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Abstract. The paper examines the annual profile of
fluctuating microalternations of some ECG parameters
in healthy students who live in northern conditions and
have different chronotypes. The main method of the
research was the dispersion mapping that helped assess
the energy and metabolic processes in myocardium.
Among male and female students, 14,3% had the
morning chronotype, 50,7% had the arrhythmic
chronotype, and 35% had the evening chronotype.
Previously published research results showed a similar
distribution of chronotypes among the population of the
north: individuals with the arrhythmic chronotype
dominate in the sample, the evening chronotype is the
second most common, and the morning chronotype can
be found in a smaller number of people. The seasonal
dynamics of dispersion mapping indicators in students
was analyzed. The analyses revealed an increase in the
values of the Myocardium Index in students of all
chronotypes in spring, with no significant deviations to
be noted. The maximum values of the Heart Rate and
Rhythm indicators in the annual dynamics in all
students were noted in spring, and the minimum values,
in summer, with significant deviations observed. The
Rhythm integral indicator pointed to the signs of
tension of adaptation mechanisms in the subjects with
the evening chronotype in spring. Increased ECG
microalterations (Myocardium, Heart Rate, Rhythm) in
male and female students in spring may indicate the
influence of climatic conditions that put a greater stress
on the cardiovascular system in the transitional seasons.
It is manifested by a change in the electrophysiological
properties of the myocardium. In the subjects with the
evening chronotype, the circadian rhythms of the
circulatory system were more sensitive to the
hypocomfortable conditions of the north.
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AHHoTanusa. MccnenoBanue MOCBAIIEHO M3YyYEHHIO TOAMYHOTO
npoduis KoJieOaHui MUKpPOAJIbTEPHALUI HEKOTOPBIX
nokazareneit OKI'-curHama y 300pOBBIX CTYIEHTOB pa3HbIX
XPOHOTHIIOB, TPOKUBAIOMIMX M OOYYaIOIIMXCS B YCIOBHAX
ceBepa C HCIHONB30BAHMEM TEXHOJOTUH AWUCIIEPCHOHHOTO
KapTUPOBAHMSA, IIO3BOJLIIONICH CYANTh 00 JHEPreTHYECKHX U
OOMEHHBIX TpolieccaXx B MHOKapae. YTPEHHHH XPOHOTHI ObLT
onpeneneH y 14,3% cTyneHToB, apuTMHYHBII XPOHOTHUII BBISIBIIEH
y 50,7%, BedepHHil xpoHOTHUIl OoT™MeHalcs y 35% roHOIIeH u
JeBymiek. PaHee omyOJIMKOBaHHBIE pe3yJbTaThl HCCIIEAOBAHUIA
MOKA3bIBAIOT ~ AQHAJOTMYHYIO  CHUTYaIMI0  paclpeneseHus
XPOHOTHIIOB CPEJH HAaceJICHHs ceBepa: B BBIOOPKE JOMUHHPYIOT
MPEJCTaBUTENIN APUTMUYHOTO XPOHOTHIA, Jajiee BEUepHUI
XpOHOTHII U MEHBIIEEe KOIUYECTBO 00CIETyeMBIX OTHOCATCS K
YTPEeHHEMY  XPOHOTHIy. AHaIW3 CE30HHOW  JUHAMHKHU
ToKazaTeNed UCHEPCHOHHOTO KapTUPOBAaHHWS Y CTY/ACHTOB
BBISIBIJI TIOBBIIIEHHE 3HAYCHNH HHAEKCa « MHOKap» B BECCHHUH
NeproA, MPUMEHUTEIBHO K OOCIeIyeMBIM BCEX XPOHOTHIIOB,
3HAQUUMBbIC OTIMYMS HE OTMEUYEHBl. MaKCHMaJbHbIE 3HAYCHUS
NIOKA3aTeNNed 4acTOThl CEPIEYHBIX COKpalleHuid u «Purm» B
JUHAMUKE TOAWYHBIX HaONIONEHWH y BCEX CTYJCHTOB ObLIH
OTMEYEHBI B BECEHHHH NepHo]], MUHIMAJIbHbIE JIE€TOM, BBISBICHBI
3Ha4uMble OTiAH4usA. [IpU3HAKM HampsHKEHUS MEXaHH3MOB
aJanTalyy, COTJIACHO 3HAYEHHUSIM HHTErPAJbHOTO MOKa3aTess
«PuT™M» OTMEYEHBI Y NpEACTABUTENEH BEUYEPHETO XPOHOTHIIA B
BECCHHHMH CE30H. YBEJMUEHHE MOKa3aTeleld MHKpOAIbTepalnuy
OKTI-curnama («Mwuokapa», UYCC, «Putm») y roHOmEH u
JICBYIIEK B BECEHHWH NEPHOA MOXET CBHJIETEIbCTBOBATH O
BIMSHUM KIMMAaTHYECKUX YCIOBHH, TpeOYIOIUX OOJIBIIEro
HANpsOKEHUS CEePAEYHO-COCYJUCTOM CHCTEMBI B IIEPEXOMHBIE
CE30HBI roja, 4TO MIPOSIBISIETCS HU3MEHEHHEM
3MEeKTPO(U3NOIOTHYECKUX CBOMCTB MHOKapiaa. Y o0cieryeMbIx
BEUEPHETO XPOHOTHIIA IMPKAJAWAHHBIE PUTMBI IapaMeTpoB
CUCTEMBI OPTaHOB KPOBOOOpAIIeHHsI ObLITH 00JI€€ TyBCTBUTETHHBI
K THIIOKOM(OPTHBIM YCIOBHUSIM CEBEPHBIX TEPPUTOPHH.
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OKT -curnana, 3neKTpodu3noIorniecKkie CBOMHCTBa MUOKap/Ia.
Caenenust 00 apropax: [loronsimesa Mpuna AnexcaHapoBHa,
ORCID: 0000-0002-5759-0270, KaH/I. ounoIL. HayK,
HwmxzeBapToBckuii roCyJapCTBEHHBIN YHHUBEPCHTET,
r. HwxkuesaproBck, Poccust, severina.i@bk.ru; Jlyusx Wuna
Hropesna, ORCID: 0000-0003-3479-9829, HwkHeBapTOBCKUI
roCyJlapCTBEHHbIH yHUBepcuteT, . HmxueBapToBck, Poccus,
luniak_inna@mail.ru; Tloronbimes JleHuc AJeKCaHAPOBHY,
ORCID: 0000-0001-8815-1556, KaHJl. ouno. HayK,
HwxueBapToBCcKuid roCyJapCTBEHHBIN YHUBEPCHTET,
r. Hmwkuesaprosck, Poccus, d.pogonyshev@mail.ru

88

O



Becmuux HBI'Y. Ne 2(54) /2021 DOKOJIOT'MA YEJIOBEKA | HUMAN ECOLOGY

Introduction. In biorhythmology, researchers pay significant attention the rhythm of cardiac activity.
The circulatory system is especially sensitive to the influence of the external environment. It enters upon the
adaptation reactions rather early and can be considered as an indicator of the adaptive reactions of the whole
organism. Compared to other organs and systems of the human body, the circulatory system has the clearest
circadian organization. The daily rhythm is inherent in all indicators of the cardiovascular functioning, but the
nature of rhythmic processes in biological systems remains largely unclear [1; 6; 7; 8; 10; 15; 16].

Individuals with different chronotypes demonstrate dissimilar features of the autonomic regulation of
the cardiovascular system and dissimilar adaptive responses to changes in meteorological elements [3].
Borisenkov found that the circadian system in individuals with the evening chronotype is more sensitive to the
hypocomfortable conditions of the north [2]. Botoeva and Gonobobleva reported the signs of adaptation stress
in response to climatic changes in individuals with the evening chronotype, while in individuals with the other
chronotypes these changes were less pronounced [3]. The seasonal functional activity of the cardiovascular
system parameters is considered as an indicator of health status, while rhythm disturbance is as an indicator of
pre-pathological conditions and dysfunctions. Botoeva and Urumov revealed inter-season variations in heart
rate in students, and pointed to significant tension of the adaptive mechanisms of the subjects in winter [4].
The seasonal changes in the indicators of electrocardiogram (ECG) dispersion mapping should be studied
because it expands the understanding of the role of biological rhythms in ensuring adaptation and homeostasis
processes. It is quite relevant to use of the chronobiological approach to identify premorbid conditions
preceding the clinical manifestation of dysfunctions.

The indicators of ECG dispersion mapping of electrocardiogram in the population of different ages were
studied in the north of European Russia [13; 14]. However, there seems to be no publications on the analysis
of electrical microalternations of the ECG signal in the inhabitants of the Middle Ob region who have different
chronotypes. Therefore, this study has a certain novelty.The study aimed to identify seasonal fluctuations of
microalternations of the ECG signal by dispersion mapping data in students with different chronotypes.

Materials and methods. One hundred and forty conditionally healthy students of the Nizhnevartovsk
State University, Nizhnevartovsk, Khanty-Mansi Autonomous Okrug — Yugra, Russia, participated in the
study. Young men and women were examined in the course of their educational activities unrelated to
examinations. The average age was 18,8+1,5 years.

An effective method for early detection of electrophysiological changes in the myocardium is ECG
dispersion mapping [9; 12]. The indicators of the electrophysiological properties of the myocardium were
recorded in the Human Ecology Laboratory of Nizhnevartovsk State University using the CardioVisor-06s
computer-based heart screening system (https://clck.ru/VVNG6i7). The device can perform the dispersion
analysis of the low-amplitude oscillations in ECG, and thus identify abnormalities in the cardiac function in
the early stages and make a three-dimensional image of the cardiac function, individual for each student.

The ECG dispersion mapping was performed four times per year, once in each season (winter, spring,
summer, autumn). The following three indicators were analyzed: the index of electrophysiological changes in
the myocardium (the Myocardium Index), or the myocardial microalternation index (MMI), the Heart Rate,
the Rhythm index, calculated by heart rate variability indicators.

The statistical data was processed using the CardioVisor-06s software package. The Myocardium
integral indicator was calculated in per cent, where a value of less than 15% corresponded to the absence of
significant deviations, 15 to 21% indicated borderline cases, and the indicator over 21% was a significant
electrophysiological deviation. The following gradations were taken for the Rhythm index (%): < 15% —
normal, 15 to 50% — slight deviation, 51 to 80% — a borderline case, > 80% — a pronounced deviation.

The circadian typology (the chronotypes) was determined by Horne and Ostberga’s method [18].
According to the survey results, the respondents were divided into three groups: arrhythmic chronotype, the
moderate evening and definite evening types were combined into the evening chronotype group, the moderate
morning and definite morning types were categorized into the morning chronotype group.

The results were statistically processed using the Statistica 8.0 software. The data in Table 1 below are
presented as mean value + standard error (M+m). Each participant gave an informed consent to the diagnostic
procedure and processing of personal data. The research was conducted in compliance with ethical standards
set forth in the WMA Declaration of Helsinki [5]. The examined men and women had no chronic diseases,
were not exempt from classes due to health reasons, and had no health-related complaints at the time of study.

Results and discussion. According to the obtained survey data, 14,3% of students had the morning
chronotype, 50,7% had the arrhythmic chronotype, and 35% of the surveyed men and women had in the
evening chronotype. Previously published research results showed a similar distribution of chronotypes among
the population of the north: individuals with the arrhythmic chronotype dominate in the sample, the evening
chronotype is the second most common, and the morning chronotype can be found in a smaller number of
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people. There is a hypothesis the altered photoperiodism influences the chronotype distribution in residents of
northern territories, which determines a smaller percentage of persons with the morning chronotype [11; 17].
Table
Annual dynamics of the MMI indicator (M+m)

MMI values in different seasons (%)

Chronotype - -
winter spring summer autumn
morning 13.840.9 14.6+0.5 13.4+0.8 13.740.6
arrhythmic 13.9+0.6 14.4+0.8 13.3+£0.7 13.6+0.5
evening 14.8+1.1 15.840.7 13.6t14 13.9+0.8

The analysis of the indicator dynamics revealed an increase in the MMI values in spring in subjects of
all chronotypes. The Myocardium index in most of the subjects was within the standard range, with the
exception of the subjects with the evening chronotype in spring in whom the MMI exceeded the upper limit of
the physiological norm. The subjects with the evening chronotype had higher MM values than the other groups
in spring and winter seasons, with no significant variations observed. The MMI values were maximum in
spring. The subjects with the evening chronotype had the highest Myocardium value (15,8+0,7%). The subjects
with the morning chronotype had 14,6+0,5%, and the subjects with arrhythmic chronotype had 14,4+0,8%. No
significant variations were found. The minimum MMI values were observed in summer. The subjects with the
evening chronotype had 13,6+1,4%, the subjects with arrhythmic chronotype had 13.3+0.7%, and students
with the morning chronotype demonstrated 13,4+0,8%. No significant variations were found (Table 1).

According to published studies, at the end of winter and spring, the indicators of myocardial activity in
conditionally healthy subjects are at the upper limit of the physiological norm and its functional reserves are
depleted, while in summer the reserves are sufficient. Spring and autumn are transitional seasons when the
state of vascular tone has a greater impact on the functional activity of the heart [1; 15; 16].

The maximum values of the Heart Rate and Rhythm indicators in the annual dynamics were observed
in all subjects in spring (Figs. 1&2). These indicators in most of the subjects were within the norm. The
examined students had a balanced ratio between the parasympathetic and sympathetic activity of the autonomic
nervous system. The exception was the subjects with the evening chronotype in spring when the Heart Rate
reached to the upper limit of the physiological norm (Fig. 1) and Rhythm pointed to the stress of the adaptation
mechanisms of the regulatory systems (Fig. 2).
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Fig. 1. Seasonal changes in heart rate in students Fig. 2. Seasonal changes in Rhythm in students with
with different chronotypes (M+m) different chronotypes (M+m)

The subjects with the evening chronotype had the highest Heart Rate value in spring (84.1£2.3 bpm),
the subjects with the arrhythmic chronotype had 78.4+2.1 bpm, and the examined students with the morning
chronotype demonstrated 77.3+2.5 bpm. Significant seasonal variations were observed (p <0.05, Fig. 1). The
maximum values of the Rhythm indicator occurred in students with the evening chronotype in spring (35.8+1.9
relative units). The subjects with the morning chronotype (27.2+1.5 relative units) and the subjects with the
arrhythmic chronotype (27.9+1.8 relative units) had these values lower (p <0.05, Fig. 2).

The minimum values of the dispersion mapping indicators were observed in summer. The subjects with
the evening chronotype had the lowest heart rate in summer (71,942,5 bpm), the subjects with the arrhythmic
chronotype had 68,8+2,8 bpm, and the subjects with the morning chronotype had 69,6+2,4 bpm. Significant
seasonal variations were observed (p <0,05, Fig. 1). The minimum values of the Rhythm indicator were noted
in summer season in students with the evening chronotype (22,5+1,5 relative units). The subjects with the
morning chronotype (21.2+1.6 relative units) and the arrhythmic chronotype (20,7+1,9 relative units) had these
values lower (p <0,05, Fig. 2).

Conclusion. The study revealed seasonal fluctuations of the ECG microalternations by the dispersion
mapping data obtained from students of different chronotypes. The increased indicators of ECG
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microalteration (Myocardium, Heart Rate, Rhythm) in spring may indicate the influence of climatic conditions
on students. It puts a greater tension of the body’s functional reserves, which is manifested by a change in the
parameters of the cardiovascular system. According to the Rhythm values, the signs of tension of adaptation
mechanisms were observed in the subjects with the evening chronotype in spring. The changes in
meteorological conditions during the transition from winter to spring affect the the myocardium of northerners
and cause stress to the regulatory systems. An imbalance in the autonomic regulation of the heart rate has an
adverse effect on the electrophysiological properties of the myocardium. In spring, the number of subjects with
possible electrophysiological changes in the myocardium increased.
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