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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Introduction: The objective of this study was to investigate the
heart rate variability indicators of students who had contracted
COVID-19 after performing physical activity. The aim was to
uncover the potential cardiac complications and dysregulations
of the autonomic nervous system.

Material and Method: We explored about 11 heart rate
variability indicators and their changes immediately after a
S-minute physical activity performed by using Proteus pes 3320
bicycle odometer. Furthermore, we conducted electrocardiographic
recording using variational pulsometry. Recording and the analysis
of ECG were carried out on a computer using special programs
“Cardio reg” and “Cardio prog”.

Results: The study revealed that the activity of the heart rhythm
regulation indices among students infected by coronavirus
was significantly elevated compared to the healthy controls
(p<0.05). After the physical activity, the Tension Index, VBI,
VRI and LF/HF indicators characterizing the sympathetic
tone of HRV regulation were increased, while the coefficient
of cardiointervals variation decreased among infected group
students. Moreover, the ECG recording showed that after
physical activity, the disturbances of cardiac functioning
changed, accompanied by tachycardia.

Conclusion: The findings of this study demonstrate that
short-term physical activity contributed to the transition of
cardiovascular system indicators from the adaptive stress zone
to the tense zone, which is likely due to the negative impact
of COVID-19 on the capabilities of both the cardiovascular
and nervous systems. Therefore, this study contributes to a
deeper understanding of changes in HRV in the context of post-
COVID-19 cardiovascular dysfunction among young adults.

Key words. Heart rate variability, COVID-19, SARS-CoV-2,
post-COVID syndrome, electrocardiography.

Introduction.

SARS 2019 Coronavirus Disease (COVID-19), caused by
coronavirus 2, is a pandemic that has led to considerable
morbidity and death across the world. The clinical manifestation
of COVID-19 could be specifically displayed in a wide spectrum
and self-limiting [1]. Acute manifestations of COVID-19 were
widely researched and published; however, long-term sequela of
COVID-19 are unknown and still investigated [2,3]. While the
virus mainly affects the respiratory system, it also causes acute
myopericarditis, acute coronary syndrome, congestive heart
failure, cardiogenic shock, and cardiac arrhythmias [4]. The
host cell receptor for SARS CoV-2 is the biologically critical
enzyme ACE2 (angiotensin-converting enzyme-2), which is
generated by angiotensin 1-7 from ANG II (angiotensin II) in
the intact human LV (left ventricle). The virus has an RBD
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(receptor binding domain) spike that enables contacting the
extracellular region of ACE2. The binding of the spike protein
RBD (receptor binding domain) to ACE2 brings the virion into
proximity with the host cell surface membrane and induces
conformational changes in the RBD that initiate the process of
membrane fusion [5-7]. Along with that, there is the release of
inflammatory mediators known as cytokine storm that causes
diffuse alveolar damage, resulting in ARDS (Acute respiratory
distress syndrome) [8,9].

The SARS 2019 Coronavirus Disease, also known as
COVID-19, is a pandemic that has caused significant illness
and death worldwide. While acute symptoms of COVID-19
have been widely researched and published, the long-term
effects of the disease are still being investigated. Although the
virus primarily affects the respiratory system, it can also cause
cardiac problems such as acute myopericarditis, acute coronary
syndrome, congestive heart failure, cardiogenic shock, and
cardiac arrhythmias. A rat coronavirus model has shown that
neutrophils produce cytokines and chemokines in response to
alveolar epithelial cell infection with SARS-CoV-2, resulting
in an inflammatory response that contributes to lung injury.
In patients with cardiovascular disease, increased circulating
ACE2 activity predicts adverse cardiovascular outcomes in
patients with heart failure, coronary artery disease, and aortic
stenosis [10].

Post-COVID-19 cardiovascular dysautonomia (PCCD) is a
common condition that can be caused by direct damage from
the SARS-CoV2 virus, cytokine storm-mediated dysregulation
of the autonomic nervous system (ANS), or immune-mediated
dysregulation of the ANS. This condition can be diagnosed
using 12-lead electrocardiography (ECG) by measuring the
time between two successive heartbeats. Heart rate variability
(HRV) is a useful measure of ANS activity and can be measured
using pulse oximetry or other devices. HRV can also be used
to assess the course of the disease. In patients with COVID-19,
cardiac complications can range from arrhythmias to ST-
elevation myocardial infarction (STEMI) mimics, thrombus
formation, and fulminant myocarditis. However, the arrhythmic
risk related to COVID-19 is still being evaluated [11].

To better understand the cardiac complications associated
with COVID-19, we aimed to assess the heart rate variability of
young patients infected with the virus over the past 1.5 years. Our
primary focus was to evaluate the heart's adaptive capabilities
under physical exertion. This evaluation could help us identify
potential cardiac disorders and develop strategies for treating
post-COVID-19 complications related to cardiac dysfunction.
Our study specifically examined the integral, histographical,
and spectral indicators of heart rhythm regulation in students
who had contracted COVID-19.
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Methodology.

Forty-four female students aged 18-22 and with a mean age of
19.5 (SD = 1.09), from the Yerevan State University's Faculty
of Biology were examined. Ten of them were not infected
with COVID-19 and acted as the control group. The study
group consisted of 34 students who had been infected with
coronavirus in the last 1.5 years. The disease manifested in all
treated students with various symptoms such as fever, cough,
weakness, sweating, loss of smell and taste, nausea, vomiting,
intestinal problems, muscle and joint pain, headaches, and in
some cases pneumonia.

The portable device has been developed at the Laboratory of
Integrative Biology of the Institute of Physiology after L. Orbeli.
The indicators of HRV were assessed in both groups after a
S-minute physical load on a special exercise bicycle. In order to
evaluate the functional capabilities of the cardiovascular system,
ECG recording and analysis were carried out using the method
of variational pulsometry after Baevsky [12]. For this purpose,
a hardware-software complex was used, which combines a
portable electrocardiograph of the model "Bio-Art 001" and a
computer equipped with automatic ECG recording and heart
rhythm variation pulse measurement analysis programs. Three
S-minute ECG segments were analyzed for students in each
study group. Any student who was suspected of having any
cardiac disorders or risks underwent Holter monitoring and was
excluded from the study. The experimental design is represented
in Figure 1.

Control group

Al YA AN A
A WAV A

ECG recording

Study group

Figure 1. Graphical representation of study design. All students from
the control and study groups underwent a 5-minute bicycle load after
which the ECG analysis has been performed for HRV assessment.

The control group was selected based on clinical, laboratory,
and physical examination data to exclude COVID-19 disease,
any risk for cardiac, pulmonary, or related diseases, and
comorbidities. ECG study and analysis programs were made
according to the standards of the European Association
of Cardiologists and the North American Association of
Electrophysiology and Arrhythmology. To assess the adequacy
of the heart rate regulation processes, the HRV assessment
parameters proposed by Bayevsky and Mikhailov [12,13] were
used. The following indicators were selected and studied for HRV
assessment: histographic indicators - coefficient of variation of
the examined mass of cardiointervals (CV), R-R(s). integral
indicators: autonomic balance index (ABI): ABI = AMo/AX,
to determine the ratio of sympathetic and parasympathetic
regulation of the heart; autonomic rhythm index (ARI); ARI
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= 1/ (Mo*AX) - to assess the autonomic balance (the smaller
the ARI, the more the autonomic balance is shifted towards
the predominance of parasympathetic regulation); regulation
adequacy index (indicator of the adequacy of the processes of
regulation (RAI) = AMo/Mo, - to identify the correspondence
between the level of functioning of the sinus node and
sympathetic activity; strain index (SI) = AMo/(2AX*Mo),
reflects the degree of centralization of heart rate control, and
spectral indicators; power of the spectrum in the high-frequency
range (HF, %) (0.15-0.4 Hz), which is related to the breathing act
and reflects the level of activity of the parasympathetic nervous
system in the process of heart rhythm regulation; law frequency
(LF, %) - spectrum power in the medium frequency range
(0.04-0.15Hz), is related to the arterial pressure and expresses
the degree of activity of the sympathetic tone of heart rhythm
regulation (although it has a mixed sympatho-parasympathetic
origin); total power of spectrum (TP, ms?) and spectrum power
in the low frequency range (VLF, %) - (0.003-0.04 Hz); ratio of
LF-to-HF power (LF/HF).

Statistical analysis.

Statistical analysis of research data is presented by mean and
deviations (M#m). The significance between studied groups was
determined using Student's t-test (paired) and the significance
was considered as p<0.05.

Results.

A S5-minute pedometer workout (3rd degree of load)
was accompanied by moderate changes in all heart rate
measurements. This is probably related to reduced physical
activity, which has become even more pronounced in the last
years due to distance learning during pandemics. The changes
in HRV indicators for healthy controls before and after Smin
physical load are shown in Table 1.

Table 1. Changes in HRV indicators of healthy students of the control
group before and after 5 min physical activity.

HRYV indicators Bef.OI:e physical Aft.el: physical
activity activity

R-R (s) 0.75 +0.06 0.61 +0.07

CV (%) 7.83+0.85 6.17 £0.68***

SI 140.90 +£17.59 218.40£22.50%**

RAI 89.81 £9.34 158.30+£14.21%***

ABI 23291 +29.8 299.40 £28.2%*

ARI 4.72 £1.32 9.49 £2 11***

TP (ms?) 2351.0+£335.4 1200.8 +£112.4%**

VLF% 22.55+6.7 14.38 £3.90

HF% 33.02 +8.21 37.06 £9.02

LF% 45.0+13.62 48.70+£14.02

LF/HF 1.46 +£0.60 1.65+0.71*

*p < 0.05, **p < 0.01, *** p < 0.001

After bicycle load, moderate tension in the activity of the
sympathetic mechanisms of processes regulating the heart
rhythm was observed in healthy controls, which was expressed
by an increase in SI by 55% (p<0.001). Furthermore, it was
accompanied by a significant increase in the levels of other
markers of the sympathetic tone, ABI, RAI and ARI by 28.5%,
76.2% and 101.0% respectively. Following the physical activity



the TP has changed from 2351.0+335.4sm? to 1200.8+112.4sm?
(49,0%, p<0.001), which was accompanied by a decrease in the
middle- and high-frequency waves in the total spectrum (HF) with
a weak increase in power by 3.68% and 4.0%, respectively, and a
decrease in the spectrum of low-frequency (VLF) waves by 8.2%.
As a result, the LF/HF indicator was increased by 13.0%.

The analysis of the neurovegetative regulation indicators
among the students from the studied group showed that the HRV
indicators of accompanied by a high functional tension of the heart.
The results are shown in Table 2. The increase of SI (by 190%,
p<0.001) along with the other indicators characterizing the high
activity of the sympathetic tone, particularly RAI, ABI and ARI
were increased by 94.1%, 123.3%, 124.3% respectively (p<0.01)
in the COVID-19 infected group, in contrary of control group.

Table 2. Changes in HRV indicators of students from experimental
group before and after 5 min physical activity.

HRY indicators Before physical activity gcfttiirl; t[;hysmal
R-R (s) 0.60 +£0.05 0.52 £0.04%**
CV (%) 7.74+0.30 5.26 £0.36***

ST 201.70+77.31 586.10+86.42%**
RAI 105.70 £6.37 205.21£11.61%**
ABI 239.18 +28.1 534.2 £45 8%k
ARI 5.39+1.34 12.09 +4.09%**
TP (ms?) 2131.0 £305.0 618.82 +£93 4ok
VLF% 20.87+6.7 32.21+6.0

HF% 20.89+3.26 15.96+3.02

LF% 58.40+6.69 50.15+6.02
LF/HF 2.16 +0.80 4.25 +0.79*

*p < 0.05, **p < 0.01, ***p < 0.001.

o

After the physical activity, in the studied group, TP was
decreased by 71.0%, while LF/HF increased in by 95.7%.
These changes were indicated the possible disturbances of
neurohumoral regulation mechanisms in the heart functioning.

After the physical activity, in the studied group, TP was
decreased by 71.0%, while LF/HF increased in by 95.7%.
These changes were indicated the possible disturbances of
neurohumoral regulation mechanisms in the heart functioning.

Discussion.

During the physical activity, the students of the studied
groups were considered to have tachysystole, arrhythmia, and
cardiac output disturbances. The analysis of the cardiograms,
rythmograms, histograms and scattergrams of the student from
the control group is presented in Figure 2 (A, a-e). After the
Smin physical load, the functional tension was expressed with
activation of the cholinergic link of regulation, and the total
effect of regulation was accompanied by tachycardia, moderate
destruction of automation, and dysregulation of PNS activity.

This is probably because, in normal conditions, the heart
rhythm and cardiac output intracardiac mechanisms usually
work efficiently. However, in the post-infected period, the
heart rhythm regulation function is disturbed due to damage
to the central nervous system. Evidence of this consideration
is the pronounced increase of SI, AMo, and IC, as well as the
sympathetic/parasympathetic index and the spectrum of low-
frequency waves in the process of heart thythm regulation in
the studied group of students. In the conditions of a strong
signal flow from the central nervous system, the intracardiac
homo- and heteromeric mechanisms of cardiac regulation are
unable to cope with the increase in tension, and consequently

[ e e I B e Heart Rate Mear |80 Bpan WIRF]| 326 T | LBOD nns2
05— T T [T pemart2ate 52, |11 Bpm Machlin 430093 wr(i? %
s ean 043 M (ves) 0552862 | I
AR sea 0054 5 AMa(%]| 73 5%
AT CV_% | 733605 LFHF 24
padtn |14 PAPR 20536 10| 47002
FQia6s VR 237.06 WF_serp 134
QRS Width | {02144 VPR 455603 LF_Amg | Q03
QT sm 502 N 171073 HF_firnp | 00057
QRS amp | 0549516 PARS| 5 33 ms
PlB___ || oumton®0 o] ki
Q| -00aT5e RJE % 25,4721 CC1 0531526
RIGME | oy pie 00265 | | 1 ISC |35
50039932 R wangularindes | |F pier | 1000 msd
T|n39m502 260541 v e |4 s
VLF Py | 308 mesd
| 0A-
| 0.3-
7=t 0=
| =
pa BT eh BT T ", E Ol- /E
a6 0T 08 o8 I 0 B4 02 0 64 A5 66 07 03 08 i =
fres) Lett Sfe Fight Side  Peak Thacthold  Wadith Bin [eech Feales View b i ,.,J"'f\' """ ,_n-"""'-ﬂ!
; » Side_, ——— ]
= O O | M) Co— | o al [
- ! . M 1y N
= ) SRRy ModeRR O 01 02 03 0% 05 0f o7 03 05 i
1 8 |08 12 e Interval Tome  Ampiitude Peake (€] Armpiitude_Yalley
9 e | 0ud ma Q5L i 08 i
B
05 . I Laad Fead o Select | Fievdl_HE
] W XM D R
i | [ I
(zech Analize # A Pesks ?_’ Save | -

Figure 2. Fragments of the original recordings of a cardiogram (a), scattergram (b), rhythmogram (c), histogram (d), and spectrogram (e) of the

student from the control group after a Smin bicycle load.
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the imbalance in the frequency and strength of the heart
contractions occurs. These changes cause the tension of vessel
walls, arrhythmia, extrasystole, tachycardia, and other cardiac
disorders. From Figure 2 it can be considered that in students
from the healthy group, the vegetative homeostasis was
preserved with sustainable regulation and normal activity of
PNS.

While the student from the studied group was infected with
coronavirus disease, there was observed a severe disturbance
of automatism of the heart, tachycardia, and sinus arrhythmia.
Although the vegetative homeostasis was preserved, the
dysregulation with a predominance of subcortical nerve center
activation and moderate weakening of the PNC activity has
been recorded (Figure 3).

The severity of clinical manifestations of the heart depends
on the degree of heart muscle damage. According to
Mikhaylovskaya [14] elevated levels of troponin, myoglobin,
C-reactive protein, serum ferritin, and interleukin-6 in deceased
patients were revealed. This suggests the high inflammatory
activity of COVID-19 and predicts an increase in cardiac lesions
due to myocardial inflammation. Most likely, the coronavirus
also has an effect on the students' organism that reduces
muscle performance, helps to overcome physical load with the
pronounced tension of the sympathetic systems, and increases
the manifestation of sympathetic reactions, which is evidenced
by the changes in the heart rate indicators that we observed.
The effect of COVID-19 on lung tissue is weakened by the
blockade of the renin-angiotensin system. This has been proven

by experiments on rats. Under the influence of COVID-19,
a decrease in systemic pressure is observed, which leads to
an increase in the activity of the renin-angiotensin system.
This in turn, causes an increase in systolic blood pressure
(SBP), leading to an increase in heart contractions frequency
(HCF), tachysystole, and arrhythmia [15,16]. Disorders of the
cardiovascular system were also observed in children, in the
post-COVID period, the disease was also manifested in the
form of Kawasaki syndrome. Most of them did not have serious
respiratory problems, but doctors prescribed forced ventilation
to improve heart function and blood circulation [17].

Based on this body of basic and applied HRV research, we wish
to urgently propose using HRV monitoring as an element of a
larger framework of truly personalized health. HRV screening,
analysis, and feedback can be applied immediately to the present
COVID-19 pandemic [18]. Cardiovascular implications of Sars-
COV-2 infection have been widely documented and associated
with poor prognosis, which can be worsened by underlying
cardiovascular diseases [19]. Accumulating evidence indicates
that COVID-19 patients are burdened by a higher risk of
malignant ventricular arrhythmias, with a potential contributing
role of repurposed antiviral therapies [20]. The studies of post-
acute COVID-19 sequelae across the spectrum of care settings
of acute infection are also lacking. Addressing this knowledge
gap will inform post-acute COVID-19 care strategies [21].

SARS-CoV-2 can also affect the cardiac system directly.
The virus has been shown to potentially cause myocarditis
(inflammation of the heart muscle), arrhythmias, and other

Stat 1 Stat F Stat 3
100 ————————— = BRI | [ revtrneven Bopm || NER) 4 ™ 420 ms2
and | s I Meat Rate St | 56bpm | Maxhlin 0.166225 | AF 3%
m-é & 02 RRbeon (08115 Hu-:m?ln.ssms LF 3T %
e = O anses 0005: | | Ao (%) 100 e
' 1- msso/lSms | | CVNMST || e 0m
04 i | ] ; J weesa [0 | PAPR | 165000 I 357055
[ 1 2 3 5 [ palo R pa1 502 o
= RIS o GRS Width | 775803 VPR 10167 LF_&mp| 0012
- i : e e _—{-_-IHLJ = o R
: Y v 2 - Q e M 506.352 HF_Amgp (0017
- &2-: 1 ( GRS smp [ 0513032 PARS 7 13ma
" E 03 Pla Sy 42571 wn B
p=} 2 | 3  iiemnreUGEAL |
2 4125 Qg RB_% 063315 01 0a0eaTE
b P4 e T R T R T R - e S I L P R « | || &loseeesy | i}
1520 25 7 2 19 1o MOJORE | gr it | | MM
- - E _‘:'E'af'g BRtriangulirindex  |Frower 160 mas2
0751 T namass 1ABED

i*:;:;mﬂi@lwquﬁmm

M Power | 175 mad
VLF Power |30.7 ma2

i 055 0a-
= 065 05— 1 | i -
o ] 1 : 3 5 o
= pse| 7 denia 02
..... A O R e o T o e P I R T £ oi-
0 o1 02 03 04 03 05 07 08 03 1 = _—
_ReftSde  Right Side  PeakThreshold  Width  Ginfsec]  Peaks View ﬂ-__,_.#"u d,,r/\ -------
1- L ) 2 |} CEC ) C | o = a1- r
£2-
05- ] MR M [ ol 04 0 b !
. 04 12 T 1 Irterval Time  Amglaude_Peak (sech Aenplitude_Valey
3 ~_=_J 04 ms 0051 miv -OHE iV
A3 ' ' | Lead el &7 Select J Find_RE
a1 =0 e m—
o r » r Y y
(ec) Analize 3 A Peaks | 3. ave | [ | S'DF‘_J
— e L — s S ——

Figure 3. Fragments of the original recordings of a cardiogram (a), scattergram (b), rhythmogram (c), histogram (d), and spectrogram (e) of the

student from the studied group before (A) and after Smin bicycle load (B).
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cardiovascular complications, which can contribute to changes
in HRV. Myocardial inflammation or damage could lead to
altered electrical conduction in the heart, thereby reducing
the variability in the intervals between heartbeats. In addition,
COVID-19 can exacerbate pre-existing cardiovascular
conditions, further impacting HRV [22].

SARS-CoV-2 infection has also been shown to significantly
affect the autonomic nervous system, both during the acute phase
of infection and in post-viral recovery (often referred to as "long
COVID"). The virus can directly affect the CNS, particularly
the brainstem, which is critical in regulating autonomic
functions like heart rate. SARS-CoV-2 may interact with the
autonomic centers in the brain, either directly through viral
entry into neurons or indirectly through inflammation (cytokine
storms and immune responses). This interaction may lead to
an imbalance between the sympathetic and parasympathetic
systems, resulting in altered HRV [23].

Limited understanding of the pathological mechanisms
underlying post-COVID syndrome represents a critical challenge
to effectively testing and treating this syndrome. Injury to the
autonomic nervous system (ANS) has recently been suggested
to be responsible for many of the aforementioned manifestations
and may be key in the pathogenesis of post-COVID syndrome
[24]. Therefore, our study reveals the HRV variability changed
among students with COVID-19 and elucidated by various
cardiac complications in post-infected period.

To summarize, the negative impact of COVID-19 on HRV is
due to several factors. While SARS-CoV-2 can influence the
cardiac system—especially through conditions like arrhythmias,
the main reason for reduced HRV seems to be the virus's effect
on the autonomic nervous system. This includes both direct
and indirect influences on the CNS and increased systemic
inflammation. In our study, we highlighted the significance
of HRV as a non-invasive biomarker for assessing autonomic
function. This can help guide potential interventions aimed at
restoring balance in the autonomic nervous system, particularly
for patients experiencing long COVID-19.

Moreover, we suggest that controlled breathing exercises
(such as paced breathing, slow deep breathing, or diaphragmatic
breathing) could be effective in promoting parasympathetic
nervous system activity and help mitigate symptoms associated
with autonomic dysfunction during and after the acute phase of
the infection. Also, for the patients recovering from COVID-19
who exhibit low HRV (indicating autonomic imbalance or
stress), we recommend a gradual introduction of physical
activity. Moderate aerobic exercise, such as walking or cycling,
has been shown to improve HRV by enhancing cardiovascular
health and autonomic regulation. This intervention can be
tailored to the individual's recovery status, starting with low-
intensity exercises and progressing as tolerated.

Conclusion.

This study supports our understanding of heart rate variability
changes and cardiac dysfunction among young people infected
by COVID-19, which is crucial for diagnosing the post-infected
complication of coronavirus. Elucidating the mechanisms of the
impact of COVID-19 on the cardiovascular system will make it
possible to provide timely and correct complex medical care to
young and elderly patients.
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AHHOTAIIVA

OuneHka u3MeHeHUIl MoKa3aTeselli BapualdelbHOCTH
CepIeyHOro puTMa Yy CTYAEHTOB TMOcCjJe KapaHTHHA
COVID-19: xoropTHoe uccjie10BaHue
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Beenenne: Llenpio nmanHOrO MccienoBaHus ObUIO M3ydeHHE
ToKazaTesiel BapuabeIbHOCTH CEPJICYHOTO PUTMA y CTYJICHTOB,
nepebonemmx COVID-19, nocne BbITONHEHUST QHU3NIECKON
Harpy3ku. Llenbro ObUTO BBISBIEHHE JIIOOBIX ITOTEHIMAIBHBIX
KapAUOJIOTUYECKUX OCJIOKHEHMH U HapylIIeHMH peryssiiuu
ABTOHOMHOM HEPBHOM CUCTEMBL.

Marepuan u mMetoanl: BapnabenbHOCTh CEpACYHOTO pUTMA
U €r0 U3MEHEHUs aHAIU3UPOBAIKCH Cpa3y MOCIe S-MUHYTHOU
(U3MYECKO HArpy3KH, BBINOJHEHHOH C WCIIOIb30BAaHHEM
Benosprometpa Proteus pes 3320. Peructpanus u ananuz KT
OCYIIECTBIIAINCH Ha MEPCOHATBHOM KOMIIBIOTEPE C MOMOIBIO
crenuaibHbIX mporpamm <<Cardio reg>> n <<Cardio prog>>.

PesysbTaThl: AHanu3 NOJNy4eHHBIX JAHHBIX MOKa3al, 4TO
aKTUBHOCTb TIOKa3aTelel pEryisliid CEepAEYHOr0 pHUTMa
y CTYZIEHTOB, HHQUIMPOBAHHBIX KOPOHABHpycOM, Oblia
3HAYUTENBHO [MOBBIINIEHA IO CPaBHEHHIO CO 30POBBIMU
mnamu (p<0.05). IMocne guzndeckoil Harpy3Ku y CTyIICHTOB
MHQHUIMPOBAHHOHN TPYIITEI YBEIWYWINCH MTOKA3aTeN UHJEKCA

Hanpsbkenns, VBI, VRI wu LF/HF, xapakrepusyrormiue
cuMmmaruueckuii  ToHyc perymsanuun  BCP, monmsuics
koo uIMeHT BapuanuM KapIuouHTepBasoB. [locnenHee
COIIPOBOXKAATIOCH TAXMCUCTOIUEN 1 apUTMUEH.

3aki04ueHue: PesynbraTsl 3TOrO UCCIIeI0BaHUS
JIEMOHCTPHPYIOT, YTO BpEMEHHBIE (PU3NYECKHE Harpy3Ku
CIIOCOOCTBOBAJIM  TEpeXojly  MOKazaTeled  cepiedHo-

COCYJIUCTOI CUCTEMBI U3 COCTOSHUS aJallTUBHOTO HANPSLKEHUS
B COCTOSHHE HampsDKEHUsl, 4YTO, BEPOSTHO, CBSI3aHO C
HeraTHBHBIM BozaelictBueM COVID-19 Ha ¢yHKIMM Kak
CEplIEYHO-COCYAUCTOM, TaKk M HEPBHOM CHUCTeMBbl. Takum
00pazoM, HccileloBaHUE TTOMOTaeT JIydIle MOHSITh U3MEHEHHMS
BapraOeIbHOCTH CEPCYHOT0 PUTMa B KOHTEKCTE TOCTKOBUIHON
JUC(OYHKIH CEP/IeIHO-COCYIUCTON CHCTEMBI Y MOJIOJIC)KH.
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