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BIJHOCHA JOBXKHWNHA TEJIOMEP JIM®OIIUTIB
NEPUO®EPUYHOI KPOBI TA CTPYKTYPHO-®YHKIIOHAJIBHUM
CTAH MIOKAPIA JIBOT'O HIVTYHOYKA CEPLIA B YHACHUKIB
JIKBIJALIIL HACJIJIKIB YOPHOBUJIbCbKOI ABAPII 31
CTEHO3YIOUUM ATEPOCKJIEPO30M KOPOHAPHUX APTEPIN

MeTa pocnifKeHHs: NpoBecTU aHani3 BigHOCHOT foBxuHKU Tenomep (BAT) nimdoumntie nepudepuyHoi kposi B yyac-
HUKiB NnikBipauii Hacnigkis aBapii (YIHA) Ha YopHobunbcbkinn AEC (YAEC) 3i cTeHO3yt04MM aTepPOCKIEPO30M KOpO-
HapHWX apTepiii 3aNeXHOo Bif, CTPYKTYPHO-(DYHKLiIOHANBHOMO CTaHy Miokappa.
Marepianu Ta metoam. B gocnigxerHi obctexeri 60 Y/THA Ha YAEC 1986 poky i 25 HeonpomiHeHWX 0Ci6 (KOHTPOb-
Ha rpyna — KI') yonosivoi crati 3 IXC. Bci YJIHA Ta nauientu KI' go aBapii 6ynu npakTuyHo 3goposumu. 3a nepiog
2016-2021 pp. BOHM NpOWIIAK KOMMIEKCHE KNiHiKo-nabopaTopHe 0OCTEXeHHs, exofonniaepkapaiorpadiyHe
AOCNiaXKeHHs i BU3HayeHHs BAT meTogom thiyopecueHTHOT ribpuamnsalii in situ 3a gonomoroto nasepHoi NpoToYHOT
uuTOMeTpii.
Pe3ynbTatu. 3a CBOEI KNIHIYHOK XapaKTEPUCTUKO, HASBHICTIO PAKTOPiB pU3MKY, NOKA3HMKAMM CUCTONIYHOT i giac-
TONiIYHOT (yHKUiA cepus, a Takox 3a BAT YJIHA npaktuuHo He BigpisHsanuca Big KI. MpoBeaeHunit gucnepcinHuii
aHani3 nokasas, Wwo Ha BAT BnanBas dakT onpoMiHeHHsA B NOEAHAHHT 3 0XMPiHHAM (p=0,020). Mpn HopmManbHiin Maci
Tina cepenHe 3HavenHs BAT B KI 6yno goctoBipHo Buiwmm, Hix B YIIHA (p = 0,023). 3a pe3ynstatamu iepapxiuHoro
KNacTepHoro aHanisy ABox 3MiHHuMx — BT Ta iHaekcy KiHueBo-giactoniyHoro 06’emy, YITHA i nauientu KI 6ynu pos-
noginexi Ha ai migrpynu. Mepwa nigrpyna (1-i knactep) Bigpi3HaAnacs Big Apyroi (2-i knactep) BiporigHo GinbwmmMu
CEepefHiMU MOKa3HWKaMM KiHLeBO-giacToniyHoro o6’emy i KiHueBo-cucToniyHoro o6’emy nigoro wayHouka (JIW) Ta
ixHix iHpekciB, macu miokapga JILW Ta ioro iHAeKcy, 3HMKeHo dpakuicio Bukuay (PB). Y nauieHTis 1-ro knactepy
Tenomepw 6ynu BiporigHo KopoTwi, Hix y 2-ro (10,0 + 1,7 npoTn 14,3 + 2,0 npu p=0,000). 36inbweHHs Macu Miokap-
na i ToBumHK cTiHok JIW obymoBnoBano po3BuToK ioro rineptpodii. Yncno ocib 3 rineptpodieto JIL 6yno goc-
TOBipHO BuLLEe cepef nauieHTiB 1-ro knactepy (91,6 % npotu 67,2 %, p < 0,001) 3a paxyHOK €KCLEHTPUYHOT rinepT-
podii JIL. BignosigHo cepep nauieHTiB 2-ro KnacTepy yacTiwe 3ycTpivyanacb KOHUEHTpUyYHa rineptpodia JIW (24,6 %
npoTn 4,2 % npu p < 0,01). [ins nauieHTiB 1-ro knactepy 6yB XxapakTepHuil Ginbl TAXKMIA nepebir cepueBoi Hegoc-
TaTHOCTI.
BUCHOBKM. Y XBOpUX Ha ileMiyHy XBOPOOY cepus 3i CTEHO3Y0UYNM aTePOCKIEPO30M KOPOHAPHUX apTepilt, fKi 3a3Ha-
nn onpomiHeHHs 30—35 poKiB TOMy, 3 HOPMaJbHOK MACOI0 Tina CNOCTEPiIranoCh CKOPOUYeHHs Tenomep. IepapxiuHuii
KNnacTepHWi aHani3 nokasae cebe rapHUM iHCTPYMEHTOM, L0 [LO3BOJISIE CEPEf, XBOPUX 3 OAHAKOBO MATO/ONi€l0 3a NO-
kasHukamu B[T Ta iHAeKcy KiHUeBO-fAiacToniyHoOro o6’eMy BifOKPEMUTU Tpyny NaUieHTIB 3 HANOINbLW TAXKKUM
KNiHiYHUM nepebirom iweMmiyHoT xBOpoOU cepus i nopyweHHamM cucToniyHoi dyHkuii JILL.
KntouoBi cnoBa: yyacHuku nikBigauii Hacnigkis aBapii Ha YopHoOunbcebkiin AEC, papialiHuii BNauB, iweMiyHa XBo-
poba cepus, CTEHO3yl0uMil aTepoCKIepo3 KOPOHAPHUX apTepiit, iHhapKT MioKapaa, BiAHOCHA LOBXWHA Tenomep,
KiHLeBO-AiacToNiyHUit 06'eM.
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RELATIVE TELOMERE LENGTH OF PERIPHERAL BLOOD
LYMPHOCYTES AND STRUCTURAL AND FUNCTIONAL STATE OF
THE LEFT VENTRICLE MYOCARDIUM IN CLEAN-UP WORKERS
OF THE CHORNOBYL ACCIDENT WHO SUFFERED FROM
STENOTIC CORONARY ATHEROSCLEROSIS

The objective was to analyze the relative telomere length (RTL) of peripheral blood lymphocytes depending on
myocardium structural and functional state in emergency workers (EW) of the Chornobyl accident who suffered from
coronary arteries stenotic atherosclerosis.
Materials and methods. There were examined 60 male EW who operated at the Chornobyl nuclear power plant at
1986 and 25 male non-irradiated persons (control group — CG) with coronary heart disease (CHD). Everyone EW and
CG patients were almost healthy before the accident. During the period 2016-2021, they underwent a comprehen-
sive clinical and laboratory examination, echodopplercardiographic examination and determination of RTL by fluo-
rescent hybridization in situ using laser flow cytometry.
Results. EW almost did not differ from CG according to its clinical characteristics, the presence of risk factors,
indices of systolic and diastolic heart functions, as well as RTL. The analysis of variance showed that RTL was influ-
enced by the fact of irradiation in combination with obesity (p=0.020). At normal body weight, RTL average value
in CG was significantly higher than in EW (p=0.023). According to the results of hierarchical cluster analysis of two
variables as RTL and end-diastolic volume normalized by body surface area (EDV/BSA), EW and CG patients togeth-
er were divided into two subgroups. The first subgroup (1% cluster) differed from the second (2™ cluster) by signi-
ficantly larger average values of left ventricle (LV) EDV and end-systolic volume (ESV) as well as EDV/BSA and
ESV/BSA, LV myocardial mass (MM) and MM/BSA, reduced ejection fraction (EF). In patients of the 1* cluster telom-
eres were significantly shorter than in the 2" one (10,3 + 1.7 vs. 14.3 + 2.0 at p=0.000). The increase of myocar-
dial mass and LV wall thickness caused the development of its hypertrophy. The number of people with hypertrophy
LV was significantly higher among patients of the 1* cluster (91.6 vs. 67.2 %, p < 0.001) due to eccentric hypertro-
phy LV. Accordingly, concentric hypertrophy LV was more common among patients in the 2™ cluster (24.6 vs. 4.2 %
at p<0.01). Patients of the 1% cluster was characterized by a more severe course of heart failure.
Conclusions. In patients who suffered from CHD with stenotic atherosclerosis of the coronary arteries and were
exposed to radiation 30—35 years earlier, having normal body weight, there was a reduction in telomere. Hierarchical
cluster analysis proved to be a good tool that allows by the value of RTL and EDV/BSA to separate the group of
patients with the most severe clinical course of CHD and LV systolic dysfunction among patients with the same
pathology.
Key words: emergency workers of the accident at the Chornobyl NPP, radiation exposure, coronary heart disease,
stenotic atherosclerosis of the coronary arteries, myocardial infarction, relative telomere length, end-diastolic volume.
Problems of Radiation Medicine and Radiobiology. 2021,26:319-338. doi: 10.33145/2304-8336-2021-26-319-338

BCTVYII INTRODUCTION

OaHUM 3 MPOBiTHUX (haKTOPiB pU3UKY po3BUTKY cep-  One of the leading risk factors for the development
1I€BO-CYIMHHUX 3aXBOPIOBaHb € Mpoliec nmpupoaHsoro  of cardiovascular disease is the process of natural
OiosnoriyHoro crapiHHg [1, 2]. BoHo cynpoBomkyeTbest  biological aging [1, 2]. It is accompanied by hor-
TOPMOHAJIBHOIO, METa0OJIIYHOIO i CTPYKTYpHO-(YHK-  monal, metabolic, structural and functional restruc-
LIIOHAJILHOIO TepeOya0BOI0 OpraHi3My, 110 B KiaiHili  turing of human organism, which in the clinic of
BHYTPIIITHIX XBOPOO MPOSIBISIEThCS MoJIiMOpOinHicTIo.  internal medicine is manifested by polymorbidity. At
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Ha xniTuHHOMY piBHI BimoOpaxKeHHSIM CTapiHHSI opra-
Hi3My € CKOpoueHHs 10BXuUHU Tejaomep (AT) — kiHle-
BUX JUISIHOK XpOMOCOM, $IKi CKJIadaloThCsl 3i 3MiHHOIO
yncna TTAGGG nostopiB [3—5].

HosxuHa teaomep (AT) 3amexxuTb Big 6araTbox hax-
TOPIiB, SIKi YMOBHO MOKHA MOAUIMTU HA €K30TeHHi (BILIUB
CIOCO0y KUTTSI, €KOJIOTil, COIiyMy) i eHIOTeHHi (cITaj-
KOBIiCTb, CTaH iMyHHOI CHCTeMHU, pi3Hi XBOpPOOHU, aK-
TUBHICTh perapaTMBHUX TeHiB) [6]. B HuM3Li myOmikartiit
TOBiTOMJISLITOCS, IO Y 3A0POBUX JIIOAEH TEIOMEPU AOBIII,
HIX y MaLI€HTIB i3 CEpLIEBO-CyIMHHUMM 3aXBOPIOBAHHSI-
MU a6o 1ykpoBuM giadetom (LLI) 2 tumy [7—9]. binbi
KOPOTKi TeJIOMepU acOLil0I0Th 3 MiABUIIEHUM PU3UKOM
iHgapkty miokapaa (IM) i kapaianbHoi cMepTi [10—12].
VY nropeil 6e3 KJIiHIYHO BUpPaXKEHOI MaToJIOTil BUSIBJIEHA
HeratuBHa KopeJsiuis AT 3 BikoM [5], oxkupiHHSIM i/a00
nagiHHgM [13—15], ncuxosoriyHumM crpecom [16].

IIle ogHuM (pakTopoM, 3 SIKMM IOB’SI3yIOThb Oi/lbII
MIBUIKWI TEMII YKOPOYEHHS KiHIIEBUX ILISTHOK XpOMO-
COM B Ipolieci CTapiHHS, € pagiauis. Tak, y »xepTB aToM-
Horo OomOapayBaHHs XipociMu i Haracaki [17, 18],
y4yacHUKIB JikBigauii Hacainkis aBapii (YJIHA) na Yop-
HooOwmnbcehkiit AEC [19, 20], npamiBHUKIB MiAIIPUEMCTBA
«Masgk» 3 BupooHuiTsa miaytoHito [21] AT 6yna koport-
1112 B TTOPiBHSIHHI 3 HEOIIPOMiHEHUM KOHTPOJIEM TaKOTO
K BiKY i CTaTi.

Hes3Baxarouu Ha iCHYIOUMIA iHTEpeC 10 BILUIMBY i10Hi3y-
[o4yoro BuIpomiHioBaHHA Ha JIT neiiKoLuTiB JIOAMHU Ta
MOXKJIMBOCTI BUKOPMCTATU lieli MOKA3HUK SIK MapKep
pafialliifHOTO CTapiHHS, iCHy€e aediuuT JaHUX Ipo Te,
SIK CIiBBigHOCSTbCS MiX coboro T, onpomiHeHHs i
KapIiaJbHa TaToJIOTis Ta, 30KpeMa, illleMiuHa XBopoba
cepus (IXC) 3ayexxHO Bill TSKKOCTI 11 KJIiHIYHUX TIPO-
SBiB 1 CTPYKTYPHO-(YHKIIOHAJIbHOIO CTaHy MioKapja.
BuBYeHHIO ILOI'O NIMTAHHS IPUCBsIYEHA JaHa poOoTa.

META

ITposectu ananiz BinHocHoi AT (BIT) nimdouuris ne-
pudepnunoi kposu B YJIHA na YopHoomnbseekiit AEC
3i CTEHO3YIOUMM aTepOCKIEPO30M KOPOHAPHUX apTepiil
3aJIEKHO Bil CTPYKTYPHO-(PYHKIIIOHAABHOTO CTaHY
Mmiokapaa.

MATEPIAJIN 1 METOJIN

B nocnigxenHi ooctexeno 60 YIHA na YAEC 1986 po-
Ky i 25 HeonpoMiHeHMX ociO (KkoHTposbHa rpyrna — KI')
yosoBivoi ctati. Bei YJIHA Ta ocoon KI' mo aBapii Oy
MPakTUYHO 3A0POBUMMM JIIOIbMU Ta He MepedyBaiyd Ha
nucriaHcepHomy o0utiky. IlamieHTr 060X rpyI mpoxoau-
JIM OOCTEXKEHHS i JIiIKyBaHHS B KapaioJOoTiYyHOMY Bij-
ninenHi kiaiHiku HHLIPM B nepion 3 06.2016 o 05.2021

the cellular level, the reflection of the human body
aging is a reduction of telomeres length (TL) are
the terminal chromosomes regions, which consist
of a variable number of TTAGGG repeats [3—35].

The TL depends on many factors, which can be
divided into exogenous (lifestyle, ecology, society)
and endogenous (heredity, immune system, various
diseases, the activity of reparative genes) [6]. A num-
ber of publications have reported that telomeres
are longer in healthy people than in patients with
cardiovascular disease or diabetes mellitus (DM)
type 2 [7—9]. Shorter telomeres are associated with
an increased risk of myocardial infarction (MI) and
cardiac death [10—12]. In people without clinically
pronounced pathology, a negative correlation of TL
with age [5], obesity and / or smoking [13—15],
psychological stress [16] are revealed.

Another factor associated with a faster rate of
chromosomes end sections shortening during
aging is radiation. Thus, the victims of Hiroshima
and Nagasaki atomic bombing [17, 18], emer-
gency workers (EW) of the Chornobyl accident
[19, 20], employees of the company «Mayak» that
produced plutonium [21] had shorter TL if com-
pare with non-irradiated people of the same age
and sex.

Despite the existing interest what the effects of
ionizing radiation on human leukocyte TL and the
possibility of using this indicator as a marker of radi-
ation aging, there is a lack of data on the relation-
ship between TL, irradiation and cardiac pathology
and, in particular, coronary heart disease (CHD)
depending on the severity of its clinical manifesta-
tions and myocardium structural and functional
state. This work is devoted to the study of this issue.

OBJECTIVE

The aim of this research was to analyze the relative
TL (RTL) of peripheral blood lymphocytes in de-
pendence of myocardium structural and functional
state in EW of the Chornobyl accident who suffered
from stenotic atherosclerosis of coronary arteries.

MATERIALS AND METHODS

There were examined 60 male EW, who took part
in elimination the accident at the Chornobyl
nuclear power plant in 1986, and 25 non-irradiated
males (control group — CG). Everyone EW and
CG persons before the accident were practically
healthy people and were not registered at the dis-
pensary. Patients of both groups underwent exami-
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pp. 3 npuBoay IXC, sika 6yjila OCHOBHOIO MaTOJOTI€0.
TonoBHMMU KpuTepisaMu Bigdoopy Oyau: (1) 3BepTaH-
HSI XBOPOTO 3a MEAWYHOIO JTOIOMOIOI B 3B’SI3KY 3
TSKKICTIO CTaHY 310POB’sl, TOOTO BimOip OyB BMIIa-
KOBUIA, TIPOTE CIIPSIMOBAHUIA Ha XBOPUX 3 TSKKUM i
cepelHbOl TSKKOCTI KiaiHiuHuM mnepebdirom IXC; (2)
O3HaKM CTEHO3YIOUOr0 aTepOCKIEepO3y KOPOHAPHUX
apTepiit, 110 MiATBepIKEHi TaHUMU KOPOHAPOBEHT-
puxkynorpadii (KBI') adbo nepeHeceHuM roctpum [1M;
(3) BiACYTHICTh B aHaMHe3i peBMaTU3MYy Ta iHIIUX
CUCTEMHUX 3aXBOPIOBaHb, TilO- Ta TinepTUpeosy, re-
MOJIMHAMIYHO 3HAYYIIMUX Baj Ceplisi, OHKOJOTIUHUX
3axBOpIOBaHb. Bci yyacHUKY Jajiu MUCbMOBY iH(OP-
MOBAaHY 3rofy Iepea KOXXHUM OOCTEeXKEHHSIM.

Ouinky pesynbratiB KBI' 3milicHioBanm 3a Kia-
cugikanieto G.C. Friesinger i ciBaBT. [22], ontucany
B cTaTTi [23]. B nocaimxkeHHs BKIII0Yaau ocid, B IKUX
3BYXKEHHSI MPOCBITY Xo4ya 0 OAHi€El KOPOHApPHOI ap-
tepii ckimamano 68—99 a6o 100 %, 110 Bigmosigano 4 i
5 6anam. YJIHA i mauientu KI' Oynu imeHTuyHi 3a
BikoM sK Ha naty YopHOOMIbCHKOI aBapii, Tak i Ha
MOMEHT o0cTexkeHHs (TabJ. 1). IHdhopmaliito mpo 10-
3y onpomineHHs Manu 21 YJIHA, B sxux BoHa Oyia
BU3HaU€Ha PO3PaXyHKOBO-TPYIOBUM METOAOM T03M-
meTpii. [ianazoH no3 cknagaB 2—1011 clp.

He 3HaiineHo JOCTOBIpHUX CTaTUCTUYHMX BiIMiH-
HOCTEM MiX IpylaMu y BiITHOCHOMY YMCJIi TALiEHTIB
i3 CYIyTHBOIO TimepToHiyHOO xBopoboio (I'X) i 3
nocTiHGapKTHUM Kapaiockyiepo3oMm. KiiHiuHi Ta
exokapaiorpagiuyHi 03HaKMU CeplLieBOl HEJIOCTAaTHOCTI
(CH) Bugsnsm y Beix YJIHA i namientiB KI. Ipyrm
CTaTUCTUYHO HE BiIpi3HSAJIUCH 32 UMCJIOM XBOPUX i3
CH I, CH IIA i CH IIBb cTragissMu Ta 3i CTeHOKapIi€to
HAaIIpyTu pi3HUX PyHKIiOHANMBHNX KiaciB (DK).

B o00o0x rpynax He BCTaHOBJIEHO JAOCTOBIpHUX
BiIMiHHOCTEl B YaCTOTi BUTIAMIKIB 3 apUTMisIMU, OJIOKa-
JaMu Hixkok Imydyka I'ica Ta AB-610kamamu. HaiiGiabimn
4acTo0 apuTMi€ero Oyia ¢iopuswist mepencepnsb (PIT).
Y He3HauHOro 4uciaa XBOpUX 000X IPyIl peECTpyBaIU
mmyHoukoBi (IOE) i cympaBentpukynspHi (CE)
ekcTpacuctonu. Y nBox YJIHA Oyna mapokcusMaibHa
(opma ®I1 i B mepioan BiTHOBJICHHSI CUHYCOBOTO PUT-
My peectpyBamn CE. AB-6mokama | crymens 3apee-
CTpOBaHa Ha eJIeKTpoKapaiorpami Tinbku B YJIHA.

Cepen YJIHA Oyio mocToBipHE MeHINE KYypIliB
nopiBHsHO 3 KI, sIKi MOKMHYIM KypUTHU ITiCs Mepe-
HeceHoro IM.

3a yncyioM MalieHTIiB 3 OXKUPiHHAM, cynyTHiM LIJI 2
TUITYy i HasIBHICTIO TOCTPOIO MOPYIIEHHSI MO3KOBOTO
kpoBoobiry (I'TTMK) B aHaMHe3i Ipynu TaKoOX
BipOrigHO HE BiIPi3HSJIUC.

nation and treatment in NRCRM hospital cardiology
department during the period from 06.2016 to 05.2021
due to CHD, which was the main pathology. The main
selection criteria were (1) patient’s visit to a doctor due
to the severity of his health condition, i.e. the selection
was random, but aimed at patients with severe and
moderate clinical course of CHD; (2) signs of coro-
nary arteries stenotic atherosclerosis confirmed by
coronary ventriculography (CVG) or acute myocardial
infarction in the past; (3) absence of rheumatism and
other systemic diseases, hypo- and hyperthyroidism,
hemodynamically significant heart defects, oncologi-
cal diseases in anamnesis. Every participant gave writ-
ten informed consent before each survey.

Evaluation of CVG results was performed according
to the classification of G.C. Friesinger et al. [22],
described in the paper [23]. The study included indi-
viduals in whom the narrowing of the lumen of at least
one coronary artery was 68—99 or 100 % that corre-
sponded to 4 and 5 points. EW and CG patients were
identical in age at the date of the Chornobyl accident
and at the time of the survey (Table 1). Only 21 EW
had the documented information on the radiation
dose, which was determined by the calculation-group
method of dosimetry. The dose range was 2—1011 cGy.

No significant statistical differences were found
between the groups in the relative number of patients
with concomitant hypertensive heart disease (HHD)
and postinfarction cardiosclerosis. Clinical and
echocardiographic signs of heart failure (HF) were
found in every EW and CG patients. The groups did
not differ statistically by the number of patients with
HF of different severity and with angina pectoris of
different functional classes (FC).

Both groups did not significantly differ by the fre-
quency of cases with arrhythmias, His bundle branch
block and AV-blockade. The most common arrhyth-
mia was atrial fibrillation (AF). Ventricular (VE) and
supraventricular (SE) extrasystoles were registered in
a small number of patients of both groups. Two EW
had a paroxysmal form of AF and during periods of
restoration of sinus rhythm SE was registered. AV-
blockade of the I degree is registered on the electro-
cardiogram only in EW.

There were significantly fewer smokers among
EW, who quit smoking after MI, in comparison with
CG.

The number of patients with obesity, concomitant
DM and the presence of stroke in the anamnesis also
did not differ significantly in groups.
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Ta6bnuus 1
KniniuHa xapakTepucTuka o6crexxeHux nauieHtis, M + SD 1a aée. / ( %)
Table 1
Clinical characteristics of examined patients, M + SD and persons ( %)
. YJIHA / EW Kr /CG
Moka3nukum / Indices n =60 n=25 Pi-2
Bik Ha momeHT aBapii, poku / Mean age at the moment accident, years 34070 31,699 > 0,05
Bik Ha MOMEHT 0CTaHHBOro 06CTEXEHHS, pokn / Mean age at a moment of the last examination, years) 67,2 £ 7,1 65,0 £ 10,0 > 0,05
MornuHyTa fo3a onpomiteHHs, cl'p / Absorbed dose of irradiation, cGy (n = 21) 26,4 + 29,2 - -
[X/HHD 58 (96,7) 22 (88,0) > 0,05
IM B aHamHesi / Acute MI in anamnesis 53 (88,3) 22 (88,0) > 0,05
CepueBa HepocTarHicTb / Heart failure 60 (100) 25(100) > 0,05
> |/ As NYHA |-l 30 (50,0) 11 (44,0 >0,05
> [IA / As NYHA I 30 (50,0) 11 (44,0) > 0,05
> |Ib / As NYHA lll-IV 0 3(12,0) > 0,05
CreHokapamst / Angina pectoris 47 (78,3) 18 (72,0) > 0,05
> K| 1(1,7) 0 > 0,05
> Kl 24 (40,0) 9 (36,0) > 0,05
> QK Il 22 (36,7) 9 (36,0) > 0,05
MopywenHs putmy cepus / Arrhythmias 29 (48,3) 13 (52,0) > 0,05
> @I / Atrial fibrillation 11 (18,3) 6 (24,0 >0,05
> X3 /VE 5(8,3) 4(16,0) > 0,05
> (C9/SE 8 (13,3) 2(8,0) > 0,05
> X391 C3/VEand SE 7(11,7) 1(4,0) > 0,05
Bnokamy Hixok nyyka ica / His bundles branches block 13 (21,7) 2(8,0) > 0,05
> B TOMy umchi noHi / including complete block 6(10,0) 1 (4,0) > 0,05
AB-6nokamu / AB-block 5(8,3) 0 > 0,05
OxwpiHHg / Obesity 49 (81,7) 22 (88,0) > 0,05
TioTioHonaniHHs B aHamHe3i / Smoking earlier 28 (46,7) 18 (72,0) <0,05
CynytHiit LA, tun 2 / Concurrent DM 16 (26,7) 9 (36,0 > 0,05
IMIMK B aHamHe3i / Acute impairment of cerebral circulation in anamnesis 8(13,3) 3(12,0) > 0,05

Mpumitka. NYHA — New-York Heart Association.
Note. NYHA — New-York Heart Association.

Takyum 4ymMHOM, 3a BIKOM i KJIiHiYUHMMM TTOKa3HUKAMU
TskkocTi IXC YJIHA ta KI' 6yi1u npakTUYHO iA€HTUYHI.

VibTpa3ByKoBe JOCHiIXKEHHS Ceplisd BUKOHYBaJIU 3a 10-
nomororto cuctemu Diagnostic Ultrasound System DS-N3
(Mindray) 3rifHO 3 peKOMEHA0BaHOO METOINKOIO [24] B
M i B-pexxuMi. OCHOBHUMY BUMipIOBaJIbHUMU MapaMeT-
pamu Oynu KiHnesuit miactomivauii (KJIP, mMm) i xine-
Buii cucroniunuit (KCP, MMm) po3mipu niBoro nuiyHouka
(JILL), po3mip niBoro nmepeacepas B aiactouay (JIIT, mm),
TOBIIMHA MiXIIUTYHOUKOBOI nepeTuHku (TMIIII, mm) i
3aguboi ctinku JII (T3CJIL, mMm) B miactomy. Po3paxo-
ByBaJIM KiHuUeBUil miactoniunmii (KO, ma), cucto-
giyauit (KCO, M) 06’emu JIL cepus, gpakiiito BUKUILY
(®B, %), macy Mmiokapma JILI (MM, 1), 06’em JIIT (M),
BimHocHy ToBmmHY ctinku JILI (BTC, cm). 1o po3paxyH-
KOBUX MapameTpiB 3a ¢opmyioro Teiixonbus (Teichholz)
TakoxX BimHocwmuch inaexcu KO (IKOO, miu/m?), KCO
(IKCO, mu/m?), macu miokapaa (IMM, r/M?) K BigHO-
LIIEHHSI BiAMOBiAHOIO IOKa3HMWKA A0 IUIOLII MOBEPXHi

Thus, by the age and clinical severity of CHD
EW and CG were almost identical.

Ultrasound examination of the heart was per-
formed using the Diagnostic Ultrasound System
DS-N3 (Mindray) according to the recommended
method [24] in M and B modes. The main meas-
uring parameters were the end diastolic (EDD,
mm) and end systolic (ESD, mm) dimensions of
left ventricle (LV), the dimension of left atrium in
diastole (LA, mm), the thickness of the interven-
tricular septum (IVS, mm) and the posterior wall
thickness (PWT, mm) in diastole. It was calculated
the end diastolic (EDV, ml), end systolic (ESV, ml)
volumes of LV, ejection fraction (EE %), LV
myocardial mass (MM, g), LA volume (ml), LV
relative wall thickness (RWT, cm). The calculated
parameters according to the Teichholz formula
also included body surface areca (BSA)-indexed
some parameters as EDV (iEDV, ml/m?), ESV
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tina. KinbKicHy exokapaiorpadiuHy OILIiHKY ITOpPOXHWH
cepld 3iMCHIOBAIM BiAMOBIAHO 0 peKOMeHaaliil Ame-
PUKAHCBKOTO TOBaprcTBa 3 exokapmiorpadii Ta €Bpo-
MeiichKoi acolialii cepleBO-CyYAUMHHOI Bi3yamizalii
(American Society of Echocardiography and the European
Association of Cardiovascular Imaging) [25].

3a pe3ynsraTaMiy JIOIIUIepexoKapaiorpadiyHOro moCin-
JKeHHSI BU3HAYaJIM MaKCUMAJIbHY IBUIKICTb paHHBOTO (E,
CM/C) i mi3HBOTO miacTosriuHoro HarmoBHeHHs JILL (A, cm/c),
ix BimHomenHs (E/A, yM. om.), 9ac i30BOIIIOMETPUYHOTO
posciabieHHs (isovolumic relaxation time — IVRT, Mc), yac
i3oBosmomMeTpuaHoro ckopouyeHHs JILI (isovolumic contrac-
tion time — IVCT, Mmc), yac mprCKOpeHHS IIBUIKOCTI ITOTO-
Ky y (pazy paHHbOro miactojiiyHoro HanmoBHeHHs JIIII (ac-
celeration time — AT, mc), yac cnioBinbHeHHS TTika E (DTe,
Mc). O3HaKM AiacTOIYHUX MOPYILIEHb TaKOXK BU3HAYAIN 3a
peKOMeHIaliIMi AMEPHKAHCHKOTO TOBApPUCTBA 3 €XO-
Kapnaiorpadii Ta €Bporeiicbkoi acouiallii cepLeBO-CyaIH-
Hoi Bizyaumizarii (American Society of Echocardiography and
the European Association of Cardiovascular Imaging) [26].

BuzHaueHHsI BiTHOCHOI TOBXKWHY TeJIOMEp MPOBOAWIM Ha
JlazepHOMy TipoTouyHOMy LiuTodayopumeTpi FACSCalibur
(BD, CIIA) 3a momomororo flow-FISH (miporouno-1m-
TOMeTpUUYHA (JIyopecleHTHA Tiopuan3alis in situ) MeTo-
ny 3 pearentamu Telomere PNA Kit/FITC (Dako Cyto-
mation, Denmark) , gk 1ie 6y;i0 onucano B ctaTTi [19].

CratrcTraHe ONpalfoBaHHS BCiX pe3yJbTaTiB TOCITII-
JKEeHb MPOBEIEHO 3a JOIMOMOTr0I0 KOMIT I0TEPHOI Mporpa-
mu SPSS 22 (o3HaiioMJioBaibHA Bepcis).

PE3VIJIBTATU JOCIIIZKEHHA

VJIHA, Oynyun nopiBHsSHHuMMU 3 mamieHTamu KI' 3a
BiKOM, KJIIHIYHUMM MOKA3HUKAMMU i AEIKUMU (haKTopaMu
PU3UKY, Majlyd BiIMiHHY pUCY Y BUDJISIAI pamialiifHOro
BBy 30—35-pivHoi maBHMHU. OmHaK (pakTop OIpo-
MiHeHHs He BIuiMHYB Ha BJIT i BoHa mpakTUYHO HE Bif-
pi3Hsnach B rpynax: 12,9 + 2,7 B YIHA npotu 13,2 £ 2,7
y nauieHTtiB KI' (p = 0,649).

KopensuiiiHuii aHajli3 mokasaB, 10 i3 Pi3HOMAaHITTS
¢axTopiB: aHTPOMTOMETPUUHUX (BiK, iHIAEKC Macu Tina —
IMT), kaiHiYHUX (BMIiCT 3arajJibHOTO XOJIECTEPUHY B CHU-
poBaTLi KpoBi, HasgBHiCTb cteHoKapaii, CH, aputmiii,
o6a0okan, /I, a TakoxX BiK Mali€HTIB Ha Tepiod pO3BUTKY
y Hux I'X, IXC ta IM), dakTopiB pusuky IXC (oxupiH-
Hsl, TirepxojiecTepuHeMisl, TIOTIOHOKYpiHHS), BT mana
JMOCTOBIpHUI 3BOPOTHUM 3B’30K 3 HASIBHICTIO OXKUPIHHS
y namieHTiB KI. 3a BenmmunHom KoedillieHTa Kopemsii
3B’130K BBaxaBcs cepeaHim (7 Big 0,3 1o 0,69). Ockiabku
Kopensiisa Oyna BincytHsa B YJIHA, BUHUKaIO MpuUIy-
meHHs, o BAT Moxe 3ajiexxaTu Bigpasy Bil ABOX mapa-
MeTpiB — (paKTy OTIPOMiHEHHS, TOOTO TTPUHAJIEKHOCTI 10

(iESV, ml/m?), myocardial mass (iMM, g/m?).
Quantitative echocardiographic evaluation of
heart cavities was performed in accordance with
the recommendations of the American Society of
Echocardiography and the European Society of
Cardiovascular Imaging [25].

According to the results of Doppler echocar-
diography there were determined the maximum
rate of early (E, cm/s) and late diastolic filling of
LV (A, cm/s), their ratio (E/A), isovolumic
relaxation time (IVRT, ms), time of isovolumic
contraction time (IVCT, ms), acceleration time
(AT, ms) of a flow rate in a phase of LV early
diastolic filling, time of E peak decelera-
tion(DTe, ms). Signs of diastolic disorders were
also determined according to the recommenda-
tions of the American Society of Echocardiogra-
phy and the European Society of Cardiovascular
Imaging [26].

Determination of relative telomere length
(RTL) was performed on a laser flow cytofluo-
rimeter FACSCalibur (BD, USA) using flow-
FISH (flow cytometric fluorescence hybridiza-
tion in situ) method with reagents Telomere PNA
Kit / FITC (Dako Cytomation, Denmark), as
described in [19].

Statistical processing of all research results was
performed using the computer program SPSS 22
(trial version).

RESULTS

EW, being comparable to CG patients in age,
clinical indicators and some risk factors, had a
distinctive feature in the form of radiation expo-
sure 30—35 years ago. However, the irradiation
factor did not affect RTL and their did not differ
in groups: 12.9 = 2.7 in EW against 13.2 = 2.7 in
CG patients (p = 0.649).

Correlation analysis was done for RTL and a vari-
ety of factors such as anthropometric (age, body
mass index — BMI), clinical (total cholesterol in
serum, angina, HF, arrhythmias, blockade, DM, as
well as patient age at onset of HHD, CHD and MI),
and CHD risk factors (obesity, hypercholes-
terolemia, smoking). It showed that RTL had a sta-
tistically significant feedback only with the presence
of obesity in CG patients. The magnitude of the
correlation coefficient was considered average (r
from 0.3 to 0.69). As this correlation was absent in
EW, there was an assumption that RTL can depend
at once on two parameters, namely the fact of irra-
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Ta6nuua 2
Kopenauis BAT nimpouutie nepucdepnyHoi KpoBi 3 feAKMMU aHTPONOMETPUYHUMHU T KNIHIYHUMU MOKA3HUKAMU
Ta pusuk-cpakropamm IXC B VJIHA Ta nauientis Kr

Table 2
Correlation of peripheral blood lymphocytes RTL with some anthropometric and clinical indices and risk
factors for CHD in EW and CG patients

VJIHA / EW (n = 60) Kr / CG (n = 25)

MokasHuku / Indices

r r p r r p
Bik Ha MoMeHT obCTexeHHs / Age at a moment of examination -0,221 0,089 -0,172 0,411
IMT / BMI 0,119 0,364 -0,271 0,191
OxwupinHs / Obesity 0,013 0,905 -0,444 0,026
TioTioHONaNiHHA B aHamHesi / Smoking earlier 0,190 0,083 0,284 0,169
3aranbhuii xonectepuH / Cholesterol -0,060 0,657 0,173 0,407
lnepxonectepuHemis / Hypercholesterolemia -0,033 0,766 0,182 0,358
Bik possuTky X / Age of HHD onset -0,097 0,462 -0,006 0,979
Bik poasutky IXC / Age of CHD onset -0,188 0,151 -0,043 0,842
Bik po3sutky IM / Age of Ml onset -0,224 0,085 -0,198 0,390
CreHokappijst / Angina pectoris 0,081 0,470 0,090 0,675
CH/HF -0,165 0,137 -0,333 0,104
Aputwmii / Arrhythmias -0,140 0,217 0,020 0,928
Brnokaau Hixok nyyka Mca / His bundles branches block -0,098 0,389 -0,359 0,093
L/ bMm -0,076 0,497 -0,266 0,199

Mpumitkn. ! — koeditieHT kopensauii Mipcona; r2 — koediLlieHT kopensuii CripMeHa.
Notes. r’ — Pearson correlation coefficient; 2 — Spearman correlation coefficient.

VIJIHA, i oxxupinng. [1is mepeBipKy 1IbOTO MPUMYILEH-
HSI BUKOPHCTOBYBaJIM OaraToakTOpHUU aHali3 SIK 1€
omnucaHo B [27, 28].

B sgxocti 3anexHoi 3MiHHOI Buctynana BJIT. Ls
3MiHHa (pOpMaJIbHO MiAKOpsIacs: 3aKOHY HOPMaJIbHOTO
posnoginy (p = 0,064 3rigHo 3 0OTHOBUGIPKOBUM TECTOM
Konmoroposa—CMmipHOBa), TOMY 3aCTOCYBaHHSI OWC-
nepciiiHoro aHaiizy 0yjao npuiHATHUM. BUKopucToBY-
BaJld HaJallITyBaHHS OJHOPiAHOI 3arajibHOi CHiJbHOIL
JIiHiIITHOT Moaei, 30KpeMa, IJ1s1 OOYMCIEHHS CYyMU KBaJ-
pariB BukopuctoByBaiu Ty I11.

Pesynsratu Tecty JleBene (Levene’s test of equality of
error variances) — F = 0,133, dfl =3, df2 =280, p =0,270 —
BUSIBWJIMCS CTAaTUCTUYHO HEIOCTOBIPHUMH, IO CTaJIo
MiICTaBOIO HE CYMHIBaTUCSI B KOPEKTHOCTI 3aCTOCYBaH-
HSl AUCIIEPCIAHOTO aHami3y.

SIX BUOHO 3 MiICYMKOBOi Tabauui 3, 3MiHHI group
(3HaueHHs 1 Bignosigano YJIHA, 0 — KI') i inc_bmi
(IMT > 25 xr/m? nopiBHioBana 1, < 25 kr/m? — () okpe-
MO He BUSIBISLUIM caMocTiiiHoro BmuBy Ha BT, xoua
CTOCOBHO 3MiHHOI group IMOMMJIKa OyJia JOCTaTHbHO
onusbka 1o 0,05. OgHak, 3HaliIeHa CIijibHa JOCTOBipHA
B3a€EMO/Iisl IMX 3MiHHMX HA BUCOKOMY PiBHi CTaTUCTUY-
HOI 3HAYYLIOCTI.

Puc. 1 mae po3ymiHHSA BIUIMBY 3MiHHMX group Ta
inc_bmi Ha BT mpu HopMmanbHill Maci Tijla cepemaHe
sHayeHHst BAT B KT (16,1 £ 0,8; n = 3) 6y;10 00CTOBIip-
Ho Buule (p = 0,023), Hixk B YJIHA (12,2 £2,6;n=11).

diation, i.e. patient is attributed to EW, and obesity.
Multivariate analysis as described in [27, 28] was used
to test this assumption.

RTL acted as a dependent variable. This variable
was formally subject of normal distribution (p =
0.064 according to the one-sample Kolmogorov-
Smirnov test), so the use of analysis of variance
was acceptable. The settings of a homogeneous
general common linear model were used, in par-
ticular, type III was used to calculate the sum of
squares.

The results of Levene’s test of equality of error
variances (F = 0.133, df1 = 3, df2 =80, p = 0,270)
were statistically insignificant, which was a reason
not to doubt the correctness of analysis of variance
usage.

As can be seen from the final table 3, the variables
«group» (value 1 corresponded to EW, 0 to CG) and
«inc_bmi» (BMI > 25 kg/m?* was equal to 1,
< 25 kg/m? to 0) separately did not show an inde-
pendent effect on RTL, although in relation to vari-
able «group» error was close enough to 0.05. However,
a common reliable interaction of these variables was
found at a high level of statistical significance.

Fig. 1 gives an understanding of the influence of
«group» and «inc_bmi» variables on RTL: at nor-
mal body weight, the average value of RTL in CG
(16.1 £ 0.8, n = 3) was significantly higher (p = 0.023)
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Ta6nuusa 3
OuiHka eeKTiB MixrpynoBux cakropis

Table 3
Between-subjects effects dependent variable

Cyma keagpartie Tuny |l

CryniHb cB0G0OAYU

CepepgHe 3HaYeHHS KBagpaTa

fxepeno / Source Type 1l Sum of Squares df Mean Square F P
CkopwuroeaHa mogenb / Corrected Model 37,132 3 12,377 2,126 0,133
BinbHuii uneH / Intercept 6010,968 1 931,963 84,270 0,000
group 23,899 1 3,705 3,103 0,058
inc_bmi 10,558 1 1,637 2,188 0,204
group * inc_bmi 36,645 1 5,682 4,662 0,020
Momwunka / Error 515,984 80

Beboro / Total 14916,788 84

Ckopwuroanuin nincymok / Corrected Total 553,116 83

—_
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o
1
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OuiHeHi mexi cepepHi / Estimated Marginal Means

YIIHB / EW
Mpynu / Groups

Kr/CG

VY o0ci6 3 oxupiHHsaMm cepenHi 3HayeHHs1 BAT B KI'
(12,8 £2,7; n=22)iB YJIHA (13,2 = 2,5; n = 49) ma-
JIM He3HauHi BimMiHHOCTI (pisHUI cepenHix 0,4 mpn
p = 0,534). Mix nanumu B YJIHA 3 HapIuimkoBolo i
HOPMaJbHOIO MacoIO TiJla BIIMiHHOCTI CEpenHiX BeIu-
yuH BT Oyau cTaTUCTUYHO He3HauyHuMu (13,2 £ 2.5;
n=48 npotu 12,2 £2,6; n=11; p = 0,251).

3a pesynbraTaMu OUCIEPCiiHOrO aHaidizy MOXHa
3pOOUTHU MTPUMYILEHHS, 1110 TTPU HOPMaJTbHIii Maci Tija
Mali€eHTa OIPOMiHEHHSI BIUIMBAJIO HA CKOPOUYCHHSI Te-
JloMep, ajie IpU OXKUPiHHI, sIKe came Mo co0i € YNHHU-
KoM BruivBy Ha /1T, BHECOK ompoMiHEHHS HiBEIIOBaB-
cs. [laHa rimoTte3a MOTpeOye IMOAAIBIIOI MEePeBipKU
LIUISIXOM 30iJbIIEHHS pO3MipiB BUOIpKM, 110 MiABU-
IIUTH CTATUCTUIHY IMOTYKHICTh TECTY.

AHai3 cTpyKTypHO-(PYHKIIIOHAJIbHOTO CTaHy MioKap-
Jla He BHUSIBHMB JOCTOBIpHMX PO3XOIKEHb ITOKAa3HMKIB
CUCTOJIIYHOI (Tabi. 4) i giactoniuHoi (Tabs. 5) GyHKLik
JII B YJIHA i nauienTiB KI. B 060X rpynax Oiibli Hix

(1) 326

PucyHok 1. OuiHeHi cepepHi pna BAT

Figure 1. Estimated marginal means for RTL

vs. EW (12.2 £ 2.6, n = 11). In obese individuals, the
mean values of RTL in CG (12.8 = 2.7, n = 22) and
EW (13.2 £ 2.5, n = 49) had slight differences (differ-
ence of average 0.4 at p = 0.534). Differences between
mean RTL values were statistically insignificant be-
tween data in EW with excess and normal body weight
(13.2+25,n=48vs 122+ 2.6,n=11, p =0.251).

According to the results of analysis of variance, it
can be assumed that irradiation affected the reduc-
tion of telomeres at normal body weight of a patient,
but in obesity, which itself is a factor of the impact on
TL, the contribution of radiation was leveled. This
hypothesis requires further testing by increasing the
sample size, which will increase the statistical power
of the test.

Analysis of myocardium structural and functional
state did not reveal significant differences in systolic
(Table 4) and diastolic (Table 5) LV functions in EW
and CG patients. In both groups, more than half of
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Ta6nuusa 4
NokasHuKku cucroniuHoi yHKuii miokapay B YIIHA 1a nayienTtie KI
Table 4
Indices of myocardial systolic function in EW and CG patients
Moka3uukum / Indices YJHA / EW Kr/ca ANOVA

n=60 n=25 F p
JIN, mm /LA, mm 435+54 446 +6,3 0,700 0,405
KOP, mm / EDD, mm 56,3 + 6,1 57,5+84 0,609 0,437
KCP, mm / ESD, mm 40,6 +6,3 42,4 +10,5 0,954 0,332
T3CNW, mm / PWT, mm 10,8+ 1,3 109+13 0,023 0,881
TMLLM, mm / VS, mm 122+18 118+17 0,899 0,346
KZO, mn / EDV, ml 157,8 £ 39,6 168,0 + 59,6 0,861 0,356
IKDO, mn/m2 / iEDV, mi/m? 77,7+196 84,6 + 28,7 1,644 0,203
KCO, mn / ESV, ml 75,1 +£28,3 87,5 = 56,7 1,822 0,181
IKCO, mn/m2 / iESV, ml/m? 37,0+ 14,1 439277 2,318 0,132
®B, % / EF, % 53,1£94 51,3+£129 0,507 0,478
Ta6nuua 5
Noka3Huku piacroniynoi yHKuii miokapay B VJIHA Ta nauientiB KI'
Table 5
Indices of myocardial diastolic function in EW and CG patients
Mokasuuku / Indices YJIHA / EW Kr/CG ANOVA

n=>51 n=19 F p
IVRT, Mmc / ms 94,0 + 48,4a 80,2 £ 52,3c 1,365 0,246
IVCT, mc / ms 69,7 = 16,8b 71,1 £22,0d 0,069 0,794
E cm/c/ cm/s 57,7+17,6 55,0+ 17,5 0,327 0,569
A, cm/c/ cm/s 65,7+ 17,6 62,0 + 15,6 0,643 0,426
E/A 0,99 + 0,66 1,01 £0,69 0,013 0,910
AT, mc / ms 89,8 + 16,7 97,6 = 20,0 2,117 0,104
DT, mc / ms 247,0 £99,3 229,2 + 56,1 0,547 0,462

Mpumitkn: a—n=58, b—-n=43,c—-n=25d-n=17.
Notes:a—n=58,b-n=43,c—n=25d-n=17.

y TIOJIOBMHU XBOPMX iHAWBIiIyaJibHi TOKA3HUKU CHC-
TOJIIYHOI (PYHKIIii TEPEBUIITYBaI BEPXHIO MEXY HOPMU,
TOMY U cepelHi BeJIMUYMHU TTOKA3HUKIB OyJIM BUILI Bif
HOPMaTHMBHMX 3HaueHb. Tak, 30imbmenns IKIO Busas-
neHo B 45,0 % YJIHA i 56,0 % ocio KI, IKCO — 56,7 %
i56,0 %, T3CJIL — 66,7 % i 68,0 %, TMLLIII — 85,0 %
i 80 %, smokenua OB —y 53,3 % i 52,0 %, BigmosigHO.

OTtpuMaHi pe3ynbraTi MOPiBHIHHS KJIiHIYHUX 1 €X0-
Kapniorpagiunux nokasHukiB B YJIHA i xsopux KI'
nokKa3ajii, 110 OOWABI Ipyny OyIW MPAKTUYHO ieH-
TUYHi, TOMY MU BBaXXaJIu JOLIIILHUM MPOBECTU KOpe-
JIGUiiHWN aHami3 B 00’emHanii rpymi YJIHA i Heor-
POMiIHEHUX XBOPUX I 30iJbIIEHHSI CTaTUCTUYHOL
3HAYYILIOCTI OlepXKyBaHUX pe3yJbTaTiB, TUM OiJbllIe,
o okpemo B YJIHA i KI' He Boayiocsl BUSIBUTH 1OC-
toBipHMii 3B 130K B/T 3 skxomnum exokapmiorpadiu-
HUM TTOKa3HUKOM.

B o6’ennaniit rpyni YJIHA 3 HeonmpoMiHeHUM
KoHTpoJsieM (n = 85) Oyia BusBiaeHa kopesuisg BAT
3 IKJO (r=-0,315, p = 0,004) i 3 IMM (r = -0,274,

the patients had individual systolic function values
above the upper normal limit, so the average values
were higher than the normative values. Thus, an
increase in iEDV was detected in 45.0 % of EW and
56.0 % of CG, iESV — 56.7 % and 56.0 %, PWT —
66.7 % and 68.0 %, IVS — 85.0 % and 80 %, reduc-
tion of EF in 53.3 % and 52.0 % respectively.

The results of comparison the clinical and
echocardiographic parameters in EW and CG
patients showed that both groups were almost iden-
tical, so we considered it appropriate to conduct a
correlation analysis in the combined group of EW
and non-irradiated patients to increase the statistical
significance of the results, especially taking in
account that EW and CG did not demonstrate failed
a reliable association of RTL with any echocardio-
graphic parameters.

In the combined group EW plus non-irradiated
control (n = 85) RTL correlated with iEDV (r = -0.315,
p = 0.004) and with iMM (r = -0.274, p = 0.012).
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p = 0,012). Ha puc. 2 npeacrasjieHa AiarpaMa po3ci-
IOBaHHS, Ha $Kiil KoopauHatamu Kparnok € BT i
IKJ1O. 3 puc. 2 BUgHO, Mo-TepIire, 10 KparkHu, sIKi Ha-
nexatb KI, posmopineHi mo Bcili MaoOMIMHI Oiarpamu
Mix kpankamu YJIHA; o-npyre, y BepXHiii JiBiii yac-
TUHI rpadika Kparnku IpylnyloThCcsl OUTbII KOMOAKTHO,
3aliMaHa HMMM IUIOIa Ma€ (POpMy KoJja, TOmi SIK Y
HIDKHIA 4acTMHI Kpallky po3TallloBaHi OiMbII BiIbHO
Ha OiNbIIil MIO0Ii BUTITHYTOI (DOPMU.

BisyanbHuii aHaji3 giarpamMu AO3BOJISIE MPUIMYCTUTH,
mo nocroBipHa Kopensanig BAT Ta IKJ1O we Oyna ene-
MEHTOM CTaTUCTUYHOTO Ka3ycy i, mo YJIHA i maiieHTiB
KT MoxxHa yMOBHO PO3AUTUTH SIK MiHIMYyM Ha 2 TiATrpy-
nu, oaHa 3 6inbin foBruMHu Tesomepamu ta IKJIIO B Me-
»KaxX HOpMM a00 HE3HAYHMM 10T0 IEPEBUILIEHHSIM, IpY-
ra — 3 ykopoueHuMHu tesjomepamu ta IKO, 1110 3MiHIO-
IOThCS BiJl HOPMaJbHOTIO A0 CUJBHO MiABUILIEHOTO.

1006 yHUKHYTU eMITipUYHOTO PO3MO/ily MALiEHTIB HA
MiArpyIu, sK 1Ie moKa3aHo Ha puc. 2, 0yB BUKOpPHCTa-
HUIT METOJ i€EpapXiyHOTO KJIACTePHOTO aHali3y B MPOr-
pami SPSS 22. Metonom kiacrepu3sallii OyB oOpaHUit
BHYTpillIHbOrpymoBuii 3B’s30K (Within-groups linkage),
TOOTO JAUCTAHLIisI MK IBOMA KJlacTepaMM po3paxoByBa-
Jlacsl Ha MiICTaBi BCiX MOXJIMBUX Iap CIIOCTEPEKEHb, 1110
HaJIleXXaTb 00OM KjacTepaM, MPUYOMY BpPaxOBYBAJIMCS
TaKOX i Mapy CIIOCTEepeXKeHb, 110 YTBOPIOIOThCS BCEpe-
JIMHI KjacTepiB. AK 3axia BiIMiHHOCTI BAKOPUCTOBYBaIU
KOCHHYC, TOOTO METOA, BUMipIOBaHHS OJIM3bKOCTI, SIKUIA
3aCHOBAHUWI HAa KOCMHYcaxX 3Ha4YeHb [27, 28].

3a pesyabTaTaMu aHali3y BCi 3HAUEHHS OyJIu po3Mo-
TiJIeHI MixX ABOMa KiactepaMu (puc. 3A), saKi BigpizHs-
JIMCS Bil €MITipUYHMX THMM, IO YaCTMHA KpaIok
HIDKHBOTO eMITIipUYHOI0 KjIacTepa YBIiIIIa B OpYyruid
KJactep, Bu3HaueHuii SPSS. BukopucToByioun HyMe-
palilo KJIacTepiB sIK HOBUX MiArpyrm, OyB HepeBipeHuit
posnoxin 3HayeHb 3ajexkHocTi BT Bim IKCO (puc. 3b).

20.001 Tpynu / Groups
¢ KIr/CG
18.004 o VIIHA / EW
16.00
|
=
[
\14.00
=
=
()
12.00
10.00{
8.00-{
T T T T T T
40 60 80 100 120 140
IKAO, mn/kB.m // EDV/BSA, ml/sq.m
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The Fig. 2 demonstrates a scattering diagram in
which the coordinates of the points are RTL and
iEDV. It is shown, first, that the points belonging to
the CG are distributed over the entire plane of the dia-
gram between the points of EW; secondly, in the upper
left part of the graph the points are grouped more
compactly, the area occupied by them has the shape of
a circle, while in the lower part the points are located
more freely on a larger area of the elongated shape.

Visual analysis of the diagram suggests that a sig-
nificant correlation between RTL and iEDV was not
an element of statistical casus and that EW and CG
patients can be divided into at least two subgroups,
one with longer telomeres and iEDV within normal
limits or slightly exceeding it, the second with
shortened telomeres and iEDV, varying from nor-
mal to severely elevated.

To avoid empirical division of patients into sub-
groups, as shown in Fig. 2, the method of hierarchi-
cal cluster analysis was used by the help of the SPSS
22 program. The within-group linkage connection
was chosen as the clustering method, i.e. the dis-
tance between the two clusters was calculated on the
basis of all possible pairs of observations belonging
to both clusters, and the pairs of observations
formed within the clusters were also taken into
account. As a measure of difference cosine was
used, i.e. the method of measuring proximity, which
is based on the cosines of the values [27, 28].

According to the analysis results all values were
distributed between the two clusters (Fig. 3A),
which differed from the empirical ones in that part
of the points of the lower empirical cluster entered
the second cluster defined by SPSS. Using the
numbering of clusters as new subgroups, the distri-
bution of RTL dependence on iESV was checked

PUCyHOK 2. [liarpama 3anexHocrti BAT Big IKA0
B VJIHA 1a nauientie KI' (cunim Ta yepBoHum
Konbopamu o6BepeHi nepeg6auyBaHi nigrpynu
nayiexTis)

Figure 2. Diagram of RTL in dependence of EDV
index by BSA in EW and CG patients (presumed
subgroups of patients are drawn out by blue and
red color)
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Figure 3. Diagram of RTL in dependence of EDV and ESV index by BSA based on hierarchical cluster analysis)

3a opMoI0 i HaJIeXKHICTIO 3HAaYeHb A0 Pi3HUX KJIacTepiB
0o0uABI AiarpamMu OYyJIU CXOXi.

V nauienTiB 1-ro knactepy BJT Oyna BiporinHo Ko-
poTIIa TMOPiBHAHO 3 0O0CTeXEHWMH 2-TO KJIacTepy
(ANOVA: 10,3 = 1,7 npotu 14,1 £ 2,0 npu F = 63,603
ip=0,000). BuB4eHHSs CTPYKTYpHO-(YHKIIIOHATbHOTO
CTaHy MioKapja B IpyIli 00CTeXXeHUX 0ci0 3a pe3ysbra-
TaMHM KJIACTEPHOTO aHaJji3ly BMUSIBUJIO, 1O Y IAlli€HTIB
1-Tro kymactepy BCi TMOKa3HUKHU, SIKi XapaKTepU3YIOThb
po3MipH Ta 00’eMU MOPOKHUH MioKapa, a TAaKOX Ma-
cy miokapaa JIII, Gyau BiporimiHO BUILI HOPIBHSIHO 3
namieHTaMu 2-ro Kiacrepy sk meromoM ANOVA, Tax i
3 3aCTOCYBAHHSIM HemapaMeTpu4yHoro Kputepiro KoJ-
MoropoBa—CwmipHoBa (Tabs. 6). CTaTMCTUYHO 1OC-
TOBIpHi BiAMiHHOCTI OyJI1 BiACYTHi TiIbKM MiX MOKa3-
HMKaMH TOBLUMHM 3aAHbOI1 CTIHKM i MIXIIJTYHOYKOBOI1
MEPETUHKMU.

PizHuus MixX moKa3HUKaMU AiacTOJiuHOI (DYHKILiL
JIII y manieHTiB 000X KJIaCTepiB Oyja CTATUCTUYHO He-
JIOCTOBipHa SIK 13 3aCTOCYBaHHSIM MapaMeTpUYHUX, TaK i
HerapaMeTpUYHUX KPUTEPIiiB.

BigHocHe uumcio mauieHTiB 1-ro kjactepy 3i 30iJb-
meHHsIM o0’emiB JIIII Ta iioro macu mnepeBUILYBaIO
80—90 %, BiporimHO BiApi3HSIOYUCH Bifl MALIEHTIB 2-TO
knactepy (puc. 4). Buacnigok 3minu KO, KCO Ta ix-
HiX iHAEKCIB, YMCJIO XBOPUX 31 3HIKeHOo10 DB Takox Oy-
JIO OiIBIIMM B 1-My KJ1acTepi.

30inpIIeHHS Macy MioKapnaa i TOBIIMHU cTiHOK JILLI
00YMOBJTIOBAJIO PO3BUTOK #1010 rineprpodii. Yucio ocido
3 rineptpodgieto JILI 6yn0 gocTOBipHO Oijbliie y Mali€eH-
TiB 1-T0 Knactepy (91,6 % npotu 67,2 %, p < 0,001) 3a
pPaxXyHOK eKCLIEHTPpUYHOI TirepTpodii, IKa XapaKTepru3y-

(Fig. 3B). Both diagrams were similar by form and
belonging of values to different clusters.

In the 1* cluster patients RTL was significantly
shorter compared to those of the 2™ cluster members
(ANOVA:10.3 £+ 1.7vs. 14.1 £ 2.0 at F=63.603 and
p =0.000). The study of the myocardium structur-
al and functional state in the group of subjects
according to the results of cluster analysis revealed
that in the 1% cluster patients all indices character-
izing the size and volume of myocardial cavities
and LV myocardial mass were significantly higher
compared with the 2™ cluster patients revealed both
by the ANOVA method and using the nonparamet-
ric Kolmogorov-Smirnov criterion (Table 6).
There were no statistically significant differences
only between the indicators of posterior wall thick-
ness and the interventricular septum.

The difference between LV diastolic function in
patients of both clusters was statistically insignifi-
cant using both parametric and nonparametric cri-
teria.

The relative number of the I* cluster patients
with an increased LV volumes and mass exceeded
80—90 %, significantly differing from the 2™ clus-
ter patients (Fig. 4). Due to changes in EDV,
iEDV, ESV and iESV the number of patients with
low EF was also higher in the 1* cluster.

The increase of myocardial mass and LV wall
thickness caused the development of its hypertro-
phy. The number of people with hypertrophy LV
was significantly higher in the 1% cluster patients
(91.6 % vs. 67.2 %, p < 0.001) due to eccentric hy-

329 &
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Ta6nauusa 6

MoKa3HUKKU CTPYKTYPHO-(YHKLIOHANIbHOTO CTaHYy MioKapaa y 06CcTeXeHUx nauieHTiB 3aneXHo Bif pe3ynbrarie

iepapxiyHOro KnacTepHoro aHanisy
Table 6

Indices of structural and functional myocardial state in examined patients based on hierarchical cluster analysis

1 knactep 2 knactep

Tect KonmoropoBa—CmipHoBa

Nokasuuku / Indices Cluster 1 Cluster 2 ANOVA Kolmogorov—Smirnov test
n=24 n=61 F p Z P
JIN, MM / LA, mm 46,5 £ 6,1 425+5,0 9,344 0,003 1,138 0,150
KOP, mm / EDD, mm) 63,0+ 5,7 53,9 +4,7 55,603 0,000 2,742 0,000
KCP, mm / ESD, mm 486 +7,2 379+44 67,879 0,000 2,851 0,000
T3CALL, mm / PWT, mm 110£14 109+1,2 0,115 0,735 0,331 1,000
TMLUN, mm / IVS, mm 11,8+£2,0 123+1,6 1,293 0,259 0,709 0,696
KOO, mn / EDV, ml 204,0 + 41,3 142,2 + 28,9 59,322 0,000 2,742 0,000
IKOO, mn/m2 / iEDV, ml/m? 102,5+ 19,8 69,9 + 12,7 78,798 0,000 2,810 0,000
KCO, mn / ESV, ml 13,3+ 37,5 62,6 = 17,7 69,732 0,000 2,851 0,000
IKCO, mn/m2 / iESV, ml/m? 56,8 + 17,9 30,8 + 8,2 82,781 0,000 2,946 0,000
@B, % / EF, % 454 £ 11,1 56,0 £7,7 24,023 0,000 1,994 0,000
MM, r / MM 330,3+ 81,5 257,4 + 53,1 22,927 0,000 2,051 0,000
IMM, r/m2 / MM/BSA, g/m? 165,5 + 36,2 126,4 + 23,7 33,109 0,000 2,319 0,000
BTC, cm / RWT, cm 0,35 = 0,05 0,40 + 0,06 15,050 0,000 1,888 0,002

% 100 4' I Knacrep / Cluster 1 [N Knacrep / Cluster 2 |7

IKOO IKCO IMM
EDV/BSA ESV/BSA MM/BSA

PUCYHOK 4. BigHocHe uucno
nauyieHTie 1-ro 1a 2-ro
KnactepiB 3 nigBuwenum IKJ0,
IKCO, IMM T1a 3HukeHoto ®B

Figure 4. Relative number of

patients of the 1st and 2" clus-

ters with increased EDV, ESV and

dEJIE:B MM indexes by BSA and
decreased EF

Bajacsl po3MUpPeHHSIM po3MipiB mopoxHunu JIII i
MOTOHIIEHHSIM HOro cTiHOK (puc. 5). BinmoBigHo y
MHalLi€eHTIB 2-ro KjacTepy 4YacTillle 3ycTpiyanacs KOH-
neHTpu4Ha rireprpodist JILI.

Bci mamientn 1-ro i 2-ro KjacTepiB mepeHecau B
munyjaomy IM, y Bcix 75,0 % mnarieHTiB 1-ro kiacrte-
pyi75,4 % 2-ro KiacTepy OCHOBHOIO KJIiHIYHOIO (Dop-
moto IXC oyna crenokapmig [I-II ®K. Opnak,
kiiHiunuit nepe6ir IXC OyB TSKUMM Y XBOpUX 1-ro
knactepy yepe3 CH (puc. 6): gxio y 38 nauieHris 2-
ro knactepy (62,3 %) mana micue CH I, To y 20 oci6 1-
ro kiactepy (83,3 %) — CH 11A-IIB.

3a pesyabTatraMu Jolrjepexokapaiorpagdii 0yB
npoBeaeHUl aHami3 aiactoniynoi ¢pyHkuii JIII. Hop-
MaJlbHa JiacTojliuHa (pyHKIIisl yacTilue 3ycTpivanacs y
MAaIieHTiB 2-TO KJIacTepy, ajie 0e3 JOCTOBIpHUX pO3-

(1) 330

pertrophy, which was characterized by enlargement of
the LV cavity and thinning of its walls (Fig. 5).
Accordingly, the 2™ cluster patients were more likely
to have concentric hypertrophy LV.

Everyone the 1% and 2™ clusters patients suffered from
MI in the past, in all 75.0 % of the 1* cluster patients and
75.4 % of the 2™ cluster ones the main clinical form of
CHD was angina pectoris FC I-II. However, the clini-
cal course of CHD was more severe in the 1% cluster
patients due to HF (Fig. 6): if 38 patients of the 2™ clus-
ter (62.3 %) had HF as NYHA I, then 20 people of the
Ist cluster, 83.3 %) HF as NYHA III-1V.

According to the results of Doppler echocardiogra-
phy, an analysis of LV diastolic function was per-
formed. Normal diastolic function was more com-
mon in the 2™ cluster patients, but without significant
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Figure 5. Relative number of

HopmanbHa reomerpis KoHueHTpryHe KoHueHTpryHa ExcueHTpryHa A
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ters with hypertrophy LV
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PUCYHOK 6. BigHocHe uyncno nauieHTis 1-ro
Ta 2-ro Knacrepie 3 cepLeBoi0 HeAOCTaTHICTIO
pi3Hux cTagin

Figure 6. Relative number of patients of
the 1t and 2 clusters with heart failure of
different stages

XomKeHb 3 1-M (puc. 7). B 000x KiracTepax HaWIOIIN-
peHimoio Oyna miacroniyHa mauchyskuig (AA) tum 1
(mopymienHst penakcanii). bimemr tsokky I, tam 11
(nceBmoHopMadnizauisg) i tun III (pecTpUKTUBHMIA),
YacTillle JiarHOCTYyBa/lM y XBOpUX 1-To KJlacTepy, OJgHaK
BiIMiHHOCTI Oy/JIM CTaTUCTUYHO HE3HAUYYLIMMM TOPiB-
HSIHO 3 2-M KJIaCTePOM.

Cnig 3a3HaYMTHU, 110 Y TIALIIEHTIB 1-ro Kj1actepy cyMap-
Ha TSDKKICThb CYITYTHBOI MaTOJIOril Oyja BUIla, PO 11O
CBiIUMB 3arajbHUI 0ajl IIKaJIM CYKYITHOI OLIIHKU 3aXBO-
proBaHocTi (Cumulative Illness Rating Scale — CIRS)
[29]. OckinbKku 3MiHHi 3arajibHOro 6ay i 0ajJbHOI OLLIHKHU
KaTeropii «ceple» He 0y HOPMaJIbHO PO3IOIiJIEHUMU,
XO04 11 He 0YJ10 ITepelKOoI010 /15 ITPOBEACHHS OqHO(aK-
TopHoro nucnepciiHoro aHanizy (ANOVA), ockinbku F-
KpUTEpilA, 1OCTaTHbO CTIAKUI A0 BiIXWUJIEHHST 3MiHHUX
Bim HopmambHOCTI [30], I CTAaTUCTUYHOI TIepeBipKU
BipOTiZHOCTI BiAMiHHOCTEI MU TaKOXX BUKOPHCTOBYBAIU
HermapaMeTpuuHuii Kpurepiii KonmoropoBa—CwmipHoBa.

Tak, npu piBHOCTI OaJjliB y KaTteropii «cepue» (1-i
kiacrep 2,57 £ 0,51 2-it knacrep 2,51 £ 0,6 mpu F=0,150,

differences from the 1% (Fig. 7). In both clusters,
the most common was type I diastolic dysfunction
(DD). More severe DD, type II (pseudonormal-
ization) and type I1I (restrictive), were more often
diagnosed in patients of the 1st cluster, but the dif-
ferences were statistically insignificant if compare
with the 2™ cluster.

It should be noted that in the 1* cluster patients
the total severity of concomitant pathology was
higher, as evidenced by the overall score of the
Cumulative Illness Rating Scale (CIRS) [29].
Because the variables of the total score and the
score of the «heart» category were not normally
distributed, although this was not an obstacle to
one-way analysis of variance (ANOVA), as the F-
test is sufficiently resistant to deviations from nor-
mal [30], to statistically check the probability dif-
ferences, we also used the nonparametric
Kolmogorov-Smirnov criterion.

Thus, when the score is equal in the «heart» cate-
gory (1* cluster 2.57 £ 0.5 and 2™ cluster 2.51 £ 0.6

331 ®
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PUCYHOK 7. BigHocHe uuncno
nayieHTie 1-ro 1a 2-ro
Knactepis 3 NOpyLWEHHAMU
AiacroniyHoi cyHKuii JILL

Figure 7. Relative number of
patients of the 1st and 2" clus-
ters abnormal LV diastolic func-
tion

Grade Il

p=10,699, Z Konmmoroposa-CwmipHosa — 0,207, p = 1,000),
saranbauii 6a1 CIRS gopiBHioBaB 12,96 + 3,6 mis 1-to
kmacrepyi 11,02 & 2,0 mst 2-ro, ipu F=9,6161p = 0,003,
Z=1,523ip=0,019.

OBI'OBOPEHHA PE3VYJIBTATIB

Pesynbratu Haloro AOCJiIXKEHHSI IOKa3ajiv, 110 IMpu
3icTaBHUX JaHMX IIOMO0 BiKy, KJIiHiYHOI KaptuHu IXC i
MOIIMPEHOCTI (haKTOPiB pU3NKY, HASIBHICTh paaialliiiHO-
ro BIIMBY, sikuii MaB Micue 30—35 pokiB TOoMy, He
acoriroe 3i 3minoo BIT. 3i Bcix aHanmi3oBaHUX ITOKa3-
HUKIB TiJIbKM OXMPIHHS MajJo JOCTOBipHY HEraTUBHY
kopessiito 3 BAT i Tinbku y nmanientis KI. Bunukano
OpUNYILIEHHS, IO caMe BiICYTHICTh (DaKTy ONpPOMiHEH-
HS «IO03BOJISIO» peajlizallilo 1horo 3B’a3Ky. g 1re-
peBipKU MOAIOHOI TiroTe3u HaOIIbII MiAXOASAIIO0 CTa-
TUCTUYHOIO MOJEIII0 OyB NMCIEpPCiiHUIA aHasi3, 3aB-
JaHHSIM SKOTO € AOCJIiJXKEHHSI BIUIMBY OJHi€l abo de-
KIUJTbKOX He3aJIeXKHUX 3MiHHUX Ha OIHY 3aJIeXHy [27].

JucnepciiiHuii aHaji3 MoKa3aB, 110 caMe B3aEMOJis
NBOX (haKTOpPiB — HASIBHOCTi—BiICYTHOCTI OIPOMiHEHHS
i HASIBHOCTi—BiACYTHOCTI OXMPiHHS, Majla JOCTOBipHUM
BriuB Ha BJIT.

o crocyeTbest oxxupinns, A. M. Valdes i criiBaBT. [13]
nochimkyBaiy 1122 xiHku y Biti 18—76 pokiB i 3Hai1II-
JIA, 110 JOBXWHA TEJIOMEP HEYXWJIbHO 3MEHIIyBajacs 3
BiKOM B cepeaHbOMY Ha 27 Trap HYKJIEOTHAIB (1. H.) Ha
pik. TenomMepu KiHOK 3 OXMpPiHHIM Oyau Ha 240 1. H.
KOPOTIII, HiXX TeJIoMepu Xyaux XiHoK (p = 0,026). SIkio
OXXUPiHHS BHOCUJIO BATOMUI BKJIaJ y CKOPOUEHHSI TeJIO-
Mep, TO 3a HOTo BiICYTHOCTi, TOOTO IMpU HOPMaIbHIK
maci Tina, BrumB Ha T iH1uMx ¢akTopiB MOBUHEH CTa-
BaTHU MOMITHIIIIMM. Y HalIOMy BUMAAKY 11€ MOIJIO O3Ha-
YaTd CKOPOYECHHS TeJIOMep SIK pe3y/abraT JaBHHOIO OII-
POMIiHEHHSI.

at F=0.150, p = 0.699, Z Kolmogorov-Smirnov —
0.207, p=1,000), the total CIRS score was 12.96 + 3.6
for the 1* cluster and 11.02 % 2.0 for the 2™ one, at
F=9.616 and p=10.003, Z=1.523 and p = 0.019.

DISCUSSION

The results of our study showed that at the same
age, clinical picture of CHD and the prevalence of
risk factors, the fact of radiation exposure, which
took place 30-35 years earlier, is not associated
with RTL changes. From all the analyzed indices,
only obesity had a significant negative correlation
with RTL and only in CG patients. There was an
assumption that the absence of irradiation
«allowed» realization of this communication. To
test this hypothesis, the most appropriate statisti-
cal model was analysis of variance, the task of
which is to study the influence of one or more
independent variables on one dependent [27].

Analysis of variance showed that the interaction
of two factors as the presence-absence of irradia-
tion and the presence-absence of obesity, had a
significant effect on RTL.

As for obesity, A. M. Valdes et al. [13] studied
1122 women aged 18—76 years and found that TL
steadily decreased with age by an average of 27
nucleotide pairs (np) per year. The telomeres of
obese women were 240 np. shorter than the telom-
ere of lean women (p = 0.026). If obesity has made
a significant contribution to the telomeres reduc-
tion, then in its absence, i.e. at normal body
weight, the effect on TL of other factors should
become more noticeable. In our case, this could
mean telomeres reduction in as a result of bygone
irradiation.

(1) 332
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A. Lustig i ciiBaBT. [18] BUsIBUIN, 1110 B OCi0, SIKi BUXKHM-
JIU TIicJIsE aTOMHOro OomOapayBaHHSI XipociMu, 4epes
50—68 pokiB micis pamiatiiiHoro Brumsy AT neiikouuTis
3BOPOTHO KOpeJioBaja 3 03010 OMNpPOMiHEHHS (p =
0,008), i Leit epekT OYB OCOOJIMBO BUPAXKEHUI Y THX, KO-
MY Ha MOMEHT OIPOMiHEHHSI He BUMOBHUIOCS 12 poOKiB
(p = 0,0004). ABTOpM BBaXKaroTh, 1110 iXHi pe3yJBTaTH I10-
Kazajay 3ryOHMI BIUIMB iOHi3yI0YOTO BUITPOMiHIOBAHHS
Ha T neitkoumTiB, sIKuii 30epiraBcsl BIIPOAOBXK BCHOTO
nepiomy micist onpoMiHeHHs1. MOXIIUBO, 1€ CIIpaBeIii-
BO I Wi Hamoro Bunanky. OmHak, MU He BUKJIIOYaEMO
IHIIMA cleHapili — BUMAAKOBUI XapaKTep pe3yJbTaTiB
IUCTEPCITHOTrO aHai3y yepe3 Majle YUCIO CIIOCTEPEXKEeHb
nauieHTiB KI' 3 HopmanbsHOIO Macoto Tia (n = 3). B 0yab-
SIKOMY BUIIAAKY JOCIIIKEHHS B LIbOMY HaIIPSIMKY OYIyTh
TPUBATH i3 3aJTy4EHHSIM 10 00CTeKeHHST HOBHUX OCiO.

BusuenHio 3B’s13ky BT 3 nesskumu exokapaiorpadiu-
HUMHM TapaMeTpaMHi TPUCBSYeHA HU3Ka MTOCIiIKCHbD,
BUKOHAHMUX SIK HA 3[I0POBUX JOOPOBOJBLSX, TaK i maLli-
€HTAaX i3 cepleBO-CyAMHHUMU 3axBopioBaHHsAMU. J. Col-
lerton i criBaBT. [31] BuMiproBasu T y MOHOHYKJIeap-
HUX KJIiITUHaX MepugepuyHoi KpPOBi i MPOBOAUIU €X0-
Kapmiorpadiro B rpymi 85-piyHux cy0’€XTiB, HAOpaHUX 3
MiCLIeBOTO HaceJIeHHsI B paMKax noc/imkeHHs: Newcastle
85+ Study. He 6yno Hisikoro 38’s3ky Mixk AT i crarTio,
TenepilHiM najaiHHsaM, IM Ta iHCyJIbTOM B aHaMHe3i, Ti-
NepTOoHi€l0, 1iadeTOM, BUKOPUCTAHHSIM 3BUYAHUX Cep-
LIeBO-CYIMHHUX TIpernapariB, BUMipIOBaHUM apTepiaib-
HUM THUcKoM i IMM JIII. MiTtpanbHe CHiBBiZHOIIEHHS
E/A i ctynins 11 pi3HUX TUIIIB TaKOX HE KOPEIIOBAJIN 3
HAT. Onnak, TenomMepam, Ki Ha OgHE CTaHIapTHE BigXm-
JIeHHSI OyJIM HOBIII CepeaHbOI BEIMYMHMU, BilIOBimaia
®B, gxa cknagana 105 % Bin cepennnoi [31].

B inmomy nocaiaxenHi [32] y 150 3mopoBux atoaei
BUSIBJICHO CJIaOKUii, ane moctoBipHUii 3B’ 930K T i3
IMM (r = -0,21, p < 0,01) i ToBmuHo MIIII
(r = -0,25, p = 0,01); 3B’s130K OYB BiacyTHiMm i3 KO
(r=20,10, p > 0,05) i KCO (r= 10,12, p > 0,05). B oci6 3
KOPOTKMMM TeJIOMepaMu OYB BMIIM PU3UK PO3BUTKY
[ . Pe3ynbsraTom Halloi poOOTH TaKOX Oyjia HeraTMBHA
kopensuisgs BAT 3 IMM i 3 IKJIO y rpyni XxBopux Ha
IXC, mo ckinanmanack 3 YJIHA ta oci6 KI. 3B’g30k BAT
3 IKJO mm BBaxanu OiTBII TIPOCTUM i 3PO3YMIJINM,
ockinbkn KO Ta i#oro iHmekc po3paxoByBajucs 3a
dopmynoro Teiixonbls, 1€ BUKOPUCTOBYBAIUCS TiabKU
3HayeHHs KIP, Toai sik o6uncienHs MM ta IMM po-
omnmu 3a Tphoma mapamerpamu: KJIP, T3CJILI i
TMILII.

Bennka rmioma po3kuay KpaloK Ha  jaiarpami
poscitoBaHHs 3 KoopauHatamu BIT ta IKIO Tta pizHa
LLJIBHICTD iX pO3TalllyBaHHSI B Pi3HUX YaCTUHAX JiarpaMu,

Lustig A. et al. [18] found that in survivors of the
atomic bombing of Hiroshima, 50—68 years after
radiation exposure, the leukocyte DT was inversely
correlated with the radiation dose (p = 0.008), and
this effect was particularly pronounced in those who
at the time of irradiation was younger than 12 years
(p = 0.0004). The authors believe that their results
showed a detrimental effect of ionizing radiation on
TL of leukocytes, which persisted throughout the
period after irradiation. Perhaps this is also true for
our case. However, we do not rule out another sce-
nario as the random nature of the results of analysis
of variance due to the small number of CG patients
with normal body weight (n = 3). In any case,
research in this area will continue with the involve-
ment of new people in the survey.

A number of studies performed on both healthy
volunteers and patients with cardiovascular disease
are devoted to analysis of the relationship between
RTL and some echocardiographic parameters. J.
Collerton et al. [31] measured TL in peripheral
blood mononuclear cells and performed echocar-
diography in a group of 85-year-old subjects
recruited from the local population as part of the
Newcastle 85+ Study. There was no association
between TL and gender, current smoking, history
of MI and stroke, hypertension, diabetes, use of
conventional cardiovascular drugs, measured blood
pressure, and iMM. The mitral ratio E / A and the
degree of DD of different types also did not corre-
late with TL. However, telomeres, which were one
standard deviation longer than the mean, corre-
sponded to EF, which was 105 % of the mean [31].

Another study [32] found in 150 healthy people
a weak but reliable relationship of TL with iMM
(r=-0.21, p<0.01) and the IVS thickness (= -0.25,
p = 0.01); communication was absent with EDV
(r = 0.10, p > 0.05) and ESV (r = 0.12, p > 0.05).
People with short telomeres had a higher risk of devel-
oping DD. The result of our work was also a negative
correlation of RTL with iMM and iEDV in the group
of patients with CHD, which consisted of EW and
CG. We considered the connection between RTL and
iEDV to be simpler and clearer, because EDV and its
index were calculated according to the Teichholtz for-
mula, where only EDD values were used, while MM
and iMM calculations were performed according to
three parameters: EDD, PWT and IVS thickness.

The large area of scatter points on the scattering
diagram with RTL and iEDV coordinates and their
different density in different parts of the diagram,

333 ®



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

HaBEJIM Ha TYMKY HEBUMAIKOBOTO XapaKTepy TaKOro po3-
nominy. Jist pilieHHsT LbOro MUTaHHS OYB 3aCTOCOBAHUIA
iEpapXiyHuii KJIaCTepHUIA aHai3, CyTh SIKOTO ITIoJjisirajia B
pO30MBLII BUXiITHUX JAaHWUX HA IPYMU TaKUM YUHOM, 11100
€JIEeMEHTH, SIKi BXOASTb B OAHY TPYITy, OyJI MaKCUMAaJIBHO
«CXOXHMM», a eJIEMEHTHU 3 Pi3HUX IPYII OYJIM MaKCUMAaJlb-
HO «BiIMiHHMMMW» OAVH Biz ogHoro. KiactepHuii aHami3 —
JOCUTD PiIKO 3aCTOCOBYBAaHUIA CTATUCTUYHUI METO Yy M€~
auuyHi. Mloro BUKOPUCTOBYIOTH TS TOTO, 1100 YHUKHYTU
TMOMWIOK, sIKi HEMUHYYe BUHUKAIOTh IPHU €MITipUIHOMY
PO3TOIiJIi CITOCTEPEXKYBAaHNUX 00’ €KTIB Ha Mmiarpynu. Tak y
nyouikaiiii A. Kuzyk ta criBaBT. [33], iepapxiyHuii Kiac-
TEPHUIA aHaJTi3 3aCTOCOBYBAJI 7151 Kylacuikallii Helipoo-
JIACTOM 3aJIEXKHO BiJl CTyneHs TMCMYHKILiT TeJioMep, i 3ac-
TOCOBAHMI PO3IOILT Ha KJIACTepU TO3BOJIMB 3aIIPOITOHY-
BaTW HOBIi BapiaHTH Kiacuikallii HelipodJacToOM.

V HallloMy BUITaKy KJIaCTEPHMI aHaJli3 JO3BOJIMB BCE-
peariHi OAHOPIAHOI 3a KJTiHIYHIM CTAHOM IPYIU MaLi€HTIB
BiJOKpEMUTHU ABi MiArpyny XBOPUX, OJHA 3 SIKMX XapaKTe-
pu3syBajacs BUPaXXeHUM 301TbIIEHHSIM pO3MipiB i 00’eMiB
JILL, macu miokapna i 3HmkeHHsIM DB, HasBHICTIO eKC-
HeHTpu4uHoOI rineprpodii JIII, 6inbin KOPpOTKUX TeJIOMEp.
IIpoBeneHi mociigkeHHsI, BOJHOYAC MOTPeOYIOTh I10-
JAJIBbIIOTO PO3BUTKY 3i 30iIbIIEHHSIM 4MCia Cy0’EKTIB y
rpymnax Ta 3aCTOCYBaHHSIM KPUTEPIIO T03MU.

BUCHOBKU

1. Y xBopux Ha IXC 3i cTeHO3yI0UMM aTepOCKIEPO30M KO-
poHapHux aptepiii, YJIHA i HeonpoMiHeHUX MaLlieHTIB
OJIHAKOBOTO BiKY, 31 CXOXOI0 KJIiHiYHOIO XapaKTepUCTU-
KOIO Ta OTHAKOBOIO TTOIINPEHICTIO (paKkTopiB prsnKy, BAT
BipOTiIHO He Bigpi3HsIacs, TAKOX SIK i cepeaHi MoKa3H!-
KU CTPYKTYPHO-(PYHKIIIOHATLHOIO CTaHy MioKap/a.

2. Pe3ynbratv AUCIIEpCiiHOrO aHalli3y MmoKa3aau BIUIMB
daxry onmpominenHs Ha BJIT: ockinbku B YJIHA 3 HOp-
MaJIbHOIO MAacolo Tijla TeJoMepu OyJM BipOTiZHO KO-
pOTILI, HiX Yy HEONMPOMiHEHMX MAaLi€HTIB, Leil edeKkT
MOXHa BiTHECTM Ha paxyHOK paaialliiHOro BIUIMBY
30—35-piyHO1 maBHUHU. 3a HASIBHOCTI OXMPIHHS, STKE
caMme 1o co0i MPU3BOAUTH JO CKOPOUEHHS TeJoMep,
BHECOK omnmpoMiHeHHs HiBemtoBaBcs i BT He Biapi3Hsi-
Jacs B YJIHA Tta rpyni HeonmpoMiHEHOTO KOHTPOJIIO.

3. B o0’emnaniit rpyni YJIHA 3 KI' knactepunii aHami3
BimokpemuB aBi miarpynu mauieHTis 3a BT Ta 1K0O,
SIKi J€MOHCTPYBaJIM AOCTOBIpHY 3BOPOTHY KOpEJsILilo.
Ilepia miarpymna (1-i Kjactep) BiapizHsiiacs Bif APYyroi
(2-i1 kmacTep) BipoTiZHO OIMBIIMMU CEepeaHIMU TTOKa3-
Hukamu po3MipiB (KIAP, KCP) i 06’emiB (K10, IKI0O,
KCO, IKCO) JILlI, MM ta IMM JI1l, meramumu OB i
BTC JIII. ¥ nauieHTiB 1-ro Kiactepy TeJoMepu 0yu Bipo-
rimHo Koporii (10, = 1,7 mpotu 14,3 = 2,0 ipu p = 0,000).
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suggested the non-random nature of this distribu-
tion. To address this issue, a hierarchical cluster
analysis was used, the essence of which was to
break the source data into groups so that the ele-
ments belonging to one group were as «similar»
and the elements from different groups were as
«different». Cluster analysis is a rather rarely used
statistical method in medicine. It is used in order
to avoid errors that inevitably occur in the empiri-
cal division of observed objects into subgroups. So
in the publication of A. Kuzyk et al. [33], hierar-
chical cluster analysis was used to classify neurob-
lastomas depending on the degree of telomere dys-
function, and the applied cluster division allowed
to propose new variants of neuroblastoma classifi-
cation.

In our case, cluster analysis allowed to separate
two subgroups of people within a homogeneous
group of patients, one of which was characterized
by a marked increase of LV size and volume,
myocardial mass and decreased EF, the presence
of eccentric LV hypertrophy, shorter telomeres.
The studies, however, need to be further developed
with an increase in the number of subjects in the
groups and the application of the dose criterion.

CONCLUSION

1. In patients with CHD with stenotic atherosclero-
sis of the coronary arteries, EW and non-irradiated
patients of the same age, with similar clinical char-
acteristics and the same prevalence of risk factors,
RTL significantly did not differ, as well as average
structural and functional myocardial status.

2. The results of analysis of variance showed the
effect of radiation on RTL: because in EW with
normal body weight telomeres were significantly
shorter than in non-irradiated patients, this effect
can be attributed to radiation exposure 30-35 years
ago. In the presence of obesity, which itself leads to
a reduction of telomeres, the contribution of radi-
ation was leveled and RTL did not differ in EW
and non-irradiated control group.

3. In the combined EW group with CG, cluster
analysis separated two subgroups of patients with
RTL and iEDV, which showed significant inverse
correlation. The first subgroup (1* cluster) differed
from the second (2™ cluster) significantly larger
average sizes (EDD, ESD) and LV volumes (EDV,
iEDV, ESV,iESV), MM and iMM, smaller EF and
RWT. In patients of the 1* cluster telomeres were
significantly shorter (10.3 = 1.7 vs. 14.3 = 2.0 at
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TosuimHa ctiHok JIII He Bimpi3HsIacs MixX KiacTepaMu,
SIK 1 TIOKA3HUKU J11aCTOIIYHOT (PyHKIIII.

4.V manieHTiB 1-To Kitactepy OyJI0 JOCTOBIpPHO OiTbIIIe XBO-
pux 3 rineprpodiero JILI (91,6 % npotu 67,2 %, p < 0,001)
3a PaxXyHOK eKCILIEHTpUYHOI TirnmepTpodii (87,4 % npoTtu
42,6 %, p < 0,001). Cepen nauieHTiB 2-ro KJjacTepy Iie-
peBaxaja KOHIEHTpHUYHa rineprpodis (24,6 % mporu
42%,p<0,01).

5. lepapxiuHuil KjiacTepHU aHali3 € TAapHUM iHCTPY-
MEHTOM, 1110 JO3BOJISIE CEPEN XBOPUX 3 OIHAKOBOIO Ta-
tosoriero 3a mokasHukamu BJIT ta IKJIO, BiporimHo
B3aEMO3AJNIEXKHUMU MiX €000, BITOKPEMUTHU TpyIly
MaLiEHTIB 3 HANOLIBII TSIXKWAM KJIIHIYHUM Mepedirom
IXC i nopyuieHHsIM cuctojiuHoi (pyHkiii JITIT.

diHaHcyBaHHS

HocnimxeHHs BukoHaHo B pamkax H/{P: «BuueHHs ma-
TOTEHETUYHUX OCOOJIMBOCTEM PO3BUTKY Ta ITPOTPECyBaH-
HS iIEMiIYHOI XBOpOOUW Cepls B YYACHUKIB JiKBimallii
HacnigkiB aBapii Ha YopHoOunbcbkiit AEC 3a 35-piu-
HUI mepion ITics onmpoMiHeHHs», No mepxKpeecTpallii:
0119U100640, 3a ¢inancyBanns HAMH VYkpainu.

CNMUCOK BUKOPUCTAHUX OAMEPEN

1. Craxis O., Lemeptok H. 1. TenomepHa Teopisi CTapiHHsS KNiTWHW. Ha-
ykoBwii Bichuk JIHYBMBT imeni C.3. xuybkoro. 2016. T. 18, Ne 3.
C. 109-111.

. Yeh J.-K., Wang C-Y. Telomeres and telomerase in cardiovascular
diseases. Genes. 2016. Vol. 7, no. 9. P. 58. doi: 10.3390/
genes7090058.

. von Zglinicki T., Martin-Ruiz C. M. Telomeres as biomarkers for age-
ing and age-related diseases. Curr. Mol. Med. 2005. Vol. 5, no. 2.
P. 197-203. doi: 10.2174/1566524053586545.

. Shammas M. A. Telomeres, lifestyle, cancer, and aging. Curr. Opin.
Clin. Nutr. Metab. Care. 2011. Vol. 14, no. 1. P. 28-34. doi: 10.
1097/MCO0.0b013e32834121Db1.

. Chromosome translocations, inversions and telomere length for
retrospective biodosimetry on exposed U.S. atomic veterans /
M. J. McKenna, E. Robinson, L. Taylor et al. Radiat. Res. 2019.
Vol. 191, no. 4. P. 311-322. doi: 10.1667/RR15240.1.

. bparuesa 0. B., Mpowaes K. N. MemnumHckve acnekTbl npexaespe-
MEHHOr0 CTapeHusi: COBPEMEHHOE COCTOsHWE MpobneMbl. HayuyHbie
BegomocTn benropoackoro rocygapcteeHHoro yHuepcuteta. Ce-
pusi: Megnumra. @apmaums. 2011, Bein. 13/1, Ne 4(99). C. 23-27.

. Octanuna 10. 0., SixonTtos [. A. inuHa Tenomep y 60/bHbIX ULIeMU-
yeckoii GonesHbio cepaua pasHbix BO3PACTHbLIX rpynn. BecTHuk coB-
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. Differences in leukocyte telomere length between coronary heart dis-
ease and normal population: a multipopulation meta-analysis / X. Xu,
H. Hu, Y. Lin et al. Biomed. Res. Int. 2019. Vol. 2019. P. 5046867.
doi: 10.1155/2019/5046867.

p =0.000). LV wall thickness did not differ between
clusters, as well as diastolic function.

4. Patients of the 1* cluster had significantly more
patients with hypertrophy LV (91.6 % vs. 67.2 %,
p < 0.001) due to eccentric hypertrophy (87.4 %
vs. 42.6 %, p < 0.001). Concentric hypertrophy
predominated among patients in the 2" cluster
(24.6 % vs. 4.2 %.p < 0.01).

5. Hierarchical cluster analysis is a good tool that
allows among patients with the same pathology by
the indices of RTL and iEDV, essentially interde-
pendent, to separate the group of patients with the
most severe clinical course of coronary heart dis-
ease and LV systolic dysfunction.
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