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ATRIAL CARDIOMYOPATHY IN POSTMENOPAUSAL FEMALE HEALTHCARE
PROFESSIONALS — A SINGLE-CENTER STUDY
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Pestome. BbBeaeHue: [Jobpe npoyyeHo e pasnpocTpaHeHNEeTO Ha 3aTMbCTABAHETO M XUNEPTOHUSTA cpeq 3apaBHUTE paboT-
HULK. U nBeTe 3abonsiBaHus ca U3BECTHU KaTo pUckoBu hakTopu 3a npeacbpaHa kapauomuonatus (MKMIM) — Hosa
KNWHUYHA €4MHMLA C NOTeHUMan Aa npean3BrKBa CbpaeyHa HEAOCTaTbYHOCT, NPELCHPAHO MbXaeHe 1 TpoMboeM-
BonuyHKM ycroxHeHns. B Ta3n Bpb3aka e HeobX0AMMO NaHUpaHeTo Ha NPEBaHTVUBHW CTPATEri U UHTEPBEHLMU NPy
Tasu cneumduyHa nonynauus. Len: [a ce gechumpa MKMI npu 3gpaBHM paboTHULM OT XEHCKM MO B MeHonaysa.
Matepuan n metoam: CTO 1 NeT XEHM Ha cpeaHa Bb3pacT, 30paBHU paboTHWLM, pa3neneHi B TpU rpynu: ¢ LieHTpan-
Ho 3aTnbeTaBaHe (n = 50, 47%), cbe 3aTnbeTABaHe W xunepTorus (n = 24, 23%) 1 3apasu koHTporm (n = 31, 30%),
npemmHaxa npe3 exokapanorpadcko n3cneasaHe ¢ BonymeTpuyeH u speckle tracking aHanua. PesynTaru: YctaHo-
BUXa CE 3HAYNTENHN pasnukn B 0bemute Ha nsBoTo npeacwbpame (JM) mexay Tpute rpynu. ®asosata dyHKUMS HA
NN Belwe 3Ha4NTENHO HaMarneHa, a stiffness MHOEKCHT 3HAUMTENHO YBENUYEH NPU FPYNUTE CbC 3aTbCTABaHe. [o-Bu-
COKWSAT MHAEKC Ha TenecHaTa Maca belle CBbp3aH C yBENMYEH MHLEKCMpaH MakcumaneH obem Ha JIM (p < 0.001, r
= 0.56) v pegyunpaH NUKOB MOHMUTYAMHaNeH cTpeiH Ha JIM (p < 0.001, r = -0.59) 1 NUKOB KOHTPAKTUNEH CTPEIH Ha
N (p < 0.001, r = -0.56). 3akntoueHune: 3apaBHNUTE PaOOTHULM OT XEHCKW NOM B MEHOMAy3a ChC 3aT/TbCTABAHE U
XMNEPTOHMS ca B puck oT acumntomHa MMKT. Heobxoammu ca 4OMbIHUTENHN M3CNeABaHNS 3a NOTBbPXAABaHe Ha
Ta3n KoHLenuus.

Kniouosu gymu: 3aTTbCTABAHe, aTpuanHa kapanoMuonaTis, 3apasHu paboTHULM
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Abstract. Background: The prevalence of obesity and hypertension among healthcare professionals has been previously

described. Both diseases are known risk factors for atrial cardiomyopathy (ACM), a new clinical entity with potential
to be a determinant of heart failure, atrial fibrillation and thromboembolic complications. In this perspective, early
preventive strategy should be initiated in this special population. Aim: To define ACM in middle-aged women healthcare
professionals. Material and methods: Hundred and five middle-aged women healthcare professionals, separated in
3 groups: with central obesity (n = 50,47%), obesity and hypertension (n = 24,23%), healthy control (n = 31,30%),
underwent echocardiographic examination with volumetric and speckle-tracking analysis. Results: There were
significant differences in LA volumes between 3 groups. LA phasic function was significantly reduced, and LA stiffness
index was significantly increased in obese groups compared to control. Higher body mass index was associated with
increased LA volume index (p < 0.001, r = 0.56) and with reduced Peak atrial longitudinal strain (p < 0.001, r = -0.59)
and Peak atrial contractile strain (p < 0.001, r=-0.56). Conclusion: Postmenopausal women, healthcare professionals
with obesity and hypertension are at risk for asymptomatic ACM. Further investigations are needed to confirm this

concept.
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BbBEAEHME

CbpaeyHo-cbaoBute 3abonsasanms (CC3) ca Boge-
La npu4yvHa 3a 3abonsgeMocT U CMBbPTHOCT MPU KEHU
B MeHonaysa [1]. [pe3 To3n nepuoa HacTbLnBaT hu3su-
OSIOrMYHN MPOMEHU, KOUTO MoraT fa MOBMUSAAT pucka
ot CC3, kaTto aHapONaHUAT MOAEN Ha pa3npeaeneHve
Ha TenecHWTe MasHUHW U3rnexaa € eauH OT OCHOBHU-
Te daktopu [2]. 3aTNbCTABAHETO KATO XPOHUYHO 3a-
bongaBaHe yBenuyaBa CbpOEYHO-CbAOBUTE UHLMOEHTU
WHONPEKTHO Ype3 pUCKOBM haKToOpU KaTo XUMNEPTOHUS,
ONCNUNUAEMUS, TTIIOKO3EH HETOMNEPAHC U JOpY HapyLue-
HUA Ha cbHA. OCBEH TOBA 3aTNTbLCTABAHETO MMa OUPEK-
TEeH XeMogMHamunyeH edekT, BodeLy, OO MOBMLIEH obLy
KpbBEH 006eM 1 CbpaeyeH AebuT, KOETO OT CBOSI CTpaHa
yBenuyaBa HaTOBapBaHETO Ha cbpueTo [3]. 3atnbeTs-
BaHETO M XWMNEPTOHMATa Ca CBbP3aHW CbC CTPYKTYPHU
N (PyHKLMOHANHM CbpAEYHM aHOManuM 1 ca 4YecTo cpe-
LLIaHW cpepn 3apaBHUTe paboTHuum [4-7]. MpeacbpaHaTta
kapanomuonatus (MKMIT) e HoBa KNWHWMYHA eAnHULA C
ronsiMo 3HaveHue nopaam noteHunana n aa 6vae ak-
TOp 3a CbpAedHa HegoOCTaTbYHOCT, NPeACbPAHO MbX-
AeHe 1 TpomMboeMBonMYHN yCroxHeHus [8].

LIEn HA NPOYYBAHETO

Llenta Ha HawweTo npoy4yBaHe Gelle fa uscnegsave
BMUSIHWETO Ha abQOMUHANHOTO 3aTITbCTSABAHE, CaMOCTOS-
TEMHO M B KOMOMHAaUWS C XMNEPTOHMS, BbPXY CTPyKTypaTta
1 yHKUMATa Ha nasoTo npeacbpave (J1M) npu 3apasHu
pPabOTHMLIM OT >KEHCKM MO 1M B MeHoMNay3a, 1 Aa aeuHu-
pame NMKMIT B Ta3u cneuuduryHa nonynawuus.

MATEPUAN U METOOU

B npoyuBaHeTo Gsxa BkrtodeHn 105 nocrneposa-
TENHW acUMMNTOMHU XEeHW Ha cpedHa Bb3pacT (58.12
+ 3.84 rognHun) B MeHomnay3a, 3gpaBHU paboTHMLM OT
Hawarta 6onHuua. Te Gsixa pasgeneHy B Tpy rpynu ¢
e[HaKkBa Bb3pacToBa XapaKTEepWUCTMKA: C LEeHTpasHo
3atnbeTsaBaHe (n = 50), ¢ abgoMuHanHoO 3aTnbCTABaHe
n xunepTtoHus (n = 25) n 3gpasun koHTponu (n = 30).
3atnbeTraBaHeTo ce geduHupa kato ATM = 30.0 kg/
m?, abaAOMWHANHOTO 3aTNbCTsIBAHE — KaTO CbOTHO-
weHne Tanua/xaHw > 0.85 n obukonka Ha TanusaTta
> 80 cm, a HopmanHoTto Terno kato UTM < 25.0 kg/
mZ2. YKeHuTe ¢ xunepToHusi 6sxa ¢ obpe KoHTponupa-
HO apTepwuanHo HanaraHe. [eduHnpa 6sixa cnegHute
eKJ/IroY8alju Kpumepuu: XEHN B MeHomnay3sa, cpeaHa
Bb3pacT (40-60 r.), 6e3 3Ha4YMMO CTPYKTYpHO 3abons-
BaHe. Onpepenexun 6sxa cnegHUTe Kpumepuu 3a us-
K/1ro4eaHe: IOl aKyCTUYEeH Mpo3opel, 3Ha4YuTenHa
XunepTpodusa Ha nsBata Kkamepa, Kapguomuonartus,
3axapeH gunabeT, kopoHapHa 6ornecT Ha CbpLEeTo, Cbp-
Je4YHa HeOoCTaTbYHOCT, KnanHu 3abonsiBaHus, apuT-

INTRODUCTION

Cardiovascular diseases are the leading cause
of morbidity and mortality in postmenopausal women
[1]. During menopause several physiological chang-
es may influence the risk of cardiovascular disease,
and the android pattern of body fat distribution
seems to be one of the major issues [2]. Obesity as
a chronic disease increases cardiac adverse events
indirectly mediated through risk factors such as hy-
pertension, dyslipidemia, glucose intolerance and
even sleep disorders. There is a direct hemodynamic
effect of obesity through increasing total blood vol-
ume and cardiac output, thus resulting in increased
cardiac workload [3]. Obesity and hypertension are
associated with structural and functional cardiac ab-
normalities and have been reported as a prevalent in
healthcare professionals [4-7]. Atrial cardiomyopathy
(ACM) is a new clinical entity with significant impor-
tance, because of its potential to be a determinant
of heart failure, atrial fibrillation and thromboembolic
complications [8].

Aim

The aim of our study was to investigate the im-
pact of central obesity alone and in combination with
hypertension on left atrial (LA) structure and function
in postmenopausal women healthcare professionals
and to define ACM in this specific population.

MATERIAL AND METHODS

In the present study were enrolled 105 consecu-
tive asymptomatic middle — age (58.12 + 3.84 years)
postmenopausal women, healthcare professionals
in our hospital. They were separated into 3 age-
matched groups: with central obesity (n = 50), obe-
sity and hypertension (n = 25) and healthy controls
(n = 30). Obesity was defined as a BMI = 30.0 kg/m?,
abdominal obesity as waist-to-hip ratio > 0.85 and
waist circumference > 80 cm and a normal weight
as a BMI < 25.0 kg/m?. Women with hypertension
were with well controlled arterial blood pressure. The
following inclusion criteria were set postmenopaus-
al women, middle age (40-60 years), without overt
heart disease. The following exclusion criteria were
set poor quality echocardiographic images, signif-
icant left ventricular hypertrophy, cardiomyopathy,
diabetes mellitus, coronary artery disease, heart fail-
ure, cardiac valve disease, arrhythmia, and hepatic,
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MUK, KaKTO U 4YepHOOPOOHU, 6bLOpPEeYHU, eHOOKPUHHY
NN pecnupaTopHu 3abonseaHus. Bcuukn yyacTHULM
nognucaxa MHOpMMpaHo chriacue.

EXOKAPANOIrPA®UA C BONYMETPUYEH
U SPECKLE-TRACKING AHANU3

Bcuykm yyacTHMUM B NpOyYBaHETO NPeEMUHaxa npes
TpaHCcTopakanHa exokapguorpadus. WamepBaHusita
0sixa M3BbPLUEHN B CbOTBETCTBME CbC CTAHAAPTMTE Ha
pbKoBOACTBaTa no exokapauorpadus [9] n 6sixa ocpea-
HeHM OT Tpu cbpaedyHn uukbna. 3a speckle-tracking
aHanu3a Ha nsBoTo npeacbpaue (J1M) 6sxa nonyveHn ns-
obpakeHus OT ABY- N YETUPUKYXMHHA No3uums (C orneq
n3bsareaHe Ha nogkbcsiBaHe Ha JIM n no-gobpa Bu3ya-
nu3auus), Kato YyectoTata Ha Kagpute Gelle 3agageHa
mexagy 60 n 80 kagbpa B cekyHaa. CbxpaHeHUTe u3-
obpaxeHus B6sxa aHanuanpaHu vpes codpryepa QLAB
Release 10.3. 3a aHanu3 Ha gedopmauusaTa Ha J1I1 ce
n3nomnsea HadanHata Todka Ha R-BbnHata ot EKI [10].
CronHoCcTUTE Ha gedopMaumsita 3a BCUYKM CErMEHTU
Osixa 3anncaHn 1 OCPenHEHN 3a MONyvyaBaHe Ha MUKO-
BUS HagnbxeH (PALS) n koHTpakTuneH ctperiH (PACS).

dasoarta dhyHkums Ha J1T1 Belue oueHeHa Ypes Bony-
MeTpudeH meTon: MakcumanHuaT obem Ha JTTT (LA, ) ce
M3MepBa B Kpasi Ha cucTonara Ha KamepuTe, TOYHO nNpeaun
OTBapPSAHETO Ha MUTpanHara knana, 4OKato MUHUMarHu-
AT 0bem Ha J1IT (LA ) ce usmepsa B Kpast Ha avacTona-
Ta, HEMOCPEACTBEHO NPeamn 3aTBapsHETO Ha MUTpanHara
knana. Npenatpuantmat obem (LApre_A) Ce u3MepBa B Ha-
YyarnoTo Ha P-BbnHata Ha EKT. Benukm o6emu Ha JTT1 6sixa
WHOEKCMPaHM CpsIMO NMOBBbPXHOCTTA Ha TAMOTO.

MmobanHata cpakums Ha usnpassaHe (LA..), na-
cvBHaTa dpakums (LA,..) v aKTuBHaTa pakumus Ha 13-
TnacksaHe (LA, ) 6sxa e H1paHmn Kato qpaKLMOHHM
npomeHu B obema, kakto cnegsa: LA . = (LA —LA_ )/
LA . %0i LA = (LA —LA ) TLA L, %0; LA = (LA
—LA LA %

MukoBMAT HagnbxeH cTpenH — PALS, Gewe uns-
MEpeH B Kpasa Ha hasaTta Ha pe3epBoapa, a NMMKOBUSAT
KOHTpakTuneH crperiH — PACS, To4HO npeaun HavanoTto
Ha hasaTa Ha aKTMBHaTa KOHTpaKkuusi Ha NpeacwLpane-
TO (BMX Qour. 1).

TN stiffness nHpekc d6elle nsdncneH Ha 6asarta Ha
CbOTHOLLEeHNeTo mexay E/E> n PALS [11].

pre-A

CTATUCTUYECKM AHANMU3

[aHHWTe OT NauMEeHTCKUTE U KOHTPOIHWUTE rpymnu
6sixa cbOpaHM N NOANOXKEHN HA CTaTUCTUYECKM aHa-
nun3 yped SPSS Bepcus 23.0. OnucartenHara cratuc-
TWKa e npefcTaBeHa KaTo cpedHa CTOMHOCT + CTaH-
[apTHO OTKINOHeHNe. 3a aHanu3a Ha pasnukuTe Mexay
He3aBUCKHMUTE U3MepBaHUs Ha rpynute 6e nuanonasaH
ancnepcuoHeH aHanuad (ANOVA) c¢ post-hoc Tukey

renal, endocrine or respiratory disease. All partici-
pants provided informed consent.

ECHOCARDIOGRAPHY
WITH SPECKLE-TRACKING ANALYSIS

All of the study participants were subjected to
transthoracic echocardiographic examinations. All
measurements were made on the basis of the stan-
dards of Echocardiography guidelines [9] and aver-
aged from three cardiac cycle. For speckle tracking
analysis of LA chamber, apical two- and four-cham-
ber view images were obtained (to avoid LA fore-
shortening and to visualize the entire LA throughout
the cardiac cycle), the frame rate was set between
60 and 80 frames per second. Stored images were
opened using the QLAB Release 10.3 software. For
LA strain analysis was used starting point R-wave
on ECG [10]. The strain values for all the segments
were recorded and averaged to obtain the peak
atrial longitudinal and contractile strain. Left atrial
phasic function was assessed by volumetric meth-
od: Maximal LA volume (LA, _ ) occurs at ventricu-
lar end-systole just before the opening mitral valve;
while minimum LA volume (LA ) occurs at end di-
astole, just before closure of mitral valve. Pre-atri-
al volume (LApre-A) is at beginning of P-wave on
ECG. All LA volumes were indexed to body surface
area.

Global emptying fraction (LA ), passive (LA..)
and active (LA,.) were defined as fractional vol-
ume changes as follows: LA .= LA __ — LA_ /LA __;
LAger= LA L — LA A/LA and LA, = LA —LA ./
LApre_A, respectively.

Peak atrial longitudinal strain (PALS), measured at
the end of the reservoir phase, and peak atrial contrac-
tion strain (PACS), measured just before the start of the
active atrial contractile phase — Fig. 1.

LA stiffness index was calculated based on ratio
from E/E’ to PALS (11).

STATISTICAL ANALYSIS

Using SPSS version 23.0, data from the pa-
tients and controls were collected and subjec-
ted to statistical analysis. Descriptive statis-
tics are given in the mean * standard devia-
tion form. Dispersion analysis (ANOVA) with post-
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AP4 171 , 2000 %
11:49:52

*HR =72 bpm

(* HR Variation >10%)

Time SD =49.4 ms

L =
*AP4 L Strain=139% ™

HSD Tect. B3anmoBpb3knTEe MeXAy MNPOMEHMUBUTE
0sxa oueHeHn 4pe3 KoeduuMeHTUTe Ha Kopenauusi
Ha lMupcbH 1 CnnpmaH. HMBOTO Ha 3HauyMMocCT belue
95%; cnegoBaTtenHo CToMHOCT Ha p < 0,05 ce cuuTalle
3a 3Haymma, a ctomHocT < 0,001 — 3a cMnHO 3Hauu-
Ma. 3a nacnegBaHe Ha OCHOBHUTE U B3anMOOEeNCTBe-
HUTEe edeKkTN Ha Bb3pacTTa U 3aTMbCTABAHETO BbPXY
CTPYKTypHUTE UHAekcK Ha JII Oewe mn3nonseaH aHa-
nm3 Ha koapwuaumsa (ANCOVA). ROC aHanusbT belue
NPUIOXEH 3a onpeaensaHe Ha ONTUMaIHUTE FPaHNYHN
CTOMHOCTM Ha exokapguorpadckute nHaekcn Ha JIll
3a npenckasBaHe Ha rpynuTe CbC 3aTibCTsBaHE WU
3aTNbCTSABAHE C XUMNEPTOHUS.

PE3YNTATHU

[emorpadcknte napametpy u exokapguorpad-
CKUTE MHOEKCU 3a CTpyKTypaTa u dyHkumsaTta Ha JIK ca
npegctaBeHun B Tabn. 1.

MexaykamepHaTta nperpaga (IVS) un nHgekcsT Ha
JIK maca 6s1xa yBenuvyeHv npu ABeTe rpynm CbC 3aTibe-
TsIBaHEe B CpaBHEHWE CbC 3OpaBuUTE KOHTPOMM, HO 6e3
3Ha4YMMa pasnuka Mexay [OBEeTe 3aTnbCTenu rpynu.
bsaxa HabntogaBaHn 3Ha4YMMK pasnvku B ONACTOMNHUTE
napameTpu Mexay rpynure CcbC 3aTibCTSBaHE U KOH-
TpPOMHMTE Nnua, KaTto ce 3abensisaBa TeHAEHUMS 3a Mo-
BYLLEHWN HansraHusa Ha usnbneaHe Ha JIK npu rpynata
CbC 3aTNbCTABAHE N XUMNEPTOHUS.

Exokapanorpadckute MHOEKCU 3a CTpyKTypaTta u
dyHKumaTa Ha J1I ca npegcTaBexu B Tabn. 2.

MakcumanHuaT, MUHUManHUAT 1 NpegaTpuanHuaT
obem Ha JI B6axa 3HaunTENHO yBENUYeHU nNpu OBeTe
rpynu CbC 3aTnbCTsBaHE B CPaBHEHWE CbC 3apaBuTe
KoHTponu. ®asosata yHkumsa Ha JIM — dyHKUMS Ha
pesepBoap (n3mepeHa ypes LATEF, PALS), npoBogHa-
Ta dyHKUMA (M3mepeHa ype3 LAPEF, PACS) u doyHKLm-

PALS — Peak atrial longitudinal strain, PACS — Peak atrial contractile
strain

®ur. 1. NnkoB neBonpeacbpAeH NOHIUTYAUHANEH CTPEWH U MUKOB fe-
BOMNPEACHPAEH KOHTPAKTUMNEH CTPEViH

Fig. 1. Apical four chamber view with LA strain curve

hoc Tukey’s HSD was used for the analysis of the
differences between the independent measure-
ments of the groups. Relationships between vari-
ables were assessed by Pearson’s and Spearman
correlation coefficient. The level of significance was
95%. Hence, a P-value less than 0.05 was consid-
ered a significant result, and that less than 0.001
was considered a highly significant result. Analysis
of covariance (ANCOVA) was used to test the main
and interaction effects of age and obesity over LA
structural indices. ROC curve analysis was con-
structed to explore the optimal LA echo indices cut
off values for prediction of obese and obese with
hypertension groups.

RESULTS

Demographic parameters and echocardiographic
indices of left ventricular (LV) structure and function are
shown in Table1.

Interventricular septum (IVS) and LV mass in-
dex were increased in two obese groups compared
to healthy controls, but without difference between
them.

There were significant differences in diastolic pa-
rameters between obese groups and controls with the
tendency of increased LV filling pressures in hyperten-
sive and obese group.

Echocardiographic indices of left atrial (LA) struc-
ture and function are shown in Table 2.

LA volumes: max, min, pre-A were significantly
increased in two obese groups compared to healthy
controls.
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Ta6bnuua 1. [Oemorpadckm napameTpu U exokapguorpadcku nokasatenu Ha JIK cTpyktypa u dyHKums
Table 1. Demographic and echocardiographic parameters of LV structure and function

Mapamers 3p,paBVI 3aTJ1'bCTﬂBaHe 3aTJ1'bCTﬂBaHe U XunepToHus
P P (N =31) (N = 50) (N = 24)
Healthy Obesity Obesity and Hypertension
Parameter (N =31) (N = 50) (N =24)
i;:pa” 57.32 +3.23 58.04 + 3.64 56.96 + 3.57 0.428
NTM kg/m? * *
BMI kgm? 22.56 + 1.47 31.88 + 3.29 32+323 <0.001
Mexaykamepen centym, mm 9.19 + 0.97 12.00 + 1.55* 11.94 + 1.16* < 0.000
Interventricular septum, mm
2
Winexc Ha JIK maca, gr/m 7923+17.28 | 9813+ 11.54* 100.48 + 5.80* <0.000
LV mass index, gr/m?
TpancmuTpanna E ckopoct, cm/s 70.05 + 14.52 73.14 + 15.53 66.32 + 14.40 0.062
Transmitral E velocity, cm/s
TpancmuTpanna A ckopoct, cm/s 73.02+15.98 | 75.28+12.97* 85.43 + 13.51A* <0.004
Transmitral A velocity, cm/s
TDI namepeH S lateral, cm/s " *
TD! dorived & lateral, orm/s 9.44 +1.87 7.99 + 1.50 8.07 + 1.86 <0.001
TDI namepeH E lateral, cm/s
TDI derived E lateral oms 8.46 + 2.00 8.67 + 1.52 8.43 +1.93 0.745
TDI namepeH A lateral, cm/s .
TDI derivd A lateral. ormfs 10.08 + 1.73 8.79 +1.77 9.33+1.82 <0.008
E/E’ 7.91+1.08 8.28 + 1.70 9.04 +2.14* 0.046

CroviHocTuTe ca mean + SD. KpaiHaTta konoHa oTtpassiBa obwums rpynos aHanu3 (ANOVA). Mexgyrpynos aHanus: *p < 0.05 vs 3gpasu;

p < 0.05 cnpsimo 3atnbeTsBaHe (PostHoc test (Tukey HSD)). TDI — tissue Doppler imaging

Values are mean + SD. Final column reflects overall group analysis of variance (ANOVA). Between group comparison

p < 0.05 vs. Obesity (PostHoc t

est (Tukey HSD)).TDI — Tissue Doppler imaging

1 *p < 0.05 vs Healthy;

Ta6bnuua 2. Exokapguorpadcku nokasartenu Ha J1I cTpykTypa 1 pyHKums

Table 2. Echocardiographic parameters of LA structure and function

K 3ppaBu (N=31) 3atnbceTaBaHe (N = 50) 3arnbeTsaBaHe U xuneptoHus (N = 24)

Parameter Healthy (N = 31) Obesity (N = 50) Obesity and Hypertension (N = 24)

LA max, ml/m?2 13.99 £ 4.40 24.14 + 6.39* 23.26 + 8.00* <0.001
LA min, ml/m? 3.83+1.05 8.90 + 3.18* 10.26 + 4.95* <0.001
Pre-A, ml/m2 8.05 + 3.38 16.59 + 5.15* 16.36 + 6.50* <0.001
PALS, % 54.06 + 8.52 36.46 + 9.19* 35.25 + 8.94* <0.001
PACS, % 2747 +7.79 16.60 + 6.93* 16.27 + 6.63* <0.001
LA stiffness 0.14 £ 0.04 0.23 £ 0.08* 0.23 +£0.07* <0.001
LATEF, % 76.32 £ 6.60 62.32 + 9.80* 59.81 + 10.96* <0.001
LA PEF, % 43.97 + 11.74 30.91 £ 11.39* 32.64 £ 9.41* <0.001
LAAEF, % 56.98 + 10.68 42.50 + 14.43* 39.29 + 14.36* < 0.001

CroviHocTuTe ca mean + SD. KpaiiHaTa kornoHa otpa3ssia o6wus rpynos aHanu3 (ANOVA). Mexayrpynos aHanus: * p < 0.05 vs 3gpasu; »
p < 0.05 vs 3atnbeTsaBaHe [PostHoc test (Tukey HSD)].LAmax — makcumaneH obem, LAmin — MuHumaneH obem, Pre-A— obem, LATEF — TotanHa

pakums Ha nsnpassaHe, LAPEF — nacuBHa dpakumsa Ha nanpassaHe, LAAEF — akTvBHa hpakums Ha nsnpassaHe

Values are mean * SD. Final column reflects overall group analysis of variance (ANOVA). Between group comparison: * p < 0.05 vs. Healthy;
A p < 0.05 vs Obesity [PostHoc test (Tukey HSD)]. LAmax — maximal volume, Lamin — minimal volume, Pre-A — volume, PALS — peak atrial
longitudinal strain, PACS — peak atrial contractile strain, LATEF — total emptying fraction, LAPEF — passive emptying fraction, LAAEF — active

emptying fraction
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aTa Ha OycTep nomna (u3mepeHa upe3 LAAEF) — 6sxa
3HAYUTENHO peayLumpaHu Npu rpynuTe CbC 3aTTbCTS-
BaHe CnpsiMO KOHTPOIHUTE, KaTo He Bsixa yCTaHOBEHM
3HAYUMM Pas3NuKN Mexay OBETe 3aTiTbCTeNnu rpynu.

JN stiffness nHOoekc cbllo Oelle 3HAYMTENHO yBe-
NIYEH MNpU TPyNnUTE CbC 3aT/TbCTABaHE B CpPaBHEHUE C
KOHTPOSHWTE, HO Oelle cxodeH Mexay ABETE 3aTiibC-
TEnu rpynu.

Mo-BucokmMaT uHAekc Ha TenecHa maca (MTM)
Gelwe cBbp3aH ¢ yBenuveHn obemu Ha JIIT: JIIM mak-
cumaneHn obem (LAVI) (p < 0,001, r = 0,57); MuHuma-
neH obem Ha J1IM (p < 0,001, r = 0,70) n npegaTpuaneH
o6em Ha J1M (p < 0,001, r = 0,60). MNo-Brucok NTM GeLue
CcBbp3aH CcbC 3aHmxkeH LATEF (p < 0,001, r = -0,62),
PALS (p < 0,001, r = -0,59) n PACS (p < 0,001, r =
-0,56). Mo-Brcok TM Gelue cBbp3aH 1 ¢ yBenuyeH J1IM1
stiffness nHgekc (p < 0,001, r = 0,53) (cpur. 2).

AHanuabT Ha koapuaumsa (ANCOVA) nokasa, ye
3aTNbCTABAHETO onpeaens pemogenupaHeTto Ha J1M n
dasoBata ancdyHkums Ha J1M (Tabn. 3).

LA phasic function — reservoir (LATEF, PALS),
conduit (LAPEF, PACS) and booster pump function
(LAAEF) was significant disturbed in obese groups
compared to healthy controls. There weren’t significant
differences between two obese groups.

The LA stiffness index was significantly increased
in obese groups compared to controls , but similar be-
tween two obese groups.

Higher BMI was associated with increased vol-
umes : LAVI (p < 0.001, r = 0.57); LAmin volume (p <
0.001, r = 0.70), LApre — atrial volume (p < 0.001, r =
0.60). Higher BMI was associated with reduced LATEF
(p <0.001, r=-0.62); PALS (p < 0.001, r=-0.59 ) and
PACS (p < 0.001, r = -0.56 ). Higher BMI was associ-
ated with increased LA stiffness index (p < 0.001, r =
0.53) (Fig. 2).

Analysis of covariance (ANCOVA) demonstrated
that obesity determine LA remodeling and LA phasic
dysfunction — Table 3.
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®ur. 2. Kopenauuu mexgy TM ¢ LATEF, PALS, PACS v J1I stiffness nHgekc
Fig. 2. Correlation between BMI and LATEF, PALS, PACS and LA stiffness index
Ta6bnuua 3./ Table 3. ANCOVA analysis
MapameTbp // Parameter p value n?
JIN makcumaneH obem // LAmax volume < 0,001 0,343
M MyuHumaneH obem // LAmin volume < 0,001 0,393
TN npeg-atpuaneH obem // LApre-A volume < 0,001 0,374
PALS < 0,001 0,464
PACS <0,001 0,336
LATEF < 0,001 0,358
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Pesyntatnte oT aHanu3a Ha KpuBaTta Ha ornepa-
unoHHunTe xapaktepuctukn (ROC) Ha uHaekcuTe Ha
J, npgeHTndmumpallm XeHn CbC 3aTnbCTsiBaHe, ca
nokasaHu Ha cur. 3, a pesynrtatuTe, ngeHTuduumnpa-
LM XKEHWN CbC 3aTNbCTSABAHE U XUMNEPTOHUSA, ca NokKa-
3aHu Ha . 4.

Results from receiver operating characteris-
tic-curve (ROC) analysis of LA indices identifying
obese women are shown in Fig. 3 and results iden-
tifying obese women with hypertension are shown
in Fig. 4.

I 3 [ 1 Pl
[
[FEIT
- * Erterence Lo
E =l i
o MapameTbp e o
2 P # Parameter Cut-off Sensitivity Specificity AUROC
: PALS 46.50% 0.903 0.860 0.940
‘ o z o L PACS 20. 5% 0.806 0.760 0.861
i - Bpecificity LATEF 69.78% 0.903 0.720 0.882

®ur. 3. ROC kpuBa aHanu3 Ha J1I nokasatenu, naeHTnuumpaLim XeHnTe Cbe 3aTnbCTABaHe

Fig. 3. Receiver operating characteristic-curve analysis of LA indices identifying obese women
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R
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E:f:g:::rp Sensitivity  Specificity ~ AUROC
PALS 46.55% 0.903 0.875 0.951
o . . r ’ PACS 20.75% 0.806 0.708 0.855
RO i T 4 LATEF 69.00% | 0.903 0.792 0.920
®dur. 4. ROC kpuea aHanus Ha JII nokasatenu, aeHTMhULMpaLLn XXeHUTE CbC 3aT/TbCTABAHE U XUNEPTOHNS
Fig. 4. Receiver operating characteristic-curve analysis of LA indices identifying obese women with hypertension
OBCBHXAAHE DiscussION

OT pesyntatute Ha NPELCTABEHOTO MNpPOyYBaHe
CTUrHaxXme 40 CregHuTe BaXkHU u3Boga:

1. XXenute B MeHonaysa, Konto paboTaTt B cdepa-
Ta Ha 3gpaBeonasBaHeTo, cTpagaTt no-4yecto oT AX u
3aTNbCTABAHE.

2. Tlpn TAX ce ycTaHoBSBAT MOPEONOrMyHN W
PYHKLMOHANHN NMPOMEHN B NEBUTE CbPAEYHU KYXUHMW,
MOBMNSIHN OT TE3N PUCKOBUTE (DAKTOPW.

3. deduHmpanu cme mogen oT exokapamorpadocku
nokasaTtenu, acoLMmpaHu ¢ NOBMLLEH PUCK 3a CyOKNMHNY-

The main findings of our study were as follows:

1. Menopausal women healthcare professionals
suffer more often from hypertension and obesity,

2. There were subclinical morphological and func-
tional alterations into the left heart, influenced by these
risk factors,

3. Echocardiographic parameters associated with
an increased risk for the subclinical phase of ACM in
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HaTa cpasa Ha MNMKMI1 B Ta3n puckosa rpyna, kouto 6uxa
MOITIM A MOCMy>aT KaTo OCHOBA 3a OOMbITHUTENHN 13-
cnefBaHuvs B Tas3m obnacT.

3apaBHuUTE PaboTHULIM Ca U3MNOXKEHN HA 3HAYUTENHN
pYCKOBM GhaKTopu, CBbpP3aHn CbC CTpeca, kaTo paboTta Ha
CMEHW, BMCOKO HaToBapBaHe, BPEMEBW HATUCK, TPYOHU
3afayv, HegoCTaTbYHM MOYMBKM U BE3CHHME MPY HOLLHK
CMeHM. YecTo Te ca NoanoXeHW Ha AMETUYHN HAapyLUEHUS]
B 3aBUCMMOCT OT pabOTHOTO HaToBapBaHe, ceasiLL, HaunH
Ha YKMBOT 1 HACKO HMBO Ha (hmanyecka akTUBHOCT. Bcuukm
Te3un hakTopu AONPUHACAT 32 Pa3BUTUE HA XUMEPTOHUSA U
3atnbeTaBaHe [5, 7]. OcBeH ToBa MeHonay3anHuaT npe-
X0[ € CBbp3aH C HeONaronpuaTHN NPOMEHW B 34PaBETO
Ha XXEHWTE KaTo 3aTiTbCTABaHE M XunepToHns [1].

EnngemunaTta ot 3atnbCraBaHe e rmobanHa 3gpasHa
Kpur3a 1 ce npu3HaBa KaTo CbCTOSIHME C BUCOK PUCK, CBbP-
3aHO C MHOIO XPOHUYHK 3abonsiBanus [12]. Mma Bpb3ka
MeXay 3aTTbCTABaHETO W LUMPOK CrEKTbp OT MposiBu
Ha CC3, BKIHOUMTENHO aTepoCKIepoTMYHO 3abornsBeaHe,
cbpaeyvHa HepocTaTbYHOCT, TpoMboeMbonuyHu 3abonsi-
BaHWH, apuUTMUM 1 0PV BHE3anHa cbpgedHa cMbpT [12].
MpeouwHn M3cneaBaHus OEMOHCTpMpaT CbpOeYHO pe-
MogenupaHe Oopy Npu HEYCNOXHEHO 3aTibeTsBaHe [4,
6]. Npegnonaraem MexaHN3bM € XMNepLUMpKynaumMoHHOTO
CbCTOSIHME, KOETO MPSIKO JoMNpUHAcH 3a xmnepTpodus Ha
JIK, JIK gnactonHa gnciyHKUmMS, NOBULLEHO HansraHe B
JT v yBenuyasaHe Ha J1I1 [13-15].

Han-yectata npomsiHa B CbpaeyHata Mopdonorus
npu 3aTNbCTSBaHe € yBenMyaBaHeTo Ha Macarta Ha JIK B
pe3ynTaT Ha aKTUBUPaHe Ha PeHMH—aHIMOTEH3NH—anaoc-
TepoHOBaTa cMcTeMa 1 cUMnaTyKoBaTa HepBHa crucTemMa
[14]. HaweTto npoyyBaHe NOTBbpxAaBa Te3W AaHHU. YC-
TaHoBuxme, Ye IVS e no-geben, a MHOEKCHT Ha MacaTta
Ha JIK e yBenuyeH B ABETe rpynn CbC 3aTibCTABaHe, Oe3
3HaYMTENHa pasnuka Mexay TaX.

Yeenndenunsat I'TM — oT HagHOPMEHO TErOo 4O BCUYKK
KrnacoBe 3aT/TbCTSABaHe, € NMHENHO CBbp3aH C pasnpoc-
TpaHeHVeTo Ha xuneptoHuaTa [14, 15]. U geete 3abo-
naganusa BogaT o JIK amactonHa gucdyHKUms, KOATO e
no-mu3paseHa npu XMNepPToHMYHN naumeHTn. HawweTo npo-
y4BaHe MOTBbPAM TE3U JAHHM U OCBEH TOBA YCTaHOBMXME
TEeHAEHLUMS 32 NOBULLIEHU HanaraHWs Ha mbiHeHe Ha JIK B
rpynara CbC 3aTTbCTABaHE U XMNEPTOHUS. Te3n NpoMeHm
morat ga 6baat 06CHEHM ¢ KOMOVHMPaHWSA XeMogMHaMU-
YeH edhekT Ha 3aTITbCTABAHETO M xunepTtoHusita [14, 15].

JIABOTO npeacbpame He e MpPOCTO TpaHCMopTHa Ky-
XMHa, a uvMa auHammdHa cTpyktypa. ®PyHkumata Ha JIMM1
BKItOYBa HanmbneaHe Ha JIM no Bpeme Ha cuctonara Ha
JIK (dpaza Ha pesepBoap), nacvBHO (KOHAyWUTHa hasa) u
akTMBHO (hasa Ha KOHTpakums) manpassaHe Ha JIM no
BPEME Ha paHHaTa M CbOTBETHO KbCHaTa Auacrtorna Ha
JIK. MHoro 3abonsaBaHusi (Kato XMNepToHUd, CbpaeyHa
HeOoCTaTbyHOCT, AnabeT U MUOKapaMT) UK CbCTOSHNSA
(kaTo cTapeeHe 1 eHOOKPUHHU aHOManumn) ca U3BECTHU C
TOBa, Ye MPeam3BMKBAT UMW JONPUHACAT 3a Pa3BUTUETO
Ha [KMI1 [8]. OunaTtaumnara n gucdyHkumusaTa Ha J1IM ca
M3BECTHM NOCreauUmM OT KapgnomMmuonartusita, npuinHeHa

this risk group have been defined, as a basis for further
research in this area.

Healthcare professionals are exposed to signifi-
cant stress-related risk factors such as working over-
time, high workload, time-intensive pressures, diffi-
cult tasks, inadequate breaks and insomnia during
night shifts. Frequently they are exposed to dietary
irregularities, depending on their workload, seden-
tary lifestyle, and low level of physical exercise. All
these factors contribute to hypertension and obesity
[5, 7]. In addition, menopausal transition is associat-
ed with adverse changes in women’s health such as
obesity and hypertension [1].

The obesity epidemic is a global health crisis and
is recognized as a high-risk condition that is causally
linked to many chronic ilinesses [12]. There is a link be-
tween obesity and a broad range of cardiovascular dis-
ease manifestations including atherosclerotic disease,
heart failure, thromboembolic disease, arrhythmias,
and even sudden cardiac death [12]. Previous studies
have reported cardiac remodeling even in uncomplicat-
ed obesity [4, 6]. The proposed mechanism is hypercir-
culatory state as a direct contributor to LV hypertrophy,
LV diastolic dysfunction, elevated LA pressure and LA
enlargement [13-15].

The most common alteration in the cardiac mor-
phology of obesity is augmentation of LV mass as a
consequence of activation of the renin-angiotensin-al-
dosterone and sympathetic nervous systems [14]. Our
study confirmed this data. We found thicker IVS and
increased LV mass index in two obese groups, without
any difference between them.

Increased BMI, from overweight to all classes of
obesity, is linearly related to the prevalence of hyper-
tension [14, 15]. Both diseases lead to LV diastolic
dysfunction more pronounced in hypertensive patients.
Our study confirmed this data and furthermore we
found a tendency of increased LV filling pressures in
hypertensive and obese groups. These changes can
be explained with combined hemodynamic effect of
obesity and hypertension [14, 15].

The LA chamber is not a simple transport space
but has a dynamic structure. LA function includes LA
expansion during LV systole (reservoir phase), pas-
sive (conduit phase) and active (contractile phase)
LA emptying during early and late LV diastole respec-
tively. Many diseases (like hypertension, heart failure,
diabetes, and myocarditis) or conditions (like ageing
and endocrine abnormalities) are known to induce or
contribute to an ACM [8]. LA dilation and dysfunction
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OT 3aTnbeTaBaHe [8, 17]. ima orpaHnyeHn AaHHM OTHOCHO
MKMI, npeamsBrkaHa OT 3aTiTbCTSBaHe U XMNEPTOHUS, B
crneumduyHU rpynmn KaTto NoCTMeHoNay3anHuTe XeHu.

MpeavwHn npoyyBaHMs MokaseaTt, 4Ye pasmepute
n obemute Ha JIM ca yBenuyeHu npuv 3aTimbCTENN Bb3-
pacthu [4, 6, 8, 17]. HaweTto npoyysaHe OeMOHCTpUpa
yBenuyeHn obemm Ha JIM: mMakcumaneH, MUHUManeH
1 npegatpuaneH obem. Tean npomeHn morat ga ovaar
npunucaHn Ha 3akoHa Ha PpaHk-CTapnuHr, Npu KOMTO
yBENMYaBaHETO Ha 06eMuTe Ha NpeacbpausaTa Boau 40
pasTaraHe Ha NpeacbpansitTa, KOeTo OT CBOS CTpaHa Boau
[0 yBenvM4aBaHe Ha npeacbpaHarta cuna — KoMrneHcaro-
peH MexaHU3bM 3a nogabpXaHe Ha dasoBata (PyHKLUS
Ha NpeacbpAVETO.

Hsakonko wv3cnenBaHvs OeMOHCTpUpaT HamaneHue
Ha rmobanHata HagnbkHa AedopMaums Ha nsiBOTO
npencwpave (JM) n ysenuyasaHe Ha J1I1 stiffness nHgekc
npwn 3aTNbCTENN U XUMEPTOHNYHM NALMEHTU KaTo paHHa
MHOMKaumMs 3a gucyHKums n pemogenupane Ha JIM [6,
17]. Hawerto npoyyBaHe nokasa, ye PACS n PALS ca Ha-
MareHun npu 3aTTbCTENM XXEeHW, a Te3n NPOMEHN ca 06-
paTtHo cBbp3aHu ¢ MTM. OcseH ToBa Gsixa yCTaHOBEHM
HamaneHusa B LATEF, LAPEF, LAAEF npu 3atnbcrenu
YXEHW U XXEeHU CbC 3aTITbCTABaHE U XUNEPTOHNS. Tesun us-
MeHeHus BbB basoBarta dyHKUms Ha J1T moraT ga ovaar
CrneacTBMe Ha XeMOAVHAMUYHU U HEBPOXYMOPArHN Me-
XaHW3MW, CBbP3aHKN CbC 3aTNbCTABaHETO [17].

belle yCTaHOBEHO 3HAYUTENHO YBENMYEHWE Ha
JIMN stiffness vHaekc B rpynnte CbC 3aTiTbCTABaHE, KaTo
Te3n NPOMEHU ca MOroXuTenHo cebp3aHn ¢ TM. Ha-
MarneHuaT KeMnnabHC Ha J1IM, 3aegHo ¢ paswmpeHne n
avcyHkums Ha JT, ca onpeneneHn kato neka (cyoknu-
HMYHA) NpeacbpaHa kKapauoMuonaTsa CbifacHO HoBaTa
KINMWHWYHA KOHCEeHCYcHa aeknapaums [18].

AHanM3bT Ha KOBapuaLus nokasa, Ye 3aTibCTsABa-
HETO € OCHOBEH PUCKOB (PaKTOp 3a CTPYKTYPHU U GOYHK-
UmMoHanHn aHomanuu Ha JIM npu noctmeHonaysanHute
YKEHW. YCTaHOBUXME KPUTUYHM CTOMHOCTU Ha CTPYKTYPHU
N yHKUMOHanNHM uHaeken Ha JIM 3a ngeHtuduumpaHe
Ha 3aTITbCTENU XXEHN N 3ATITLCTENN XKEHWN C XUMEPTOHUS.
MpunaraHeTo Ha Te3n KPUTUYHU CTOMHOCTU B KIUHUYHA-
Ta NpakTuKa 3a WaeHTUULIMPaHE Ha XEHU C BUCOK PUCK
oT MNMKMTI1, npu4mMHeHa oT 3aTibCTABaHE U XMNEPTOHUS, €
N3KIMIOYUTENHO BaXXHO 3a NpefoTBpaTaBaHe Ha Cbpaed-
HO-CbOBW YCINOXHEHWS B Tasu rpyna.

OTrPAHUYEHUA HA U3CNEQBAHETO

Hawwute pesynrtati TpAbBa ga 6baat pasrnexagaHu
B KOHTEKCTa Ha HHAKOMKO orpaHuyeHus. VscnepaHa-
Ta nonynauusa Gelle manka v npomsxoxgaile oT eauH
€OVHCTBEH LeHTbp. VI3cnenBaHeTo e CpaBHUTENHO Npo-
yyBaHe, a NpocneasBaHeTo Ha naumMeHTuTe 3a Obaelm
YCNOXHeHUs1 He Gelle nNpoBedeHO, HO e nnaHupaHo. B
nscnegBaHeTo He Osixa npoy4vBaHu Gromapkepu nopa-
OW onpefereHy orpaHVyYeHus, HapeyeHn napagokc Ha
HUckMTe HmBa Ha BNP npu 3atnbetenu naumenTn [19].

are known consequences of cardiomyopathy due to
obesity [8, 17]. There is limited data about ACM due
to obesity and hypertension in specific group like post-
menopausal women.

Previous studies show that LA size and volumes
are increased in obese adults [4, 6, 8, 17]. Our study
demonstrated increased LA volumes: max, min,
pre-A volume. These changes could be attributed to
Frank-Starling law, where increased atrial volumes
lead to atrial stretching, resulting in increased atrial
force — compensatory mechanism for maintaining atrial
phasic function.

Few studies demonstrated reduction in LA glob-
al longitudinal strain and increased LA stiffness index
in obese and hypertensive and obese patients as an
early detection of LA dysfunction and remodelling [6,
17]. Our study demonstrated that PACS and PALS
were reduced in obese women and these changes
were correlated inversely with BMI. Moreover, there
were reduction in LA total emptying fraction, LA active
emptying fraction and LA passive emptying fraction in
obese and obese with hypertension women. These al-
terations in LA phasic function could be a consequence
of hemodynamic and neurohumoral mechanisms due
to obesity [17].

There was significant increasing in LA stiffness
index in obese groups and these changes were with
positive correlation with BMI. Reduced LA compliance
together with LA dilation and dysfunction is defined as
a mild (subclinical) atrial cardiomyopathy according to
new clinical consensus statement [18].

Analysis of covariance demonstrated that obesity is
a major risk factor for LA structural and functional abnor-
malities in postmenopausal women. We found a cut- off
values of LA structural and functional indices for identify-
ing obese women and obese women with hypertension.
Implementing cut-off values in clinical practice for iden-
tifying high risk postmenopausal women with ACM due
to obesity and hypertension is very important for preven-
tion of cardiovascular complications in this study group.

STUuDY LIMITATIONS

Our results have to be considered within the context
of several limitations. The study population was small
and came from a single centre. The study is case-con-
trol study and follow up of the patients for future compli-
cations was not performed but is planned. There were
no biomarkers investigated in the study, because of
some limitations, called the paradox of low BNP levels
in obese patients [19]. Different markers of LA abnor-
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PaznuyHn mapkepu 3a npomenun B JIM (Hanpymep 6uo-
Mapkepu cpelly obpasHu mapkepu) 6nxa mornm ga Ob-
OaT CpaBHEHW N €BEHTyarnHo KOMOVHMpaHu ¢ uen onpe-
aensiHe Ha NMKMI B Tasu uscnegosarerncka nonynaumsi.

3AKNIOYEHUE

3apaBHUTE pabOTHULIM Ca U3MNOXEHWN HA 3HAYUTENHN
pYCKOBM GhaKTopK, CBbp3aHn CbC CTpeca, KoMTo BOAAT A0
3aTITbCTABaHE M XMMNEPTOHMS. B HalweTo npoy4yBaHe, xe-
HWTE B MeHoMnay3a, paboTeLum B cdpeparta Ha 3apaBeonas-
BaHETO, MoKasaxa Mo-purMaHo v ancdyHkumoHanHo JiM,
CbCTOSIHME, KOETO MOXe Aa Ce Oonpeaenu Kato fieka cre-
neH Ha MKMI1. B cBosi X0z 3aTNbCTABAHETO U XMMNEPTOHU-
ATa BOAAT A0 HanpeaBaHe Ha MKMI n 6baeLum yenoxHe-
HYS1. PaHHOTO MaeHTUOULMPAHETO Ha BCAKO CYyOKIMUHUYHO
yBpexXaaHe, CBbp3aHO C XMMNEPTOHMS U 3aTITbCTsIBaHe, B
Tasu NpoyyBaHa rpyna e UsKniYMTENHO BaXKHO 3a Npeno-
TBpaTsiBaHe Ha CbpAEYHO-CbA0BU YCIIOKHEHUS.

He e deknapupaH KoH¢hrukm Ha uHmepecu
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