHUS KPEIIOCTH TEJIOCIOKEHUS BO BeeX TPeX IPyIIax. Y JeBOUeK acTeHUYECKOT0 COMATo-
THIIA OTMEYAIOCh CHIKeHre 3Hauenni CAJl B coueranuu ¢ 6ostee BricokuMU nokazaresisimu YCC. JIoMUHAHTA CUMITATHKO-
TOHHUU BBISBJIEHA B IPYIIIE IIPEJCTABUTEIHHUI] ACTEHHYECKOTO U THIIEPCTEHHYECKOTO THIIOB KOHCTUTYINH (65.2 U 52.8 %
cooTBeTCTBeHHO). Hanbosibliiee KOJIMYECTBO IEBOYEK C IMPOIIECCAMH YPAaBHOBEIIUBAHUS BO30YKIEHUA U TOPMOYKEHHS aBTO-
HOMHOU HEPBHOU CHCTEMBI OBLIO CPETH MPECTABUTETHHHUI] HOPMOCTEHUYIECKOTO (53.3 %) U, HEMHOTO MEHBbIIIE, TUIIEPCTEHU-
qeckoro (39.6 %) THIIOB, 06a ATUX [TOKa3aTesist ObLIH JJOCTOBEPHO BHIIIIE, YEM Y YUEHHI] C ACTEHUYECKHUM THIIOM KOHCTUTYI[HH
(30.4 %). IIpu 5TOM Yy ZIEBOYEK C ACTEHUYECKIM COMATOTUIIOM PeKe IPeobiaziaeT mapacuMIIaTUKOTOHUS (4.3 %) 10 cpaBHe-
HUIO C TIPEICTaBUTEIbHUIIAMU HOPMOCTEHHUECKOTO (6.7 %) ¥ runepcreHnyueckoro (7.5 %) TUIIOB KOHCTUTYIHH (p < 0.05).
3aknwueHue. [losydeHHBIE JAHHBIE O PA3JIMYNH TIOKA3aTeIEN FTeMOIMHAMUKY H BETETATUBHOTO CTATYyCA Y IEBOYEK
13—15 JIET B 3aBUCUMOCTH OT THUIIA KOHCTUTYITUN HEOOXOMMO YUUTHIBATh MPU BHIOOPE CIIOPTUBHBIX 3aHATHU U IPOBEJIE-
HUH JiIeueOHO-TPOPUIAKTUUECKOU PabOThI B 00I11e00pa30BaTEIHLHOM IIIKOJIE.

Kmuoueenble caoea: cOMaTOTHII, CEPAETHO-COCYAUCTAsT CUCTEMA, TTOAPOCTKU, UH/IeKC Prica — Aii3eHKa, BereTaTUBHbBIN
unzieke Kepro.

O6pasen murupoBaHusa: Jlepuenko 0.C., Hukens B.B., Ebpemosa B.II. ComaToTuosoruyeckmne ocobeH-
HOCTH BETETaTUBHOI PETYJIANNH Y JIeBOYEK IMOIPOCTKOBOTO Bo3pacrta T. KpacHosipcka // Journal of Siberian Medical
Sciences. 2022;6(2):42—50. DOI: 10.31549/2542-1174-2022-6-2-42-50

Somatotype features of autonomic regulation
in adolescent girls in Krasnoyarsk

Yu.S. Levchenko, V.V. Nickel, V.P. Efremova
Prof. V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russia

ABSTRACT

Introduction. The decrease in physical health parameters of children and adolescents in our country justifies the
need to develop programs aimed at correcting this situation, in particular, conducting research in the field of anthropology,
studying the autonomic balance and the influence of the body’s individual morphological features on it.
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A im . Identification of the relationship between autonomic status and morphofunctional parameters of the cardiovascular
system depending on the somatotype in adolescent girls of the city of Krasnoyarsk.

Materials and methods. The study involved 158 adolescent girls (from 13 to 15 years old) living in Kras-
noyarsk. An anthropometric examination was carried out with the further determination of the somatotype according
to the Rees-Eysenck body index. Some indicators of the cardiovascular system (systolic and diastolic blood pressure
(SBP and DBP), heart rate (HR)) and the tone of the autonomic nervous system were assessed according to the Kerdo’s
index.

Results.According to the results of anthropometry, the participants were distributed as follows: ectomorphy — 65 peo-
ple, mesomorphy — 51 people, endomorphy — 42 people. A statistically significant increase in SBP and DBP was found as
body strength increased in all three groups. In ectomorphic body type girls, there was a decrease in SBP values in combina-
tion with higher HR. The predominance of sympathicotonia was found in the ectomorphy and endomorphy groups (65.2
and 52.8%, respectively). The largest number of girls with the excitation-inhibition balance of the autonomic nervous sys-
tem was among mesomorphy (53.3%) and slightly less among endomophy girls (39.6%), both of these indicators were
significantly higher than among the ectomorphic body type girls (30.4%). At the same time, in the latter, the parasym-
pathicotonia predominates less often (4.3%) than in mesomorphy (6.7%) and endomorphy (7.5%) (p < 0.05).
Conclusion. The obtained data on the difference in hemodynamic parameters and autonomic status in girls aged
13—15, depending on the body type, must be considered when choosing sports activities and realization of medical and
preventive work in a secondary school.

Keywords: somatotype, cardiovascular system, adolescents, Rees-Eysenck body index, Kerdo’s autonomic index.
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BBEJAEHHNE

YxyaieHue nokasareyieil (Qu3nIecKoro 310po-
BB JIETEH U OJIPOCTKOB B HAIlleH cTpaHe 0O0CHOBBI-
BaeT HeoOXO[MMOCTh Pa3pabOTKH MPOrpaMm,
HAaIIpaBJIEHHBIX HAa UCIIPaBJIEHUE JJAHHOU CUTYallHH,
B YACTHOCTH — IIPOBEJIEHUE HCCIIEIOBAHUU B 00J1a-
CTH QHTPOTOJIOTHUU. DTO CBSI3aHO C TEM, UTO Ka3KIbIH
YeJIOBEK MEET CBOU MH/ITUBHU/Ty JTbHbIE MOP(OJIOTH-
YyecKkrie 0COOEHHOCTH U UX 00s13aTeJIbHO HYKHO yUU-
THIBaTh TP TPAKTOBKE IOJIyYeHHBIX PE3YJIbTAaTOB.
NHAuBUIYyaIbHBIA TOJIX07, SIBJISETCS €IMHCTBEHHO
BEPHBIM, IIOTOMY YTO OH B IIOJIHOH Me€pe YUYUTHIBAET
pasHoobOpaszre MOpP(OJIOTHUECKHUX OCOOEHHOCTEH B
nporiecce GOPMHUPOBAHUSA W Pa3BUTHS YeJOBeUe-
ckoro opranusma [1-5]. I[Ipu aTom wuccieoBaHusA
BJIUSHUS WHAWUBHUAYAJIbHBIX 0COOEHHOCTEH opra-
HH3Ma Ha €ro POCT W Pa3BUTHE BaKHBI HE TOJHKO B
cyrybo Hay4YHOM IUIaHE, UX PE3YJIbTaThl MOTYT pac-
CMaTpUBAThCS KaK KJIOYU K MIOHUMAaHUIO HaIpaBJje-
HUS JTAJIbHEHUIIIEro BO3PACTHOTO Pa3BUTHA U 0asa
JUIs CO3JIaHUsA HAyYHO OOOCHOBAHHBIX ITPOTHO30B.
ITU TaHHbBIE OUYEHb BAKHBI HE TOJIBKO C TOUKH 3pe-
HUS MPUKJIAJHONA MEJIUIIUHBI, HO U IMOMOTYT Ipa-
BWJIBHO BHIOPATh CIOPTUBHOE HAIMIPABJIEHHUE, IIPOBE-
¢ty 0T6Op B paMKax CIIOPTUBHOH CIIEIUaTHU3aIuHT, a
TaK}Ke MOTYT OBITh KCIIOJIb30BAHBI I€JaroraMu B
MOBCEIHEBHOU esATeILHOCTH [3—10].

U3yueHre mepecTpoiku pPabOThl BHYTPEHHUX
OpPraHOB B IEPHOJ IIOJIOBOTO CO3PEBAaHHUSA WUMEET
60JIbIII0e 3HAUEHNE B CBSI3HU C TEM, YTO ITOT IIPOIIECC

INTRODUCTION

The deterioration of physical health indicators of
children and adolescents in our country justifies the
need to develop programs aimed at correcting this
problem, in particular, carrying out anthropological
research. Since each person has his individual mor-
phological features, and they must be taken into
account when interpreting the results obtained. An
individual approach is the only correct one because it
gives proper weight to the diversity of morphological
features in the process of formation and develop-
ment of the human body [1—5]. At the same time,
studies of the influence of body individual character-
istics on the growth and development are important
not only in a purely scientific sense but their results
can also be considered as a key to understanding the
direction of further age-related development and the
basis for creating scientific-based prognoses. These
data are very important not only from the point of
view of applied medicine, but also will help to choose
the right field of sports and select within the frame-
work of sports specialization, and can also be used by
teachers in their daily activities [3—10].

It is important to study the alteration of the work of
internal organs during puberty since this process is
largely determined by individual morphological fea-
tures. If functions of any body system appear to be on
the verge of normal indicators, then this is a significant
reason to follow up such a teenager, as all borderline
conditions should be regarded as health risk factors.
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BO MHOTOM OIIpeZieNIAeTCs NHANBUAYATbHBIMU MOP-
dosmornueckumu ocobenHoctTsiMu. Ecimu GyHKIIHO-
HUPOBaHHE KaKUX-JTU00 CHCTEM OpPraHU3Ma IIPOUC-
XOZIUT HAa TPaHN HOPMAaJIbHBIX IIOKa3aTesel, TO 3TO
3HAYMMBIH IIOBOJ] B3STh TAKOTO IOAPOCTKA Ha
JIOTIOJTHUTEJIbHBIN MEIUITUHCKUN KOHTPOJIb,
IIOCKOJIBKY BCe IIOTPAHWYHBIE COCTOSHUSA HYKHO
paciieHuBaTh KakK OIpefeeHHble (PAaKTOPhI PHUCKA
IUI 370pOBbs. He BBI3BIBAET COMHEHHSA TOT (PakKT,
YTO MeXaHU3MBbI (QYHKIIMOHUPOBAHUSA MEHSIOTCS C
BozpactoM. C OIHOW CTOPOHBI, 3TO HEOOXOIUMO,
YTOOBI PACTYIIMI OPTaHU3M JIydIlle IIPUCIIOCA0ITH-
BaJICSA K YCJIOBUAM OKPYKAIOIIEN CPEABI, C IPYTOH —
THOKOCTh TaKUX MEXaHW3MOB CBH/IETEJILCTBYET 00
YPOBHE IPUCIOCOOJIEHUS U CITY?KUT OTHUM U3 ITOKA-
3areJiedl ypOBHsI O0IIETO 3/I0POBbs. YUUTHIBAsA, YTO B
MIOCJIETHYE JIECATUIIETHS COIUAJIbHAS CPe/ia IIpeTep-
IeJia CyIecTBeHHbIE U3MEHEeHMUs, ObLIO OBl HHTEpEC-
HBIM C HAyYHOU W TPHUKIATHON TOYEK 3pEHUs
Y3HaTh, KaK 3TO MOBJIUSIO HA U3MEHEeHNEe MeXaHU3-
MOB QYHKIIMOHUPOBAHUSA opraHusma [1].

OpHUM 13 TI0Kas3aTtesell YPOBHSA CaMOPETYJIISINN
CUMIIATUYECKON U MMapacUMIATUYECKOH CUCTEM
SIBJISIETCSL CTEIIEHb WX BETeTATUBHOTO PAaBHOBECHS
[11]. Ecnu paccmaTpuBaTh CEPAEYHO-COCYIAHCTYIO
cuctemy (CCC), To MMEHHO BETeTaTUBHBIA TOHYC
CJIy?KUT ITOKa3aTreJieM ee 0011ero coctosHusl. JIrobbie
OTKJIOHEHUS YPOBHS 3TOTO TOHyCA OT HOPMAaJIbHBIX
3HAYEHUH SBJISIIOTCS MapKepaMu HapyIIeHUs afam-
TAIOHHBIX MEXAaHU3MOB, UTO ITPOSIBJISETCS B 3aMeT-
HOM IIQJIEHUHM YPOBHS PabOTOCIIOCOOHOCTH BCETO
opranusma. Takoro poja HeyCTOWYHBOCTH IIPOSIB-
JIsIeTCS B IPEBATMPOBAHUHY TOHYCA TaPACUMITATHIE-
CKOro 00 CHUMIIATUYECKOTO OT/EJIO0B BereTaTHB-
Hol HepBHOH cucteMbl (BHC). Oto uacto Haboma-
eTcsl y JeTed MOAPOCTKOBOTO BO3pAcCTa, KOTOPBIE
(opMasbHO 370pPOBBHI IO BCeM IIPU3HAKaM, HO
MIOIONITM K TPaHWIlE alalTAI[MOHHBIX CIOCOOHO-
cTed CBOero opraHusMa. Takyke MHOTHE W3 HHUX
CKJIOHHBl K Ppa3BUTHIO BETETOCOCYIUCTBIX pac-
cTpoicTs [12].

[To 3aKJII0YEHNUI0O HEKOTOPBIX HCCIIEAOBATENIEN,
ecs HaOJIOaeTCss IPEBAIMPOBAHME CHUMIIATHYe-
CKux TporieccoB B aedaTenbHoctu BHC, To 5TO tipu-
BOAUT K IEPEHANPSDKEHUIO B JIESITETBHOCTH BCEX
CHCTEM OpraHW3Ma U €ero IepexoJly B CTPeCcCOBOE
cocrosiHue. Ectu laHHbIe SIBJIEHUSA HOCAT KPaTKOB-
PEMEHHBIN XapakTep, TO OHU He OIACHBI, HO JJTU-
TeJIbHBIN CTPecC Be/IeT K Cepbe3HBIM OpPraHUYeCcKUuM
CIBUTAM, KOTOpbIe BHadaje OOpaTHMBbI, HO TIOTOM
CTAHOBSATCSA Bce MeHee oOpaTuMbIMu. Bmecre ¢ Tem
[IpeBAINPOBAHHE ITAPACUMIATHYECKUX IIPOIECCOB
6JIaTOTBOPHO BJIMsET HA HACHIIIEHHE OpraHu3Ma
KHUCJIOPOJIOM B COCTOSIHUU ITIOKOS, JIeJIaeT JesATesb-

There is no doubt that the mechanisms of functioning
change with age. On the one hand, this is necessary for
the growing body to better adapt to environmental
conditions, on the other hand, the flexibility of such
mechanisms indicates the level of adaptation and gen-
eral health. Since in recent decades the social environ-
ment has undergone dramatical changes, it would be
interesting from a scientific and applied point of view
to find out how this affected the change in the mecha-
nisms of the body’s functioning [1].

One of the indicators of self-regulation of the
sympathetic and parasympathetic nervous systems
is the degree of their autonomic balance [11]. If we
consider the cardiovascular system (CVS), then it is
the autonomic tone that serves as an indicator of its
overall condition. Any deviations of the level of this
tone from the normal range are markers of a disor-
der of adaptive mechanisms, which manifests itself
in a noticeable drop in the performance of the organ-
ism. Such kind of instability is manifested in the
prevalence of the tone of the parasympathetic or
sympathetic part of the autonomic nervous system
(ANS). This is often observed in adolescents who are
formally healthy in all respects but have come to the
limit of the adaptive abilities of their bodies. Also,
many of them are prone to the development of auto-
nomic dysautonomia [12].

According to the conclusion of some researchers,
the prevalence of sympathetic processes leads to an
overstrain in the work of all body systems and body
transition to a stressful state. If these phenomena are
short-term, it is not dangerous. However, long-term
stress results in crucial changes that are initially
reversible but then become less and less reversible.
At the same time, the prevalence of parasympathetic
processes has a beneficial effect on the oxygen satu-
ration of the body at rest and makes CVS activity
more economical. In this state, the body receives
additional reserves for adaptation [13, 14].

There is no doubt that the study of the ANS in
healthy adolescents is necessary and is underway.
But, in our opinion, more attention should be paid to
the autonomic balance, especially the influence of
the individual morphological characteristics on it.

AIM OF THE RESEARCH

To reveal the relationship between the autonomic
status and morphological and functional parameters
of the CVS, depending on the somatotype in adoles-
cent girls in the city of Krasnoyarsk.

MATERIALS AND METHODS

We conducted a cross-sectional study of 158 girls
aged 13—15 (adolescent age) living in Krasnoyarsk.
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Hoctb CCC OoJiee SKOHOMUYHOH. B TakoM cocrosi-
HUU OPTaHU3M I10JIy4aeT JIONOJHUTETbHbIE PE3E€PBBI
JUIS ajanTtanuu [13, 14].

He BBI3BIBaET COMHEHUS TOT (DAKT, UTO U3YUEHUE
BHC y 310pOBBIX MOJIPOCTKOB HEOOXOAUMO, U OHO
Bezetcsa. Ho, o HammeMy MHEHUIO, CIeAyeT yIeATh
OoJibllle BHUMaHHS BereTaTUBHOMY OajiaHCy, 0CO-
OEHHO BJIMSTHUIO Ha HETO WHIUBHUIYATIbHBIX MOPGhO-
JIOTHYECKUX 0COOEHHOCTEH OpraHu3ma.

IOEJb NCCJIEAJOBAHUA

BriaBileHNe B3aMMOCBSI3M BEreTaTHBHOIO CTa-
Tyca 1 MOpdodyHKIIMOHAIBHBIX ToKazaTeseir CCC B
3aBHCHMOCTH OT COMAaTOTHIIA y JIeBOUEK II0JIPOCTKO-
BOro Bo3zpacra r. KpacHospcka.

MATEPUAJIBI 1 METO/IbI

Hamu nmpoBezieHO OZHOMOMEHTHOE IOIepeYHOe
uccaeoBanue 158 JieBouek 13—15 JieT (II0IpOCTKO-
BBIII BO3pAacCT), IPOKUBAIOIIUX B TI. KpacHospcke.
Bce o6ciemyemble vMenn OIMHAKOBBIA YPOBEHb
(UBUIECKON IOATOTOBKH; ITOJPOCTKOB, JOIIOJIHHU-
TEJIPHO 3aHUMAIOIIHUXCSA B CIOPTUBHBIX CEKITUAX, HE
BKJIIOUAJIU B 06cienoBanue. Ha mpoBeneHme uccie-
JIOBAaHUS TIOJIYYEHO paspelleHre JIOKAJIbHOTO 3TH-
YecKoro kKomuTeTa KpacHOAPCKOTO TOCyAapCTBEH-
HOT'O MEJTUITUHCKOTO yHUBepcuTeta (N2 107/2021 ot
16.06.2021). Bputu moTy4eHbl WHGOPMHUPOBAHHbBIE
JIOOPOBOJIbHBIE COTJIACHUs OT JIeTel U UX POJUTENIEH
Ha y4JacTHe B UCCJIe/JOBAaHUU.

AHTpOTIOMETPUYECKOE 00CJIeIOBAaHUE TTPOBOJIH-
JIOCh C WCIIOJIb30BAHHEM CTaHZAPTHOTO Habopa
WHCTPYMEHTOB 1o Meroauke B.B. bynaka. Msme-
psUTH  CJIENIyIOIEe aHTPOIOMETPUYECKHE ITOKa3a-
TeJH — JIJINHA TeJla U MOIEPEYHbIN UaMeTp Ipy/l-
HOWU KJIETKH C JAJIbHEUIIIeH X OIEHKOH U OIpe/ieie-
HHEM COMATOTHUIIA (aCTEHUYECKHUH, HOPMOCTEHHYe-
CKMH U TUIEPCTEHHYECKUI) ¢ MOMOIIbI0 MHAEKCA
Puca — Aiizenka (IPA) o ¢popmyite

P - 100

NPA=—"—,
Hrpm ' 6

rae P — pocr, cm;

., ., — TIOTIEPEUHBIN AUaMETP IPYHOM KIETKH, CM.

Bpulo TpHHATO, YTO dYacTOTAa IyJibCa paBHA
JacToTe cepeunsbIx cokpamenuii (UCC, ya./Mun) u
onpesesaiach NaJblIaTOPHO HA JIy4eBOU apTepUH B
TeueHue 60 c. I3MepeHUe CUCTOJIMUECKOTO apTe-
puanbHOTO masienus (CAJl, MM pT. CT.) U JUACTO-
JINYECKOTO apTepuasibHOrO Aasiienus (JJAJl, MM pT.
ct.) ocymectisiin o Mmeroamy H.C. Koporkosa
COTJIACHO PEKOMEHIANUAM ACCONHMANNYU JETCKUX
kapauosoroB Poccuu u Coroza neauatpoB Poceun
(2016 1.).

All subjects had the same level of physical fitness;
adolescents additionally involved in sports clubs
were not included in the study. Permission for the
study was obtained from the local ethical committee
of the Krasnoyarsk State Medical University
(No. 107/2021 dated 06/16/2021). Informed con-
sent to participate in the study was obtained from
adolescents and their parents.

The anthropometric examination was carried out
according to the method of V.V. Bunak. We mea-
sured body height and the transverse diameter of the
chest with their further assessment and determina-
tion of the somatotype (ectomorphy, mesomorphy
and endomorphy) using the Rees-Eysenck index
(REI) according to the formula

REI = P - 100 ,
D, -6
where H — the body height, cm;

D, — the transverse diameter of the chest, cm.

It was assumed that the pulse rate is equal to the
heart rate (HR, beats/min) and was determined by
palpation on the radial artery for 60 s. Measurement
of systolic blood pressure (SBP, mm Hg) and dia-
stolic blood pressure (DBP, mm Hg) was carried out
using to the method of N.S. Korotkov according to
the guidelines of the Association of Pediatric Cardi-
ologists of Russia and the Union of Pediatricians of
Russia (2016).

The assessment of the tone of the autonomic ner-
vous system was carried out by the Kerdo’s index
(KI), which was calculated by the formula

1— DBP
~  HR

Normal range of Kerdo’s index is from —10 to
+10. With the predominance of the tone of the sym-
pathetic nervous system, the KI has positive values,
with the parasympathetic — negative ones.

The results were statistically processed using the
STATISTICA 10.0 software package (StatSoft Inc.,
USA). Checking for the normality of the distribution
of the measured variables was carried using the Sha-
piro-Wilk test. The results obtained using nonpara-
metric processing methods are presented as a median
(Me) and an interquartile range — the 25th and 75th
percentiles. To compare the quantitative characteris-
tics of three independent samples, the nonparamet-
ric Kruskal-Wallis test was used, followed by a pair-
wise comparison using the Mann-Whitney test. To
study the dependencies between the distribution of
autonomic types, an analysis of contingency tables
was carried out using the y? criterion. The signifi-
cance level (p) was taken to equal to 0.05.

KI 100.
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OI11eHKy TOHyCa BETETaTUBHON HEPBHOU CHUCTEMBI
MPOBOJIMJIM IO BereTaTMBHOMY wuHAEKCY Kepmo
(BUIK), KOTOpBIH pacCUnUTHIBAIHN IO (hopmyIie

1- IAJ
qcce

B HoOpMme 3HaueHHs BETreTaTUBHOTO WHEKCA
HaxOZATCA B AMAINa3oHe OT —10 210 +10. [Ipu mpeo6-
JIaIaHUHN TOHyCa CUMIIATHYeCKON HEPBHOM CHUCTEMBI
BUK npuHHUMaeT NoJyIoKUTeJIbHble 3HaUeHuUs, Iapa-
CUMIIATHYECKOU — OTPUIIATEIbHBIE.

PesynpraTel OBLIM IOJBEPTHYTHI CTATHUCTHYE-
CKOIl 00paboTKe C MpUMeHEeHUEM IaKeTa MPUKJIAJ-
Hpix mporpamm STATISTICA 10.0 (StatSoft Inc.,
CIITA). ITpoBepka Ha HOPMAaJIBHOCTH pacCIpeziesie-
HUS U3MEPEHHBIX IePeMEeHHBIX OCYIIECTBIIIach Ha
ocHOBe Tecta [llanupo — Yunka. Pe3yabraTsl, noty-
YeHHbIe ¢ TIOMOIIbI0O HelmapaMeTPUUYecKUX MeTO/I0B
00paboTKH, Ipe/icTaBIeHbI B Bue Meuanbl (Me) u
WHTEPKBAaPTUJIBHOTO pa3Maxa — 25-T0 U 75-TO IPO-
neHTWIeH. /I7a cpaBHEHUS KOJIMYEeCTBEHHBIX IPU-
3HAKOB TPEeX HE3aBUCUMBIX BBIOOPOK HCIIOIB30-
BaJICSl HemapamMeTpuuecku kputepuid Kpackena —
Yosutmca ¢ mocsyeAyoIuM IOIIapHbIM CPaBHEHUEM C
noMoIipi0 Kputepusa Manna — YutHu. i usyde-
HUS 3aBUCUMOCTEN MEXK/Iy pacIipezieIeHuEM BereTa-
THUBHBIX THUIIOB ObUI TIPOBEJEH aHAIN3 TabJIHIL
COTIPSI’KEHHOCTU C WCIOJIb30BAHUEM KPUTEPUI X>.
Kpurnyeckuii ypoBeHb 3HAaYMMOCTU (p) NpPUHU-
Mauicsl paBHBIM 0.05.

BUK = 100.

PE3YJ/IBTATBI 1 OBCY KAEHUE

B pesynpraTe mMpoBeEHHOTO AHTPOIOMETpPUYE-
CKOTO HCCJIEZIOBAHUS C OIpeZieJieHueM WH/IeKca
Puca — Atizenka 158 o0ciieiyeMbIX JIeBOUeK ObLIu
paszeseHsl Ha TPU IPYIIIBL. B epByo rpyminy BoIuin
65 YUEeHHI] C ACTEeHUYECKUM THUIIOM TeJIOCJIOKEHNUH,
BO BTOPYIO — 51 IIKOJIBHUIIA C HOPMOCTEHUUECKHUM
TUIIOM, B TPETHIO TPYIIILY — 42 JIEBOYKH C TUIIEPCTE-
HUYECKUM THIIOM.

HccnenoBanue mapaMeTpoB cepAedHO-COCYAUC-
TOH CHCTEMBI IIOKA3aJI0 CTATUCTHYECKU 3HAYUMOE
yBennuenue 3HaueHud CAJl u JIA]l mo mepe moBbI-
[IeHUA KPEIIOCTH TEJIOC0KEHU BO BCEX TpeX IPym-
nax (tab:. 1). [Ipu aTom y 26.2 % ZieBOUYEK B TPyIIIIE C
THIEPCTEHNYECKUM THIIOM TeJIOCTIOKeHHUS YPOBEHb
CAJl maxonwics Ha BepxHeH TpaHHIle HOPMBI (B
npejiesiax 90—94-ro MPOLLeHTUIA /1A JAaHHOTO 11014,
BO3pAacTa U pocTa), YTO IO3BOJISAET OKUJIATh B J]aJTb-
HeliimeM ¢GoOpMUpPOBaHUE IIPEATUIIEPTEH3UBHOTO
COCTOSIHUA Y NIPe/CTaBUTEIbHUIL JAHHOTO COMAaTo-
Tuma [10].

Mpl Takke IPOBEJH CPAaBHUTEJIbHBIM aHAIU3
n3menenunit YCC. JToT mapaMeTp SABJISAETCSA OJHUM

RESULTS AND DISCUSSION

As a result of the anthropometric study with the
determination of the Rees-Eysenck index, 158 girls
were subdivided into three groups. The first group
included 65 ectomorphy girls, the second group
included 51 mesomorphy girls, and the third group
included 42 endomorphy girls.

The study of the parameters of the cardiovascu-
lar system showed a statistically significant increase
in the values of SBP and DBP as the body strength
increased in all three groups (Table 1). At the same
time, in 26.2% of endomorphy girls, the SBP level
was at the upper limit of the normal range (within
the 90—94th percentile for a given sex, age, and
body height), which may lead to a prehypertensive
state in representatives of this somatotype in the
future [10].

We also conducted a comparative analysis of HR
changes. This parameter is one of the most impor-
tant parameters of hemodynamics and indicates the
functional state of the body. There is a linear rela-
tionship between HR and oxygen consumption. An
increase of HR leads to an impairment of blood cir-
culation in the organs, and hypoxia due to a decrease
in blood supply to the ventricles and in cardiac out-
put. In contrast, a decrease in HR in children is one
of the factors for increasing the reserve capacity of
the CVS. An increase in the time of the diastolic
pause between systoles makes the activity of the car-
diovascular system more economical [15].

It should be noted that ectomorphic body type
girls have lower SBP along with increased HR values
(see Table 1). This state of the heart work indicates
the least economical mode and limited adaptation
capacity [2].

After that, we assessed the autonomic tone in all
groups of participants. To do this, we determined the
K1, its values show which part of the autonomic ner-
vous system regulates the activity of all organs to
maintain homeostasis and the effective operation of
compensatory adaptive mechanisms. In the group of
ectomorphy and endomorphy girls, sympathetic part
of ANS predominates (65.2 and 52.8%, respectively).
The largest number of girls with the balanced excita-
tion and inhibition processes of the autonomic ner-
vous system was among the mesomorphy girls
(53.3%) and, slightly less, endomorphy (39.6%) girls,
at that both indicators were significantly higher com-
pared with the ectomorphy students (30.4%). At the
same time, in ectomorphy girls, parasympathicoto-
nia (4.3%) predominates less often, compared with
mesomorphy (6.7%) and endomorphy (7.5%) girls
(Fig. 1) (p < 0.05).
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Taﬁﬂnua 1. [Tokazarenu BapI/Ia6eIIbHOCTI/I TEMOJUHAMUKHU y JE€BOYEK IIOJPOCTKOBOI'O BO3pacTa C pa3/IMYHbIM TUIIOM

KOHCTUTYyIIUH

Table 1. Indicators of hemodynamic variability in adolescent girls with different types of constitution

Tun koHCTUTYIIIA

YpoBeHb 3HAYNMOCTH
Pa3IHYUi MEKAY rpyIIaMu

Type of constitution Significance level of diffe-
IIoxasareanb rences between groups (p)
Indicator

aCTeHI/I‘IeCKI/Iﬁ HOPMOCTEHHU4YEe- THIIepCTeHU4YEe-

o CKHI CKHI 1-2 1-3 2-3

phy mesomorphy (2) endomorphy (3)

CAl, MM pT. cT. 112.3[109.3; 113.9]  114.5 [110.6; 117.5] 116.2 [111.7; 122.3] >0.05 <0.05 <0.05
SBP, mm Hg
JOAl, MM pT. cT. 70.1[69.6; 73.2] 72.3 [70.1; 74.5] 73.5 [66.9; 84.2] <0.05 <0.05 >0.05
DBP, mm Hg
YCC, yn./mun  83.4[76.4; 86.9] 79.2 [74.3; 83.1] 84.1[77.1; 86.5] <0.05 >0.05 <0.05

HR, beat/min

u3 HanboJiee BaXKHBIX TTOKa3aTesIeld reMOJUHAMUKHI
U oTpaxkaeT (GYHKIMOHAJIBHOE COCTOSHHE Opra-
HusMa. CylecTByeT JIMHEeHHAs 3aBUCUMOCTD MEXKIY
YCC u BeTUUMHON MOTpeOJeHUsT KUCIopoaa. YBe-
smyenre YCC IpUBOJIUT K YXYAIIEHUIO KPOBOOOpa-
[IeHUsI B OpraHax W Pas3sBUTHUIO TUIIOKCUU BCJIE-
CTBUE CHIDKEHUS] KPOBEHATIOJTHEHUS JKEIYI0UKOB U
YMEHBIIIEHHUIO CEPJIEYHOr0 BhIOpoca. B mporuBomo-
JIOJKHOCTB 3TOMy ymeHbIlileHue YCC y feTel sABIIsI-
ercss OflHUM U3 (HaKTOPOB IOBBINIEHUs PE3E€PBHBIX
BoaMmozkHOcTeld CCC. YBenueHnue BpeMeHU JUaCcTO-
JIMYECKOU may3bl MeKIy CHUCTOJIaMU JIeJIaeT Jiesi-
TesibHOCTh CCC 60J1ee 9KOHOMHOM [15].
Heo0xouMoO OTMETUTD, UTO y JIEBOUEK ACTEHH-
YEeCKOT0 COMATOTHUIIA OTMEYAlTCsl 0ojiee HHUBKHE
3HaueHusa CAJl npu noseimeHHBbIX BesmunHax YCC
(cm. Tabu. 1). Takoe cocrostHUE PAbOTHI CEPATA CBU-
JIETEJIbCTBYET O HaMMeHee SKOHOMHOM peKuMe U
OTpaHUYEHUU BO3MOKHOCTEN afantamnuu [2].
[Tocsie 3TOTO MBI TPOBEJTH OLIEHKY BETETATUBHOTO
TOHyCa II0 BCEM TPYIIIaM yJacTHHIL. [IJisT 5TOr0 Mbl
onpegensanu BUK, ero 3HaueHUsA NOKa3bIBAIOT,
IMOCPENICTBOM KaKOTO OT/ieJia aBTOHOMHON HEPBHOU
CHCTEMBI PETYIUPYETCs IEITETBHOCTh BCEX OPTaHOB
JUIsL TIOJiZlep:KaHusl ToMeocTtaza U 3GGEKTUBHON
paboTsI KOMITIEHCAaTOPHO-TTPUCIIOCOOUTETHHBIX
MeXaHU3MOB. B rpyiime /IeBoueK acTEHUYECKOTO U
TUIIEPCTEHNYECKOTO TUIIOB KOHCTUTYIIUU BBISBIIEHO
npeobsiaZlaHie CUMIATUYECKUX BIIMSHUUA B Jles-
TEJIbHOCTY BETeTaTUBHOU HEPBHOMU crcTeMbI (65.2 1
52.8 % cooTBeTcTBEHHO). HanbosbIiliee KOJIUIECTBO
JIEBOUEK C IIPOIECCAMHU YPAaBHOBEIIUBAHUS BO30YK-
JIGHHUsT W TOPMOMKEHUS AaBTOHOMHOH HEpPBHOU
cucTeMbl OBLIO Cpefy TIpeACTaBUTEHHUI HOPMO-
CTEHUYECKOTO (53.3 %) U, HEMHOTO MEHbIIIEe, THIIEP-
CTEHUYECKOTO (39.6 %) TUMOB, 06a STHUX ITOKA3ATEIS

Since with the predominance of the sympathetic
influence of the nervous system, the body’s need for
oxygen increases, during regular medical checkup, as
well as in sports lessons, it is necessary to pay special
attention to ectomorphic body type schoolgirls, tak-
ing into account the decrease in SBP, increase in HR,
predominance of sympathetic and decrease in para-
sympathetic influence of the autonomic nervous sys-
tem.

CONCLUSION

The study showed differences in hemodynamic
parameters and autonomic status in girls aged 13—15
depending on the type of constitution.

If adolescent girls have high HR and high nor-
mal blood pressure values, which are more com-
mon in endomorphy students, preventive activities
are necessary to normalize the imbalance of the
autonomic nervous system, as well as additional
regular medical follow-up in this group of students.
This is especially important in the presence of other
risk factors for the development of arterial hyper-
tension.

Changes in hemodynamics and autonomic status
in adolescent students of different body types must
be taken into account when choosing sports activities
and conducting medical and preventive work at
school. Special attention should be paid to ectomor-
phy girls since some of them have decreased SBP,
increased HR, a predominance of sympathetic and
decrease in parasympathetic innervation of the auto-
nomic nervous system.
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Puc. 1. B3anMOCBsI3b BEr€TaTUBHOIO CTATYCA Y IEBOYEK IIOZPOCTKOBOTO BO3PACTA C PA3JIMYHBIM TUIIOM KOHCTHUTYIIHH
Fig. 1. The relationship of autonomic status with different types of constitution in adolescent girls

JTOCTOBEPHO BBIIIE 0 CPAaBHEHUIO C YYEHUIIAMHU
aCTEHUYECKOTO THUMa KOHCTUTynuu (30.4 %). Ilpu
DTOM Y IEBOUYEK C ACTEHUUYECKHM COMATOTHUIIOM PEXKe
npeobsaziaeT MmapacUMMIaTHKOTOHUA (4.3 %), 1o
CpPaBHEHUIO C MPEJCTABUTEIbHUIIAMH HOPMOCTEHU-
geckoro (6.7 %) ¥ rurepcTeHHYecKoro (7.5 %) THIIOB
koHcTuTyiuu (puc. 1) (p < 0.05).

[TockosbKy Tpu mpeobJialaHUU  CHMIIaTHYe-
CKOT'O BJIMSAHUsI HEPBHOU CHCTEMBI YBEJTUUHUBAETCS
OTPeOHOCTh OpraHU3Ma B KHUCJIOPOJIe, IIPU MTPOBe-
JICHUU JUCIIaHCEPHOTO HAOJII0/IeHUs, a TaKKe Ha
ypokax (HUBUUYECKOU KyJIbTYPbl HEOOXOHMO yjie-
JIATh 0c000€e BHUMaHUE IIKOJbHUIIAM C acTeHUue-
CKHUM THUIIOM KOHCTUTYIIMH, YUUTHIBAS BHIABIEHHOE
y Hux cHmkeHue CAJl, noseimenne YCC, mpeobJia-
JlaHue CUMITATHYECKOH U CHIKEHHUE MTapacuMIIaTH-
YecKON WHHepBAlUU BereTaTUBHOU HEPBHOU
CHCTEMBI.

3AK/JIIOYEHUE

VcenemoBaHue IOKa3ajo pasjduusg IIOKasarTe-
Jlell TeMOAWHAMUKH U BETeTaTUBHOTO CTaTyca y
JleBoueK 13—15 JieT B 3aBUCUMOCTHU OT THUIIA KOHCTHU-
TYLIHH.
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