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Pedrepar: Y poboTi BCcTaHOBNEHO 0COGMNMBOCTI peakuii LeHTpanbHOi Ta nepudepuyHol NaHku CepLeBO-CYAUHHOI cucTemu
Ha xonopoBuiA noapasHUK y ocib i3 pisHMM piBHeEM apTtepianbHoro Tucky (AT). OuiHeHo AuHamiky AT, 4acToTy cepLeBUX CKOPOYEHb,
peorpadivHuin iHaeKC Ta 3pobreHo kapgiopuTMorpadito 40 Ta nicrnsi XonoAoBOro NpecopHoro TecTy. B obcTexxyBaHux ocib i3 Hop-
MarnbHO-BUCOKMM piBHeM BuxigHoro AT (130/85-139/89 MM pT. CT.) BUSIBNEHO 3HaYyLLO BULLWUA NPUPICT CUCTOMIYHOMO Ta AiacToniYHOro
AT y BignoBiab Ha xonogoBuit npecopHuii TecT (p < 0,05). MNig 4Yac obcTexxeHHs Byno BCTaHOBMEHO GinblumiA BiAcoTok ocib i3 rinep-
peaktnsHoto Bignosiaaw AT (25%). B yvacHukiB ekcnepumeHTy 3 BuxigHum AT > 130/70 MM pT. CT. cnocTepiraBcs 3Ha4YHUA BNNVB
CMMNaTU4HOI HEPBOBOI CUCTEMU Ha LieHTpanbHy Ta nepudepuyHy naHkuM cepLeBo-CyaANHHOI CUCTeMM Y BiAMNOBIAb HA XONOQ4OBUN CTpeC.
O6cTexyBaHi ocobu 3 HopmanbHuM (120/80-129/84 MM pT. CT.) Ta HOpManbHO-HU3bkUM (<120/80 MM pT. cT.) piBHeM AT nposiBunmn
3a10BifNbHY peakLilo cepLeBO-CyAMHHOI CUCTEMM Ha XOMOQOBWUW CTpec, TOMY B HWMX Cig OYiKyBaTM MEHLUMX PU3UKIB AN 300pOB’S
nig yac poboTn B yMOBax HU3bKUX TEMNEePaTyp 30BHILLHBOrO cepefoBuLLa.

Knio4yoBi cnoBsa: xornogoBuin MpecopHWin TecT, CepLeBO-CyAWMHHa cucTema, apTepianbHuUi TWUCK, KapaiopuTmorpadis, peosa-
3orpadisi.

Abstract: The study determines the peculiarities of the response of the central and peripheral links of cardiovascular system
to a cold stimulus in people with different levels of blood pressure (BP). The dynamics of blood pressure, heart rate, rheographic index
and cardiorhythmography before and after the cold pressor test were evaluated. A significantly higher increase in systolic and diastolic
BP in response to the cold pressor test was found in the persons with a normal high level of initial blood pressure (130/85-139/89 mm Hg)
(p < 0.05). During the examination, a higher percentage of those with a hyperreactive blood pressure response was found (25%). In the
experiment participants with initial blood pressure > 130/85 mm Hg, a significant influence of the sympathetic nervous system on the
cardiovascular system central and peripheral links in response to cold stress was observed. The individuals with normal (120/80—
129/84 mm Hg) and normal low (110/70-120/80 mm Hg) blood pressure showed a satisfactory response of the cardiovascular system

to cold stress, so they should expect less health risks when working at low ambient temperatures.
Key words: cold pressor test, cardiovascular system, blood pressure, cardiorhythmography, rheovasography.

PiBenn aprepianmbHoro tucky (AT) € KII040BUM
MOKAa3HUKOM JJisl OLIHKH (PYHKIIOHAJIFHOTO CTaHy
CEpLEBO-CYAMHHOI CHCTEMH Ta OpPraHi3My B IIiJIO-
My. 3HauHy TpoOJeMy Uil JIFOACTBA CTAHOBUTDH ap-
TepianbHa rimepreHsis (Al) y 3B’S3Ky i3 IIUPOKUM
MOIIMPEHHSAM Ta PU3UKaMH, ITOB’ I3aHUMH 3 11 yCKIIa-
HEHHAMU. PaHHe BUsBIEHHS 0OCi0 31 CXUJIBHICTIO JI0
po3BHUTKY Al € TOIOBHUM CIIOCOOOM TIOTIePEIKEHHS
[IPOTrPECYBAaHHS 3aXBOPIOBaHb CEPLIEBO-CYIUHHOI CH-
CTEMU Ta YHUKHEHHS ycKiamHeHs [7, 10].

Peakrist ceprieBo-cyqMHHOI CHCTEMH Ha CTPEC €
BaYK/IMBUM TIOKa3HUKOM 11 (DyHKI[IOHAJBHOI'O CTaHY.
lNneppeakTrBHA BiAMIOBiAL CBIAYUTH PO ITi(BUIIIC-
HUN pU3UK po3BUTKY Al Ta cepleBO-CyIMHHHX 3a-
xBoproBaus [1, 11-13, 17].

Jlo THIIOBHX CTPECOpPHUX (AKTOPIB HaJICKUTDH
BIUIMB HU3BKOI TEMIIEPAaTYpH HABKOJIMUIIHBOTO Cepe-
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The level of blood pressure (BP) is a key
indicator for assessing the functional state of the
cardiovascular system and the organism as a whole.
Arterial hypertension (AH) is a significant problem
for humanity, due to its wide distribution and the risks
associated with its complications. Early detection of
individuals with a tendency to develop hypertension
is the main way to prevent the progression of
cardiovascular diseases and avoid its complications
[7, 10].

The reaction of the cardiovascular system to stress
is an important indicator of its functional state. A
hyperreactive response indicates an increased risk of
hypertension and cardiovascular diseases [1, 11-13,
17].

Typical stress factors include exposure to low
ambient temperature. Cold stress is an exogenous
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JoBUIIA. XOJNOIOBUH CTpeC — 1€ €K30I€HHHUI YHH-
HUK, KUK y TIepeBaXHOI OUTBIIOCTI JIIOAEH MPHU3BO-
JUTH JI0 aKTUBAIlll CUMIIATUYHOT HEPBOBOI CHCTEMU
[21] Ta OB’ s13aHMIA 13 MiABUIIEHUM pu3ukoMm Al [3—
5, 18].

TpuBaIOMy X0JI0ZOBOMY CTpECY MiATAI0OThCS CIie-
MIaJIiCTH, SKi BUKOHYIOTh pOOOTY B YMOBaxX HHU3bKOI
TEMIIEPaTypH HABKOJHUIIHHOTO CEPEOBHUIIA, a CaMe:
MIPaIliBHUKY XOJOAWIBLHUAX IIEXiB, MOPSKH, sIKi ITIpa-
LIOIOTH Y 30HaX MOJIIPHOTO Ta CyOIOJIIPHOTO KIIMaTy,
Ta iHmi QaxiBii, BUMYIIEHI TPUBAJINHA yac mepely-
BaTl Ha BIJKPUTOMY IOBITPI B 3WMOBHH MeEpiof,
0co0IMBO Y 30HAX MOJIIPHOTO Ta CYOIOJISPHOTO KJIi-
Mary.

st omiHKK peakiii cepreBo-CyANHHOI CHCTEMHU
Ha JIIF0 XOJOAY BUKOPHCTOBYETHCS XOJIOMOBUI Ipe-
copuuit Tect (XIIT). ¥V Garatsox MOCHIKEHHAX TI0-
kazano, mo XIIT go3Boysie BCTAHOBHUTH BiIIIOBIAHL
CEpIEBO-CYJUHHOI CHCTEMH Ha XOJIOJOBUH BILIUB
1 OIIIHUTH PU3WKH, TIOB’sI3aHi 3 11 HAAMIPHOIO peak-
miero [6, 16, 22].

Merta nociinKeHHs] — BCTaHOBJICHHS OCOOIUBOC-
Tell peakuil HEHTpaNbHOI Ta MeprU(eprUyHOi JTaHOK
CEpLEBO-CYAMHHOI CHCTEMH Ha XOJOAOBHH MOApa3-
HUK B 0Ci0 i3 pi3HUM piBHEM apTepiajbHOTO THCKY.

Marepiajau Ta MeTOIH

JocmimkenHss mpoBoauiM Ha 6a3l arecToBaHOL
MO3 Vkpaiau naboparopii mcuxo¢iziosoriaHux
nociimkensb (Ceimornreo Ne 055/13) xadenpu dizio-
jorii 3 ocHoBamm OioeTwkm Ta OioOe3mekm Tep-
HONUTHCHKOTO HAITIOHATLHOTO MEIUYHOTO YHIBEp-
cutety imeni LS. TopbaueBcbkoro MO3 Vkpainwu.
VY xoxi pobotn poTpumyBaimcs 0l0ETHUYHHX HOPM
lenbcincpkoi geknapaiii BcecBiTHROT MeIMUHOT aco-
miarii « ETHYHI TPUHIMITN MEAUYHUX JOCIiKEHb 3a
YYacTIO JIIOAWHU Y SIKOCTi 00’€KTa JIOCIIKCHHSD,
MiXHapOIHOTO KOJCKCY MEANYHOI €TUKU Ta 3aKOHIB
Vkpainu (pimenns kowmicii 3 6ioetuxu JIBH3 «Tep-
HONUTBCBKUN JEPKaBHUM MEIUIHUN YHIBEPCHUTET
imeni L.A. TopbageBcrkoro MO3 Ykpaiam», mpoTo-
ko1t Ne54 Bin 27 cepmas 2019 p.).

B ob6ctexxenni 6pamu y4yacte 18—22-piuHi mpak-
THYHO 37I0POBI 0COOHW (UOJIOBIKM Ta JKIHKH), SKi HE
MaJId 3aXBOPIOBaHb CEPIICBO-CYIMHHOI CHCTEMH
Ta HE NpUAMalld aHTUTINCPTCH3UBHUX IpeIapariB
(n=240). Yci yuacHUKH OOCTEKEHHSI Oy O3HAHOM-
JICHI 3 METOJaMH JOCIIKCHHS 1 Ha/ladu MHCHMOBY
3rofly Ha y4acTh Y JaHOMY JIOCJiJKCHHI.

Ycim o0CTe)keHMM 0Cc00aM MPOBEICHO BUMIpIO-
BaHHs Ha mpasii pyui BuximHoro AT meromom Ko-
porkoBa [2], peorpadiuHe 0OCTEIKESHHS KOMII FOTEp-
HUM KoMIutekcoM «Peokom» («XAlMemika», Ykpai-
Ha) 3 BH3HaueHHsM peorpadiunoro iHmekcy (PI;
yM. Of1.).

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 2,2022

factor that in the vast majority of people leads to
the activation of the sympathetic nervous system
[21] and is associated with an increased risk
of hypertension [3-5, 18].

Prolonged cold stress is experienced by specia-
lists who work in conditions of low ambient
temperature, namely: employees of refrigeration
shops, sailors who work in polar and subpolar
climate zones, and other specialists who are forced
to be outdoors for a long time in the winter period,
especially in polar and subpolar climate zones.

A cold pressor test (CPT) is used to assess the
response of the cardiovascular system to cold. Many
studies have shown that CPT allows establishing
the response of the cardiovascular system to cold
exposure and assessing the risks associated with its
excessive response [6, 16, 22].

The aim of the study was to determine the
characteristics of the cardiovascular system central
and peripheral links response to a cold stimulus in
people with different levels of blood pressure.

Materials and methods

The study was conducted at the laboratory of
psychophysiological research certified by the Mi-
nistry of Health of Ukraine (Certificate No. 055/13)
of the Department of Physiology with the Basics
of Bioethics and Biosafety of the I. Horbachevsky
Ternopil National Medical University of the Minist-
ry of Health of Ukraine. In the course of the work,
the bioethical norms of the World Medical Associa-
tion Declaration of Helsinki ‘Ethical principles of
medical research involving a person as a research
subject of the International Code of Medical Ethics
and the laws of Ukraine were met (the decision of the
Bioethics Commission of the Ternopil State Medical
University’, protocol No. 54 of August 27, 2019).

Under examination there were 18-22-year-old
practically healthy individuals (males and females)
having no diseases of the cardiovascular system
and not taking antihypertensive drugs (n = 240). All
survey participants were familiarized with the re-
search methods and gave written consent to parti-
cipate in this research.

All examined persons had blood pressure mea-
sured on the right arm by the Korotkov method [2],
and rheographic examination was performed using
the Reokom computer complex (XAI-Medika, Uk-
raine) with the determination of the rheographic
index (RI) (st. u.).

Based on the initial blood pressure level, the
study participants were divided into three groups
in accordance with the recommendations of the
European Society of Cardiology [15]: 1 — persons
with an optimal or normal low initial blood pressure
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Ha ocnoBi Buximnoro piBas AT y4acHUKiB J0-
CJIIJKCHHST OyJI0 TIOJICHO HA TPYNH BIAIMOBIIHO 10O
pexoMeHaaniii €Bponeicbkoro TOBapUCTBa Kapmio-

soriB [15]: 1 — ocobu 3 onTmMasbHEM ab0 HOp-
MaJIbHO-HU3bKUM BuXigHuM piBHeM AT (<120/80 Mmm
pT. cT.), 2 — ocobu 3 HOpMaJIbHMM piBHeM AT

(120/80—129/84 MM pT. cT.), 3 — 0cO0OU 3 HOPMAILHO-
BucokuM piBaeM AT (130/85-139/89 MM pr. cT.).

XoJ1010BU TIPECOPHUMN TECT MPOBOJIUIIN 3a CTaH-
JapTU30BaHUM TIPOTOKOJIOM: JIiBY pYKy OOCTeKyBa-
HUX, AKi IepeOyBaiy y MpUMIIIEHH] 3 TEMIIEPaTyporo
nositps (19 + 2)°C, 3aHypioBaiu B €MHICTb i3 XO-
JIOJHOIO BOJOM0 (4 £ 2°C) 10 piBHA 3am’ACTKa Ha XBH-
nuny [23]. Ilicns uporo 3AiiCHIOBANIN BUMipIOBaHHS
AT na mpagiii pyui Ha 0-, 2- Ta 4-i xBunHaX. Mak-
cUMajbHE 3pocTaHHA cuctoiigaoro AT Ha 25 MM
pPT. cT. Ta Oinmbmie ab0 MakCUMalbHE 3pPOCTAHHS
niactomigygoro AT Ha 20 MM PT. CT. CBITYHIIO TIPO
rifeppeakTHBHY BIAIMOBIAb CUCTEMH KPOBOOOIry Ha
XoJonoBHiA moApa3HuK. Ha 3- ta 7-it XBuimHI TIpO-
BOJIMJIY TIOBTOpPHE peorpadivHe 00CTEKEHHS 3 BU3HA-
yeHHsM Pl. Peakuiio BBakanu HOpPMaJIbHOIO, SIKILO
PI na 3-ii xBunuHi mpoOu 3MeHITyBaBcs Ha 5-9%
BiJIHOCHO BUXiJTHOTO PiBHS Ta BiJHOBJIIOBAaBCS Ha 7-i
XBWINHI, 3MeHmeHHa Pl Ha 3-M XBWIMHI Ha HOHAJ
10% BiZHOCHO BHXiTHOTO 3HAYECHHS Ta YIOBUIb-
HEHE BiTHOBJIEHHS CBIIYMIIO MPO TieppEaKTUBHICTD
[19].

CTtaH aBTOHOMHOI PeTyJIAIlii BU3HAYAIH 32 JIOIIO-
MOTOI0 MaTeMaTH4HOIO aHaji3y CEpLEBOIO PUTMY.
Jlst iboro BuKopucToByBaau npmian «llomi-Crexrp
8E/8B» («Heiipocodt», Pocis) Ta koM’ rOTepHHI
nporpamanii  komruieke «Ilom-Cnexrp» («Hetipo-
cot»). Peectpaniro puTMOrpaMu IpOBOIMIN Y KO-
porkoMy pexkumi (5 xB). besnmocepenupo mepen 3a-
mUucoM 00cTeKyBaHa ocola Jiexana y CHOKIHHOMY
cTaHi npotsiroM 10 XB, MOBTOPHUIA 3aIKC MPOBOANIH
npotsirom 10—15-1 xeunun nicns XI1T. Bkazanuii ua-
COBUH 1HTEpBaJN Ui 3alKCy KapIiOpUTMOrpam 00-
paHO 3 METOI0 YCYHEHHS OPTOCTaTMYHHUX Ta IHIIMX
CTOPOHHIX BIUIMBIB Ha ceprieBuil putm. [IpoBommmm
CTIEKTPATBHUHN 1 CTATHCTHYHWN aHai3 3aluCcaHuX
KapaioputMorpam y pexkumi peectpamii I, II Ta 111
CTaHIAPTHUX BigBeneHb. YacTOTy CEpLEBHUX CKO-
pouers (UCC) Bu3HAUanu y BUXITHOMY CTaHi, Ha
3-10 xBununy micinsg XIIT Ta Ha 7-y XBUIAMHY Micius
XIIT.

Craructrnyny 0OpOOKy OTpHUMaHHUX pEe3yJbTaTiB
3I1MCHIOBANHN 32 JOIIOMOTOIO BiZIKPUTOTO CTATHCTHY-
Horo maketa «R» [14]. HopmanbhicTe po3monimis
rpyn mepeBipsim 3a Kputepiem [llamipo-Binka.
lT'oMoreHHiCTh AWCTIepCid He3aleKHUX TPYN BCTa-
HOBIIOBaJIM 3 BUKOpUCTaHHSAM TecTy JleBene. s
BUSIBIIGHHS ~ CTaTUCTMYHOI  3HA4yIIOCTI  BIUIMBY
TOCITIDKYBaHUX (DaKTOPiB BHKOPHUCTOBYBAIH OJHO-
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level (110/70-120/80 mm Hg), 2 — persons with
a normal blood pressure level (120/80—129/84 mm
Hg), 3 — persons with a normal high blood pressure
level (130/85-139/89 mm Hg).

The cold pressor test was performed according
to a standardized protocol: the left hand of the
examinees, who were in a room with an air tempera-
ture of (19 = 2)°C, was immersed in a container with
cold water (4 + 2°C) up to the level of the wrist for
one minute [23]. After that, blood pressure was
measured on the right arm at 0, 2, and 4 minutes.
The maximum increase in systolic blood pressure
by 25 mm Hg and greater or maximum increase
in diastolic blood pressure by 20 mm Hg indicated
a hyperreactive response of the circulatory system
to a cold stimulus. At the 3 and 7" minute, a
rheographic examination was repeated to determine
RI. The response was considered normal if the
RI at the 3™ minute of the test decreased by 5-9%
relative to the initial level and recovered at the 7
minute, a decrease in the RI at the 3™ minute by more
than 10% relative to the initial value and delayed
recovery indicated hyperreactivity [ 19].

The state of autonomic regulation was determined
by mathematical analysis of heart rhythm. For this,
the device ‘Poly-Spectr8E/8B’ (Neurosoft, Russia)
and the computer software complex ‘Poly-Spectr’
(Neurosoft, Russia) were used. The rhythmogram
was recorded in a short mode (5 min). Immediately
before the recording, the examined person lay calmly
for 10 minutes, recording was repeated within
10—15 minutes after CPT. The indicated time interval
for recording cardiorhythmograms was chosen to
eliminate orthostatic and other extraneous effects
on the heart rthythm. The recorded cardiorhythmo-
grams in the mode of registration of I, II and III
standard leads were spectrally and statistically ana-
lyzed. Heart rate (HR) was determined at baseline,
3 minutes after CPT, and 7 minutes after CPT.

The obtained results were statistically processed
using the open statistical package ‘R’ [14]. The
normality of group distributions was checked by
the Shapiro-Wilk test. Homogeneity of variances of
independent groups was established using Levene’s
test. One-way analysis of variance ANOVA was used
to identify the statistical significance of the influence
of the studied factors. Statistical significance of
the difference between the groups was determined
using Tukey’s post hoc test and Student’s t-test. Data
are presented as ‘arithmetic sample mean + standard
deviation’.

Results and discussion
The average value of systolic blood pressure in
group 1 was (112 £2.48) mm Hg, in group 2 — (125 +
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¢axropuuii nucnepciiinuii ananiz ANOVA. Cra-
TUCTUYHY 3HAYYILIiCTh Pi3HULI MiX TpylnaMy BHU3HAa-
Yany 3a JOTIOMOIOI0 arocTepiopHOro TecTy ThIoki
ta t-tecty CrbiomenTa. Jlani momaHO y BHIIIAII
«cepenne apudmeTnuHe BUOIPKU + cepelHe KBaapa-
THYHE BIAXWICHHD.

Pe3yabTaTi Ta 06roBOpeHHs

Cepenne 3Ha4eHHsI CUCTONIYHOTO AT CTaHOBHIIO
y rpymi 1 — (112 + 2,48) mmM ptT. cT, y Tpymi 2 —
(125 + 1,92) mm pT. cT., y Tpymi 3 — (136 £ 2,11) Mmm
pT. ct.. Ilicns nposenennss XIIT cucromiuauii AT
nopieaioBaB y rpymi 1 — (134 + 3,60) mm pt. crT,,
y rpymi 2 — (148 = 2,87) MM pT. ct, y Tpyni 3 —
(159 £2,97) MM pT. CT.

VY Bcix rpymax BcraHoBieHO 3Hauymie (p < 0,05)
migBuineHHs cuctomunoro AT micisa XIIT mopiBHs-
HO 3 BUXigHUM piBHEM (puc. 1).

Pizanmg Mk BuxigauM cuctomiyHuM AT 1no ta
micist nposeaeHHs XIIT y oci6 i3 HOpManTEHO-HHA3E-
kuMm AT nmopiBaioBama (22,3 + 2,37) MM pT. CT,
y oci0 i3 HopmansauM AT — (22,8 +2,10) MM pT. cT,,
Ta y oci0 i3 HopMmampHO-BHCOKMM AT — (23,5+
+ 2,32) MM pT. cT. BcTaHOBIEHO CTaTUCTUYHO
3Hauynid BIuMB piBHA AT y cnokoi Ha 3HaueHHS
npupocty cuctomiyHoro AT micins XIIT. Buss-
JICHO 3HAYYIIO BUILUHA NPHUPICT cucToimiyHOoro AT
y rpymi 3 mopiBHsHO 3 rpynamu 1 ta 2 (p < 0,05).

Cepenne 3HadeHHS miacroiigHoro AT mopis-
HIOBaJIO y Tpymi 1 — (74,9 + 1,28) MM pT. cT., y Tpymi
2 — (82,1 £ 1,68) mm pr. cT., y Tpymi 3 — (88,0 £
+1,51) mm pt. cT. [licas nposenenns XIIT giacTomid-
Hud AT cranoBuB y tpym 1 — (90,4 + 2,63) mm
pT. cr., y rpym 2 — (98,5 £ 3,23) MM pT. CT., ¥
rpymi 3 — (105 £ 2,85) MM pT. cT.

B o0crexxyBanux 0ci0 BCiX rpym crocTepiranocs
sHauymie (p < 0,05) migBumieHHs giacromiunoro AT
micnst XIIT mopiBHSHO 3 BUXiAHUM piBHEM (puc. 2).

Pisanng y BuxigHoMy piBHI giactoiiyHoro AT
1 micasa mposenenHs XIIT y rpymi 1 gopiBHIOBana
(15,5+£2,41) mm pt. cT., y Tpymi 2 — (16,4 £ 2,55) Mmm
pT. cT., y rpymi 3 — (17,3 £2,20) MM pr. cT. BcTanos-
JIEHO CTATUCTUYHO 3HAUYIIUH BIUIUB piBHA AT y crio-
KO1 Ha 3HAYCHHS MPHUpPOCTy miactoiigHoro AT micis
XIIT. BusBneno Bumuid mpupicT miactomaaoro AT
y rpymi 3 nopiBHstHO 3 rpynamu 1 ta 2 (p < 0,05).

I'neppeaxtuBny Bignosias AT na XIIT y rpymi 1
cnoctepiraimu B 11,25% oOctexyBaHux ocib, y rpy-
mi 2 — 13,75%, y rpymi 3 — 25%.

CepueBo-CyIMHHA CHCTEMa pearye Ha XOJOHZO0BHUMA
CTpec B yCiX rpymnax, mpo Mo CBi4UTh ITiJBUIICH-
Ha cuctomiuaoro AT micimsa XIIT. Bummii npupict
cuctonigaoro AT y rpymi 3 € 03HaKol 1HTCHCHBHI-
101 BiIMTOBI I CHMITATUYHOI HEPBOBOI CHCTEMH Y Bil-
MOBIb Ha X0j107. BusiBIIeH] 3MiHH Y 0CI0 3 HOpMaJIb-
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Puc. 1. Peakuis cucToniyHoro aptepianbHOro TUCKY Ha Xo-
NoAOBUIA NPECOPHUIA TECT: B — BUXIAHWN CTaH, 00— nicnsi
XON040BOro TEeCTy, * — pi3HMuUA 3Havywa npu p < 0,05.

Fig. 1. The reaction of systolic blood pressure to the cold
pressor test: m — initial state, g — after cold pressor test, * —
the difference is significant (p < 0.05).

+ 1.92) mm Hg, in group 3 — (136 + 2.11) mm Hg.
After CPT, systolic blood pressure was equal to
(134 £ 3.60) mm Hg in group 1, in group 2 — (148 +
+ 2.87) mm Hg, in group 3 — (159 £ 2.97) mm
Hg.

In all groups, a significant (p < 0.05) increase
in systolic blood pressure was found after CPT
compared to the initial level (Fig. 1).
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Puc. 2. Peakuis giactoniyHoro aptepianbHOro TUCKY Ha Xo-
NOAOBUA NPECOPHUIA TECT: B — BUXIAHWIA CTaH, 0 — nicns
XOM040BOro TEeCTY, * — pi3HMuUA 3Havywa npu p < 0,05.
Fig. 2. Reaction of diastolic blood pressure to cold pressor

test: m — initial state, O — after cold pressor test, * — the
difference is significant (p < 0,05).
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Tabnuusa 1. Peakuis 4acToTn cepueBux CKOpOYeHb
Ha XOMNo40BUA NPECOPHUIN TECT

Table 1. Heart rate response to cold pressor test

yec YcC
. - Ha 3-10 XBUIMHY Ha 7-y XBunnHy
Tpyna | Buxiona YCC, xB™' | Licna XAT, xa-! nicna XMT, x8
Group Initial HR, min™" | | o e o ’minute HR at the 7" mi-
after CPT, min-' | "Vt@ aﬁer CPT,
! min~'
1 72,4 + 6,40 74,7 + 6,60*%,* 73,5 + 6,807
2 70,6 + 6,98 73,0 £ 7,11* % 72,5 + 7,35%
3 74,0 + 6,80 78,4 + 6,82* 76,8 + 6,64*

MpumiTkn: pi3HMUA 3HaYyLla NOPIBHAHO 3 BUXIOHWM 3Ha-
YeHHsM (*) Ta rpynoto 3 (#), p < 0,05.

Notes: significant difference compared to baseline (*) and
group 3 (*), p < 0.05.

HO-BHCOKMUM AT 1MOB’s13aHi 3 MOYaTKOBUMH 3MiHAMHU
B perymauii cepueBo-cyaunHoi cuctemu [20]. Ilpo
Ile 5K CBiT4aTh PE3YJAbTaTH OOCTEKECHHS OULTBIIOTO
gucia oci0 i3 rinepakTuBHOIO BinmoBimmo AT Ha
XMT y uiit rpymi. OkpiM TOro, HacHiAKOM peaxiii
LEHTPAIFHOTO KOMITOHEHTY Peryysilii cepLeBo-Cy-
JTUHHOI cucTeMu Ha xonon € 3poctanns YCC.

V BCixX rpymnax OyJio BUSBICHO CTaTUCTHYHO 3HA-
gymre 3pocTadds UCC Ha 3-10 XBUIIMHY ITICTIS POBE-
neras XIIT (ta6m. 1). Pieas UCC Ha 7-y XBHINHY
micnsts XIIT moBepHYBCS 10 BHXIIHOTO 3HAYCHHS Y
rpynax 1 ta 2, mpore y Tpymi 3 BiH 3aJIMIIABCS 3HATY-
III0 BUIIIMM BiJ BUXiIHOTO 3Ha4YeHHs. Y Tpymi 3 UHCC
Oyna 3HayyIIoO BHUIIOIO, IIOPIBHAHO i3 Tpynamu 1 ta 2
Ha 3-10 Ta 7-y xBuinHH micus XIIT.

[pupict UCC Ha 3-10 XBUINHY MiCIS NTPOBEACHHS
XIIT y rpymi 1 cranoBuB (2,14 + 1,03) xB', y rpy-
m2—(2,33+1,04)x8!, yrpymi 3— 4,15+ 1,07) x8"".
[pupict YCC na 3-10 xBununy micas XIIT Oys 6inb-
UM TIpH BUTIoMY 3HadeHHI AT y criokoi. BusBiieHo
CTaTHCTHYHO 3HAUyITy pizHUII0 y pupocti YCC Ha
3-ro xBIIMHY Mk rpynamu 1 ta 3 (p < 0,05) 1 mix
rpynamu 2 ta 3 (p < 0,05) (puc. 3).

Pizaungs YCC nHa 7-y xRy nopiBasHO 3 YCC
Ha 3-f0 xBwiuHY micis nposeneHHs XIIT y rpymi 1
cranoBuia — (1,16 £2,29) xs ™, y rpymi 2— (-0,512
+2,23) x"!, y rpymi 3 — (-1,56 = 1,93) xB"'. Buss-
neHo 3Hauymry pisHuiio YCC Ha 7-y XBUIHMHY MiX
rpymoro 2 ta 3 (p < 0,05) (puc. 3).

Pesynbratn peorpadiuHUX AOCHIIKEHb IOKa-
3anu, o PI 3Hauymio 3MeHImuMBCS Ha 3-10 XBUIMHY
micns XIIT y Beix rpymax. Y rpymax 1 ta 2 PI Bin-
HOBHBCS IO BUXITHUX 3Hau€Hb HA 7-y XBHJIUHY IIiC-
ns poBeneHHs XIIT, a y rpyrmi 3 3agumraBcs 3HaTy-
e HIDKYIUM Bia BUXigHOTO piBHA. Y Tpymi 3 PI 6yB
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The difference between the baseline systolic
blood pressure before and after CPT among indivi-
duals with normal low blood pressure was equal to
(22.3 £ 2.37) mm Hg, among persons with normal
blood pressure — (22.8 = 2.10) mm Hg, and among
persons with normal high blood pressure — (23.5 +
+ 2.32) mm Hg. A significant effect of resting blood
pressure on the increase in systolic blood pressure
after CPT was established. A significantly higher
rise in systolic blood pressure was found in group 3
compared to groups 1 and 2 (p < 0.05).

The average value of diastolic blood pressure
in group 1 was (74.9 = 1.28) mm Hg, in group 2 —
(82.1 £ 1.68) mm Hg, in group 3 — (88.0 = 1.51) mm
Hg. After CPT, diastolic blood pressure in group 1
was (90.4 = 2.63) mm Hg, in group 2 — (98.5 £+ 3.23)
mm Hg, in group 3 — (105 £ 2.85) mm Hg.

In all groups of subjects, a significant (p < 0.05)
increase in diastolic blood pressure was observed
after CPT compared to the initial level (Fig. 2).

The difference in the initial level of diastolic blood
pressure and after CPT in group 1 was equal to (15.5 +
+2.41) mm Hg, in group 2 — (16.4 +2.55) mm Hg, in
group 3 — (17.3 + 2.20) mm Hg. A significant effect
of resting blood pressure level on the value of dias-
tolic blood pressure increase after CPT was
established. A higher increase in diastolic blood
pressure was found in group 3 compared to groups 1
and 2 (p <0.05).

Hyperreactive blood pressure response to CPT
in the group of the persons with normal low blood
pressure was observed in 11.25% of the examined
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[0BOro NPecopHoro TecTy: M — BUXIQHWIA CTaH, 0 — nicns
XOM040BOro TECTY, * — pi3HMuA 3Havywa npu p < 0,05.

Fig. 3. Increase in heart rate after a cold pressor test: m —
initial state, O — after cold pressor test, * — the difference is
significant (p < 0.05).
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Tabnuusa 2. Peakuis 4acToTu cepLUeBUX CKOpPOYeHb
Ha XOMNo40BUA NPECOPHUIN TECT

Table 2. Heart rate response to cold pressor test

Pl Ha 3-to xeunmHy | Pl Ha 7-y xBunuHy
pyna BuxigHuii Pl, ym. on. | nicna XIT, ym. oa. | micna XIT, ym. oa.
Group Initial RI, st. u. Rlatthe 3“minute | Rl at the 7" minute

after CPT, st. u. after CPT, st. u.

0,593 =+ "
1 0,646 + 0,068 0.067% 7 0,633 + 0,07
2 0,678 + 0,07 0,621 + 0,07* 0,662 = 0,071
3 0,712 + 0,073% 0,647 + 0,07* | 0,687 + 0,076*

MpuMiTKN: pi3HMUS 3HaYyLLa NOPIBHAHO 3 BUXIOHUM 3Ha-
YeHHsm (*), rpynoto 3 () Ta rpynoto 1 (%), p < 0,05.

Notes: The difference is significant compared to base-
line (*), group 3 (¥) and group 1 (%), p < 0.05.

3HAYYIIO HIHKYUM HIXK y Tpyti 1 Ha 3-10 Ta 7-y XBU-
nrau micis nposeacHAs XIIT (Tadm. 2).

Pizaunis Pl Ha 3-10 XBWIMHY TICIS TTPOBENCHHS
XIIT mopiBHsIHO i3 BuxigHuUM piBHeM Pl y rpymi 1
cranoBmia ( 0,0524 +0,0111), y rpymi 2 — (0,0569 +
+0,0107), y rpymi 3 — (0,0643 + 0,0106). Bussiero
CTaTUCTUYHO 3HAYyIIMi BIUTUB piBHS AT y criokoi Ha
smenmenHs Pl va 3-it xpununi micnst XIIT (puc. 4).

3umxenns Pl Ha 3-10 XBUIIMHY B yCiX IpyIax cBi-
YHUTH MPO BUPAKEHY PEAKIiI0 CYIHH Ha XOJOHOBHM
MOApa3HUK TNEpPEeBaKHO HA PiBHI Ipe- Ta MOCT Ka-
ninsapiB. BeranoBneHo, mo ocodu i3 HOpManbHO-BU-
cokuM AT pearytore Ha XIIT OinbIn BHpaXeHUM i
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Puc. 4. [JuHamika peorpadiyHOro iHgekcy nicns xonogo-
BOro NPecopHOro TecTy: M — BUXiOHWW CTaH, 00 — nicns
X0noJoBOro TecTy, * — pisHMUA 3Hadvywa npu p < 0,05.
Fig. 4. Dynamics of rheographic index after cold pressor
test: m — initial state, @ — after cold pressor test, * — the
difference is significant (p < 0.05).
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persons, in the group with normal blood pres-
sure — 13.75%, in the group with normal-high
blood pressure — 25%.

The cardiovascular system responds to cold
stress in all groups, as evidenced by an increased
systolic blood pressure after CPT. A higher rise in
systolic blood pressure in group 3 is a sign of a more
intense reaction of the sympathetic nervous system
in response to cold. The detected changes in persons
with normal-high blood pressure are associated
with initial changes in the cardiovascular system
regulation [20]. This is also evidenced by the re-
sults of the examination of a larger number of
individuals with a hyperactive blood pressure res-
ponse to CPT in this group. In addition, the con-
sequence of the reaction of the central component
of the cardiovascular system regulation to cold is an
increased heart rate.

In all groups, a significant increase in heart rate
was detected 3 minutes after CPT (Table 1). HR at
7 minutes after CPT returned back to baseline in
groups 1 and 2, but remained significantly higher than
the baseline in group 3. Heart rate was significantly
higher in group 3 compared to groups 1 and 2 at 3 and
7 minutes after CPT.

The increase in heart rate at the 3™ minute
after CPT in group 1 was (2.14 £ 1.03) min', in
group 2 — (2.33 £ 1.04) min™!, in group 3 — (4.15 £
+ 1.07) min"'. The increase in heart rate at the 3%
minute after CPT was greater with a higher BP at rest.
A significant difference in the increase in heart rate
at the 3 minute was found between groups 1 and 3
(p < 0.05) and between groups 2 and 3 (p < 0.05)
(Fig. 3).

The difference in heart rate at the 7% minute
compared to the heart rate at the 3 minute after
CPT in group 1 was (1.16 £2.29) min', in group 2 —
(-0.512 £ 2.23) min'", in group 3 — (—1.56 = 1.93)
min'. A significant difference in heart rate at the 7*
minute was found between groups 2 and 3 (p < 0.05)
(Fig. 3).

The results of rheographic studies showed that
RI was strongly decreased at the 3™ minute after
CPT in all groups. In groups 1 and 2, RI recovered
to baseline values at the 7% minute after CPT, and
in group 3 it remained significantly lower than
baseline. In group 3, RI was significantly lower
than in group 1 at the 3™ and 7" minutes after CPT
(Table 2).

The difference in RI at the 3™ minute after CPT
compared to the initial level of RI in group 1 was
(0.0524 £ 0.0111), in group 2 — (0.0569 + 0.0107),
in group 3 — (0. 0643 + 0.0106). A significant effect
of resting blood pressure level on the reduction of
RI at the 3" minute after CPT was revealed (Fig. 4).



Tabnuusa 3. [JuHamika nokasHukiB putmorpadii nicrs xoroaoBoro NPecopHoro TecTy
Table 3. Dynamics of rhythmography values after a cold pressor test

MokasHuKu putmorpamm, mc? pyna 1 pyna 2 pyna 3
Rhythmogram values, ms? Group 1 Group 2 Group 3
Buxigue sravenrn 2989 = 847 3120 829 3162 + 864
Initial value
TP
Nicna XNT * .
After CPT 3252 + 877 3388 + 836 3467 + 867
Buxiarie sHavenrA 594 + 245 578 + 207 566 + 224
Initial value
HF
Micna XNT
After CPT 653 + 245 637 + 209 628 + 225
BuxinHe 3HaueHHA
Initial value 819 + 359 928 + 405 978 + 404
LF
Micna XOT .
After CPT 908 + 359# 1036 + 406 1116 £+ 405
Buxiarie snauenrn 1576 + 268 1614 + 235 1618 + 263
Initial value
VLF
Micna XOT .
After CPT 1691 + 307* 1715 £ 243* 1723 + 267
Buxiare sHauenrA 1,37 + 0,150 1,56 + 0,168 1,72 + 0,170
Initial value
LF/HF
Micna XAOT .
After CPT 1,39 + 0,139# 1,69 + 0,136# 1,78 £ 0,156

MpUMITKN: pi3HMUS 3HaYyLLA NOPIBHSAHO 3 BMXiAHUM 3Ha4YeHHsM (*) Ta rpynoto 3 (*), p < 0,05.
Notes: significant difference compared to baseline (*) and group 3 (¥), p < 0.05.

TPHUBAJIIIUM CIa3MOM TNepU(pEepUIHUX CyAWH, HIX
ocobu i3 ontTuManbHuM AT.

T'imeppeakturHy Bianosias PI mva XIIT criocrepi-
rama y 15% oci6 3 HopmanbHO-HH3BKUM AT, 20%
oci6 3 HopmaipHuM AT Ta 28,75% o0cib 3 HOpMaJb-
HO-BUCOKUM AT.

IIpoBeneHnii MaTeMaTUYIHHNA aHAN3 CEPIICBOTO
puUTMy Moka3as, 1o nmokasHuk TP (Total Power) Oys
3Hauymio BumM micist XI1T nopiBHSHO 3 BUXiTHUM
3Ha4eHHAM y rpynax 2 Ta 3. KomnoneHT putmMorpaMu
HF (High frequency) micis XIIT 3nauymie He Biapiz-
HSIBCS BiJl BUXIAHOTO piBHS y Bcix rpymnax. Kommo-
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The decrease in RI by the 3™ minute in all
groups of subjects indicates a pronounced reaction
of blood vessels to a cold stimulus mainly at the
level of pre- and post-capillaries. It has been estab-
lished that the individuals with normal-high blood
pressure respond to CPT with a more pronounced and
longer spasm of peripheral vessels than those with
optimal blood pressure.

Hyperreactive response of RI to CPT was
observed among 15% of people with normal low
BP, 20% of people with normal BP, and 28.75%
of people with normal high BP.
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HeHt LF (Low frequency) OyB 3Ha4yII0 BUILIMM MiCIIS
XIIT mopiBHSHO 3 BUXiIHUM 3HA4YE€HHSIM y Tpymi 3.
3nauenns nokaszHuka LF micast XIIT y rpymi 1 Oyno
3HAYYIIO HIDKYUM TOPIBHSHO 3 Tpymoro 3. Bemnuu-
Ha VLF (Very low frequency) Oyia 3Ha9y1110 BUIIOI0
micnsgs XIIT TopiBHAHO i3 BHXITHUM 3HAYCHHSIM B
ycix pocmiaaux rpynax. Bignomenns LF/HF 6yio
3Hauymo BunuM micist XIIT mopiBHSIHO 3 BUXiTHUM
3Ha4eHHsAM y rpymi 3. Y rpynax 1 ta 2 LF/HF micns
XIIT Oyrno 3HauyIIe HUKYUM MOPIBHIHO 3 TPYMOI0 3
(Tabm. 3).

[Micna XTIIT cnocrepiranocs 3HavylIe 3pOCTaHHS
komnoHeHTy VLF B ycix rpymax, 1mo € I10JaTKOBUM
CBIJJYCHHSM TIOCHUJICHHS BIUTUBY CUMIIATUYHOI CKJIa-
J0BOi aBTOHOMHOI HepBOBOi peryisuii [9]. 3pocran-
Hs kommoneHTa LF ta BinHomenus LF/HF micns
XIIT B ocib 3 HOpMaTEHO-BUCOKUM AT MOSCHIOETE-
Cs aKTHBAII€I0 CHMITATUYHOI HEPBOBOI CHUCTEMH Ta
ITiIBUIIICHOIO YYTIMBICTIO IO CTPECOPHUX (haKTOPiB
B 0Ci0 Ipymu, sika Ma€e OLNBIINN PU3MK PO3BUTKY ap-
TepiaJibHOI TIepTeH3ii, IOPIBHIHO 13 0co0aMH 3 HOP-
MaJlbHUM Ta HOpMaibHO-HU3bKUM AT [8].

OTpuMaHi pe3ylIbTaTd MOXKHA BUKOPHUCTATH IS
PO3pOOIICHHSI KPUTEPiiB CIIOCTEPEKEHHS 32 CTAHOM
3JI0OPOB’Sl BUKOHABIIIB POOIT B YMOBAX JIii XOJI0I0BOTO
ctpecy. Ockiabku ocobu i3 Bumum piBHeM AT vacri-
1€ MalTh TiNeppPEeakTUBHY CEPLEBO-CYIMHHY Bil-
TIOBITh HAa XOJOMOBHMA CTPEC 1 MPOSBISIOTH OLIBIITY
CXHJIBHICTP JI0 CHMIATUKOTOHITHOT peakiii Ha XIIT,
TPUBAINN BIUTUB XOJOMAY, OYEBHIHO, MOXKE INPHUBE-
CTH 10 IIBHUIKOTO PO3BUTKY apTepiaiabHOi Trirmep-
Ten3ii. O0cTexXyBaHi 0coOM 3 HOPMAJIBLHUM 1 HOp-
MaJIbHO-HM3BKUM piBHEM AT TIposSBHIN 3a10BUTBHY
PEaKIiio cepreBO-CyIMHHOI CUCTEMU Ha XOJIOJOBUI
ctpec. Lle cBimunTh mpo Te, 0 B HUX CJIif] O4iKyBa-
TH MEHIINX PU3MKIB AJIS 300POB’A MiJ 4ac poOOTH B
YMOBaxX HU3BKUX TeMIIEpaTyp HaBKOJIUIIHBOTO Cepe-
JOBUIIIA.

BucHoBku

TakuM YHMHOM, ITiJ YaC KOMIUIEKCHOI OLIHKH CTa-
HYy OpTaHi3My B YMOBaX Jii XOJOAY CJIiJT BpaXOBYBaTH
BuUXigHUH piBeHb AT.

1. B obcTexyBaHMX i3 HOPMaTbHO-BUCOKHM PiB-
HeM BuXimHOTO AT BHUSBICHO CTaTHCTUYHO 3HATY-
MK TOPUPICT CHCTONIYHOrO Ta AiactomiyHoro AT y
Binnosine Ha XIIT (p < 0,05) Ta OinpmIKi BiICOTOK
ocib i3 rineppeaktuBHOIO Binnosigmo AT (25%).

2. B oci6 i3 Buxigaum AT > 130/70 MM pT. cT.
CIIOCTEpiraBcs 3HAUYHUH BILTUB CHMITATHYHOI HEPBO-
BOI CCTEMU Ha IICHTPAJIbHY Ta Mepu(epUIHy JIAHKA
CePIICBO-CYAMHHOI CHCTEMH Y BiIIOBiAL HA XOJIOMIO-
BHi1 cTpec.

3. V rpynax 3 HOpMQJIbHUM Ta HOPMaJbHO-HU3b-
KuM piBHeM AT BHSBICHO MEHIIY YHCIO 0cCi0 i3
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The mathematical analysis of the heart rhythm
showed that the TP (Total Power) indicator was
significantly higher after CPT compared to the initial
value in groups 2 and 3. The component of the HF
(High frequency) rhythmogram after CPT did not
differ significantly from the initial level in all groups
of subjects. The LF (Low frequency) component was
significantly higher after CPT compared to baseline
in group 3. The value of LF after CPT in group 1
was significantly lower compared to group 3. The
value of VLF (Very low frequency) was significantly
higher after CPT compared to baseline value in
all experimental groups. The LF/HF ratio was
significantly higher after CPT compared to baseline
in group 3. In groups 1 and 2, LF/HF was significantly
lower after CPT compared to group 3 (Table 3).

After CPT, a significant increase in the VLF
component was observed in all groups, which is
an extra evidence of an increased influence of the
sympathetic component of autonomic nervous
regulation [9]. The rise in the LF component and the
LF/HF ratio after CPT in individuals with normal-
high blood pressure is explained by the activation
of the sympathetic nervous system and increased
sensitivity to stressors in the group that carries a
greater risk of developing arterial hypertension,
compared to individuals with normal and normal low
blood pressure [8].

The obtained results can be used when developing
the criteria for monitoring the health of workers
under conditions of cold stress. Because the in-
dividuals with higher BP are more likely to exhibit a
hyperreactive cardiovascular response to cold stress
and are more prone to a sympathotonic response
to CPT, prolonged exposure to cold can obviously
lead to the rapid development of arterial hyperten-
sion. Subjects with normal and normal low blood
pressure showed a satisfactory reaction of the
cardiovascular system to cold stress. This indicates
that they should be expected to have lower health
risks when working in low ambient temperatures.

Conclusions

Thus, during a comprehensive assessment of the
body’s condition when being exposed to cold, the
initial blood pressure level should be considered.

1. Subjects with a baseline BP of 130/85-139/
89 mm Hg had a significant increase in systolic and
diastolic BP response to CPT (p < 0.05) and a higher
percentage of a hyperreactive blood pressure response
(25%).

2. In persons with initial BP of 130/85-139/89 mm
Hg, there was notable influence of the sympathetic
nervous system on the cardiovascular system central
and peripheral links in response to cold stress.
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rineppeaktuBHO0 BiamoBigmo AT (y rpymi 1 —
11,25%, y tpyni 2 — 13,75%) Ta 3Hauymo MeHmy
PEaKIil0 CUMIATHYHOI HEPBOBOI CHCTEMH Yy Bil-
TIOBITb HA JIF0 XOJIOMTY.
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3. In the groups with initial BP of 110/70-120/80
mm Hg and 120/80-129/84 mm Hg, a smaller number
of individuals with a hyperreactive blood pressure
response (11.25% in group 1, 13.75% in group 2)
and a significantly lower response of the sympathetic
nervous system to cold were found.
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