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Advanced age is associated with significant changes in the cardiovascular system, which include a decreased adaptive capacity and an elevated risk
of developing cardiovascular disease (CVD). Analyzing heart rate variability (HRV) is an essential tool for assessing the state of the autonomic nervous
system (ANS) and predicting CVD risk.

A review of publications from 2010 to 2024 was conducted using the PubMed, Scopus, Web of Science, and Google Scholar databases. The inclusion
criteria for the review were publications written in Russian or English; studies involving elderly patients (aged 60 and older); articles that assessed
HRV in relation to CVD; and publications that provided full texts. The exclusion criteria included articles published before 2010; reports of isolated
clinical cases; studies that did not include data on elderly patients; and redundant publications. Out of 686 sources reviewed, 52 publications met the
specified criteria.
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B coBpemeHHOW MeMUMHE MaToNOrMA Cepaua BO3MasaseT In contemporary medicine, cardiovascular disease (CVD) is
CMMCOK OCHOBHBIX MNPUYMH CMEPTHOCTM M pacnpocTpaHéHHOCcTM 3a-  the leading cause of mortality and morbidity worldwide [1]. Age-
6oneBaHuit Ha rnobanbHom yposHe [1]. Mpamas 3aBUCMMOCTb BO3-  ing is the single most significant non-modifiable risk factor for
PaCcTHOro AManasoHa C BEPOATHOCTbI0 GopmMpoBaHus 3abonesannii  CVD. A combination of structural and functional changes in the
cepala Heu3berKHO CKasblBAaeTCA Ha CHMKEeHWMM ¢yHKuMoHanbHbix  heart and blood vessels, along with accumulated exposure to oth-
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cnocobHocTen cocyaos v cepaua. B gaHHoM nnaHe Haubonee yss-
BUMYIO TPYNMy COCTABASAIOT NOXWAbIE NHOAM, Y KOTOPbIX BO3PACTHbIE
M3MEHEeHUs HeraTMBHO CKa3blBAlOTCA HA afeKBaTHOCTU paboTbl cep-
JeyHo-cocyamcToi cuctembl (CCC), cnocobeTBys YBENMYEHMIO YMCIa
cnyyaeB 3ab60s1eBaHuiM B 3TOM Aemorpaduyeckoit Kateropuu [2]. MeH-
CMOHHbIV BO3PACT, KOTOPbLIN COLMANbHO ONPEnEenseTca Kak Hayano
MOXKWMAOTO BO3PACTa, CBA3AH C PAAOM U3MEHEHWUI B KM3HW YEN0BEKa,
BK/IOYAA U3MEHEHWA B COLMAJIbHOM CTaTyCe WM BO3MOMHOCTAX ANf
JanbHenwero passuTMa 1 camopeanusauum [3]. O6bI4HO B 3TOT Nepu-
o[, HabnogaeTca 3ameTHOE U3MEHEHME COLLMANbHO-9KOHOMMYECKOTO
NONOXKEHWUA YENOBEKA, YTO MOXKET NPUBECTU K YXYALIEHNIO GYHKLMO-
HupoBaHua CCC 1 obLuemy yxyaLieHuto 340poBba [4].

CornacHo uccneposanmam OOH, k 2050 rogy HaceneHwe cTap-
we 60 net ysennumntca Ha 1 munnmnapg,. CornacHo AaHHbIM PoccTarta,
K 2031 rogly A0NS NOXKMAbIX NOAEN B 06LLEN YNCIEHHOCTU HaceneHns
focturHet 28,7%. 3TOT pPOCT CBA3AH C YBENMYEHNEM MPOAO/KUTENb-
HOCTM KU3HM U YNYULIEHNEM MELMLIMHCKOTO 06CyKunBaHua [5]. B 06-
HOBNEHHOM OTYETe AMEPUMKAHCKON KapAMonorMyeckon accoumaumm
3a 2019 ropg, ykasaHo, uTo YactoTa CC3 cpeam noaeli B Bospacte ot 40
20 60 net coctasnana B cpeaHem 35-40%, Toraa Kak cpesm NauMeHToB
8 Bo3pacrte oT 60 no 80 neT 3TOT NoKaszatenb gocturan 75-78%, a y
Ny, ctapwe 80 net 3aboneBaemocTb npesbiwana 85% [6]. B acnek-
Te repOHTONOTNYECKOW CAyK6bl Pecnybnunkn TafKMKUCTaH MHOTMe
CTaTUCTUYECKME [aHHble HOCAT Pa3HOPEUMBbLIN XapaKTep, BBUAY OT-
CYTCTBMA CMELMANbHbIX FTEPOHTONOMMYECKUX KAOMHETOB B TOPOACKMX
W PaNOHHbIX LEHTPaxX 340p0BbA. OAHAKO Mbl HE UCK/HOYAEM YBENYe-
HWe YacToTbl 33601eBaeMOCTM NaToNorMel cepaLa U CocyaoB cpeau
NWIL, MOMKMAOTO M CTapYeCKOro Bo3pacTa.

Cpeay OCHOBHbIX AKTOPOB PUCKA PasBUTUA CEpPAEYHO-COCY-
AMCTbIX 3a6oneBaHuit (CC3) BbiAENAOTCA apTepuanbHas rMnepToHus
(AT), nwemmnyeckan bonesHb cepaua (MBC), xpoHMYECKan cepaeyHas
HepocTaTouHOCTb (XCH), caxapHblii guabeT, AMCAMNUAEMUA, OXMpe-
HWe, KypeHue 1 Bo3pacT. 3TN GaKTOPbI TaKKe UrPatoT KAKOYEBYIO POSb
B Pa3BUTUM U NPOTPECCUPOBAHNM aTepockneposa [7]. Cuntaetca, 4to
BO3HMKHOBeHMe AT y MOXKUAbIX NOAEN MOKET BbiTb CBA3aHO C PAAOM
M3MEHEHUIA, KOTOPblE MPOMCXOLAAT HA COCYAMCTOM YPOBHE MO Mepe
$V31ONOTNYECKOTO CTaPEHMA OPraHM3Ma. 3T U3MEHEHUA BKAKOYAKOT
KaK CTPYKTYpHble, TaK U QYyHKLMOHAbHbIE U3MEHEHWS CTEHOK COCY-
[10B, YTO MOET CNOCOOCTBOBATL MOBbILIEHWUIO aPTEPUANBHOIO AaBne-
HuA [8]. OfHaKo 3Ta IMNOTE3a BbI3bIBAET CMOPLI, TaK KaK aHaNOMMYHble
M3MeHeHUA HabNoAAITCA U Y MONOABIX NALMEHTOB, CTpasatowmx Al
[9, 10].

BapunabenbHocTb putma cepaua (BPC) — aTo KonnyecTseHHoe
M3MepeHne MUHUMAJIbHBIX M3MEHEHUI CEPAEYHOTO PUTMA, KOTOpOe
obecrneunBaeT perynaumio BeretaTuBHOM HepsHoM cuctembl (BHC) u
OTpasKaeT eé cnocobHOCTb pearMpoBaTb Ha CTPECCOPbI. ITOT MHAEKC
NpUoBpPEN M3BECTHOCTb CPeau PasNMYHbLIX MOKasaTenel 340pOoBbA
cepaua. MomMMo CnocoBHOCTM KOOpAMHMPOBATL PaboTy cumnaTu-
YecKoi M napacmMnaTUYeckon HepBHOM cuctembl, BPC TaksKe BbICTy-
NaeT MHAMKATOPOM APYrMX acneKToB, HENMOCPeACTBEHHO CBA3AHHbIX C
BEreTaTMBHOM QYHKUMEN, TaKUX KaK CNOCODHOCTb K caMoperynaumm,
a TaKXkKe Ncuxonoruyecknin u epusmonornyeckuin ctpecc [11, 12]. BPC
MOXXHO M3MepWUTb C MOMOLLBIO 3/1eKTpoKapanorpammbl (IKT) mam
24-4acoBOro MoHUTOpPUpPOBaHMA No Xontepy. MNocneaHue AocTuKe-
HMA B 0BNAcCTM TEXHOMOMMIW, TaKMe KaK MOOM/IbHbIE MPUAOXKEHMA,
YMHble 4acbl U Apyrve yCTPOMCTBa, MO3BOMAIT NPOBOAUTL MeHee
MHBA3WBHbIE U KOHPUAEHLMA/IbHbIE OLEHKM, HEe BAMAA NPU STOM Ha
TOYHOCTb Npoueaypbl [13].

OueHKa BPC urpaet KAH04EBYHO pO/ib B AWArHOCTUKE M MPOTHO-
31POBAHMM KaK Y NALMEHTOB C PA3/IMYHBIMM MATONOTVUAMM, BK/IHOYASA
3aboneBaHuMA cepaevyHO-CoCYANCTON, HEPBHOW, AbIXaTENbHOMN U 3HA0-
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er risk factors, directly contributes to a higher incidence of CVD
in older adults [2]. Retirement age, a socially defined milestone
marking old age, is linked to various changes in an individual's
life. These include shifts in social status and new opportunities for
personal development and self-realization [3]. However, during
this period, noticeable changes in a person's socioeconomic sta-
tus are observed, which can lead to deterioration in cardiovascu-
lar function and a general decline in health [4].

According to United Nations data, the population aged 60
and over is expected to grow by 1 billion by 2050. Estimates from
the Federal State Statistics Service (Rosstat) indicate that by 2031,
the number of people over working age in Russia is projected to
reach 42.7 million, representing 28.7% of the total population.
This increase is linked to rising life expectancy and improvements
in healthcare [5]. The updated 2019 report from the American
Heart Association indicated that the incidence of CVD among in-
dividuals aged 40 to 60 years was approximately 35-40%. In con-
trast, for patients aged 60 to 80 years, this figure increased to 75-
78%. Among those aged 80 or older, the incidence exceeded 85%
[6]. In the Republic of Tajikistan, statistical data on gerontology
are inconsistent due to the absence of specialized geriatric care
facilities in city and district health centers. However, we do not
rule out the possibility of an increased incidence of CVD among
elderly and senior individuals in the region.

The primary risk factors for developing CVD include arterial
hypertension (AHT), coronary artery disease (CAD), chronic heart
failure (CHF), diabetes mellitus, dyslipidemia, obesity, smoking,
and advanced age. These factors also significantly contribute to
the development and progression of atherosclerosis [7]. It is be-
lieved that AHT in older adults is linked to various vascular chang-
es that occur with physiological aging. These changes involve
both structural and functional alterations in the vascular walls,
which may contribute to elevated blood pressure [8]. However,
this hypothesis is controversial because similar changes are also
observed in young patients with AHT [9, 10].

Heart rate variability (HRV) is a quantitative measure of the
small changes in the time intervals between consecutive heart-
beats, reflecting the autonomic nervous system (ANS) activity
and its ability to adapt to challenges. It reflects the ANS's ability
to respond to stressors and has become an essential indicator of
heart health. HRV serves as a marker for a broad range of auto-
nomic functions and related physiological processes beyond sym-
pathetic and parasympathetic balance, self-regulation, and stress
[11,12]. Recent technological advances in mobile apps, smart-
watches, and other wearable devices enable less-invasive, more
convenient HRV assessments with accuracy comparable to tra-
ditional clinical methods such as electrocardiograms (ECGs) and
Holter monitors [13].

HRV assessment is crucial for diagnosing and predicting out-
comes in patients with various conditions, including cardiovascu-
lar, nervous, respiratory, and endocrine diseases. It is also relevant
for apparently healthy individuals, such as athletes. Typically, high
HRV values are observed in young, healthy individuals and athletes,
whereas moderately decreased HRV is common in patients with
organic heart disease complicated by ventricular arrhythmias. A
significant decrease in HRV is associated with several pathological
conditions and is a prognostic marker of increased mortality risk
[14, 15]. The lowest HRV values are found in individuals who have
experienced episodes of ventricular fibrillation [16].

HRV using time-domain, frequency-domain, and non-linear
measurements. In the time domain, HRV analysis uses statistical
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KPUHHOM CUCTEM, TaK M Y NPAKTUYECKM 340POBbIX JIOAEN, B TOM YmMC-
Nle CNopTCMeHOB. Bbicokme nokasatenn BPC 0bblyHO Habtopatotea y
MOOABIX 3L0POBbIX UL, U CMIOPTCMEHOB, CPEAHUE 3HAYEHUA XapaK-
TEPHbl AN NaLMEHTOB C OPraHUYECKMMM 3ab60NEBaHNAMM CepaLa,
TaKMMM KaK Kenyaoukosble aputmun (HKA). CHuxkeHmne BPC asnsetca
WMHAMKATOPOM MHOXKECTBa NAaTON0TMYECKMX COCTOAHMIA U CAYKUT NPO-
FHOCTMYECKMM MApPKEPOM MOBbLILEHHOTO PUCKa /IETANIbHOTO MCX04a
[14, 15]. HaumeHbluMe 3HaYeHna BPC pernctpupytotca y atogen, ne-
peHECLMX anm30abl GUBbPUANALMM KenyaoUKos [16].
Pacuét nokasarteneit BPC MoKeT 6biTb NPOM3BEAEH C MOMOLLbIO
JIMHENHbIX METOA0B, NMPW 3TOM UCMONL3YIOTCA 1BE KaTEropmm nokasa-
Tenen: BpemMeHHas v CnekTpasibHan. BpeMeHHON MHTepBas, Tako Kak
nHTepsansbl R-R (R-Ri), nepeBoguT KonebaHna NpPOLOMKUTENBHOCTU
CepAeUHOro LKA CO CTaTUCTUYECKMX 3HAYEHNI. CTaTUCTUYECKME WH-
[EKCbl BO BPEMEHHOM 06/1aCTV BK/IHOYAIOT:
e SDNN - ctaHgapTHOe oTKnoHeHue Bcex R-Ri;
e SDANN — ctaHAapTHOE OTKNOHEHME CpeaHUX HOPMasbHbIX
R-Ri Kaxable 5 muHyT;

e rMSSD — KBagpaTHbIi KOpeHb U3 CpefHero KeaapaTa pas-
NNYNIA MEXAY COCEAHUMM HOPMasbHbIMK R-Ri B MHTEpBa-
Nle BpemeHu;

e pNN50 - npoueHT R-Ri ¢ pasHuueln aamtenbHocTi >50 mc.

SDNN 1 SDANN oTpakatoT CMMNaTUYecKyto 1 napacumnaTmye-
CKYI0 aKTUBHOCTb, HO He MO3BONAIOT Pa3nyUTb, KOTAa M3MEHEHUA
BCP 06ycnoBneHbl NoBbILEHMEM CUMNATUYECKOrO TOHYCA UK CHU-
KeHVeMm ToHyca bnyaatoulero Hepsa. MHaekcbl rMSSD 1 pNN50 oT-
parkatoT NapacMMnaTMYEeCKyr akTUBHOCTb [17].

Ha cerogHALWHWM AeHb, C LENbI0 U3y4eHUA YPOBHA BAMAHMA BHC
Ha coctosiHue CCC, 4acTo UCNONL3YIOT MEeTOA, CNEKTPANbHOMO aHan3a
BPC [18], noKa3aTesM KOTOPOro BXOAAT B YMC/IO OCHOBHbIX Mapame-
TPOB, OTPAKAMOLLMX COCTOAHUE PErYAATOPHbLIX GYHKLMIA OpraHU3ma u
nrpatoLmx 6obLUIYI0 PONb B OLIEHKE NPOrHO3a, YTo obecneynsaeTcs
BO3MOMHOCTbIO LMdpoBoii 06paboTkn pesynstatoB KM [19]. Me-
TOAbl CMEKTPasbHOrO aHanunsa BPC nonyunnm oveHb WMPOKOe pac-
npocTpaHeHne B nocnegHue rogpl [20]. O6a3aTenbHbIM YCIOBUEM
ANA uccnenosaHnA napameTpos BPC y nauuneHTa ABNAETCA Haauune
CTabUNbHOTO CMHYCOBOrO PUTMA cepaLa. CnekTpanbHble Nokasatenu
BPC oTpasatoT CNeKTPbl CTALLMOHAPHbIX OTPE3KOB Ha KapAMOUHTEPBa-
NorpaMmax AMTeNbHOCTbO 5 MUHYT [21].

B pamkax cnektpanbHoro aHanu3a BPC ocywectsnaetca nsme-
pPeHMe HECKONbKMX K/OYEBbIX NMapameTpoB: OOLLEN CnekTpanbHou
MowHocT (TP, Mc?), MOLLHOCTM B AMana3oHax o4yeHb Huskux (VLF,
Mc?), HU3KMX (LF, mc?) 1 Bbicokux YacToT (HF, mc?), a Take COOTHO-
LIEHMA MENAY HU3KMMM U BbICOKMMM YacToTamu (LF/HF, B yC0BHbIX
eanHuuax). Ana HMBENMPOBAHWA MHAMBUAYAbHbLIX Pa3MuMit Npu-
MeHsieTcA npeobpa3oBaHne abCoONOTHBIX 3HAYEHWI B OTHOCUTENb-
Hble, BbIPaXKEHHbIE KaK NPOLEHT OT 06LLe CrneKTpaibHON MOLLLHOCTH
ANA Kaxaoro ananasoHa (VLF%, LF%, HF%, cooTeeTcTBeHHO) [22].

ITOT noaxos NO3BOANSAET BbIABUTH K/OUYEBbIE KonebaTesbHble
KoMnoHeHTbl BPC. KomnoHeHT BbicoKux yacToT (HF), nexaluuii B ana-
nasoHe o1 0,15 10 0,4 I, CBA3aH C ApIXaTebHON MOAYNALMEN 1 OTpa-
KaeT BAMAHME BNYKAAMOWEro HepBa Ha cepaue. KOMNOHEHT HU3KMX
yacToT (LF), oxBaTbiBatoLLmit YacToTbl oT 0,04 ao 0,15 lu, otobparkaeT
B3aMMOAENCTBME CMMNATUYECKOW M NapacMMMATUYECKON CUCTEM, C
[OMMHUPOBAHWEM CUMMNATUYECKON aKTUBHOCTU. OYeHb HU3KOYACTOT-
Hbl1 KomnoHeHT (VLF), no-Buanmomy, cBA3aH ¢ yHKLMOHMPOBAHMEM
PEHUH-aHIMOTEH3MH-aIbA0CTEPOHOBOM CUCTEMBI, MEXaHWU3MaMU Tep-
MOPErynaummn v nepudepruyecknm BasoMoTOPHbIM ToHycom [21]. Mpu
BblbOpEe NOAXOAALLETO MHAEKCA HEOOXOAMMO TLLATENbHO YYMTbIBATb
MPOZAOMKUTENBHOCTb 3aMUCU M Ka4eCcTBO AaHHbIX, YTOBbI HE NOBAWATD
Ha pe3ynbTathl [12].

and geometric methods applied to the series of normal-to-nor-
mal (NN) intervals (or R-R intervals, R-Ri) to quantify the variation
in the duration of the cardiac cycle. Standard time-domain met-
rics include:

e  SDNN: the standard deviation of all normal (NN, or
R-Ri) intervals;

e SDANN: standard deviation of the average nor-
mal-to-normal (NN, or R-Ri) intervals for each of the
sequential 5-minute segments during a 24-hour record-
ing;

e rMSSD: the root mean square of successive differences
(between adjacent normal r-r intervals);

e pNN5O0: the percentage of successive normal-to-nor-
mal (NN, or R-R) intervals that have an absolute dura-
tion difference greater than 50 milliseconds (ms).

While both SDNN and SDANN reflect overall sympathetic
and parasympathetic activity, they do not differentiate whether
changes in HRV are due to increased sympathetic tone or de-
creased vagal tone. Conversely, the rMSSD and pNN50 indices
specifically reflect parasympathetic activity [17].

Currently, spectral analysis of HRV is widely used to investi-
gate the ANS's effects on the [18]. Its indicators are key parame-
ters that reflect the state of the body's regulatory functions and
play a significant role in prognosis assessment, enabled by the
capability to process ECG results digitally [19]. Spectral analysis
methods for HRV have become increasingly popular in recent
years [20]. A stable sinus rhythm is necessary for the study of HRV
parameters in a patient. HRV spectral indicators are typically de-
rived from the power spectrum of stationary 5-minute segments
of tachograms (R-R interval time series) [21].

In the spectral analysis of HRV, several key parameters are
measured. These include total spectral power (TP, measured in
ms?) and the power in three specific frequency ranges: very low
frequency (VLF, ms?), low frequency (LF, ms?), and high frequency
(HF, ms2). Additionally, the ratio of low frequency to high frequen-
cy (LF/HF) is calculated, expressed in arbitrary units. To account
for individual differences, absolute values are converted to rela-
tive percentages of the total spectral power for each frequency
range, yielding VLF%, LF%, and HF% [22].

This approach enables us to identify the key oscillatory com-
ponents of HRV. The HF component of HRV is consistently defined
as the range 0.15-0.4 Hz. This component is widely accepted as
a reliable index of cardiac parasympathetic (vagal) nerve activi-
ty and is directly linked to respiratory modulation, a phenome-
non known as respiratory sinus arrhythmia. The LF component,
spanning 0.04 to 0.15 Hz, reflects a mixture of sympathetic and
parasympathetic (vagal) activity, with sympathetic activity pre-
dominating. Additionally, the VLF component is thought to be re-
lated to the renin-angiotensin-aldosterone system, thermoregu-
latory mechanisms, and peripheral vasomotor tone. [21]. Careful
consideration of recording duration and data quality is essential
when selecting an appropriate HRV index to ensure valid and re-
liable results [12].

Increased sympathetic activity is believed to contribute to
the development of ventricular arrhythmias (VA), while height-
ened parasympathetic tone has a protective effect. Chronic sym-
pathetic overactivity is strongly associated with reduced HRYV,
which contributes to myocardial hypertrophy, changes in cardiac
chamber size, myocardial dysfunction, the onset of VA, ultimate-
ly leading to a decline in overall cardiac function. Analytical data
suggest that a decrease in HRV can independently predict the risk
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YBe/MyeHne CMMNaTUYECKOM aKTUBHOCTU CYMTaeTCA GaKTOpOM,
CNocoBCTBYIOLWMM BO3HUKHOBEHUIO A, B TO Bpems Kak MOBbILIEH-
HbI MApPacMMNATUYECKUM TOHYC OKa3blBAeT 3alUMTHOE [AeicTBue.
B3aMmocBA3b Mexay CMMNATUYECKON aKTUBALMER U TaKUMM COCTOA-
HUAMM, KaK rMnepTpodus MUOKapAa, USMEHEHUA CepAeYHbIX Kamep,
¢GYHKUMOHaNbHble HapylWweHWA MWOKapAa, BO3HWKHOBeHWe A u
yXyOLWeHNe CepaeyHoN AeATeNbHOCTH, NPUBOAMT K CHUXKeHuo BPC.
AHanUTUYECKMe AaHHble YKa3bIBAOT Ha TO, YTO ymeHbluieHne BPC
MOXET CNYKUTb HE3aBUCUMbIM HaKTOPOM, NPeACKasbiBaloLLMM BO3-
MOXXHOCTb BO3HWKHOBEHWA OMACHbIX ANA XU3HW apUTMUI U cepaey-
HO-cocyAMCTbIX npoucwectauit [20]. LONONHUTENbHO BbISBAEHO, YTO
YKOpoueHue BpemMeHHbIX nokasateneit BPC, Takux Kak SDNN (cTaH-
[apTHOe OTK/IOHEeHMe BCeX MHTEPBA/ZIoB MEXy NocnefoBaTeNbHbIMU
CEPAEYHBIMM COKPALLEHUAMM), MOXKET CBUAETENBCTBOBATL O MOBbI-
LIEHHOM CUMNATUYECKOM aKTUBHOCTM U, COOTBETCTBEHHO, O NOBbILLEH-
HOM PUCKE KapayMOBaCKYAAPHbIX OCTIOXKHEHWI [23].

HeofHO3HaYHOE BAMAHWME IKONOTMYECKMX, KNMMATUYECKUX WU
CoLManbHbIX $paKTopoB Ha AeatenbHocTb CCC B 0fHMX Cyyasx cno-
coBCTBYET NPOrpeccMpoBaHMUIO MaTONOIMK, @ B APYIUX — MOXKET ObiTb
aKTMBATOPOM aAanTaLMOHHBIX MEXaHW3MOB [24]. B cBA3M ¢ 3TUM, aK-
TyaNbHO YAENATb BHUMaHMWe Apyrim GaKTopam PUCKa, KOTOpble MOTYT
6bITb CBA3aHbI C NPOLLECCOM CTapeHuA. MiccnenosaHue sTux GakTopos
MMEET BaXKHOe 3HayeHue ANA Nydliero NoHMmaHua natoreHesa CC3 u
pa3paboTky 3GPEKTUBHBIX CTPATETMI NPOPUNAKTUKM U NedeHns [25].
[na coBpemeHHOW MeAMLMHbI BaXKHbIM acNeKTOM ABNAETCA «3/1eK-
TPOMarHWTHbIN CMOT», KOTOPbI OKPYXKaeT BCE uBoe. MiccnepoBaHna
YY4EHbIX NO BOMPOCY OTPULLATE/NIbHOTO BAMAHMA 3/1EKTPOMArHUTHOrO
M3Ny4eHNA Ha OpraHM3M AOCTOBEPHO NOKa3an HeraTMBHOE BANAHME
PafmMoYacToT Ha reHepaLLMio UMNYbCOB B CepaLe v ro1I0BHOM Mo3re
[26].

Pag, vccnenoBaHWi, NpoBeAEHHbIX YYEHbIMKM TafsKMKMCTaHa,
MOKa3a/, uTo M3MeHeHUA nokasateneit BPC BO3HMKalOT 3a40Ar0 o
PasBUTMA CTaBUNBHOW KNMHUYECKOMN KapTUHbI MHOXKECTBA NaToNori
¥ 3aboneBaHwWit cepaLa, OcTaBaAA ANA NPAKTUYECKOW KapAvonorum
CBOEBPEMEHHOCTb NPObUNAKTUKMU U neveHus. MHeHus uccneposa-
Tenel CBOAATCA K €4MHOMY 3aK/HOUYEHMIO, YTO MapacMmnaThyeckasn
aKTMBaLMA C yBeNMYEHMEM BO3PacTa CHUXKAETCA M, 3a4acTylo, B He-
CKONbKO Pa3 B CPaBHEHWM C AMLL@MM MOAOAOro Bo3pacTa. AsTopa-
MU perucTpupyetca GakT, UTo Aaxe, eCM MUOKApL He pearnpyer ¢
0XXMAAEMOIN MHTEHCUBHOCTBIO B OTHOLIEHWUM YBEMYEHWUA YacTOTbl U1
CUJIbl CEPAEYHBIX COKPALLEHWIA, TO CUMNATUYECKas MOZYNALMA MOKET
ycunmsatbea. B cBoo ouepesb, 3TO HEKOTOPblE MPWUYMHbI, NO KOTO-
PbIM NOXKMU/bIE NOAM UMEIOT 6oee BbICOKMIA CepAEeYHO-COCYANUCTbIV
PUCK, MOCKOJIbKY U3MEHEHWs BeretaTMBHOro GanaHca MoryT MMeTb
cepbésHble NOCNeacTBuUA Ana 340poBbs [24-27]. TOCKONbKY YacToTa
cepaeyHbIX COKpALLEHN MOAYNNPYETCA CUMNATUYECKON M Napacum-
naTMyeckoi cuctemamm, BPC MOXKHO cunTaTb MapKEPOM aBTOHOMHO-
ro KOHTPONA cepAeyYHow aeatenbHocTu [28, 29].

Ucxoasa m3 uHdopmaLumu, npesocTaBneHHon LieHTpom no KoH-
Tponto 3abonesanuii CLUA 1 AmepuKaHCKOM accoupaumenn cepaua,
Takue GaKTopbl, KaK CTpecc, HeflocTaTouHasA dU3nYecKas akTUBHOCTb,
HecbanaHCMPOBAHHOE NUTAHWUE W KypeHWe, HapsAady C HaM4YMeM Xpo-
HUYECKMX 32601€BaHUIA Y NOXKMIbIX, 3HAUMTENBHO YBEIMUYMBAIOT PUCK
passutua Al v gpyrux CC3 [6]. BansHMe 3TUX paKTOpOB prCKa 3aBUCUT
OT BO3pacTa M reHeTUYecKoro Npoduas YenoBeKa, YTo AeNaeT HeKo-
TOpble KaTeropumn auL, ocobeHHo yassumbiMu K CC3 [30]. PassutHe
ocTpblx CC3, BK/OYAA OCTPbIN MHOAPKT MMOKApAa M MHCYALT, Yalle
BCEro MMeeT MeCTO y Noxuabix Atogen ¢ UBC Ha doHe Al v obycnos-
NNeHO MHOMECTBEHHbIMM daKTopamMm pucka [6, 31].

AT npepnctasifeT cobolt CoXKHYI0 NPobAeMy Kak ans Kapamo-
JIOTUK, TaK 1 41 COBPEMEHHOW MefuLMHbI B Lenom. OHa BbicTynaet
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of life-threatening arrhythmias and cardiovascular events [20].
Research indicates that reductions in temporal HRV indices, such
as SDNN, may indicate heightened sympathetic activity and an in-
creased risk of cardiovascular complications [23].

The influence of environmental, climatic, and social factors
on cardiovascular function can be ambiguous; sometimes con-
tributing to the progression of pathology, while in other cases
acting as activators of adaptive mechanisms [24]. It is crucial
to consider other risk factors associated with aging. Research-
ing these factors is essential for a better understanding of CVD
causes and for developing effective prevention and treatment
strategies [25]. Electromagnetic pollution, with potential harm-
ful health and environmental effects, is the subject of ongoing
scientific research. Thus, some studies have reliably shown that
electromagnetic radiation, particularly radio frequencies, can
negatively affect the body's functions. These effects include det-
rimental impacts on impulse generation in both the heart and
brain [26].

Numerous studies conducted in Tajikistan have demonstrat-
ed that changes in HRV parameters can occur well before the on-
set of established clinical presentation in various forms of CVD.
This finding highlights the importance of timely prevention and
treatment in cardiology practice. Researchers generally agree
that parasympathetic activation decreases with age, often by
several times compared to younger individuals. The authors ob-
served that sympathetic modulation can still increase even when
the myocardium does not respond with increased contraction
frequency or strength. This finding is one of the reasons older
adults face a higher cardiovascular risk, as alterations in the au-
tonomic balance can have profound health implications [24-27].
HRYV reflects the balance between the sympathetic and parasym-
pathetic branches of the ANS [28, 29].

According to data from the Centers for Disease Control and
Prevention (CDC) and the American Heart Association, factors
such as stress, physical inactivity, an unbalanced diet, and smok-
ing, along with the presence of chronic diseases in older adults,
significantly increase the risk of developing AHT and other CVD
[6]. The impact of these risk factors varies by age and genetic
profile, making certain groups more susceptible to CVD [30]. The
acute development of CVD, such as acute myocardial infarction
and stroke, primarily occurs in elderly individuals with CAD due to
AHT and is influenced by multiple risk factors [6, 31].

AHT is a complex issue for cardiology and modern medicine.
It serves as a significant risk factor and component for CVD and
its associated complications, and it can also occur as an isolated
disease [32]. A crucial pathophysiological feature of patients with
AHT is ANS dysfunction, a significant factor in its development
[33]. In older adults, a decrease in overall autonomic tone, with
a predominance of sympathetic tone, can worsen coronary blood
flow and may provoke arrhythmias [34].

Changes in HRV often reflect the progression of AHT. This
change is indicated by a reduction in the overall power of the
HRV spectrum and its key components. Specifically, there is an
increase in the VLF component and a decrease in both the LF and
HF values. The reduction in the LF component is significant and
may indicate an increased risk of cardiovascular events, especial-
ly in elderly individuals and patients with CHF [35, 36]. Numer-
ous scientific studies have confirmed a significant relationship
between various HRV parameters and both systolic and diastolic
blood pressure indicators, as well as the heart's functional state,
as assessed by ECG and echocardiography [37, 38].
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He TO/IbKO B PO OAHOIO U3 K/KOYEBbIX (GAKTOPOB pUCKa A1 pa3Bu-
TvA CC3 U CBA3AHHBIX C HUMU OCNOKHEHWI, HO U KaK He3aBUCMMOe
3abonesaHue [32]. BaxkHbIM NaToPU3MONOTMYECKMM acreKToMm Yy na-
umeHnToB ¢ Al asnaetca gucdyHkuma BHC, npusHaHHaA 3HauMMbiM
3/EMEHTOM B MEXaHW3Max pa3BUTUA AaHHoro 3abonesaHus [33]. Y
NOXWAbIX NoAel HabNOAAETCA CHUMXKEHME OOLLEro ypoBHA BereTa-
TUBHOIO TOHYCa C AOMWHUPOBAHUEM CHMMATUYECKOTO BO3AENCTBUA,
4TO CNOCOBCTBYET YXYALIEHWIO COCTOAHUA KOPOHAPHOTO KPOBOTOKA U
NPOBOLMPYET BOSHUKHOBEHMWE apuTMuiA [34].

M3meHeHna B8 BPC yacTo conyTcTBYIOT nporpeccupoBaHmio Arl.
ITO NPOABNAETCA B YMEHbLIEHUM 06LLeN MOLHOCTH cneKTpa BPC, a
TaKKe ero K4eBbiX KOMMNOHEHTOB, BKOYasA yBeNUYEHME A0NN KOM-
noHeHTa VLF 1 cHuxeHwue 3HayeHnit LF u HF. OcobeHHO 3HauMMo CHU-
KeHve nokasatens LF, KoTopoe MOKeT CNYXKUTb MHAMKATOPOM pHUCKa
BO3HWKHOBEHWA KapAMOBaCKYNAPHBIX CODbITUI Y NOKWUABIX Nt0LEN U Y
MaLMEHTOB C HaMUMEM CepAeYHO HegocTaTouHocTv [35, 36]. MHo-
rOYMCNEHHblE Hay4yHble PaboTbl MOATBEPNKAANT HajMuMe NPAMON
CBA3W MeXAy pasnuyHbiMy napametpamu BPC v nokasatenamu AL
(cMCTONMYECKUM M AMACTONMYECKUM), @ TaK¥Ke C OYHKLMOHaNbHbIM
COCTOIHMEM CepfLa, KoTopoe GUKCUMPYETCA MPU NOMOLLY SN1EKTPO- 1
axoKapauorpaduu [37, 38].

HapyweHue peatenbHoctv BHC ABAAeTcA oAHMM U3 BaKHew-
LUMX NATOGU3MONOTUYECKUX MEXAHU3MOB, OTMEYAEMBIX Y NALMEHTOB
¢ AT. Bonee TorO, cb0M B pabote BHC paccmaTpmBaloTca Kak OauH 13
BaKHbIX GaKTOPOB BO3HMKHOBeHWA Al [34]. CnegyeT OTMETUTb, YTO
y 60nbHbIx Al HabnogatoTCA BbipaXKkeHHble paccTpoiictea BHC u eé
AncbanaHc. 3Ty cBA3b 06bIYHO 0OBACHAT NpeobnagaHMem cumna-
TWYECKOW aKTMBHOCTM Haf MapacMMNaTM4ecKoM, 4To npeapacnona-
raeT K BOSHMKHOBEHUIO YIPOMKAKOLLMX XKMU3HK apuTmuia [19, 39]. Mpu
HapyLIeHNUAX perynatopHor GyHKummn BHC B oTHOWeEHWUWN cepaeyHoi
[eATeNnbHOCTU U U3MEHEHUM aBTOMATUUYECKMX KNETOK OCHOBHOIO Npo-
M3BOAMTENA PUTMA OTMeYaeTca cHukeHue BPC [17]. Mpu ycuneHun
aKTUBHOCTU GYHKLIMOHUPOBAHMA cMMmnaThyeckoro otaena BHC v npu
paccTpoiicteax 6apopedneKTOPHbIX BAWAHUI Ha CEpAEUHYIO AeATeNb-
HOCTb BO3pacTaeT pUCK pa3suTuA Al, KOTopas, B CBOKO oyepesb, Npu-
BOAMT K T1NepTpodUUECcKMM U3MEHEHUAM SIEBOTO KeNYA0UKa U yCyry-
61eHMI0 NoYeyHol HegocTaTouHocTy [40]. Mpu aTom, Npu oueHKe BPC
HEpPeAKO BCTPEYAOTCA NPOTUBOPEUMBbIE AaHHble [41].

CokpateHune BPC paccmatpuBaeTca Kak MHAMKATOP, NpeacKa-
3bIBaOLLMI HE TONIbKO BO3MOMKHOCTb Pa3BuTuA All, HO U KapAMOBacKy-
NAPHblE, 3 TaK¥Ke noyeyHble ocnoxHenus [37]. UccneposaHne BPC
N03BONAET C BbICOKOW CTENEeHbI0 TOYHOCTU NPOrHO3MPOBaTb PUCK BO3-
HUKHOBEHMA Al y 340POBbIX MHAMBUAOB M BEPOATHOCTb NOABAEHUA
OC/IOXKHEHWI y y3Ke 60/1bHbIX AT [42]. B npoBeAEHHbIX MCCNen0BaHUAX
yCcTaHoBNeH GaKT CyLLeCcTBOBAHWUA B3aMMOCBA3N MEXKY BCEBO3MOMN-
HbIMW NOKa3aTtenamu BPC, cMcTonnyeckum 1 AnactoMyeckum Kposs-
HbIM AaBNEHMEM, a TaKKe AeATeNbHOCTbIO cepaua [37, 43].

MHOKeCTBO UcCnea0BaHMM noceaALLeHo aHanusy BPC npu AT, Ho
GONBLUMHCTBO M3 HUX OCTaBAAET B CTOPOHE BOMPOCHI MPAKTUYECKOM
3HAYMMOCTM 3TOr0 MeToAa. KtoueBbiM acnekToM ABAAETCA U3yueHne
BO3MOMHOCTEN MCNONb30BaHMA BPC AN OUEHKM CTENEHU TAMKECTU
3aboneBaHus U BblboOpa afeKBaTHOW TMNOTEH3UBHOW Tepanuu. Ogf-
HaKo, NpaKTUYecKoe NpUMeHeHWe meToaa oueHkM BPC y nauueHTos
¢ Al ewé HepoCTaTOMHO M3yyeHo. M3meHeHna B nokasatenax BPC y
naumeHToB ¢ Al MOTyT 3HAaYUTENBHO YBEAUYUTD BEPOATHOCTb BO3HUK-
HOBEHUA KapAMOBACKYAAPHbLIX OC/IOXKHEHWI, 0COBEHHO MO3rOBOrO
MHCYNbTa M MHbapKTa MUOKapaa. 3T 3aboneBaHUs eXerogHo Cra-
HOBATCA NPUYMHON CMEPTU NPUMEPHO 12 MUNNMOHOB YeNoBEK MO
BCEMY MMPY, NOAYEPKUBAA KPUTUUECKYHO BaXKHOCTb NPUMEHEHUA Me-
[VNKaMEHTOB, PETYINPYIOLLIMX CUMNATUYECKYH0 aKTUBHOCTb BEreTaTue-
HOI HepBHOM cucTeMbI. TakMM 0b6pa3om, 3GGEKTUBHOCTL eueHus Al

ANS dysfunction is a significant pathophysiological mecha-
nism observed in patients with AHT. Additionally, disruptions in
the ANS's functioning are recognized as key factors in the devel-
opment of AHT [34]. Patients with AHT often experience signifi-
cant ANS abnormalities. This phenomenon is typically attributed
to the dominance of sympathetic activity over parasympathetic,
which increases the risk of life-threatening arrhythmias [19, 39].
Disturbances in the ANS regulatory function, combined with
changes in the intrinsic automatic cells of the main pacemaker
(sinoatrial node lead to a decrease in HRV [17]. Sympathetic over-
activity and baroreflex dysfunction can elevate the risk of devel-
oping AHT. This AHT, in turn, can lead to hypertrophic changes in
the left ventricle and contribute to worsening renal failure [40].
However, when evaluating HRV, it is common to encounter con-
flicting data [41].

A decrease in HRV is considered an indicator of potential
risk for AHT and cardiovascular and renal complications [37].
Research on HRV provides accurate predictions of AHT risk in
healthy individuals and of possible complications in those already
diagnosed with AHT [42]. Research has identified links among
HRV indicators, systolic and diastolic blood pressure, and cardiac
activity [37, 43].

Numerous studies have focused on HRV analysis in AHT;
however, many overlook its practical significance. A crucial aspect
to explore is the potential of using HRV to assess disease severity
and select appropriate antihypertensive therapy. Unfortunately,
the practical application of HRV assessment in patients with AHT
has not been adequately studied. Changes in HRV parameters
among patients with AHT can significantly increase the risk of
cardiovascular complications, particularly stroke and myocardial
infarction. These conditions are responsible for approximately 12
million deaths worldwide each year, underscoring the critical im-
portance of using medications that regulate the ANS sympathetic
activity. Therefore, the effectiveness of AHT treatment directly
impacts both the quality and longevity [44].

Changes in the heart muscle after a myocardial infarction
can significantly disrupt the ANS's functioning [45]. Clinical ob-
servations show a significant decrease in parasympathetic activity
during the initial weeks following a myocardial infarction [25].

CHF, which tends to worsen with age in individuals with
CVD, is becoming an increasingly significant public health issue
globally. In addition to AHT, CAD is a key contributor to the de-
velopment of CHF. The leading cause of death among patients
with CHF is VA [46]. The mechanism underlying CHF develop-
ment in relation to AHT is complex. Therefore, developing and
implementing new methods to assess myocardial function may
enhance early diagnosis and prevention of both systolic and dia-
stolic cardiac dysfunction associated with AHT.

In patients with CHF, a decrease in HRV has been associated
with a twelvefold increase in the risk of adverse outcomes [47].
Research indicates that reduced HRV is a significant independent
predictor of mortality in patients with CHF [48]. Analysis of HRV
(specifically the ratio between LF ("slow rhythms") and HF ("fast
rhythms") components suggests that patients with potentially
dangerous arrhythmias exhibit increased sympathetic and de-
creased parasympathetic activity [49].

In one of our studies, we found a significant decrease in LF
power in the HRV spectrum at rest in patients with CAD. The LF
component is commonly interpreted as a marker of sympathetic
activity [27]. The results of this study are consistent with previ-
ous research indicating that during acute cardiac events leading
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HanpPsMYIO BAUSET Ha KaYeCTBO M NPOAOMKUTENBHOCTb KU3HU Ntoaen
[44].

OpraH1yeckne U3SMEHEHMUA B CEPAEYHOM MbILULLE, OCOBEHHO MO-
cne nHbapKTa MUOKapAa, NPUBOAAT K 3HAUYUTENbHBIM HAPYLLEHWAM B
OdYHKUMOHMpoBaHWUKM BHC [45]. KnuHuyeckne HabnogeHMn yKasbiBa-
IOT Ha 3HAYMTENbHOE CHUMKEHME MapPacMMMATUYECKOW aKTUMBHOCTU B
nepsble Heaenu nocne MHbapKTa M1MoKapaa [25].

XpoHu4ecKas cepaeyHas HegocTaTouHocTb (XCH), KoTopan ycu-
/MBAETCA C BO3PACTOM MALMEHTOB, CTPAZAIOLWMX OT KapauanbHbIX
3ab0/1eBaHMIA, CTaHOBUTCA BCE 6osiee ocTpoi Npobnemoit 34paBoOX-
paHeHus B mmpoBom maclutabe. Hapsgy c AT, MBC BbiCTynaeT Bax-
Helwum dakTopom, crnocobeTsytowmm passutmio XCH. OcHOBHO
NPUYMHOWM CMEPTHOCTU cpeamn 6onbHbIX XCH apnsatotca XA [46]. Tak
KaK MexaHu3m pa3BuTusa XCH B KoHTEKCTe Al MOXKET 6bITb 3HaYUTENb-
HO C/I0XKHee, pa3paboTKa U BHeAPEHWE HOBbIX METOAMK OLEHKM QYHK-
LIMOHANbHOTO COCTOAHMA MMOKapZa OOeLaloT yayylwuTb PaHHIoW
[AMarHoCTUKY M NPOPUNAKTUKY KaK CUCTOSIMYECKOM, TaK U gpuactonmnye-
CKOWV AMCOYHKLMI cepala, CBA3aHHBIX C Al

Y naupeHTos ¢ XCH cHuxkeHune BPC cBA3aHO ¢ AgeHaaLaTUKpaT-
HbIM YBE/IMYEHWEM PUCKa HebnaronpuaTHoro ucxoga [47]. Uccneno-
BaHMA NOATBEPNKAAIOT, UTO yMmeHbLUeHne BPC cay»KuT HesaBMCUmbIM
NPeaUKTOPOM IeTaNbHOMO Mcxoda y 60/bHbix ¢ XCH [48]. AHanus
COOTHOLLEHMI BbICTPbIX U MEAJIEHHbIX PUTMOB MOKa3bIBAET, YTO Y
NaUMEeHTOB C MOTEHLMANbHO ONACHbIMK apUTMUAMM HabntoaaeTcs
NOBbILEHNE CUMMNATUYECKOM M CHUMKEHME NapacMMNATUYECKON ak-
TMBHOCTYM [49].

B oaHOW M3 Halwmx paboT Hanbosee 3HaYMMOE CHUKEHNE MOLLL-
HOCTU y 6onbHbIX MBC B MOKOE OTMEYaNocb B HWU3KOYAcTOTHOM (LF)
obnactu cnektpa BPC, oTpakatowen, Kak NPUHATO CYMTaTb, aKTUB-
HOCTb LIEHTPA/IbHbIX OTAEN0B M CUMMATUYECKOTO 3BEHA LLeHTPaNbHOW
HepBHOM cucTembl [27]. ITU pesynbTaTbl HE NPOTUBOPEYAT APYrUM
UCCNef0BaHMAM, Fae NoKasaHo, YTo y 60abHbIx MBC coaeprkaHue me-
[MaTOPOB B aApPEHEepPrnyeckmx CniaeTeHUaxX cepaua npu BHE3anHom
cepaeyHol cmeptu B 3-4 pasa HUXKe, Yem B Hopme. PocT cooTHOLLe-
Hua LF/HF n cHnxeHue nokasatens HF% y naumeHToB ¢ XCH I-Il ®K
0TMeYanucb HesasucMmo ot atnonorum XCH (AT, MBC) [50].

Kpome Toro, y 60nbHbIX UBC 1 XCH | ®K Habntoganoch cHuKe-
HUe [0/ BbICOKOYACTOTHOrO KoMmnoHeHTa (HF) ¢ KomMneHcaTopHbIM
NOBbILUEHMEM WMHAEKCA BarocMmnaTtudeckoro s3ammopeictsua (LF/
HF) 1 yBennyeHnem BKAaja o4eHb HU3KOYACTOTHbIX KonebaHmii (VLF)
B 06LLel MOLHOCTU cnekTpa. MofgobHbIX M3MEHEHMI Y NALMEHTOB
Cc AT He 6bIn10 BblfBAEHO. Ha Haw B3rNAA, 3TM M3MEHEHMA BbI3BaHbI
OTPULLATENbHBIM BAMSHMEM MLlemnmn Ha BPC. B ogHow 13 pabot bbinn
no/yyeHbl Nog06HbIe pesynbTaThl, Korga BPC oueHMBanach B 4gyx co-
NOCTaBUMbIX MO KANHUKO-AEeMOrpaduUUEcKMM XapaKTepUCTUKam rpyn-
nax naupeHToB ¢ XCH nMwemnyecKkom 1 HEUWEMMUYECKON STUONOTUM.
nokasatenu BPC B rpynne nNauMeHTOB C MLLUEMWUYECKOW 3TMONOrnen
XCH Takxe 6blan HUsKe, yem y naupeHTos ¢ XCH Henwwemmyeckoii aTu-
onoruu [51].

Mccneposanmne BPC B 4acTOTHbIX gnanasoHax y amu, ¢ XCH noka-
3blBaeT, 4To 1x BPC ymeHbLUAeTCA B CPaBHEHMM C NOKa3aTeNAMM 340p0-
BbIX NtoAel. 3To ymeHblieHne BPC cTaHOBMTCA 0COBEHHO 3aMeTHbIM
npu aHannse AaHHbIX, MOAYYEHHbIX B Pe3y/ibTaTe CyTOYHOrO MOHUTO-
puHra no metoay Xontepa. MpoBesféHHbIE aHaNM3bl NOATBEPKAAOT
cHukeHne BPC y naumeHTos ¢ XCH, He3aBucumo oT npucytcteuna KA
[52]. CornacHo 1ccneaoBaHUAM NOCNEAHMX IET, MHOXKECTBO acrNeKToB
MMEET CMOpPHbIE U NPOTUBOPEUMBLIE MHEHMA. 10 HalleMy MHEHWIO,
Y BCEX aBTOPOB MOMYYEH CXOXMI pPe3ynbTaT KacaTelibHO PocTa A0AM
VLF-KOMNOHeHTa B 06Leit MOLHOCTM cnekTpa. B JaHHOM acnekTe
pasHoriacus HeobXxo4MMO YKa3aTb, YTO YacTb aBTOPOB NPOBOAMT WUC-
CNefoBaHMA BO BPEMEHHOM acneKTe CYTOYHOro HabnoaeHus, Toraa
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to sudden cardiac death, levels of sympathetic nervous system
mediators in the heart's adrenergic plexuses are significantly
lower — sometimes 3 to 4 times below normal — compared with
non-ischemic hearts. Additionally, changes in HRV parameters,
such as increased LF/HF ratio and decreased HF percentage, were
observed in patients with Class | and Il CHF, regardless of whether
AHT or CAD caused the CHF [50].

In patients with CAD and Class | CHF, a decrease in the HF
component was observed, accompanied by a compensatory in-
crease in the LF/HF ratio, reflecting sympathovagal balance, and
an increase in the contribution of VLF to the total spectrum pow-
er. These changes were not found in patients with AHT. We be-
lieve these alterations are due to ischemia's negative impact on
HRV. A study reported similar findings when HRV was evaluated
in two groups of patients with CHF: one with ischemic etiology
and the other with non-ischemic etiology, both of which were
comparable in terms of clinical and demographic characteristics.
The HRV indices in the group with ischemic CHF were also lower
than those in the group with non-ischemic CHF [51].

The study of HRV across frequency bands in individuals
with CHF shows a noticeable decrease in HRV compared with
healthy individuals. This reduction in HRV becomes particular-
ly evident when analyzing data collected via 24-hour Holter
monitoring. The analyses confirm that patients with CHF exhibit
decreased HRV, regardless of the presence of VA [52]. Recent
studies reveal that many aspects of this topic generate contro-
versial and contradictory opinions. However, we believe that
all researchers observe a similar trend regarding the increase
of the VLF component in the total power spectrum. A notable
source of disagreement arises from the differing methodologies
employed by various authors: some conduct 24-hour studies,
while others focus only on the morning hours. From a physio-
logical perspective, the increase in both LF and HF power com-
ponents observed in the morning is exciting. This phenomenon
may indicate a simultaneous rise in both sympathetic and para-
sympathetic influences on the heart, suggesting a heightened
tension in regulatory mechanisms during early morning hours,
even while sleeping. Additionally, it is essential to acknowledge
that individual characteristics — such as gender, age, and mental
health status — significantly contribute to wide variations, even
among individuals within the same age group. Other research-
ers support this viewpoint [12, 21, 29].

The studies analyzed confirm the importance of HRV in as-
sessing CVD risk. However, they also identify limitations: limited
sample sizes, short-term observations, inconsistent HRV mea-
surement standards, and conflicting data on LF/HF.

Research indicates differences in HRV spectral analysis pa-
rameters in patients with CAD, underscoring the need for further
study [27, 50].

The impact of climatic and geographical factors, high alti-
tude, and electromagnetic radiation on HRV parameters in the
elderly warrants special attention. We believe these factors sig-
nificantly increase strain on the ANS and may be underestimated
in the current literature. This issue requires dedicated research,
particularly in regions with extreme conditions.

Unresolved issues and contradictions. The literature reveals
several inconsistencies, including varying interpretations of LF/HF
indices, insufficient data on HRV in the elderly at high altitudes,
and inconsistent results between time-domain and spectral anal-
yses for various forms of CVD. Addressing these issues requires
standardizing methods and conducting multicenter studies.



BLoboes @/ c consm. BaprabeabHOCTh pUTMa cepalia

BECTHMK ABUMILIEHHEI
Tom 27 * No 4 * 2025

KaK y Apyrvx aBTOpOB UCCAEA0BaHNUA PETUCTPUPYIOT TOIbKO YTPEHHME
yacbl. C $Y3M0NOrNUECKON TOUKM 3pPEHUA UHTEPECHBIM OCTAETCA TaKOM
baKT nogbEMA HU3KO- U BbICOKOYACTOTHOTO KOMMOHEHTOB MOLLHOCTH
B YTPeHHWe Yacbl. Takoe COCTOAHME Mbl MOXEM WHTEpPnpeTMpoBaTb
KaK OAHOBpPEMEHHOEe YBeAWYeHWe M CMMNATUYECKMX M Mapacumna-
TUYECKUX BAUAHUIA Ha cepaue. 3To 06CTOATENBCTBO MOKHO pacLie-
HMBATb KaK COCTOAAHME MOBbILEHHON HANPAXKEHHOCTU PErYNATOPHBIX
MexaHW3MOB, B AAHHOM CAyyae B paHHWE npeayTpeHHWe Yacbl, BO
Bpemsa cHa. Kpome TOro, Hago OTMETUTL BaXKHOCTb BAMAHUA UHAMNBU-
ZyanbHbIX 0COBEHHOCTeW, Nosia, BO3pacTa, HEPBHO-3MOLIMOHAIbHOTO
COCTOfIHUA, YTO NPUBOAMT K BonbluMM pasbpocam faxe B npegenax
OTAeNbHbIX BO3paCcTHbIX rpynn. [laHHOe NonoXeHne noaaepxunsaeTca
1 gpyrumu astopamm [12, 21, 29].

MpoaHann3npoBaHHble PaboTbl NOATBEPIKAAIOT LLEHHOCTL BPC B
oueHKke pucka CC3, oAHaKO BbIABAEHbI U CNabble CTOPOHbI: OrpaHu-
YeHHble BbIGOPKM; KPaTKOCPOUHble HabAtOAEHMUA; OTCYTCTBUE €AMHDBIX
CTaHgapToB n3mepeHus BPC; npotnsopeumsble gaHHble no LF/HF.

HekoTopble uccnenosanusa [27, 50] 4eMOHCTPUPYIOT pasHULy B
noKasaTenax cnekTpanbHoro aHanmsa BPC npu UBC, uyto nog4épkumsa-
€T He06X0AMMOCTb A3/IbHEMLLMX U3bICKAHWN.

0Ocob0ro BHMUMaHWUA 3ac/yKMUBaeT BAUAHWE KaumaToreorpadu-
yeckux GaKTOpPOB, BbICOKOrOPbSA, INEKTPOMArHUTHBIX U3NYYEHWI Ha
nokasatenu BPC y noxunbix. Mo Hawemy MHEHWIO, AaHHble GaKTopbI
CYLLLECTBEHHO NOBBILIAKOT Harpy3ky Ha BHC 1 moryT 6biTb HeaooLEeHe-
Hbl B COBPEMEHHOW uTepatype. 3To TpebyeT OTAENbHOrO Hanpaene-
HWA B UCCNEA0BAHMAX ANA PETMOHOB C IKCTPEMANbHBIMU YCAOBUAMM.

HepelwéHHble BOMpPOCHI U MpoTUBOpeuna. BbiasneHbl cnegy-
folMe NPoTMBOPEYUA B NUTepaType: pasHaa MHTepnpeTauma noka-
3atenei LF/HF; HemocTaToK AaHHbIX Mo BPC y NOMWAbIX B YCAOBUAX
BbICOKOrOpbA; HECOMNACOBAaHHOCTb Pe3y/IbTaTOB BPEMEHHbIX U CrekK-
TpasbHbIX aHaNM30B NPM pasHbix CC3. 3TK Bonpockl TpebytoT cTaHaap-
TW3aLMKN METOAMK U MHOTOLIEHTPOBbIX UCCIEA0BAHUIA.

MepcnekTuBbl AaNbHEWLINX UCCNefoBaHUIA: pa3paboTka peru-
OHaNbHbIX Nporpamm npodunaktmkm CC3 ¢ NpUMeHeHNeM MOHUTO-
puHra BPC; nsyyeHune snnaHua BPC Ha apyrue opraHbl U CUCTEMbI B
YCNOBUAX CTapeHua; uccnefosaHne afanTalMoOHHbIX MEXaHU3MOB Y
NOXMbIX NHOLEN B BbICOKOTOPHbIX PErMOHaX.

3AKNIOYEHUE

Ananun3 BPC asnaeTca nepcrneKkTMBHbIM METOAOM NPOrHO3MPO-
BaHWA CEpPAEYHO-COCYAMUCTbIX PUCKOB Y MOXKMAbIX Ntogel. BoiasneH-
Hble Hay4Hble Npobenbl 1 MPOTUBOPEUNA CBUAETENLCTBYIOT O HEOb-
XOAMMOCTU YrNyBNEHHBIX UCCNEA0BAHMI C NPUMEHEHUEM eAMHbIX
CTaHZAPTOB OLEHKM M Y4ETa permoHanbHbix dakTopos. Pa3sutue re-
POHTONIOrMYECKOM CyKObI U BHEAPEHME MOHUTOPUHIa BPC no3sonaT
NOBbICUTb 3PGEKTUBHOCTb NPODUNAKTUKM KU3HEYTPOKAIOLLMX COCTO-
AHWUI U CHU3UTb CMepPTHOCTb oT CC3 B pecnybnnke.

Prospects for further research. Development of regional
programs to prevent CVD through HRV monitoring; investigation
of HRV's impact on other organs and systems in relation to aging;
examination of adaptive mechanisms in elderly individuals resid-
ing in high-altitude areas.

CONCLUSION

HRV analysis is a promising method for predicting cardio-
vascular risks in older adults. The identified scientific gaps and
contradictions emphasize the need for more comprehensive re-
search that employs consistent assessment standards and con-
siders regional factors. Developing gerontological services and
implementing HRV monitoring could enhance the effectiveness of
preventing life-threatening conditions and reduce CVD mortality
in the region.
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