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3. Zestawienie publikacji doktoranta

Rodzaj publikacji

Tlo$é prac

Impact Factor

Punktacja MNiSW

Prace wlaczone do

rozprawy doktorskiej 2 4.242 180
Prace, ktore nie
zostaly wlgczone do 16 65.328 2060
rozprawy doktorskiej
Streszczenia zjazdowe 39 - -
Razem 57 69.570 2200




4. Wykaz stosowanych skrétéw i oznaczen

AlX, augmentation index, wskaznik wzmocnienia

BMI, body mass index, wskaznik masy ciata

BP, blood pressure, cisnienie krwi

BSA, body surface area, powierzchnia ciata

Cl, confidence intervals, przedziat ufnosci

CP, central pressure, ci$nienie centralne

DEXA, dual energy x-ray absorptiometry, absorpcjometria rentgenowska o podwojne;j
energii

DT, deceleration time, czas decelerac;ji

HF, heart failure, niewydolno$¢ serca

LA, left atrium, lewy przedsionek

LAVI, left atrial volume index, indeksowana objetos¢ lewego przedsionka

LV, left ventricle, lewa komora

LVDD, left ventricle diastolic dysfunction, dysfunkcja rozkurczowa lewej komory
LVEF, left ventricle ejection fraction frakcja wyrzutowa lewej komory

LVH, left ventricular hypertrophy, przerost lewej komory

LVM, left ventricular mass, masa lewej komory

LVMI, left ventricular mass index, indeksowana masa lewej komory

OR, odds ratio, iloraz szans

PW, pulsed wave Doppler, Doppler pulsacyjny

PWVba, pulse wave velocity brachial-ankle predko$¢ fali tetna ramienno-piszczelowego
PW\Vcf, pulse wave velocity carotid-femoral, pr¢dkosé fali tetna szyjno-udowego

TDI, tissue Doppler, Doppler tkankowy

TRvmax, peak velocity of tricuspid regurgitation, szczytowa predkos¢ niedomykalnosci
zastawki trojdzielnej

WHR, waist to hip ratio, stosunek obwodu talii do obwodu bioder



5. Wprowadzenie

5.1. Mechanizm rozkurczu w cyklu pracy serca

Podczas prawidtowej pracy serca lewa komora (LV, left ventricle) jest w stanie
przekaza¢ odpowiednia objetos¢ wyrzutowa krwi przy ci$nieniu tetniczym (funkcja
skurczowa) oraz napetli¢ si¢ bez koniecznosci podwyzszenia cisnienia w lewym
przedsionku (LA, left atrium) (funkcja rozkurczowa). Rozkurcz obejmuje czgé¢ cyklu
serca pomigdzy zamknigciem zastawki aortalnej, a okresem przed zamknigciem zastawki
mitralnej 1 zawiera si¢ w 4 fazach [1]. Pierwszy okres obejmuje relaksacje
izowolumetryczng w ktorej dochodzi do nagtego spadku cisnienia LV, bez zmiany jej
objetosci. W momencie obnizenia ci$nienia w komorze ponizej ci$nienia panujgcego
w LA dochodzi do otwarcia zastawki mitralnej i rozpoczgcia fazy szybkiego napetniania.
Sita napedowa tego okresu jest przedsionkowo-komorowy gradient. Zalezy on od stopnia
obnizenia ci$nienia w LV, ktéry zwigzany jest z dalszg relaksacjg oraz odrzutem
sprezystym (elastic recoil) wiokien mie$niowych. Adekwatnie do wzrastajacej relaksacji
narasta gradient cisnien. Napetnianie LV w tej fazie rozkurczu wynika z wspotzaleznosci
pomigdzy aktywna relaksacja a jej podatnoscig. Wyrownanie ci$nienia pomig¢dzy
komora, a przedsionkiem powoduje rozpoczecie okresu diastazy. Wolne napetnianie
komory wynika z niewielkiego gradientu ci$nien, a LV jest dopelniana réwniez krwig
z zyt plucnych. Ostatnig sktadowa rozkurczu jest skurcz LA, ktoérego praca odpowiada
za okoto 20% objetosci koncowo-rozkurczowej lewej komory. Nalezy podkreslic,
ze wzrasta wowczas takze ci$nienie w zytach ptucnych.

Okres rozkurczu jest stosunkowo dhlugi i stanowi okoto 70% cyklu pracy serca.
W tym czasie dochodzi do zmian strukturalnych, metabolicznych przygotowujacych LV
do wyrzutu krwi do aorty. Funkcja rozkurczowa LV wptywa na wielko$¢ rzutu serca,
a rownoczesnie na oprdznianie lewego przedsionka i ci$nienie w krazeniu plucnym,
zatem skuteczno$¢ uktadu krazenia w duzej mierze zalezy od efektywnej relaksacji

komory [2,3].

5.2. Patomechanizm dysfunkcji rozkurczowej lewej komory (Left ventricle
diastolic dysfunction — LVDD)

LVDD, nawet bezobjawowa, moze nieS¢ zwickszone ryzyko zgonu [4].
Rozpoznanie okresu bezobjawowego jest kluczowe 1 mozliwe dzigki echokardiografii,
ktora jest najczgstsza metoda klinicznej diagnostyki LVDD. Podczas rutynowego badania
mozliwe do oceny sa rozne wskazniki odzwierciedlajace wtasciwos$ci rozkurczowe LV,
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w tym ocena przeptywoéw w Dopplerze pulsacyjnym (PW, pulsed wave Doppler),
predkosci ruchu pier$cienia mitralnego w Dopplerze tkankowym (TDI, tissue Doppler),
wielkos$ci 1 objetosci LA i LV. Parametry te maja znaczenie prognostyczne W licznych
schorzeniach sercowo-naczyniowych. Zawsze w interpretacji echokardiograficznej
nalezy uwzglednié kontekst, w tym wiek pacjenta, rytm, wspolistniejace choroby. Zaden
z echokardiograficznych parametrow samodzielnie nie odzwierciedli zaburzen
rozkurczowych, dopiero zastosowanie algorytmu oceny LVDD, u wigkszosci pacjentow
umozliwi wiarygodng ocen¢ funkcji rozkurczowe;.

LVDD moze by¢ wynikiem trzech mechanizmow: (1) uposledzonej relaksacji
zewnatrzkomoérkowej mieénia sercowego [5-7]. We wczesnej fazie LVDD dochodzi do
uposledzenia relaksacji i zwigkszenia sztywnosci $cian LV, ktore prowadza do zaburzen
napelniania rozkurczoweg0o. Etap ten czgsto charakteryzuje si¢ jeszcze prawidtowa
tolerancjg wysitku. Bezobjawowa LVDD moze by¢ obecna przez diugi czas, zanim
rozwinie si¢ w faze objawowa. Miarg zaawansowania LVDD jest wzrost cisnienia
napetniania LV. Dochodzi do obnizenia podatnosci LV wskutek (1) zwigkszenia
wiloknienia miokardium, a tym samym usztywnienia jej $cian; (2) zmian strukturalnych
kardiomiocytow, ktore prowadza do wzrostu ich sztywnosci i wigkszego oporu przy
rozcigganiu [7,8]. Kiedy choroba postepuje, dochodzi do nieprawidtowego wzrostu
cisnienia plucnego w sytuacjach zwigkszonej pojemnos$ci minutowej, np. podczas
aktywno$ci fizycznej, powodujac zmniejszong tolerancje wysitku. W ten sposob
pojawiaja si¢ typowe kliniczne objawy niewydolnosci serca (HF, heart failure). Istnieja
dowody na patofizjologiczny zwigzek migdzy LVDD a objawami u wielu pacjentow
z HF, zar6wno z zachowang frakcjg wyrzutowg (LVEF, left ventricle ejection fraction),
jak i z obnizong LVEF [9,10].

5.3. Czynniki warunkujace dysfunkcje¢ rozkurczowa
Naukowcy coraz czgsciej koncentrujg si¢ na LVDD jako niezaleznym predyktorze
zdarzen sercowo-naczyniowych w badaniach kohortowych i populacji ogdlnej,
poszukujac czynnikow z tym zwigzanych [11-14]. Waznym i wartym poruszenia
problemem naukowym jest mnogos$¢ definicji LVDD. Badacze czasami stosujg
indywidualne parametry echokardiograficzne, mylagco nazywajac je LVDD. Stad
problem z rzetelng oceng czgstosci wystgpowania tego zaburzenia, ktora jest bardzo

zroznicowana i waha si¢ 9% do 39,1% [11-18], w zaleznosci od charakterystyki badanej



populacii, ale i przyjetej definicji LVDD. Stosowanie roznych kryteriow oceny rozkurczu
powoduje wiele niejasnosci. Dlatego istotne jest stosowanie prostych, powtarzalnych
schematow badania echokardiograficznego proponowanych w najnowszych wytycznych
[5]. Bazujac na nich, zauwazalne jest wyrazne zmniejszenie czgstosci wystgpowania
LVDD [19,20]. Zastosowanie nowych wytycznych prowadzi nie tylko do znacznie
nizszej czgstosci tego zjawiska, ale i lepszej kwalifikacji oraz kategoryzacji stopnia
LVDD. Mniejsza czestos¢ wystepowania LVDD w duzych kohortach jest wynikiem
zwigkszonej swoistosci tych wytycznych. Jednak, wyniki prognostycznej walidacji
algorytmow 2016 wykazaly korzysci w przewidywaniu wynikéw klinicznych i poprawe
konsensusu mig¢dzy obserwatorami w szerokim zakresie do$wiadczen obserwatorow
[21].

Roéznorodnos¢ definicji zjawiska zaburzen funkcji rozkurczowej pociagga za soba
koniecznos¢ doglebnego zbadania czynnikéw wptywajacych na LVDD. Dostepne
w literaturze doniesienia sg czgsto ze sobg sprzeczne. W zaleznosci od badanej populacji
oraz uzytej definicji czynniki warunkujgce obecnos¢ LVDD moga by¢ odmienne.
Do klasycznych czynnikéw ryzyka dysfunkcji rozkurczowej naleza wiek, otylosc,
cukrzyca, nadci$nienie tetnicze i przerost LV [11,13,17,18,22-24].

Istnieja doniesienia wskazujace, ze to otylo$¢ ogolna, wyrazona najczesciej
za pomoca wskaznika BMI, ma wptyw na wystepowanie LVDD [11,13,18], z kolei inne
przedstawialy otytos¢ brzuszng jako czynnik ryzyka LVDD [12,25]. Inne parametry
sktadu ciala, takie jak masa migSniowa [14,26] czy gestos¢ mineralna kosci [27,28] coraz
czescie] sg uwzgledniane w badaniach nad zaburzeniami funkcji rozkurczowej LV.
Istotny jest rowniez zwigzek otytosci z zaburzeniami metabolicznymi i ich oddziatywanie
na LVDD. Udowodniono zaréwno wptyw zespotu metabolicznego na LVDD niezaleznie
od BMI [29], jak i wplyw BMI niezalezniec od zaburzen metabolicznych [11].
Dowiedziono réwniez zwigzku LVDD ze stezeniem biatka C-reaktywnego (hs-CRP)
[30], kortyzolu [31,32], interleukiny 6 (IL-6) [33,34], N-koncowego peptydu
natriuretycznego typu B (NT-proBNP) [35,36] czy troponiny T mierzonej metoda
wysokoczuta (hs-TnT) [37].

Nalezy mie¢ na uwadze, ze przedstawione powyzej doniesienia literaturowe
dotyczace czynnikow warunkujacych obecnos¢ LVDD byty przeprowadzone na bardzo
zréznicowanych populacjach, ale co wazniejsze, przy zastosowaniu roznych definicji
LVDD, poczawszy od zastosowania wytycznych z 1998r., 2009r., 2016r. jak i definicji

wilasnych, stworzonych przez autoréw, na potrzeby publikacji.
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6. Oméwienie prac skladajacych si¢ na rozprawe doktorska

6.1. Cel pracy
Celem pracy bylo okreslenie czgstosci wystgpowania LVDD w populacji
pacjentow z przewlektym zespotem wiencowym (PZW), jak i w populacji ogélnej — osob
bez ciezkiej choroby uktadu krazenia, a takze okreslenie czynnikéw warunkujacych
obecnos¢ LVDD w wymienionych populacjach.
Celami szczegotowymi byty:

1. Ustalenie czestosci wystepowania LVDD w populacji bez cigzkiej choroby
uktadu krazenia oraz wsrdd pacjentow z rozpoznanym przewlektym zespotem
wiencowym (PZW).

2. Weryfikacja czy otytos¢, jej typy oraz poszczegdlne parametry odzwierciedlajace
sktad ciala sg zwigzane z LVDD w populacji ogdlnej oraz wérdd pacjentow
zZPZW.

3. Ocena czy parametry kliniczne, wskazniki metabolizmu glukozy, mediatory
zapalne i markery dysfunkcji serca maja zwiazek z LVDD w populacji ogdlnej
oraz wsrod chorych z PZW.

6.2. Material i metody

Badaniem zostaly objg¢te dwie populacje: pacjenci z PZW, ktérzy byli badani
pomiedzy 12 a 18 miesigcem po ostrym zespole wiencowym lub przezskdrnej interwencji
wiencowej (byta to czg¢$¢ populacji badania POLASPIRE), druga — osoby wylosowane
z populacji Bialegostoku w ramach projektu BIALYSTOK PLUS, z ktorej wykluczono
osoby z cigzkimi chorobami sercowo naczyniowymi.

Z populacji PZW liczacej 257 os6b wykluczono pacjentéw z migotaniem
przedsionkéw oraz osoby, u ktérych nie udato si¢ uzyska¢ petlnych danych
echokardiograficznych. Ostateczng grupe badang stanowito 200 oséb (Srednia wieku
63,18 + 8,12 lat, 75,5% megzczyzn). Wérdd 713 osdb z populacji ogdlnej, ktore przyjety
zaproszenie 1 zostaly przebadane, 65 uczestnikow zostato wykluczonych z nast¢pujacych
powodow: przebyty zawal migénia sercowego, migotanie przedsionkow w wywiadzie,
przebyty udar, rozpoznanie przewleklej choroby wiencowej serca inne niz zawal mig$nia
sercowego, choroba tetnic obwodowych, obnizona LVEF ponizej 45% w aktualnym
badaniu echokardiograficznym, brak petnych danych echokardiograficznych. W efekcie
do grupy badanej wlaczono 648 osob (srednia wieku 47,12 + 14,81 lat, 43,7% mgzczyzn).
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W badaniu wykorzystano szczegdétowy medyczny wywiad zebrany podczas
wizyty w Zakladzie Medycyny Populacyjnej. Pacjenci zostali poddani pomiarom
antropometrycznym, zmierzono obwod szyi, talii i bioder oraz mase ciala i wzrost. Na tej
podstawie wyliczono wspolczynnik masy ciata BMI (body mass index) oraz wskaznik
talia - biodra WHR (waist to hip ratio). Cisnienie krwi (BP, blood pressure) zmierzono
metodg oscylometryczng (Healthcare Co. Ltd. MG Comfort) po 5 minutowym spoczynku
w pozycji siedzacej. Nadcisnienie zdefiniowano jako skurczowe ci$nienie krwi > 140
mmHg lub rozkurczowe cisnienie krwi > 90 mmHg lub nadci$nienie w wywiadzie
lub stosowanie lekéw hipotensyjnych. Sktad ciata oceniono metoda absorpcjometrii
rentgenowskiej o podwoéjnej energii (DEXA, dual energy x-ray absorptiometry)
(GE Healthcare, Chicago, IL, USA) z catkowita masg ciata podzielong na 3 komponenty:
tluszczowa, beztluszczowa i kostng. Do analiz wykorzystano réwniez tluszczowa
1 beztluszczowa tkanke androidalng i gynoidalng. Parametry oceny sztywnosci tetnic,
tj. predko$¢ fali tetna szyjno-udowego (PWVcf, pulse wave velocity carotid-femoral),
wskaznik wzmocnienia (AIX, augmentation index) i ci$nienie centralne (CP, central
pressure) w populacji PZW zmierzono tonometrem aplanacyjnym oraz pomiarem
oscylometrycznym  (SphygmoCor XCEL) w pozycji lezacej poprzedzonej
10-minutowym odpoczynkiem. W populacji ogélnej wykorzystano metode
oscylometryczng (Vascular Explorer, Enverdis, Jena, Niemcy), w ktoérej predkos¢ fali
tetna zmierzono miedzy te¢tnicg ramienng a piszczelowg (PWVba, pulse wave velocity
brachial-ankle). Przeprowadzono réwniez pomiar sity uscisku dloni przy uzyciu
cyfrowego dynamometru rgcznego (SAEHAN DHD-1, Saehan Corporation,
Masanhoewon-Gu Gyeongsangnamdo, Korea).

Echokardiografi¢ przezklatkowa, w tym tryb B-mode, Doppler fali pulsacyjnej
oraz Doppler tkankowy, wykonano przy uzyciu ultrasonografu Vivid 9 (GE Healthcare,
Chicago, IL, USA). WielkoS$ci jam serca, pomiar EF metoda Simpsona zostaty wykonane
zgodnie z wytycznymi [38]. Mase lewej komory (LVM) obliczono za pomocg wzoru
Devereux [39]. Powierzchnie ciata (BSA, body surface area) obliczono ze wzoru: BSA
= (W -60) X 0,01 + H, gdzie BSA to powierzchnia ciata w m?, W to waga w kilogramach,
a H to wzrost w metrach. Indeksowana masa lewej komory (LVMI, left ventricular mass
index) obliczono za pomocag wzoru LVM/BSA (LVMlIgsa)[39], podobnie
jak LVM/wzrost w m?’ (LVMIneigh)) [38]. Przerost LV (LVH, left ventricular
hypertrophy) definiowano jako LVMIlgsa > 115 g/m? dla mezczyzn oraz > 95 g/m?
dla kobiet (LVHgsa) lub LVMiIneignt > 50 g/m?’ dla mezczyzn i > 47 g/m?>’ dla kobiet
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(LVHheignt). Indeksowana objetos¢ lewego przedsionka (LAVI, left atrial volume index)
obliczono ze wzoru LA objetos¢/BSA. Pomiar predkos$ci maksymalnej fali wezesnego
naplywu w rozkurczu, czyli fali E, oraz predkosci maksymalnej fali naptywu
przedsionkowego w rozkurczu — fali A, a takze czasu deceleracji (DT, deceleration time)
uzyskano w projekcji koniuszkowej czterojamowej za pomoca Dopplera pulsacyjnego na
poziomie konca platkdbw zastawki mitralnej. Wczesnorozkurczowe predkosci
miokardialne pierscienia mitralnego technika Dopplera tkankowego (parametr E’)
uzyskano z pomiaru E’ na poziomie przegrodowej (E’sep) oraz bocznej (E’lat) czgsci
pierscienia mitralnego. Pomiar obu tych wskaznikéw umozliwiat usrednienie do wartosci
E’ i oszacowanie stosunku fali E/E’. W oparciu o wytyczne ASE/EACVI (2016) [5]
do okreslenia LVDD wykorzystano predkosci naptywu mitralnego fal E 1 A, E’sep, E’lat,
LAVI oraz szczytowag predko$¢ niedomykalno$ci zastawki trojdzielnej (TRvmax, peak
velocity of tricuspid regurgitation) w zaleznosci od EF. Na potrzeby tego badania LVDD
zostata przedefiniowana przez polaczenie kategorii ,,nicokreslony” i ,,nieprawidtowy”.
Zaburzenia rozkurczowe w populacji ogdlnej zostaly rowniez zdefiniowane zgodnie
z propozycja Europejskiej Grupy Badawczej ds. Rozkurczowej Niewydolnosci Serca
w 1998 roku [40]. Przy prawidtowej lub nieznacznie obnizonej LVEF > 45%,
nieprawidlowe IVRT przyjeto, gdy IVRT<z01at > 92 ms, IVRT30-50 1at > 100 ms, IVRTs 50
lat > 105 ms. Jako nieprawidlowy stosunek E/A przyjeto E/A<soiat < 1,0 i DT<s0 1at > 220
ms, E/Asso1at < 0,5 1 DT>50 1t > 280 ms. W badanej populacji 29 0sob (4,5%) speinia
te kryteria. Sposrod pacjentow LVDDa2o1s 4 z nich spetniato kryteria LVDD1ggg 1 byli
zaliczeni tylko do pierwszej grupy.

Do analiz laboratoryjnych wykorzystano krew obwodowg pobrang od pacjentow
na czczo oraz po pierwszej 1 drugiej godzinie doustnego testu obcigzenia glukozg.
Na aparacie Cobas C111 (Roche) oznaczono profil lipidowy metoda enzymatyczno-
kolorymetryczna, stezenie glukozy i hs-CRP metoda enzymatyczng z heksokinaza.
Hemoglobina Alc (HbAlc) zostata oznaczona metoda wysokosprawnej chromatografii
cieczowej (HPLC) jonowymiennej na D-10 firmy Bio Rad (Bio-Rad, Hercules, CA,
USA). Stezenia kortyzolu, IL-6, NT-proBNP oraz hs-TnT oznaczono metoda
elektrochemiluminescencji na analizatorze Cobas e411 firmy ROCHE. Oznaczenia
te wykonano z surowicy krwi, przechowywanej w -80°C od momentu preparatyki do
czasu oznaczen. Do oznaczenia insuliny wykorzystaliSmy reczne zestawy DiaSource
metoda immunoradiometryczng (IRMA). Insulinooporno$¢ oceniono w modelu

homeostatycznym (HOMA-IR) wedtug nastepujacego wzoru: insulina na czczo (mU/ml)
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x glikemia na czczo (mmol/l) / 22.5 [41]. Cukrzyce zdefiniowano jako stezenie glukozy
na czczo > 126 mg/dl lub stezenie glukozy po 2 godzinach > 200 mg/dl, cukrzyce

w wywiadzie lub stosowanie lekow hipoglikemizujacych.

6.3. Analiza statystyczna

Analize statystyczng uzyskanych wynikow przeprowadzono z wykorzystaniem
oprogramowania komputerowego Statistica 13.3 firmy StatSoft oraz SPSS Statistics 26.0
firmy IBM. Wszystkie hipotezy statystyczne zweryfikowano na poziomie istotnosci 0,05.
W celu oceny normalnos$ci rozktadu zmiennych losowych wykorzystano test Shapiro-
Wilka. Zmienne ciggle, w przypadku rozktadu normalnego, zostaty przedstawione jako
$rednia i odchylenie standardowe, pozostate, jako mediana oraz przedziat pierwszy-trzeci
kwartyl. Zmienne jakosciowe zostaly przedstawione w postaci liczebnosci i procent.
Roéznice pomigdzy grupami zmiennych ilosciowych zostaly okreslone przy uzyciu testow
U-Manna-Whitneya lub Kruskalla-Wallisa. Do obliczenia r6znic pomiedzy zmiennymi
jakosciowymi zastosowano test Fisher’a. Do wielokrotnych poréwnan uzyto testu post-
hoc rzeczywiscie znaczacych roznic Tukeya. Zwiazek migdzy LVDD, a zmiennymi
Klinicznymi i biochemicznymi przeanalizowano przy uzyciu jedno- i wieloczynnikowych
modeli regresji logistycznej. Modele regresji logistycznej zostaly przedstawione przy
uzyciu ilorazu szans (OR, odds ratio) i 95% przedziatoéw ufnosci (Cl, confidence

intervals).

6.4. Omoéwienie wynikow dotyczacych populacji z przewleklym zespolem
wiencowym
Sredni wiek wynosit 63,18 + 8,12 lat, a 75,5% uczestnikow stanowili mgzczyzni.
Ogoétem 39% pacjentéw bylo otytych (BMI > 30 kg/m?), 42,5% mialo nadwage
(> 25 BMI <30 kg/m?), a u 77 uczestnikow (38,5%) zdiagnozowano LVDD. Osoby
z LVDD miaty wyzszy wskaznik WHR (p=0,046) i cze¢sciej chorowaty na cukrzyce
(p=0,026). Wartos¢ PWYV byla istotnie wyzsza (p=0,003) w grupie z LVDD, ale nie byto
réznic migdzy grupami pod wzgledem BP, CP i wskaznika wzmocnienia. W analizie
skladu ciata jedynie warto$¢ Z-score byla nizsza w grupie z LVDD. W badaniu
laboratoryjnym wyzsze stezenie NT-proBNP (p<0,001), hs-TnT (p=0,018) i glukozy
w 120 min doustnego testu tolerancji glukozy (p=0,043) byto zwigzane z LVDD. LVEF
byta nizsza w grupie LVDD (p<0,001), natomiast LVMIgsa, LV Mlheight i LAVI miaty
wyzsze wartosci w grupie z LVDD (odpowiednio p<0,001, p=0,001, p=0,034).
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W analizie regresji logistycznej zmiennymi, ktore pozostaty zwigzane z LVDD
w modelu 1 (po dostosowaniu do wieku i plci), byly wartosci NT-proBNP i hs-TnT,
WHR, Z-score, PWV, LVMIgsa, LVMleignt, 1 LVEF. Dodatkowo nizsza warto$¢ sity
uscisku dtoni byla istotnie skorelowana z LVDD. Zwiazek migdzy LVDD a badanymi
czynnikami zmienit si¢ po uwzglednieniu w analizie wieku, ptci i NT-proBNP w modelu
2. LVDD korelowato z nizszg wartoscig gestosci kosci Z-score, LVMlgsa, LV Milheight,
LVEF i otytosécig typu androidalnego. Wyzszy stosunek androidalnej do gynoidalnej
tkanki thuszczowej pozostawal dodatnio zwigzany z LVDD nawet po dostosowaniu
do hs-TnT w modelu 3. W analizie regresji logistycznej z krokowg eliminacjg zmiennych
najsilniejszymi czynnikami zwigzanymi z LVDD byty WHR (p=0,038), PWV (p=0,019)
i sita uscisku dtoni (p=0,024).

Przedstawione powyzej wyniki zostaly omdwione w pracy oryginalnej
pt.,, Impact of pulse wave velocity and parameters reflecting android type fat distribution
on left ventricular diastolic dysfunction in patients with chronic coronary syndromes. ”

opublikowanej w Journal Of Clinical Medicine.

6.5. Omoéwienie wynikow dotyczacych populacji ogélnej

Badana populacja charakteryzowata si¢ Srednim wiekiem wynoszacym 47,2 lat,
w 43,67% sktadata si¢ z mezczyzn i zostata podzielona na 3 grupy: osoby bez LVDD,
Z LVDD1g9s — LVDD oceniang na podstawie wytycznych z 1998r. i LVDD2o16 — LVDD
oceniang na postawie wytycznych z 2016r. Osoby z LVDDo16 stanowity 5,4% badanej
grupy, miaty wyzszy wskaznik BMI (p=0,001), najwigkszy obwadd szyi (p<0,001), talii
(p<0,001) i bioder (p=0,002). Najliczniejszy odsetek oso6b z nadci$nieniem (p=0,003),
bardzo wysokim ryzykiem sercowo-naczyniowym (p=0,001), duszno$cig i zmeczeniem
wysitkowym (odpowiednio p=0,008, p<0,001) rowniez wystgpowat wsrdd uczestnikow
Z LVDD2o16. Grupy bez LVDD, z LVDD1ggs i LVDD2016 r6znity sig¢ istotnie parametrami
skurczowego i rozkurczowego BP (p=0,004, p=0,001, odpowiednio), skurczowego
cisnienia centralnego (p=0,002). Zaobserwowano istotnie wyzsze stezenia hs-TnT
(p=0,01), NT-proBNP (p=0,022), IL-6 (p=0,015), glukozy na czczo oraz w 120 min
doustnego testu obcigzenia glukoza (p=0,013, p=0,016, odpowiednio), jak tez wartos$¢
HbA1c (p=0,001) wsrdd uczestnikow z LVDD2o1s w poréwnaniu do pozostatych grup.

Przeprowadzona analiza regresji logistycznej wykazata, ze po uwzglednieniu
wieku i ptci (model 1), LVDD2o16 byta istotnie zwigzana z wyzszymi warto$ciami cisnien:

skurczowym BP (p=0,019), rozkurczowym BP, skurczowym CP, jak rowniez wigkszymi
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obwodami szyi, talii, bioder i LMI. Zaréwno LVEF jak i LVMI wykazaty istotny zwigzek
Z LVDD2g16. Wzrost stgzen hs-TnT, kortyzolu, glukozy na czczo, HbAlc byly istotnie
zwigzane z LVDD2o1s. Zalezno$¢ migdzy LVDD2o1s 2 LMI, obwodem szyi, talii, bioder,
rozkurczowym BP, skurczowym CP, hs-TnT, LVMI, glukoza na czczo i kortyzolem
utrzymata si¢ w kolejnym modelu, uwzgledniajacym oprocz wieku i plci takze LVEF
(model 2). Ponadto zaobserwowano nowg zalezno$¢ migdzy LVDD2o16 a BMI i hs-CRP.
W modelu 3 (skorygowanym o wiek, pte¢, LVEF 1 BMI) potwierdzono istotng zaleznos¢
mi¢dzy LVDD2o16 a rozkurczowym BP (p=0,01), hs-CRP (p=0,039), hs-TnT (p=0,044)
I kortyzolem (p=0,01). Przeprowadzono analogiczne poréwnanie czynnikow zwigzanych
z wystgpieniem LVDD wedlug wytycznych z 1998 r. W przedstawionych modelach
regresji stwierdzono, ze sposrod prezentowanych zmiennych LVDDiggs byta zwigzana
jedynie z ci$nieniem centralnym (model 3).

Niezaleznie wykonano analiz¢ oparta na modelowaniu wieloczynnikowym
regresja logistyczng z krokowa eliminacjg zmiennych. Wykazano, ze niezaleznymi
czynnikami zwigzanymi z LVDD2o16 byty: BMI (p=0,003), hs-CRP (p=0,016), hs-TnT
(p=0,006), LVEF (p=0,035) oraz obwdd szyi (p=0,024) i talii (p=0,014).

Omowione powyzej wyniki badan zostaly przedstawione w pracy oryginalnej
pt. ,, Left ventricular diastolic dysfunction in a general population-based sample without
previous cardiac disease: concomitant physical and laboratory variables.”

opublikowanej w Folia Cardiologica.
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6.6. Whnioski

1. Czestos¢ wystepowania LVDD w populacji ogolnej, bez cigzkiej choroby sercowo-
naczyniowej wynosi 5,4%, a wsrod chorych z PZW wynosi 38,5%.

2. Wskazniki otytosci, zarowno definiowanej przez BMI, brzusznej (obwod talii)
jak i obwod szyi moga by¢ wykorzystywane do wykrywania oséb zwiekszonego
ryzyka LVDD w populacji ogélne;j.

3. Parametry odzwierciedlajace androidalny rozktad tkanki tluszczowe;j, tj. wskaznik
WHR oraz stosunek androidalnej do gynoidalnej tkanki thuszczowej sa zwigzane
z LVDD w grupie z PZW, po uwzglednieniu w analizie biochemicznych markerow
dysfunkcji serca (NT-proBNP i hs-TNT).

4. Wsrod osob z PZW nizsza sita migéniowa | nizsza gesto$¢ koSci wigza si¢
z obecnoscig LVDD, co sugeruje potencjalng rolg aktywnosci fizycznej jako
czynnika ochronnego przed zaburzeniami rozkurczowymi.

5. Parametry wskazujace na przecigzenie lub uszkodzenie serca (wyzsze st¢zenia
hs-TnT) sa zwigzane z obecnosciag LVDD w populacji ogodlne;j.

6. W populacji ogolnej marker stanu zapalnego (hs-CRP) jest zwigzany z LVDD
niezaleznie od otylosci.

7. Zwigkszona sztywnos$¢ duzych naczyn, oceniana na podstawie predkosci fali tetna

(PWV) jest niezaleznie zwigzana z LVDD w populacji z PZW.
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Abstract: Background: Left ventricular diastolic dysfunction (LVDD) is caused by a decreased left
ventricle relaxation and is associated with an increased risk of symptomatic heart failure (HF) and
excessive mortality. Aim: To evaluate the frequency and factors related to LVDD in the population with
chronic coronary syndromes (CCS). Methods: 200 patients (mean age 63.18 + 8.12 years, 75.5% male)
with CCS were included. LVDD was diagnosed based on the recent echocardiography guidelines.
Results: LVDD was diagnosed in 38.5% of CCS population. From the studied factors, after adjustment
for age, sex, and N-terminal pro-brain natriuretic peptide (NT-proBNP), LVDD associated positively
with android/gynoid (A/G) fat mass ratio, left ventricular mass index (LVMI), and negatively with
Z-score and left ventricular ejection fraction (LVEF). In stepwise backward logistic regression analysis,
the strongest factors associated with LVDD were pulse wave velocity value, handgrip strength and
waist to hip ratio (WHR). Conclusions: LVDD is common among CCS patients and it is associated
with parameters reflecting android type fat distribution regardless of NT-proBNDP and high-sensitivity
troponin T concentrations. Deterioration in diastolic dysfunction is linked with increased aortic
stiffness independently of age and sex. Further studies evaluating the effects of increasing physical
fitness and lowering abdominal fat accumulations on LVDD in CCS patients should be considered.

Keywords: left ventricular diastolic dysfunction; android fat distribution; chronic coronary syndromes

1. Introduction

Left ventricular diastolic dysfunction (LVDD) is caused by a decreased left ventricle (LV) relaxation
or increased LV stiffness [1]. In early LVDD, elevated LV stiffness is associated with diastolic filling
abnormalities and normal exercise tolerance. Asymptomatic LVDD may be present for long periods
before it develops into a symptomatic phase. When the disease progresses, pulmonary pressures
increase abnormally duringexercise, causing reduced exercise tolerance. When filling pressures increase
further, clinical signs of heart failure (HF) appear [2]. Asymptomatic mild LVDD is found in 21% of

J. Clin. Med. 2020, 9, 3924; doi:10.3390/jcm9123924 www.mdpi.com/journal/fjcm
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the population, moderate or severe LVDD is present in 7% and is associated with an increased risk of
symptomatic HF and mortality [3]. This asymptomatic period represents a potential time to intervene to
prevent symptomatic HE Major risk factors for diastolic dysfunction in the general population include
age, obesity, diabetes mellitus, hypertension, and LV hypertrophy [4,5]. Chronic coronary syndromes
(CCS) are one of the forms of the coronary artery disease (CAD), characterized by accumulation
of the atherosclerotic plaques in epicardial coronary arteries. They exclude situations in which an
acute coronary artery thrombosis dominates the clinical presentation (which are acute coronary
syndromes) [6]. CAD is commonly listed as a mechanism underlying LVDD, as myocardial ischemia
may induce impaired relaxation [7], but according to recent data, stable CAD was not independently
associated with LVDD [8], probably because many of the same factors contribute to atherosclerosis
may also result in LVDD e.g., hypertension and vascular stiffening,.

The prevalence of LVDD among individuals with well-documented CCS is not exactly known,
nor the factors that contribute to this phenomenon. We aimed to evaluate the frequency and factors
related to left ventricular diastolic dysfunction (LVDD) in the population with chronic coronary
syndromes (CCS).

2. Methods

2.1. Study Population

The study was conducted in 2016-2018 on patients with CCS aged between 41 and 79. The study
sample consisted of 257 patients hospitalized in three local hospitals for coronary events that occurred
12-18 months before the date of the study entry. The reasons for hospitalization were elective
percutaneous coronary intervention (PCI) 96 (37.4%), acute myocardial infarction with ST-segment
elevation (STEMI) 65 (25.3%), 71 (27.6%) acute myocardial infarction with non-ST-segment elevation
(NSTEMI), and 25 (9.7%) unstable angina/acute myocardial ischemia. Due to the variability of the cycle
]ength, the absence of organized atrial function and the frequent occurrence of the LA enlargement
regardless of the filling pressure, the assessment of diastolic function by the Doppler method in
patients with atrial fibrillation (AF) is severely limited [9]. For this reason or the lack of complete
echocardiography (ECHO) data, 57 patients were excluded from the research group. As a result,
200 individuals (151 men and 49 women) were included in the study.

2.2. Data Collection and Assays

The details of the participants” medical history were collected from questionnaires at the time
of the study entry. All study patients underwent a laboratory assessment and physical examination.
Peripheral intravenous fasting blood samples were collected at the time of a visit, which always took
place in the morning. The anthropometric measurements including height, weight, circumferences of
waist, abdomen, and hips were taken. Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Waist to hip ratio (WHR) was calculated as a ratio between
waist and hips circumference. According to WHO guidelines, abdominal obesity was defined as
WHR = 0.85 for women, = for 0.9 men [10]. Blood pressure (BP) was measured using the oscillometric
method (Omron Healthcare Co. Ltd. MG Comfort device) after the participants were seated for at least
5 min. Resting ECG was performed using the AMEDTEC ECGpro CardioPart 12 USB (AMEDTEC
Medizintechnik Aue GmbH, Aue, Germany).

In ECHO, the measurements of the dimensions of interventricular septal thickness (IVST),
left ventricular internal dimension (LVID), left ventricle posterior wall thickness (LPWT), left atrial
(LA) volume and left ventricular ejection fraction (LVEF) using the Biplane method were
performed [11]. The left ventricular mass (LVM) was calculated using the Devereux Formula [12]
LVM = 0.8(L.04(IVST + LVID + LPWT)® — (LVID)® + 0.6). Body surface area (BSA) was calculated by
the formula: BSA = (W — 60) x 0.01 + H, where BSA is the body surface area in m?2, W is the weight in
kilograms and H is height in meters [13]. The left ventricular mass index (LVMI) was calculated by the
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formula LVM/BSA (LVMlIgsy ) [12] likewise by the formula LVM/height in m?27 [11]. The left ventricular
hypertrophy (LVH) was defined as LVMIpsa 2115 g/m2 for men and >95 g/m2 for women (LVHgsa) or
LVHpeignt defined as LVMIpgigne = 50 g,fm"—-"7 for men and > 47 g/m2-7 for women. The left atrial volume
index was calculated by the formula LA volume/BSA (LAVI). The transmitral early diastolic velocity
(E), peak velocity flow in late diastole caused by atrial contraction (A), and their deceleration time
were acquired in the apical four-chamber view using pulse-wave Doppler at the level of the mitral
valve tips during diastole. The early diastolic mitral annular tissue velocity (e’) was calculated as the
average of septal and lateral mitral annular velocities, and E/e’ was calculate. Based on the EACVI/ASE
2016 recommendations, transmitral E and A waves velocities, septal, and lateral E’ tissue velocities,
indexed left atrium volume and peak velocity of tricuspid regurgitation, depending on the LVEF were
used to define LVDD [9]. The algorithm for the evaluation and qualification of participants to the
group with the LVDD is presented in Table 1. For the purpose of this study LVDD was redefined by
fusing the categories “indeterminate” and “abnormal”.

Table 1. Algorithm evaluation of LVDD [9].

1. Average Ffe’ > 14 1st criteria fulfilled Normal LVDD
2. Septal e’ velocity <7 cm/s or
lateral e’ velocity Indeterminate
Nclrmaﬂl <10 cm/fs 2nd criteria fulfilled VDD
EF (250%) 3. TR velocity max
>28mfs Abnormal
4 LAVI>34 ml/m’ 3rd or 4th criteria fulfilled LVDD
E/A<08+E<50ecm/s
2of 3 or 3 of 3 Negative Grade [ LVDD
When possible assessment of
3 criteria: 2 negative
Depressed EF /A <08+ E> 50 cny's 1. Average Ffe’ >14 When only 2
(<50%) or08 <E/A<2 2. TR velocity criteria are 1 positive and Indeterminate
>2.8 m/fs available 1 negative VDD
3 Lavl 1 negative
= 34ml/m? s Grade ITIVDD
2 of 3 or 3 of 3 Positive
E/A=2 Grade III LVDD

LVDD, left ventricular diastolic dysfunction; EF, ejection fraction; E, peak early diastolic velocity; ', early diastolic
mitral annular tissue velocity; TR, tricuspid regurgitation; LAVI, left atrial volume index; A, peak late diastolic
velocity; cm, centimeter; s, second; m, meter; ml, milliliter.

Artery stiffness assessment parameters, ie., carotid-femoral pulse wave velocity (PWV),
augmentation index (Alx), and central pressure (CP’) were measured by the applanation tonometer
and an oscillometric measurement (SphygmoCor XCEL) in a supine position preceded by a 10-min
rest. Increased arterial stiffness was defined by PWV > 10 m/s, independently of age [14].

Body composition was measured by the dual energy X-ray absorptiometry (DEXA) (GE Healthcare,
Chicago, IL, USA) with total body mass divided into 3 compartments: fat, lean and bone mass. Fat,
lean, and bone mass index was calculated as fat, lean and bone mass in kilograms divided by 11eight
in meters squared. The gynoid (G) and android (A) fat were measured automatically. The android
region is the area between the ribs and the pelvis, totally enclosed by the trunk region. The upper
demarcation is 20% of the distance between the iliac crest and the neck. The lower demarcation is at the
top of the pelvis. The gynoid region includes the hips and upper thighs and overlaps both the leg and
trunk regions. The upper demarcation is below the top of the iliac crest at a distance of 1.5 times the
android height. The total height of the gynoid region is 2 times the height of the android region [15].
The A/G ratio was calculated between the fat of the android (central) and fat of the gynoid (hip and
thigh) regions. The bone density index referring to a representative young population expresses a
T-score, while referring to a control group of the same age, sex, and race, and additionally corrected
for body weight Z-score values [16]. Grip strength was expressed in kg and measured using a digital
hand dynamometer (SAEHAN DHD-1, Saehan Corporation, Masanhoewon-Gu Gyeongsangnamdo,
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Korea). Measurements were obtained in standardized conditions, with the participants in a seated
position, an elbow at 90° and a handle adjusted to the second position. Having received explanation
on the procedures, and after familiarization with the instrument, the patients were asked to apply
the maximum hand grip strength for 3 to 5 s. The procedure was performed three times with each
hand alternately, with an interval of one minute between each measurement. The maximum value
was used for the analysis. Handgrip strength as a dichotomous variable was obtained referring to
the reference values presented by Wang, Y.C. [17] taking into account gender, age groups, and the
maximum handgrip value of the dominant hand for the 10th, 25th, and 50th percentiles (analyses in
Supplementary Materials).

The concentrations of N-terminal pro-brain natriuretic peptide (NT-proBNP) and high-sensitive
troponin T (hs-TnT) were determined by the electrochemiluminescence method on the Cobas e411 from
ROCHE. The analytical measurement range for NT-proBNP was 5-35.000 pg/mL, and 3-10.000 pg/mL
for hs-TnT. The concentrations of NT-proBNP and hs-TnT below the detection threshold were taken
as 50% of the minimum measurement range. Glucose concentration was determined by enzymatic
method with hexokinase on a Cobas C111 analyzer from ROCHE. For the determination of insulin,
we used manual kits DiaSource by immunoradiometric method (IRMA).

Diabetes mellitus was defined as serum fasting glucose level 2126 mg/dL or 2-h glucose >200 mg/dL,
or the history of diabetes mellitus or use of hypoglycemic agents.

2.3. Ethical Issues

Ethical approval for this study was provided by the Ethics Committee of the Medical University of
Bialystok (Poland) on 29 September 2016 (approval number: R-I1-002/323/2016). The study was
conducted in accordance with the Declaration of Helsinki and all participants gave a written
informed consent.

2.4. Statistical Analysis

Descriptive statistics for quantitative variables were presented as means and standard deviations
and as counts and frequencies for qualitative variables. Comparisons of continuous variables between
subgroups were conducted using Mann-Whitney or Fisher’s tests. Associations between LVDD and
other clinical and biochemical variables were analysed using simple and multiple logistic regression
models. Multiple regression models where adjusted for age, sex (Model 1), for age, sex, NT-proBNP
(Model 2), and for age, sex, NT-proBNT, hs-TnT (Model 3), for LVvMIpga (Model 4) and for LVHpg
(Model 5). Logistic regression models were presented using odds ratio and confidence intervals.
Simple and multiple linear regression models were employed to identify the determinants of PWV
value. Statistical hypotheses were verified at 0.05 significance level. The Statistica 13.1 software
(StatSoft Polska, Cracow, Poland) was used for all calculations.

3. Results

The baseline characteristics of the study population are shown in Table 2. The mean age
was 63.18 + 8.12 years and 75.5% of participants were male. Overall, 39% of patients were obese
(BMI > 30 kg/m?) and 42.5% were overweight (BMI > 25 kg/m? and BMI < 30 kg/m?), and 77 participants
(38.5%) were diagnosed with LVDD using ECHO.

The comparison of groups with and without LVDD is presented in Table 3. There were no
differences in age (p = 0.121), gender (p = 1.000), or BMI (p = 0.391). The individuals with LVDD
had higher WHR index (p = 0.046) and were more often diabetic (p = 0.026). The PWV value was
significantly higher (p = 0.003) in the group with LVDD, but there were no differences between the
groups in terms of blood pressure (BP), central blood pressure (CBP), and augmentation index. In the
body composition analysis, only Z- score value was lower in the group with LVDD. In laboratory
test, higher level of NT-proBNP (p < 0.001), hs-TnT (p = 0.018) and 120min glucose (p = 0.043) in oral
glucose tolerance test (OGTT) were related with LVDD. In ECHO, LVEF was lower in the LVDD group
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(p < 0.001), while LVMIggp, LVMlighe and LAVI had higher values in the group with LVDD (p < 0.001,
p =0.001, p = 0.034, respectively).

Table 2. Baseline characteristics of study population.

Variables Value (n = 200)
Age, years 63.18 +8.12
Gender, male 151 (75.5)
BMI, kg/m? 29.47 +5.08
BMI 25-29.99 kg/m? 85 (42.5)
BMI > 30 kg/m? 78 (39)
WHR 0.95 + 0.08
WHR = 0.85 women, > 0.9 men 167 (83.5)
LV ejection fraction, % 52.24 +7.87
LVMI gy, g/m? 111.79 +28.86
LVMI height, g/m*” 52.73 + 14.52
LAV, mL/m? 25.03 +7.41
Diastolic dysfunction of left ventricle, n 77 (38.5)
NT-proBNF, pg/mL 271.30 + 406.65
hs-TnT, pg/mL 12.53 +11.78
Creatinine, pmol/L 86.57 + 19.56
GFR, mL/min/1.73m? 82.12 +22.49
Total cholesterol, mg/dl 159.42 + 45.38
Triglycerides, mg/dl 130.63 + 135.49
Eigg/l;—ldensity lipoprotein cholesterol, 52.06 + 16,47
Low-density lipoprotein cholesterol, mg/dl 90.88 + 37.20
hogw/x;f?nsity lipoprotein cholesterol >55 177 (88.5)
Diabetes mellitus, n 78 (39)
Smoking history, n 148 (74)
Current smoking, 1 46 (23)
Use of ACE-I/ARB, n 172 (86)
Use of beta-blockers, n 176 (88)
Use of statin, n 182 (91)

The data is shown as n (%), mean = SD. SD, standard deviation; BMI, body mass index; kg, kilogram;
m?, square meter; WHR, waist to hip ratio; LV, left ventricle; LVMI, left ventricular mass index; BSA, body surface
area; g, gram; LAVI, left atrial volume index; mL, millilitre; NT-proBNP, N-terminal pro-brain natriuretic
peptide; hs-TnT, high-sensitivity troponin T; GFR, glomerular filtration rate Cockcroft-Gault Equation;
ACE-], angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers.

21



J. Clin. Med. 2020, 9, 3924 60f 15

Table 3. Characteristics of the study population according to the presence of left ventricular diastolic function.

Study Population (1 = 200)

Variables Subjects without Subjects with
LVDD (n = 123) LVDD (1 = 77) p Values

Age, years 6250 +7.72 64.26 + 8.69 0.121
Gender, male 93 (75.6) 58 (75.3) 1.000
Diabetes mellitus 40 (33.1) 38 (49.4) 0.026
Ever smoking 90 (73.8) 58 (76.3) 0.739
Current smoking 30 (24.6) 16 (21.1) 0.607
BMI, kg/m?' 29.18 +4.77 2992 + 5.58 0.391
BMI 25-29.99 kg/m? 54 (43.9) 31 (40.3) 0.661
BMI > 30 kg/m? 47 (38.2) 31 (40.3) 0.882
WHR 0.94 + 0.08 0.96 + 0.08 0.046
WHR = 0.85 women, > 0.9 men 102 (82.9) 65 (84.4) 0.847
BPs, mmHg 133.66 = 16.84 132,57 £21.25 0.512
BPd, mmHg 84.11 + 10.49 83.22 +11.04 0.533
HR, bpm 65.31 £ 9.87 66.55 = 10.36 0.418
CPs, mmHg 125.81 +14.73 124.60 +17.77 0.257
CPd, mmHg 81.19 +9.11 79.79 + 10.68 0.201
Augmentation Index 12.63 +7.99 11.71 £ 874 0.309
PWV, m/s 8.64 + 1.69 9.47 + 1.87 0.003
PWV = 10 m/s 22(19.1) 23 (33.8) 0.033
T-score 0.08 +1.04 -0.29 +1.38 0.063
Z-score 0.19 +1.04 —0.11 £ 0,994 0.050
Handgrip strength may. kg 4111 +11.41 38.01 £11.09 0.066
Fasting glucose, mg/dL 112.19 + 41.35 114.69 + 28.60 0.059
120 min glucose, mg/dL 128.59 + 41.47 14495 + 43.94 0.043
Fasting insulin, mg/dL 15.89 + 12.08 18.23 +17.08 0.465
120 min insulin, mg/dL 90.72 £ 71.48 112.59 £ 92,45 0.151
HOMA-IR 4.66 + 4.85 570 +7.81 0.297
NT-proBNP, pg/mL 172.66 + 203.00 430.45 + 574.09 <0.001
hs-TnT, pg/mL 1041 + 4.86 15.92 +17.59 0.018
Creatinine, umol/L 87.28 +18.14 85.43 +21.71 0.365
GFR, mL/min/1.73m? 80.83 + 18.63 84.189 + 27.59 0.682
LV ejection fraction, % 56.792 + 4.723 45.10 + 6.44 <0.001
LVMI s, g/m? 104.42 + 25.00 123.51 + 31.01 <0.001
LVMI peighy, g/m?7 48.86 + 12.57 58.55 + 15.37 <0.001
LVH psa 38 (33.6) 47 (66.2) <0.001
LVH peight 57 (50.4) 50 (70.4) 0.009
E, m/s 0.70 + 0.14 0.69 +0.19 0.418
A, m/s 0.66 = 0.19 0.70 £0.21 0.167
E/A 1.12 £ 0.36 1.08 £ 0.56 0.063
Deceleration time, ms 203.31 + 45.61 208.24 + 60.09 0.731
TR velocity max, m/s 2.05+0.54 1.84 +0.80 0.258
Septal e’ velocity, cm/s 7.29 +1.53 6.50 +2.11 <0.001
Lateral e’ velocity, cm/s 1032 + 3.74 8.79 £ 2.66 0.001
Efe’ 8.28 +1.90 9.34 +2.95 0.024
LAVT, mI/m> 23.57 + 5.81 2711+ 8.94 0.034

The data is shown as 11 (%), mean + SD. SD, standard deviation; BMI, body mass index; kg, kilogram; m?, square meter;
WHR, waist to hip ratio; BPs, systolic blood pressure; mmHg, millimeters of mercury; BPd, diastolic blood pressure;
HR, heart rate; bpm, beats per minute; CPs, systolic central pressure; CPd, diastolic central pressure; PWV, pulse wave
velocity; HOMA-IR, homeostasis model assessment of insulin resistance; NT-proBNF, N-terminal pro-brain
natriuretic peptide; hs-TnT, high-sensitivity cardiac troponin T; GFR, glomerular filtration rate Cockcroft-Gault
Equation; LV, left ventricle; LVMI, left ventricular mass index; BSA, body surface area; LVH, left ventricular
hypertrophy; g, gram; E, peak velocity flow in early diastole caused by atrial contraction; A, peak velocity flow
in late diastole caused by atrial contraction; ms, millisecond; TR, tricuspid regurgitation; e’, early diastolic mitral
annular tissue velocity; LAVI, left atrial volume index.

The PWV determinants in the study population analysis was presented in Supplementary Materials.

22



J. Clin. Med. 2020, 9, 3924 7of 15

On the multivariable logistic regression analysis, the variables that remained associated with
LVDD in Model 1, after adjusting for age and gender, were levels of NT-proBNP and hs-TnT, WHR,
Z-score, PWV value, LVMIpga, LVMIjeight, and LVEF (Table 4). In addition, a new parameter appeared,
a lower value of handgrip strength which was significantly correlated with LVDD.

Table 4. Univariable and multivariable predictors of left ventricular diastolic dysfunction.

. Unadjusted Model Model 1
Variables
OR (95%CI) p Values OR (95%CI) p Values

Age, year 1.028 (0.991; 1.065) 0.137 - -

Gender, male 1.016 (0.524; 1.968) 0.964 - -
NT-proBNP, pg/mL 1.003 (1.001; 1.004) <0.001 1.003 (1.001; 1.004) <0.001
hs-TnT, pg/mL 1.068 (1.017; 1.121) 0.008 1.064 (1.010; 1.122) 0.020
BMI, kg/m? 1.030 (0.974; 1.089) 0.301 1.030 (0.974; 1.090) 0.304
WHR * 1.395 (0.950; 2.049) 0.090 1.697 (1.039; 2.771) 0.035
BPs, mmHg 0.997 (0.981; 1.012) 0.690 0.995 (0.979; 1.011) 0.540
BPd, mmHg 0.992 (0.966; 1.019) 0.567 0.995 (0.967; 1.024) 0.733
A/G fat mass* 1.088 (0.956; 1.239) 0.203 1.136 (0.973; 1.326) 0.106
T-score 0.768 (0.599; 0.985) 0.038 0.773 (0.595; 1.004) 0.053
Z-score 0.754 (0.564; 1.008) 0.056 0.718 (0.534; 0.966) 0.029
Handgrip strength max, kg~ 0.976 (0.950; 1.002) 0.069 0.956 (0.917; 0.997) 0.035
CPs, mmHg 0.995 (0.977; 1.014) 0.605 0.994 (0.976; 1.012) 0.510
CPd, mmHg 0.985 (0.956; 1.015) 0.328 0.989 (0.958; 1.020) 0.473
Augmentation Index 0.986 (0.951; 1.022) 0.449 0.980 (0.944; 1.018) 0.300
PWV, m/s 1.311 (1.094; 1.572) 0.003 1.296 (1.069; 1.571) 0.008
Diabetes mellitus 1.973 (1.098; 3.544) 0.023 1.858(1.024; 3.368) 0.041
120 min glucose, mg/dL 1.009 (1.000; 1.018) 0.047 1.008 (0.999; 1.017) 0.071
HOMA-IR 1.028 (0.979; 1.079) 0.273 1.030 (0.980; 1.083) 0.243
LV ejection fraction, % 0.532 (0.436; 0.649) <0.001 0.475 (0.371; 0.607) <0.001
LVMI gy, g/m? 1.026 (1.013; 1.038) <0.001 1.026 (1.013; 1.039) <0.001
LVMI height, g/m*7 1.055 (1.029; 1.081) <0.001 1.053 (1.028; 1.081) <0.001

OR, odds ratio; CI, confidence interval; * per 0.1 units; NT-proBNF, N-terminal pro-brain natriuretic peptide;
hs-TnT, high-sensitivity cardiac troponin T; BMI, body mass index; kg, kilogram; m?, square meter; WHR, waist to
hip ratio; BPs, systolic blood pressure; mmHg, millimeters of mercury; BPd, diastolic blood pressure; HR, heart rate;
bpm, beats per minute; A/G, android fat mass/gynoid fat mass; CPs, systolic central pressure; CPd, diastolic central
pressure; PWV, pulse wave velocity; g, gram; HOMA-IR, homeostasis model assessment of insulin resistance;
LVMI, left ventricular mass index; BSA, body surface area; Model 1: adjusted for age and sex.

The relationship between LVDD and the studied factors changed after adjustment for age, sex and
NT-proBNT in Model 2. LVDD was correlated with lower value of Z-score bone density, LVMIpgy,
LVMljcight. LVEE and android type obesity (higher A/G fat mass ratio). The higher A/G fat mass ratio
remained positively associated with LVDD even after adjusting for hs-TnT in Model 3 (Table 5).

An analysis was also performed between the LVDD and the examined factors, in which the
model was corrected for LVMI (Model 4) and LVH (Model 5). The results were presented in
Supplementary Materials.

In logistic regression analysis with stepwise elimination of variables, the strongest factors
associated with LVDD were WHR, PWV value and handgrip strength (Table 6).
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Table 5. Multivariable predictors of left ventricular diastolic dysfunction.

Model 2 Model 3
Variables
OR (95%CI) p Values OR (95%CI) p Values

BMI, kg/m? 1.052 (0.988; 1.119) 0.112 1.049 (0.984; 1.117) 0.140
WHR * 1.675 (0.994; 2.825) 0.053 1.551 (0.906; 2.655) 0.109
BPs, mmHg 0.997 (0.980; 1.014) 0.696 0.996 (0.980; 1.014) 0.684
BPd, mmHg 0.999 (0.970; 1.029) 0.957 0.996 (0.967; 1.026) 0.799
A/G fat mass * 1.219 (1.031; 1.441) 0.021 1.211 (1.019; 1.438) 0.030
T-score 0.820 (0.620; 1.084) 0.163 0.828 (0.624; 1.100) 0.193
Z-score 0.727 (0.530; 0.998) 0.048 0.746 (0.542; 1.027) 0.072
Handgrip strength may, kg 0.964 (0.923; 1.007) 0.099 0.967 (0.926; 1.010) 0.135
CPs, mmHg 0.944 (0.975; 1.013) 0.533 0.993 (0.973; 1.013) 0.993
CPd, mmHg 0.992 (0.960; 1.025) 0.629 0.989 (0.957; 1.022) 0.514
Augmentation Index 0.972 (0.935; 1.011) 0.158 0.976 (0.938; 1.016) 0.239
PWV, m/s 1.201 (0.979; 1.473) 0.079 1.205 (0.978; 1.483) 0.079
Diabetes mellitus 1.665 (0.876; 3.165) 0.120 1.648 (0.857; 3.171) 0.134
120 min glucose, mg/dL 1.008 (0.999; 1.018) 0.085 1.009 (0.999; 1.019) 0.066
HOMA IR 1.048 (0.991; 1.109) 0.100 1.046 (0.988; 1.107) 0.121
LV ejection fraction, % 0.476 (0.370; 0.612) <0.001 0.481 (0.374; 0.619) <0.001
LVMI ggp, g/m? 1.018 (1.004; 1.032) 0.009 1.017 (1.004; 1.032) 0.014
LVMI peigh, /m*” 1.040 (1.013; 1.067) 0.004 1.038 (1.011; 1.067) 0.006

OR, odds ratio; CI, confidence interval; * per 0.1 units; BMI, body mass index; kg, kilogram; m?, square meter;
WHR, waist to hip ratio; BPs, systolic blood pressure; mmHg, millimeters of mercury; BPd, diastolic blood pressure;
HR, heart rate; bpm, beats per minute; A/G, android fat mass/gynoid fat mass; CPs, systolic central pressure;
CPd, diastolic central pressure; PWV, pulse wave velocity; g, gram HOMA-IR, homeostasis model assessment of
insulin resistance; LVMI, left ventricular mass index; BSA, body surface area; Model 1: adjusted for age and sex;
Model 2: model 1 + additional adjustment: NT-proBNF; Model 3: model 1 + additional adjustment: NT-proBNP
and hsTNT.

Table 6. Results of stepwise backward logistic regression analysis of left ventricular diastolic dysfunction.

Full Model Final Model
Variables
OR (95%CI) p Values OR (95%CI) p Values
PWV, m/s 1.288 (1.048; 1.582) 0.016 1.262 (1.039; 1.533) 0.019
Handgrip ig‘"“gth 0.956 (0.912; 1.001) 0.057 0.962 (0.930; 0.995) 0.024
maxs
WHR * 1.591 (0.903; 1.135) 0.118 1.696 (1.029; 2.794) 0.038
Z-score 0.761 (0.543; 1.065) 0.111 - -
Age, year 0.988 (0.940; 1.039) 0.639 - -
Gender, male 1.092 (0.578; 2.063) 0.785 - -

OR, odds ratio; CI, confidence interval; * per 0.1 units; PWV, pulse wave velocity; WHR, waist to hip ratio;
kg, kilogram R? npaiierke = 0130; R? oy gnen = 0.095.

4. Discussion

The present study reports on the frequency of LVDD in population with CCS and provides
evidence that the parameters reflecting android type fat distribution is associated with LVDD after
correction for biochemical markers of cardiac dysfunction. Lower muscle strength and lower bone
density are also related to this phenomenon suggesting the important role of physical fitness in both
these variables. Moreover, PWV value—a variable presenting stiffness of large arteries—positively
associated with the presence of LVDD. We showed that the effect of abdominal adiposity on LVDD
was more powerful than general adiposity.

Venkataraman [8] showed that 9.6% of participants with low-intermediate risk of coronary
artery disease (CAD) had LVDD, and atherosclerosis was not directly associated with subclinical LV
dysfunction. In present study, all participants had CAD, the population was older, BMI was higher
and LVEF was lower compared to the above mentioned study. In the study of Japanese patients with

24



J. Clin. Med. 2020, 9, 3924 90f15

suspected CAD, mean age was 66 + 13 years. LVDD was assessed based on the 2016 EACVI/ASE
algorithm and was recognised in 71 participants (28.2%) [18]. Consequently, this frequency was lower
than in the presented study (38.5%). According to Kuznetsova [19], the incidence of LVDD in the
general population was 27.3%; it increased with age, body mass index, serum insulin, serum creatinine,
and NT-proBNP. However, in the aforementioned study, the assessment of LVDD was based only on the
transmitral, pulmonary blood flows and the tissue doppler imaging of mitral annular velocities, not on
the currently accepted criteria. Another study, comparing LVDD assessment guidelines form 2009
and 2016, showed that in the general population, with a mean age of 62 + 10.5 years, the prevalence
of LVDD and indeterminate diastolic dysfunction assessed according to the latest recommendations
was 16.6% [20]. Furthermore, in the other study based on patients older than 50 years without
documented cardiovascular disease, LVDD was defined as septal annular peak velocity (e”) < 8 cm/s
and LAVI = 34 mL/m2. The prevalence of LV diastolic dysfunction was high and amounted to 63.5% [21].
Moreover, researchers showed differences in age and BMI between groups with and without LVDD
as opposed to our study. There were no age, gender, blood pressure, or BMI differences between
population with and without LVDD, similarly to the population with low—intermediate risk of CAD [8].
Our findings which demonstrate a correlation between the presence of LVDD and LVMI are in line
with the earlier studies [4,19,22].

Major risk factors for diastolic dysfunction include age, diabetes mellitus, hypertension, and LV
hypertrophy [5]. LVDD is common in diabetic patients and may be diagnosed in every third case
(34%). It is associated with increased LVM, wall thickness and arterial stiffness [5,23]. In the current
study, we observed more frequent diabetes mellitus and higher concentration of glucose in the 120th
minute of OGTT in patients with LVDD. However, in the multivariable analysis, after adjustment for
NT-BNP or troponin concentrations, these parameters were no longer relevant. In another study of
people with diabetes mellitus, without overt heart disease, the percentage of patients with diastolic
dysfunction increased from 49% at the baseline to 67% during a three-year follow-up period. Older
age and elevated blood pressure over time were associated with an increased risk of LVDD [24].

4.1. Impact of Fat Tissue Distribution on LVDD

Multiple studies have confirmed overweight/obesity as a risk factor for the development of
HF [25]. In publications, the most commonly used indicator was BMI. Differently from the described
observations, Russo etal. [26] have shown that increased BMI was significantly associated with increased
risk of diastolic dysfunction independent of LV mass in a high-risk population without evidence of
heart disease. Several studies reported a strict relationship between obesity and LVDD [4,27]. In the
population of 769 elderly people participating in the Baltimore Longitudinal Study of Aging, the degree
of obesity was defined by BMI and waist circumference to assess central adiposity. The author’s
suggested that the effect of central adiposity on LV diastolic function was independent of general
adiposity [22]. A growing body of research indicates that central obesity may play a pivotal role in
obesity-related changes in cardiac function and structure. Among numerous variables describing
obesity used in this study, the increased WHR and A/G ratio, describing central obesity, were the
most influential on LVDD. A strong relationship between WHR and LVDD has been demonstrated
previously in a study of people over 45 in Olmsted County, Minnesota, USA, in which WHR had a
stronger association with LV diastolic function then waist circumference and BMI. For each standard
deviation increase in WHR, the odds of LVDD increased 1.55 times [28]. Yaylah [29], on the other hand,
stated that WHR had no effect on LVDD after adjustment for age and gender. In our study, the effect
of WHR was even more pronounced when adjusted for age and gender. Its effect disappeared after
adjustment for NT-BNP or troponin concentrations, but simultaneously in those analyses, a different
parameter reflecting abdominal type fat distribution emerged—a ratio of android and gynoid fat.
Nevertheless, WHR was one of the two variables independently associated with the presence of LVDD
in the logistic regression. The differences may be due to the small sample size and characteristics of the
population (without any cardiovascular risk factors) in the Yaylah YT study. A study of the European
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populations on various obesity indicators as predictors of cardiovascular mortality showed that WHR
was a stronger predictor for CVD mortality than BMI [30]. This data may offer mechanistic insight
into why central obesity and reduced physical fitness is associated with worse cardiac outcomes,
including LVDD.

4.2. Impact of Reduced Physical Fitness on LVDD

We found evidence to support the value of maximum handgrip strength as a marker associated
with cardiac dysfunction in the studied population. This value represents the maximum strength of
hand and forearm and can be used as an indicator of general muscle strength, which is dependent
on the general physical fitness. There are a number of studies indicating the relationship between
handgrip strength and cardiovascular disease [31,32]. The potential pathophysiological mechanisms
underlying grip strength and the incidence of CVD are not thoroughly understood. To the best of our
knowledge, this study is the first to look at handgrip strength as a predictor for LVDD. The study on
the relationship between handgrip and measures of cardiac structure and function show that higher
levels of handgrip strength were associated with a pattern indicative of less cardiac hypertrophy and
remodeling [32]. In our study, we have proved that lower handgrip strength, as a surrogate of reduced
physical fitness, increases the risk of LVDD in the CCS population.

The positive effect of physical activity and fitness on bones has been shown in the study presenting
the relationship between handgrip strength and bone mineral density [33]. Wang et al. [34] evaluated
the association between BMD and LV diastolic function in men with type 2 diabetes mellitus. The study
showed that increasing bone density is associated with LVDD in diabetic men. However, no such
relationship has been demonstrated for people without carbohydrate disorders. In hypertensive
patients, reduced bone mineral density was associated with LVDD, but not with LV hypertrophy [35].
Our study showed a statistically significant association between bone density and LVDD after
adjustment for gender or age.

4.3. Impact of Arterial Stiffness on LVDD

Several clinic-based population studies have reported a relationship between arterial stiffness and
LVDD, indicating that arterial stiffness may increase pulse pressure and LV afterload, thus potentially
contributing to the development of LVDD [36]. As for the method type, Tanaka et al. [37] conducted a
comparative carotid-femoral PWV and brachial ankle PWV analysis and demonstrated that both of
these measures are similarly associated with coronary heart disease risk factors and predict clinical
events in the same range. In a healthy Korean population, the scientists observed that brachial-ankle
PWYV was independently associated with LV filling pressure after controlling for age, sex, and body
mass index [38]. The study implicating the usefulness of brachial-ankle PWV as an indicator of
LV diastolic function was conducted in Korean adults older than 50 years without documented
cardiovascular disease. The results of the mentioned study showed that reduced arterial stiffness
was independently associated with normal diastolic function [21]. An age-similar population to our
study, was tested among Canberra residents and proven age-related deterioration of left ventricular
diastolic dysfunction is independently related to increasing aortic stiffness. Carotid-femoral PWV has
also been shown to be useful in identifying preclinical LVDD that outperformed central and brachial
pulse pressure [39]. Tsai et al. [40] examined a group of patients with suspected coronary artery
disease, heart failure, hypertension, abnormal cardiac physical examination, survey for dyspnea and
the pre-operative cardiac function survey. He has proven that patients with higher brachial-ankle PWV
had higher prevalence of LVDD. Our findings support the concept that increased aortic stiffness is
associated with LVDD also in patients with chronic coronary syndromes.

In our study there were no statistical differences in BPs, BPd, CPs, and CPd between analysed
groups, and in further analysis these parameters remained irrelevant in reference to LVDD.
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4.4. Impact of Ejection Fraction and Left Ventricular Mass Index on LVDD

Surveillance studies have documented a constant increase in incidence of HF with preserved
ejection fraction (HFpEF) definded as EF of >50% in a patient with HF symptoms [23]. Studies have
demonstrated that HFpEF is as prevalent as heart failure with reduced ejection fraction (HFrEF) [41].
It is important to note that many patients with systolic dysfunction have some degree of concomitant
diastolic dysfunction, and only in some patients with preserved ejection fraction may have some degree
of systolic dysfunction diagnosed using more sophisticated methods (e.g., global strain measurements),
which suggests the unclear relationship between systolic dysfunction and LVDD [42]. In the current
study we confirm strong relationship between decreased LVEF and LVDD.

Increased LVMI leads to an increase of the myocardial mass/volume ratio, and the degree of
LVH is the main determinant of chamber stiffness. The main reason of myocardial diastolic tissue
distensibility is the structure and concentration of the collagen. Tissue stiffness is increased in CCS
by reparative interstitial fibrosis or scar following myocardial infarction. Moreover, an increase in
regional asynchrony of LV contraction and relaxation is a result of regional ischemia as well as of LVH
and tissue fibrosis. Known factors extrinsic to the LV causing LVDD include increased central blood
volume, which will increase left ventricular pressure without altering the LV pressure-volume relation,
and ventricular interaction mediated by pericardial restraint, which may cause a parallel upward shift
of the diastolic LV pressure-volume relation [43]. In our study we confirm strong relationship between
LVMI and LVDD.

4.5. Impact of Biochemical Markers on LVDD

The association of LVDD with NT-proBNP and hsTNT was demonstrated in the current study
population and is in line with earlier studies [44]. Contrary to the presented study, Nah et al. [45],
showed that LVDD was not associated with higher NT-proBNP levels. The lack of relationship
can be explained by different characteristics of the groups studied: participants were younger and
less overweight and obese, and with preserved LV ejection fraction (>50%). Moreover, in a healthy
population NT-BNP levels may be inversely associated with parameters promoting LVDD like central
obesity and, in particular, android to gynoid fat ratio [46]. The relationship between concentrations
of NT-proBNP and increased assessed LV filling pressures was noted in ambulatory, clinically stable
hypertensive patients [45]. Quiroga et al. [47] used among others NT-proBNF, hs-TnT and LVDD as
markers associated with death and cardiovascular events in hemodialysis patients. It has been proven
that cardiac biomarkers ensure good information for identifying high-risk patients, and LVDD is a
long-term, independent predictor of mortality and development of cardiovascular events.

4.6. Limitation

The limitation of this study was a relatively small number of patients. However, homogeneity
of presented population adds value to this study. We determined LVDD as a combination of the
“indefinite” and “incorrect” categories, limiting our results to LVDD from mild to severe. We did not
assess the physical activity directly, so we can only rely on indirect surrogates such as handgrip strength
and bone density which may also depend on other factors. It is worth noting that all echocardiographic
parameters recommended in the latest guidelines were used to define LVDD.

5. Conclusions

LVDD is common in patients with chronic coronary syndromes and may be diagnosed in nearly 4
out of 10 such patients. It is associated with parameters reflecting android type fat distribution and
surrogates of reduced physical activity: lower muscle strength and lower bone density. Weight reduction
and physical activity are indicated in the population with CCS. Moreover, our results suggest that
deterioration in diastolic dysfunction is associated with increasing aortic stiffness independent of age
and sex. The overall utility of PWV to identify diastolic disorder was superior to peripheral or central

27



J. Clin. Med. 2020, 9, 3924 120f15

pressure. Therefore, screening patients by means of carotid-femoral PWV may be helpful in identifying
the patients of LVDD.
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diastolic dysfunction.
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Abstract

Introduction: Left ventricular diastolic dysfunction (LVDD) is described as impaired left ventricular (LV) relaxation and
reduced chamber compliance. Misleading data on the prevalence of LVDD are available in the literature due to various
definitions. This study aimed to assess the frequency of LVDD in a population without severe cardiovascular disease
(CVD), as well as to identify factors associated with it.

Material and methods: Overall, 648 individuals without severe CVD were included. LVDD was assessed using the last
2016 guidelines (LVDD.,y) together with the previous recommendations from 1998 (LVDD,ess)-

Results: In total, 35 participants (5.4%) met the LVDD.q,, criteria, and 29 people (4.5%) fulfilled only the LVDD, g criteria.
The strongest factors independently associated with LVDD,qs Were body mass index (BMI), high-sensitivity C-reactive
protein, high-sensitivity troponin T, ejection fraction and circumference of neck and waist. LVDD,u,6 presents a significant
association with the anthropometric measures (BMI, neck and waist circumference), LV function and overload as well
as the inflammatory parameter.

Conclusions: In the population without overt CVD the frequency of LVDD as defined by the latest 2016 guidelines is
5.4%. It was associated with inflammatory, cardiac damage and anthropometric parameters.
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Introduction

Left ventricular diastolic dysfunction (LVDD) is understood
as impaired left ventricular (LV) relaxation with or without
reduced restoring forces and reduced chamber compliance.
This is the result of the increased wall stiffness that causes
the inability of the LV to fill adequately under anomalous
or normal atrial pressure both at rest or during exercise
[1]. LVDD is believed to be one of the key determinants of
cardiac function and can occur in asymptomatic patients.
There is strong evidence for a pathophysiological associa-
tion between LVDD and symptoms in many heart failure
(HF) patients, both with preserved and reduced ejection
fraction (EF) [2, 3]. Scientists are increasingly focusing on
LVDD as an independent predictor of cardiovascular events
in general population studies and are constantly looking
for factors associated with it [4-6].

A common problem for a clinician is the plethora of
various definitions of LVDD. Researchers sometimes use
individual echocardiographic parameters, confusingly cal-
ling them LVDD. The latest guidelines encourage the as-
sessment of LVDD based on a full echocardiographic al-
gorithm, which is the result of many years of research and
observation. Unfortunately, few publications base the as-
sessment of LVDD on the full algorithm. Therefore, it was
aimed to assess the frequency of LVDD in the general po-
pulation as well as to identify factors associated with it. Ad-
ditionally, the differences between the LVDD assessments
were also examined according to different guidelines.

Material and methods

Among the people registered in the city of Bialystok,
a sample of the population was selected, proportionally in
terms of age and sex to the distribution of the population
of Biatystok residents. The described group aged 20-80
years was studied in the period 2018-2020. Overall, 1,847
residents, were invited to participate in the study,713 ac-
cepted the invitation and were examined. For this study,
65 participants were excluded for the following reasons:
a history of myocardial infarction (n = 15), atrial fibrillation
(n = 18), previous stroke (n = 10), chronic coronary heart
disease other than myocardial infarction (n = 9), periphe-
ral arterial disease (n = 3), reduced EF below 45% in the
current echocardiography (n = 6), the lack of complete
echocardiography (n = 4). As a result, 648 people were
included in the study group.

The information about the participants” medical histo-
ries and demographic data was collected with the use of
an extensive questionnaire at the time of the study entry.
All subjects underwent a physical examination and blood
sampling for laboratory evaluation. Peripheral intravenous
blood samples were drawn after an overnight fast. Body
mass index (BMI) was calculated as weight (kg)/height (m)®.

Waist-to hip ratio (WHR) was obtained by dividing the waist
circumference by the hip circumference.

Transthoracic echocardiography including B-mode,
pulsed wave Doppler and tissue Doppler was performed
using ultrasound Vivid 9 (GE Healthcare, USA). Measure-
ments of the size of the heart cavities, left atrial (LA) vol-
ume and left ventricular ejectiona fraction (LVEF) using the
biplane method were made according to the joint American
and European guidelines [7]. The LA volume index (LAVI)
was calculated by the formula LA volume/body surface
area (BSA). The Devereux Formula was used to calculate
LV mass (LVM) which was consequently applied to calcu-
late LV mass index (LVMI) (LVMI = LYM/BSA) [8].

For this study, LVDD has been defined using two dif-
ferent definitions (Table S1). LVDD,ye [1] was based on
the current European Association of Cardiovascular Ima-
ging/American Society of Echocardiography (EACVI/ASE)
2016 recommendations (Figure 1) and was determined as
previously described [4]. Overall, 35 participants (5.4%)
were included in this group from study sample. In this
study, the categories of diastolic dysfunction: “indeter-
minate” and “abnormal” were fused into one (LVDDygy).
LVDD,ees group contains participants who were not in
LVDD,o46 but presented diastolic abnormalities as proposed
by the European Study Group on Diastolic Heart Failure
in 1998 [9]. In the studied population, 29 people (4.5%)
fulfilled these criteria.

Body composition was assessed by dual-energy X-ray
absorptiometry (DEXA) (GE Healthcare, USA). Fat mass in-
dex (FMI) and lean mass index (LMI) was calculated as fat
and lean mass in kilograms divided by height in meters
squared. The anthropometric measurements such as the
circumference of the neck, waist and hips were measured
with the tape in a standing position. Artery stiffness pa-
rameters, i.e., brachial-ankle pulse wave velocity (PWV,,)
and central pressure (CP) were measured using the os-
cillometric method (Vascular Explorer, Germany). Blood
pressure (BP) was measured twice using the oscillomet-
ric method (Omron Healthcare Co. Ltd.) at 5-minute inter-
vals. Hypertension was defined as systolic BP > 140 mm
Hg, or diastolic BP > 90 mm Hg, or a history of hyperten-
sion, or use of antihypertensive agents. The study popu-
lation was assessed for cardiovascular (CV) risk classes
and categorized according to the latest European Society
of Cardiology/European Atherosclerosis Society (ESC/EAS)
recommendations [10]. The concentrations of cortisol, in-
terleukin 6 (1L-6), N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and high-sensitivity troponin T (hs-TnT) were
determined by the electrochemiluminescence method on
the Cobas E411 (Roche). The lipid profile glucose concen-
tration and high-sensitivity C-reactive protein (hs-CRP) were
determined on the Cobas C111.

Ethical approval for this study was provided by the Ethics
Committee of the Medical University of Bialystok (Poland)
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Table S1. Algorithm evaluation of left ventricular diastolic dysfunction (LVDD) (based on [1, 4, 9])

Normal EF 1.
(=50%) 2.

Average E/e’ > 14

Septal e’ velocity
<7 cem/sorlateral e
velocity < 10 cm/s

3. TR velocity max
>2.8m/s

4. LAVI> 34 mL/m’

Depressed
EF (< 50%)
E/A<0.8+E>50cm/s
or0.8<E/A<2

LVDD 005

EF > 45%

E/A<0.8+E<50cm/s

When possible as-
sessment of 3 criteria:

1. Average E/e’ > 14
2. TRvelocity >2.8m/s
3. LAVI> 34 mL/m’

E/A>2

1% criteria fulfilled Normal LVDD

2" criteria fulfilled Indeterminate

LvDD

3" or 4" criteria fulfilled Abnormal LVDD

Grade | LVDD

2 of 3 or 3 of 3 Negative

When only 2 2 negative
criteria are
available 1 positive and Indeterminate

1 negative LVDD
1 negative Grade Il LVDD
2 of 3 or 3 of 3 Positive
Grade IIl LVDD

IVRT.30-92 ms, IVRT350,-100 ms, IVRT. 5,105 ms
and/or
E/A.50<1.0 and DT.5,.220 ms, E/A.50,<0.5 and DT.5,,.280 ms

EF — ejection fraction; E — peak early diastolic velocity; e’ — early diastolic mitral annular tissue velocity; TR —tricuspid regurgitation; LAVI — left atrial volume index; A — peak late diastolic velocity; IVRT

— isovolumetric relaxation time; DT — deceleration time

on 31 March 2016 (approval number: R--002/108/2016).
All participants provided written informed consent.

Depending on the normality of the distribution, descrip-
tive statistics for quantitative variables were presented as
mean + standard deviation or median [with interquartile
range (IQR) 1% quartile-3™ quartile), while as counts and
frequencies for qualitative variables. Comparisons of vari-
ables between subgroups were conducted using the Krus-
kal-Wallis or Fisher’s tests with a Tukey’s Honest Significant
Difference test as a post-hoc test. Associations between
LVDD,ges, LVDD,oss and other clinical and biochemical vari-
ables were analysed using the unadjusted and multiple lo-
gistic regression models. Logistic regression models were
presented using odds ratio and 95% confidence intervals.
Statistical hypotheses were verified at the 0.05 significance
level. The IBM SPSS Statistics 26.0 statistical software (Ar-
monk, USA) was used for all calculations.

Results

Table 1 provides a comparison of the characteristics of
groups with LVDDyggs, LVDDygis and without LYDD. The
individuals with LVDD,q,s Were older, most frequently re-
ported dyspnoea (p = 0.008) and fatigue during exercise
(p < 0.001). The group with LVDD,qy differed significantly

from the group without LVDD in terms of BMI (p = 0.001),
neck (p < 0.001), waist (p < 0.001) and hips (p = 0.002)
circumference. Also, the differences between these groups
were observed in the measurements of pressures: systolic
blood pressure (BPs) (p = 0.004), diastolic blood pressure
(BPd) (p = 0.001), systolic central pressure (CPs) (p =
0.002) and PWV,, (p = 0.007). In laboratory tests, the
highest concentration of fasting and 120 minutes glucose
in oral glucose tolerance test (OGTT) (p = 0.013, p=0.016,
respectively), HbAlc (hemoglobin Alc) (p = 0.001), hs-TnT
(p=0.010) were in the LVD D6 group. LVDDges population
was similar to the group without LVDD.

In Model 1, multivariable logistic regression analysis
(Table 2), LVDD,ye was associated with higher BPs, BPd
and CPs. Moreover, among the laboratory variables, hs-
-TnT, cortisol and carbohydrate metabolism indicators
(fasting glucose, HbAlc) were significantly associated with
LVDD.ose- In Model 3, a significant relationship between
LVDD,q4s and BPd, hs-CRP, hs-TnT and cortisol was con-
firmed. An analogous comparison of factors associated
with the occurrence of LVDD according to the 1998 gu-
idelines is reported in the Supplementary Materials (Tab-
le S2). In the following regression models, LYDD,ges Was
found to be related only to the CP (Model 3) among the
presented variables.
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Figure 1. Transthoracic echocardiography images in a patient with the left ventricular diastolic dysfunction concerning European Association
of Cardiovascular Imaging/American Society of Echocardiography (EACVI/ASE) 2016 recommendations

In logistic regression analysis with stepwise elimination
of variables, the strongest independent factors associated
with LVDDagss Were BMI, hs-CRP, hs-TnT, LVEF and circum-
ference of neck and waist (Table 3).

Discussion

These results indicate the importance of guidelines and
the search for new markers influencing the phenomenon
of LVDD. The present study provides evidence that BPd and
hs-TnT parameters are related to LVDD,,s regardless of age,
gender, ejection fraction, and BMI. Another important result
of the present analysis is the association between LVD D4
and anthropometric variables and steroid hormone (corti-
sol) even after considering several covariates. Inflammation
marker (hs-CRP) independent of obesity was associated
with LVDDagse as opposed to metabolic markers. Also, the
differences in variables influencing diastolic disorders are
presented depending on the guidelines used.

In this population, it was found that the prevalence of
LVDD assessed by the 2016 method amounts to 5.4%. In

other cohorts, including patients or parts of the general pop-
ulation, the incidence of LVDD varied widely, ranging from
28% 10 39.1%, depending on the characteristics of the stud-
ied cohort as well as the LVDD definition [4, 5, 11-13]. This
emphasizes the effect that different diagnostic algorithms
and definitions may have for an appropriate description of
LVDD in a particular population. According to Aimeida et al.
[14], in the general population without cardiovascular dis-
eases, with a mean age of 62 + 10.5 years, the incidence of
LVDD and indeterminate diastolic dysfunction was assessed
according to the latest recommendations was 16.6%. The
author points out that the application of the new guidelines
reduces the incidence and categorization of the degree of
LVDD. This result contrasts with ours; however, given that the
abovementioned study excluded participants younger than
45, it can be explained by older age. A similar conclusion to
Almeida et al. [14] was reached by Prasad et al. [15]; who
suggested that the lower prevalence of LVDD in large com-
munity-based cohorts is the result of the improved specific-
ity of these guidelines. However, the authors emphasized
that the results from the prognostic validation of algorithms
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Table 1. Characteristics of the study population according to the presence of the left ventricular diastolic dysfunction

Variables

General in-
formation

Blood pres-
sure infor-
mation

Laboratory
tests

Age, years
Gender, male
Exercise dyspnoea
Exercise fatigue
High CV risk class

Very high CV risk class

Current smoking

Hypertension

Hypotensive medication

History of diabetes
mellitus

BPs, mm Hg

BPd, mmHg

CPs, mmHg

CPd, mmHg
PWV,,, m/s
Creatinine, mg/dL
hsCRP, mg/L

NT-proBNP, pg/mL

hs-TnT, pg/mL

Fasting glucose, mg/dL

120 min glucose, mg/dL

HbAlc, %

Cortisol, pg/dL

IL-6, pg/mL

Subjects without any

LVDD (90.1%)
n=584

46.59 +14.71"
246 (42.4F
38(6.5)
86 (14.7)"
70 (12.0)
54 (9.2)*"
111(19.0)
213 (36.5)°
132 (22.6)
26 (4.5)°

122.00
(110.50-134.63)"

80.50
(74.00-87.50)"

110.00
(100.00-121.00)°

71.00
(65.00-79.00)
10.30
(9.00-11.70)"

0.76
(0.67-0.86)

0.64
(0.30-1.47)°

49.44
(26.00-91.15)

5.91
(4.58-7.96)"

99.00
(93.00-106.25)"

119.00
(100.00-139.00)°

5.40
(5.10-5.70)"

12.92
(9.95-16.26)

2.48
(1.92-3.57)

Subjects with LVDD,geg

(4.5%)
n=29

45.28 + 15.25°
20 (69F
4(13.8)
6(20.7)

2 (6.9)
6(20.7)

127.00
(116.25-137.25)

85.00
(74.75-90.75)

104.00
(95.50-120.50)°

68.00
(59.50-79.50)
9.70
(8.55-11.50)°

0.82
(0.78-0.93)

0.53
(0.35-1.28)

36.09
(18.58-66.74)

6.94
(5.56-9.29)°

98.50
(90.25-105.5)°

113.00
(94.00-128.00)°

5.40
(5.13-5.90)°

12,52
(10.68-14.20)

2.29
(1.84-3.46)

www _journals.viamedica.pl/folia_cardiologica

36

Subjects with LVDD,,s

(5.4%)
n=35

57.57 + 12.72"°
17 (48.6)
7 (20)°
16 (45.7)"
9 (25.7)"°
10 (28.6)"
7 (20.0)
23 (65.7)""
14 (40.0)°
4(11.4)

13350
(120.00-144.00)"

86.00
(80.50-96.50)"

119.50
(106.00-143.25)>°

74.00
(70.00-82.00)
11.40
(9.93-13.45)"¢

0.76
(0.66-0.89)

1.10
(0.42-3.19)b

68.77
(43.13-135.45)

8.53
(5.14-10.74)>¢

105.00
(97.00-121.00)"°

138.00
(109.00-167.00)>°

5.70
(5.30-6.00)"°

15.47
(12.54-20.10)

3.93
(2.73-6.77)

p values

<0.001
0.015
0.008

<0.001
0.050
0.001
0.752
0.003
0.059
0.051

0.004

0.001

0.002

0.065

0.007

0.025

0.069

0.022

0.01

0.013

0.016

0.001

0.085

0.015
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Table 1. Characteristics of the study population according to the presence of the left ventricular diastolic dysfunction

Variables Subjects without any
LVDD (90.1%)
n =584
Body com- BMI, kg/m’ 25.77
position (22.95-29.44)"
analysis WHR 0.87
(0.80-0.94)
FMI, kg/m? 8.64
(6.68-10.75)°
LMI, kg/m? 16.44
(14.88-18.26)""
Neck, cm 36.00
(32.50-39.00)"
Waist, cm 86.21+13.44°
Hips, cm 98.00
(92.50-104.50)°
Echocardio- LV ejection fraction, % 59.49
graphy (56.28-62.46)"
LVMI, g/m’ 71.26
(59.95-83.28)"
LAVI, mL/m’ 20.67
(17.28-25.38)"
E/A 1.44
(1.13-1.83)°
TR velocity a0 M/S 1.88
(1.21-2.20)
e’ sep, cm/s 9.49
(7.69-11.34)
e’ lat,cm/s 11.52
(9.31-14.53)"
E/e’ 6.64
(5.53-8.17)"

Subjects with LVDD e Subjects with LVDD,,¢ p values
(4.5%) (5.4%)
n=29 n=35
27.02 29.49 0.001
(24.84-30.76) (25.49—32.88)b
0.89 0.93 0.029
(0.83-0.95) (0.84-0.99)
7.74 10.65 0.018
(6.30-10.68) (7.84—13.78)b
17.87 17.85 0.001
(16.29-19.17)° (16.28-19.42)°
38.00 38.00 <0.001
(34.50-40.25) (35.88-41.25)°
90.40 £ 11.76 95.43 + 13.89" <0.001
99.00 104.00 0.002
(93.50-107.25) (97’.00—:1.09.63)b
59.65 53.76 <0.001
(56.17-62.37)° (49.33-58)"°
77.77 82.34 0.001
(65.74-91.04) (70.61-97.27)"
22.68 26.51 0.001
(19.50-25.26)° (j.‘.ia.C)8-36.65)b’C
1.38 121 0.01
(0.97-2.11) (0.87—1.50)“c
1.76 1.37 0.132
(1.61-2.00) (0.85-2.07)
7.82 6.74 <0.001
(6.72-10.27) (5.89-8.44)"
11.29 7.64 <0.001
(8.4-13.86)° (6.28-‘:—).76)“c
6.85 9.32 <0.001
(5.83-8.07) (7.00-11.26)"’c

Data presented as mean + standard deviation or median (Q1-Q3) or n (%); *hetween subjects without any left ventricular diastolic dysfunction (LVDD) and subjects with LVDD.ses; "between subjects without
any LVDD and subjects with LVDD.oe; “hetween subjects with LVDD.ees and subjects with LVDD o represent significant differences at p < 0,05; comparisons variables between subgroups — the same letters
in each row; A— peak velocity flow in late diastole caused by atrial contraction; BMI — body mass index: BPd — diastolic blood pressure; BPs — systolic blood pressure; CPd — diastolic central pressure;

CPs — systolic central pressure; E — peak velocity flow in early diastole caused by atrial contraction; e’ — early diastolic mitral annular tissue velocity; FMI — fat mass index; HbAlc — hemoglobin Alc;

HDL — high-density lipoprotein; hs-CRP — C-reactive protein; hs-TnT — high-sensitivity troponin T; IL-6 — interleukin ©; lat — lateral; LAVI — left atrial volume index; LDL — low-density lipoprotein; LMI — lean
mass index; LV — left ventricle; LVMI — left ventricular mass index; NT-proBNP — N-terminal pro-B-type natriuretic peptide; PWV,, — brachial-ankle pulse wave velocity; sep — septal, TG — triglycerides;

TR —tricuspid regurgitation; WHR — waist-to-hip ratio

2016 showed benefits for predicting clinical outcomes and
improved consensus between observers across a broad
range of observer experiences. In addition, the authors of the
Euro-Filling study [16], comparing the 2009 and 2016 recom-
mendations and relating them to invasive measurements of
LV end-diastolic pressure, noted that the 2016 algorithm es-
timates left ventricular filling pressure better, yielding fewer
false positives and more true positives.

The associations between LVDD and BMI or fat tissue
distribution have been previously examined in population
studies [5, 11]. Lee et al. [5] reported that LVDD, defined by
the E/Aratio and E’ velocity, was associated with increased
BMI even after adjusting for clinical factors such as age,

hypertension, diabetes, and LV hypertrophy. The present
study also found this relationship, after adjusting for age,
gender and ejection fraction, but only for LVDD 4. In addi-
tion to the BMI, frequently described variables in the LVDD-
related literature are waist circumference and abdominal
fat distribution [12]. The presented study showed a signifi-
cant association of LVDD with the body composition param-
eters. To the best of the authors’” knowledge, this is the first
study to investigate the association of LVDD with neck and
hip circumferences. This study has shown that considering
age, gender and ejection fraction, an increase in anthropo-
metric measurements significantly increased the probabil-
ity of the presence of LVDD.o,6 In the general population.
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Table 2. Univariable and multivariable predictors of left ventricular diastolic dysfunction assessed by the 2016 method

Variables Unadjusted Model Model 1: adjusted by age Model 2: Model 1 + LV Model 3: Model 2 + BMI
and sex ejection fraction
p 013 p (o] (o]34 o133
(95% CI) (95% CI) (95% CI) (CLY)]
Age, years <0.001 1.054 = = = = = =
(1.028;1.081)
Gender, male 0.455 1.298 = = = = = =
(0.656:2.569)
LV ejection fra- <0.001 0.785 <0.001 0.807 = = = =
ction, % (0.722;0.853) (0.740;0.879)
LVMlgs, 8/m? <0.001 1.034 0.033 1.022 0.049 1.022 0.169 1.016
(1.016;1.052) (1.002;1.043) (1.000;1.044) (0.993;1.039)
BMI, kg/m? <0.001 0.149 0.100 0.318 0.028 1.087 = =
(0.057;0.390) (0.081;1.245) (1.010;1.170)
WHR* 0.526 1.280 0.933 1.034 0.517 1.193 0.602 0.842
(0.597:2.742) (0.476;2.244) (0.699;2.038) (0.44;1.608)
FMI, kg/mz 0.006 1133 0.097 1.092 0.147 1.084 0.179 0.762
(1.036;1.238) (0.984;1.211) (0.972;1.210) (0.5613;1.133)
LM, kg/m2 0.008 1214 0.027 1.245 0.030 1.270 0.272 1.240
(1.053;1.400) (1.026;1.510) (1.023;1.577) (0.845;1.820)
Neck, cm <0.001 1164 0.002 1.188 0.009 1.157 0.136 1136
(1.074;1.260) (1.064;1.326) (1.036;1.291) (0.961;1.344)
Waist, cm <0.001 1.048 0.021 1.036 0.037 1.033 0.801 1.010
(1.022;1.074) (1.005;1.087) (1.002;1.064) (0.937;1.088)
Hips, cm 0.001 1.057 0.010 1.047 0.021 1.045 0.388 1.034
(1.023;1.093) (1.011;1.085) (1.007;1.085) (0.959;1.114)
BPs, mm Hg <0.001 1.037 0.019 1.026 0.064 1.021 0.128 1.018
(1.018:1.056) (1.004;1.047) (0.999;1.044) (0.995;1.041)
BPd, mm Hg <0.001 1.065 <0.001 1.064 0.003 1.056 0.010 1.049
(1.031:1.099) (1.027:1.102) (1.019;1.094) (1.011;1.088)
CPs, mm Hg <0.001 1.041 0.020 1.028 0.046 1.025 0.068 1.023
(1.020;1.062) (1.004;1.052) (1.000;1.050) (0.998;1.048)
CPd, mm Hg 0.025 1.042 0.177 1.028 0.268 1.024 0.441 1.017
(1.005:1.080) (0.988:;1.069) (0.982;1.068) (0.974;1.063)
PWV,,, m/s 0.001 1.292 0.216 1.126 0.914 1.011 0.747 1.034
(1.116;1.496) (0.933;1.358) (0.830;1.232) (0.844;1.266)
hsCRP, mg/L 0.057 1.058 0.125 1.045 0.034 1.065 0.039 1.085
(0.998:1.120) (0.988:1.106) (1.005;1.129) (1.003;1.130)
NT-proBNP, pg/ 0.224 1.002 0.619 0.999 0.423 0.998 0.511 0.999
mL (0.999;1.005) (0.995;1.003) (0.994;1.002) (0.995;1.003)
hs-TnT, pg/mL 0.001 1.084 0.015 1.063 0.032 1.069 0.044 1.064
(1.032;1.138) (1.012;1.117) (1.006;1.136) (1.002;1.130)
Fasting glucose, <0.001 1.020 0.002 1.015 0.012 1.014 0.052 1.012
mg/dL (1.010;1.031) (1.006;1.025) (1.003;1.025) (1.000;1.023)
120 min glucose, 0.003 1.012 0.256 1.005 0.151 1.007 0.243 1.006
mg/dL (1.004;1.020) (0.996;1.014) (0.997;1.017) (0.996;1.016)
HbA1c, % <0.001 1970 0.032 1542 0.079 1428 0.195 1.320
(1.385;2.802) (1.039;2.288) (0.960;2.125) (0.867;2.008)
Cortisol, ug/dL 0.038 1.066 0.021 1.083 0.042 1.078 0.010 1.096
(1.004;1.133) (1.012;1.160) (1.003;1.158) (1.022;1.176)
1L-6, pg/mL 0.596 1.011 0.635 1.010 0.413 1.018 0.492 1.016
(0.970:1.054) (0.968;1.054) (0.975;1.064) (0.971;1.063)

*Per 0,1 units; BMI — body mass index; BPd — diastolic blood pressure; BPs — systolic blood pressure; Cl — confidence interval; CPd — diastolic central pressure; CPs — systolic central pressure; FMI — fat
mass index; HbAlc — hemoglobin Alc; hs-CRP — C-reactive protein; hs-TnT — high-sensitivity troponin T, IL-6 — interleukin 6; LMI — lean mass index; LV — left ventricle; LVUMI — left ventricular mass index;
NT-proBNP — N-terminal pro-B-type natriuretic peptide; OR — odds ratio; PWV,, — brachial-ankle pulse wave velocity; WHR — waist-to-hip ratio
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Table S2. Univariable and multivariable predictors of left ventricular diastolic dysfunction assessed by 1998 method

Variables Unadjusted model Model 1: adjusted by age Model 2: Model 1 + LV Model 3: Model 2 + BMI
and sex ejection fraction
p OR OR p OR OR
(95% CI) (95% CI) (95% CI) (95% Cl)
Age, years 0.640 0.994 = = = = = =
(0.969;1.020)
Gender, male 0.006 3.053 = = = = = =
(1.367;6.820)
LV ejection 0.291 1.000 0.832 1.009 = = = =
fraction, % (0.924:1.083) (0.932;1.092)
LVMlgsy, g/m* 0.110 1.016 0.452 1.009 0.453 1.009 0.562 1.007
(0.996;1.036) (0.986;1.033) (0.986;1.033) (0.983;1.032)
BMI, kg/m? 0.349 0.690 0.258 0.473 0.443 1.033 = =
(0.317;1.501) (0.129;1.729) (0.950;1.123)
WHR* 0.872 1.075 0.913 1.053 0.356 0.756 0.147 0.599
(0.445;2.596) (0.420;2.640) (0.417;1.37) (0.300;1.197)
FMI, kg/m? 0.827 0.988 0.594 1.033 0.578 1.035 0.646 0.922
(0.885;1.102) (0.916;1.165) (0.917;1.168) (0.650;1.306)
LMI, kg/m? 0.010 1226 0.326 1112 0.322 1113 0.527 1.117
(1.050;1.431) (0.900;1.374) (0.901;1.376) (0.793;1.573)
Neck, cm 0.050 1.090 0.947 1.004 0.933 1.005 0.546 0.949
(1.000;1.188) (0.888;1.136) (0.888;1.138) (0.800;1.125)
Waist, cm 0.102 1.023 0.707 1.007 0.694 1.007 0.501 0.973
(0.996;1.051) (0.973;1.042) (0.973;1.042) (0.900;1.053)
Hips, cm 0.232 1.023 0.195 1.027 0.190 1.027 0.231 1.047
(0.986;1.061) (0.987;1.069) (0.987:1.069) (0.971;1.129)
BPs, mm Hg 0.243 1.013 0.987 1.000 1.000 1.000 0.832 0.997
(0.991;1.035) (0.974;1.027) (0.974;1.027) (0.970;1.025)
BPd, mm Hg 0.148 1.027 0.408 1016 0.399 1.016 0.515 1.013
(0.991;1.065) (0.979;1.054) (0.979;1.054) (0.975;1.053)
CPs, mm Hg 0.121 0.975 0.091 0.967 0.090 0.966 0.049 0.961
(0.945;1.007) (0.929;1.005) (0.929;1.005) (0.923;1.000)
CPd, mm Hg 0.275 0.976 0.093 0.958 0.090 0.958 0.042 0.949
(0.934;1.020) (0.911;1.007) (0.911;1.007) (0.902;0.998)
PWVia, m/s 0.227 0.866 0.149 0.806 0.138 0.799 0.165 0.810
(0.686;1.093) (0.601;1.081) (0.594;1.075) (0.602;1.091)
hsCRP, mg/L 0.391 0.872 0.484 0.897 0.477 0.896 0.383 0.854
(0.637;1.193) (0.661;1.217) (0.661;1.214) (0.600;1.217)
NT-proBNP, 0.199 0.995 0.444 0.997 0.445 0.997 0.464 0.997
pg/mL (0.987;1.003) (0.989;1.005) (0.989;1.005) (0.989;1.005)
hs-TnT, pg/mL 0.562 1.029 0.972 0.998 0.912 0.994 0.877 0.991
(0.934;1.134) (0.893;1.116) (0.888;1.112) (0.883;1.112)
Fasting glucose, 0.248 0.979 0.082 0.962 0.085 0.962 0.052 0.955
mg/dL (0.945;1.015) (0.920;1.005) (0.920;1.005) (0.911;1.000)
120 min glucose,  0.080 0.987 0.102 0.988 0.103 0.988 0.103 0.988
mg/dL (0.974;1.002) (0.974;1.002) (0.974;1.002) (0.974;1.002)
HbAlc, % 0.648 1136 0.578 1.180 0.566 1.187 0.651 1.150
(0.657;1.967) (0.659;2.115) (0.661;2.133) (0.627;2.110)
HOMA-IR 0.761 1.024 0.907 0.990 0.920 0.992 0.622 0.949
(0.877;1.196) (0.842;1.165) (0.843;1.166) (0.772;1.167)
Cortisol, pg/dL 0.434 0.068 0.314 0.954 0.314 0.954 0.338 0.955
(0.892:1.050) (0.871;1.045) (0.871;1.045) (0.870;1.049)
IL-6, pg/mL 0.652 0.973 0.729 0.979 0.714 0.977 0.706 0.976
(0.866;1.095) (0.866;1.106) (0.864;1.105) (0.861;1.107)

*Per 0.1 units; BMI — body mass index; BPd — diastolic blood pressure; BPs — systolic blood pressure; Cl — confidence interval; CPd — diastolic central pressure; CPs — systolic central pressure; FMI — fat
mass index; HbAlc — hemoglobin Alc; HOMA-IR — homeostasis model assessment of insulin resistance:; hsCRP — C-reactive protein; hs-TnT — high-sensitivity troponin T; IL-6 — interleukin 6; LMI — lean
mass index; LV — left ventricle; LVMI — left ventricular mass index; NT-proBNP — N-terminal pro-B-type natriuretic peptide; OR — odds ratio; PWVba — brachial-ankle pulse wave velocity; WHR — waist-to-hip ratio
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Table 3. Results of stepwise backward logistic regression analysis of factors associated with the presence of left ventricular diastolic
dysfunction defined by the 2016 method

Variables Initial model Final model
OR (95% Cl) OR (95% Cl)
BMI, kg/m? 0.052 1.363 0.003 1.403
(0.998;1.863) (1.125 £ 1.749)
hs-CRP, mg/L 0.071 1.119 0.016 1.147
(0.990;1.265) (1.026 £ 1.282)
hs-TnT, pg/mL 0.050 1.082 0.006 1111
(1.000;1.172) (1.031 £ 1.197)
LV ejection fraction, % 0.051 0.895 0.035 0.891
(0.801;1.000) (0.801 £ 0.992)
Neck, em 0.037 1352 0.024 1.309
(1.018;1.796) (1.036 £ 1.655)
Waist, cm 0.027 0.855 0.014 0.864
(0.744;0.982) (0.768 £ 0.971)
BPd, mm Hg 0.046 1.061 0.089 1.046
(1.001;1.124) (0.993 £ 1.102)
Age, years 0.272 1.027
(0.979:1.077)
Fasting glucose, mg/dL 0.269 1.010
(0.992;1.029)
Cortisol, pug/dL 0.243 1.064
(0.959;1.180)
Gender, male 0.754 0.717
(0.089;5.741)
Hips, cm 0.906 1.006
(0.905;1.119)

R® Nagelkerke = 0.320; R’ Cox-Snell = 0.111; BMI — body mass index; BPd — diastolic blood pressure; Cl — confidence interval: hs-CRP — high-sensitivity C-reactive protein; hs-TnT — high-sensitivity troponin T;

OR — odds ratio

The relationship between obesity and metabolic disor-
ders is widely known; it is related to the fact that adipose
tissue not only participates in energy storage but also acts
as an endocrine organ that secretes bioactive substances.
Ayalon et al. [17] found that metabolic syndrome was as-
sociated with LV diastolic dysfunction in a sample of indi-
viduals without existing cardiovascular disease. This asso-
ciation was independent of age, blood pressure, LV mass
and BMI suggesting that obesity alone does not explain
the association between metabolic syndrome and LVDD
[17]. The present study showed that after considering the
BMI, variables associated with metabolic disorders such as
fasting and 120 min glucose, HbAlc were not significantly
associated with LYDD. Obesity turned out to be a stronger
predictor than fasting glucose.

Proinflammatory cytokines (such as hs-CRP, IL-6) contri-
bute to the progression of HF through unfavourable effects
on the vascular endothelium and at the myocyte level, they
induce hypertrophy or enhance apoptosis [18]. Among the
inflammatory markers that were included in the present
study, only hs-CRP appeared to be strongly associated with

LVDD,ge in multivariable analysis. These results also sug-
gest that the presence of inflammation is independent of
obesity in people with diastolic disorders. No connection
between inflammatory markers and LVDD g5 Was registe-
red. Masiha et al. [6] showed that in the elderly population,
CRP, and not IL-6, was associated with the LVDD parame-
ter — E/A, the association was maintained after adjusting
for hypertension and obesity.

Recently, hs-TnT has been introduced as a non-invasive
marker for subclinical myocardial strain or injury. Ravassa
etal.[19] revealed that the prevalence of LA enlargement,
left ventricular hypertrophy (LVH) and LVDD increased with
hs-TnT and NT-proBNP concentrations. Other researchers
also confirmed the association of LVH with hs-TnT [20]. The
present research is in line with the above studies, proving
that elevated troponin level is associated with LVDD,gy,
which could indicate a worse prognosis for this population.
Contrary to other reports [4, 19] this study did not show
a relationship between LVDD and NT-proBNP. Differences
may be due to different group characteristics or a different
LVDD definition. Another population-based study in which
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participants underwent routine follow-up and which pre-
-excluded any echocardiography-detected valvular heart
disease was excluded, also found no link between precli-
nical diastolic dysfunction and NT-proBNP [21].

Finally, cortisol is a steroid hormone, and its release
is increased Iin response to stress and low blood-glucose
concentration, but it can also have a direct relevant influ-
ence on cardiac function [22]. Sbardella et al. [23] reve-
aled that in apparently asymptomatic patients, mild auto-
nomous cortisol secretion can sustain early cardiac and
vascular remodelling, independently of other risk factors.
This study confirmed a significant relationship between
LVDD and cortisol even after adjusting for age, sex, LVEF
and BMI. On the other hand, it is known that patients with
abdominal obesity have elevated cortisol levels [24]. The
consequences will most likely be more expressed in visce-
ral than subcutaneous adipose tissues because of higher
cellularity, innervation and blood flow [25]. This may expla-
in why in stepwise multivariate regression analysis, which
included markers of android type fat distribution it was not
possible to find a significant association between LVDD
and cortisol levels. Based on this study it is hypothesized
that LLVDD's relation to android type obesity may be due
to increased cortisol concentration.

Overall, LVDD assessment remains to be a challen-
ge, although the latest guidelines seek to simplify its im-
plementation in daily practice. Further work on improving
and updating the 2016 algorithm and validating echocar-
diographic parameters against left heart cardiac catheteri-
zation in large populations like Euro-Filling [16], will allow
for better detectability and a deeper understanding of the
phenomenon of diastolic disorders, trying to prevent the
development of HF.

Streszczenie

This study has several limitations. First, the prevalence
of diastolic dysfunction is low. Therefore, LVDD indetermi-
nate was combined with abnormal and analysed as one
group. Another, follow up has not been conducted yet, so
there is no information on how diastolic dysfunction will
develop further in these participants. Lastly, this study in-
cludes a subset of the population, a group of potentially
healthy individuals. A large group of people who were very
likely to have LVDD was excluded.

Conclusions

Assessment of obesity using simple, cheap and generally
available methods, such as BMI, neck circumference or
waist circumference, as well as the determination of hs-TnT
and hs-CRP can be used to detect people at a greater risk
of LVDD in the general population. In a larger population, it
would be advisable to estimate the cut-off points of these
parameters for the assessment of the risk of LVDD.
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Wstep: Dysfunkcje rozkurczowa lewej komory (LVDD) opisuje sie jako uposledzong relaksacje lewej komory (LV) i zmniej-
szong podatnosc komory. W literaturze dostepne sa mylgce dane na temat czestosci wystepowania LVDD ze wzgledu na
rozne definicje. Celem pracy byta ocena czestosci wystepowania LVDD w populacji bez ciezkiej choroby uktadu sercowo-
-naczyniowego (CVD), a takze identyfikacja czynnikow z nig zwigzanych.

Materiat i metody: tgcznie wigczono 648 0sab bez ciezkiej CVD. Dysfunkcje rozkurczowa lewej komory oceniono przy
uzyciu ostatnich wytycznych z 2016 roku (LVDD,q,6) oraz poprzednich zalecen z 1998 roku (LVDD ees)-

Wyniki: tgcznie 35 uczestnikow (5,4%) spetnito kryteria LVDD.gye. @ 29 0s0b (4,5%) spetnito tylko kryteria LVDD ,ee6. Naj-
silniejszymi czynnikami niezaleznie zwigzanymi z LYDD 5 byly wskaznik masy ciata (BMI), biatko C-reaktywne oznaczane
metoda wysokoczuta, troponina T oznaczona metoda wysokoczuta, frakcja wyrzutowa oraz obwod szyi i talii. Obecnosé
LVDD,os Wykazuje istotny zwiazek z parametrami antropometrycznymi (BMI, obwodem szyi i talii), funkeja i przecigze-

niem LV oraz parametrem zapalnym.

Whioski: W populacji bez jawnej CVD czestosé LVDD, zgodnie z najnowszymi wytycznymi z 2016 roku, wynosi 5,4%.
Wigzato sie to z objawami zapalnymi, uszkodzeniami serca | parametrami antropometrycznymi.

Stowa kluczowe: dysfunkcja rozkurczowa lewej komory, echokardiografia, badanie populacyjne, czynniki ryzyka
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8. Streszczenie

Skutecznos¢ pracy catego uktadu krazenia zalezy od efektywnej relaksacji lewej
komory (LV) podczas okresu rozkurczu. Rozwoj dysfunkcji rozkurczowej LV (LVDD)
jest procesem dtugotrwatym, zmiany zachodzace podczas relaksacji komor 1 widknienie
miokardium prowadza do podwyzszonego cisnienia napetniania LV i w konsekwencji
pojawienia si¢ objawOw w postaci pogarszajacej si¢ tolerancji wysitku, a nastgpnie
do klinicznych objawdw niewydolnos$ci serca (HF, heart failure).

Z uwagi na fakt, iz LVDD coraz czeg$ciej uwazana jest za niezalezny predyktor
zdarzen  sercowo-naczyniowych,  intensywnie  poszukuje  si¢  czynnikow
ja warunkujacych. Czestos¢ tego zjawiska jest bardzo zréznicowana i waha si¢ 9%
do 39,1%, w zalezno$ci od badanej populacji oraz uzywanej definicji. Badacze stosuja
réznorodne definicje LVDD, poczawszy od zastosowania pojedynczych parametrow
echokardiograficznych, przez wytyczne z 1998r., 2009r., 2016r., na definicjach
wlasnych, stworzonych na potrzeby publikacji skonczywszy. Do klasycznych czynnikow
ryzyka dysfunkcji rozkurczowej naleza wiek, otytos¢, cukrzyca, nadcisnienie tetnicze
I przerost LV. Moga by¢ one rdzne w zaleznosci od charakterystyki badanej populacji.

Populacja z przewlekltym zespotem wiencowym (PZW), jak i populacja ogdlna —
osoby Dbez cigzkiej choroby uktadu krazenia, =zostaly poddana badaniu
echokardiograficznemu celem oceny czgstosci wystepowania LVDD oraz szeregowi
badan klinicznych i laboratoryjnych.

Czgstos¢ LVDD w grupie z PZW wyniosta 38,5%. Osoby z LVDD mialy wyzszy
wskaznik WHR (p=0,046) i PWV (p=0,003). W grupie tej zaobserwowano wyzsze
stezenie NT-proBNP (p<0,001) oraz hs-TnT (p=0,018) w badaniu laboratoryjnym oraz
odnotowano gorsze parametry echokardiograficzne - nizsza LVEF i wi¢ckszag LVMI.
W analizie regresji logistycznej wyzszy stosunek androidalnej do gynoidalnej tkanki
thuszczowej pozostawat dodatnio zwigzany z LVDD (p=0,03) po skorygowaniu modelu
o wiek, pte¢, NT-proBNP i hs-TnT. W analizie regresji logistycznej z krokowg eliminacja
zmiennych najsilniejszymi czynnikami zwigzanymi z LVDD byly zaréwno parametry
sktadu ciata jak WHR (p=0,038), czy sita uscisku dtoni (p=0,024), jak i PWV (p=0,019).

W populacji ogolnej — bez cigzkiej choroby uktadu krazenia, czgsto§¢ LVDD2o16
wynosita 5,4%. Grupa ta charakteryzowata si¢ najwyzszym wskaznikiem
BMI (p=0,001), wigkszymi obwodami szyi (p<0,001), talii (p<0,001) i bioder (p=0,002),
w stosunku do pozostatych grup. Grupy bez LVDD, z LVDD1ggg i LVDD2o16 r6znity si¢
istotnie parametrami hs-TnT (p=0,01), NT-proBNP (p=0,022). Przeprowadzona analiza
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regresji logistycznej wykazala, po uwzglednieniu wieku, pici, LVEF i BMI, dodatnig
zaleznos$¢ miedzy LVDD2o16 a rozkurczowym BP (p=0,010), hs-CRP (p=0,039), hs-TnT
(p=0,044) i kortyzolem (p=0,010). Analiza regresji logistycznej z krokowa eliminacja
zmiennych dowiodta, Ze niezaleznymi czynnikami zwigzanymi z LVDD2o16 byly: BMI
(p=0,003), hs-CRP (p=0,016), hs-TnT (p=0,006), LVEF (p=0,035) oraz obwod szyi
(p=0,024) i talii (p=0,014).

Czgsto$¢ wystepowania LVDD w populacji z PZW wynosi 38,5%. W tej grupie,
predkosc¢ fali tetna jest dodatnio zwigzana z LVDD. Otyto$¢ brzuszna $cislej wigze si¢
z LVDD niz otylo$¢ definiowana przez BMI. Ponadto wérdd oséb z PZW nizsza sita
migsniowa 1 mniejsza gesto$¢ kosci wigzg sie z obecnoscig LVDD, co sugeruje
potencjalng role aktywnos$ci fizycznej jako czynnika ochronnego przed dysfunkcja
rozkurczowsa.

Czgstos¢ wystgpowania LVDD w populacji ogolnej wynosi 5,4%. Wskazniki
otylosci, zarowno definiowanej przez BMI, brzusznej (obwod talii) jak 1 obwdd szyi
moga by¢ wykorzystywane do wykrywania osob zwigkszonego ryzyka LVDD
w tej grupie. Wyzsze stezenia hs-TnT sg zwigzane z obecno$cig LVDD, co moze
wskazywaé na gorsze rokowanie. W populacji ogolnej marker stanu zapalnego (hs-CRP),

niezaleznie od otytosci, jest zwigzany z LVDD.
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9. Summary

The efficiency of the entire cardiovascular system depends on effective relaxation
of the left ventricle (LV) during the diastolic period. The development of LV diastolic
dysfunction (LVDD) is a long-term process that leads to elevated LV filling pressures
and subsequent symptoms in the form of worsening exercise tolerance and to clinical
symptoms of heart failure (HF).

LVDD is increasingly recognized as an independent predictor of cardiovascular
events, therefore its determinants are being intensively investigated. The prevalence
of LVDD varies widely, ranging from 9% to 39.1%, depending on the population studied
and definition used. Classic risk factors for diastolic dysfunction include age, obesity,
diabetes mellitus, hypertension and LV hypertrophy, but may vary depending on the
characteristics of the studied population.

The chronic coronary syndrome (CCS) population as well as the general
population - individuals without severe cardiovascular disease, underwent
echocardiography to assess the prevalence of LVDD and a number of clinical and
laboratory tests.

The prevalence of LVDD in the group with CCS was 38,5%. Those with LVDD
had higher WHR (p=0.046) and PWV (p=0.003). The group had higher NT-proBNP
(p<0.001) and hs-TnT (p=0.018) levels on laboratory examination and had worse
prognostic echocardiographic parameters. In logistic regression analysis, a higher ratio
of android to gynoid adipose tissue remained positively associated with LVDD (p=0.030)
after model adjustment for age, sex, NT-proBNP and hs-TnT. In logistic regression
analysis with stepwise variable elimination, the strongest factors associated with LVDD
were both body composition parameters such as WHR (p=0.038) or handgrip strength
(p=0.024) and PWV (p=0.019).

In the general population - without severe cardiovascular disease, the LVDD2o16
prevalence was 5,4%. This group had the highest BMI (p=0.001), larger neck (p<0.001),
waist (p<0.001) and hip (p=0.002) circumferences, compared to the other groups. Groups
without LVDD, with LVDD1g9s and LV DD2o16 Were significantly different in parameters
of hs-TnT (p=0.010), NT-proBNP (p=0.022). Logistic regression analysis after
adjustment for age, gender, LVEF and BMI showed a positive relationship between
LVDD2g16 and diastolic BP (p=0.010), hs-CRP (p=0.039), hs-TnT (p=0.044) and cortisol
(p=0.010). Logistic regression analysis with stepwise variable elimination proved that
independent factors associated with LVDD2o1s Were BMI (p=0.003), hs-CRP (p=0.016),
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hs-TnT (p=0.006), LVEF (p=0.035) and neck (p=0.024) and waist (p=0.014)
circumference.

The prevalence of LVDD in the population with CCS is 38.5%. In this group,
pulse wave velocity is positively associated with LVDD. The effect of abdominal obesity
on LVDD is stronger than that of obesity defined by BMI. Furthermore, among
individuals with CCS, lower muscle strength and lower bone density are associated with
LVDD, suggesting a potential role for physical fitness as a protective factor against
diastolic dysfunction.

The prevalence of LVDD in the general population is 5.4%. Obesity indices, both
BMI, abdominal obesity (defined by waist circumference) and neck circumference can
be used to detect individuals at increased risk of LVVDD in this group. Increased hs-TnT
levels are associated with the presence of LVDD, which may indicate a poorer prognosis.
In the general population, an inflammatory marker (hs-CRP) independently of obesity
is associated with LVDD.
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11.

Oswiadczenie autora rozprawy doktorskiej

OSWIADCZENIE

Oséwiadczam, ze moja praca pt. (zynniki warunkujqce dysfunkcje rozkurczowg lewej komory
w réznych grupach pacjentow powstata pod nadzorem merytorycznym promotora pracy

prof. dr hab. n. med. Karola Adama Kaminskiego

a. zostala przygotowana przeze mnie samodzielnie,*

b. nie narusza praw autorskich w rozumieniu ustawy z dnia 4 lutego 1994 roku o prawie
autorskim i prawach pokrewnych (4. Dz. U. z 2019 r. poz. 123]) oraz dobr osobistych
chronionych prawem,

c. nie zawiera danych i informacji, ktore uzyskalem w sposob niedozwolony,

d. nie byla podstawa nadania dyplomu uczelni wyzszej lub tytulu zawodowego, badz stopnia
naukowego - ani mnie, ani innej osobie.

e. oswiadczam, ze tre$¢ pracy przedstawionej przeze mnie do obrony, zawarta na przekazanym

nosniku elektronicznym, jest identyczna z jej wersja drukowana.

Ponadto przyjmuje do wiadomosci, ze:

a) moja praca—dyplomewa/ rozprawa doktorska** na podstawie obowigzujacych przepisow
zostanie zweryfikowana pod katem plagiatu w Jednolitym Systemie Antyplagiatowym.

b) po uzyskaniu pozytywnego wyniku egzaminu dyplomowego zostanie ona dodana do
Ogolnopolskiego Repozytorium Pisemnych Prac Dyplomowych w Zintegrowanym Systemie
Informacji o Szkolnictwie Wyzszym i Nauce POL-on prowadzonym przez Ministra Nauki i

Szkolnictwa Wyzszego (nie dotyczy rozpraw doktorskich)

B.OIL . (e Cue. [ LutrineeQ

(data i czytelny podpis autora pracy)

* Uwzgledniajac merytoryczny wklad promotora/kierownika pracy

**. niepotrzebne skresli¢
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12.  Oswiadczenia wspolautoréw rozprawy doktorskiej

Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary
Syndromes. J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

o ) ) Procentowy
Imig¢ i nazwisko wspotautora Charakter udzialu
wktad
Planowanie badania, selekcja pacjentow
do badania, gromadzenie danych,
doktorant — wspottworzenie bazy danych, analiza 500
0
mgr. Marlena Dubatéwka statystyczna, poszukiwanie i analiza
pismiennictwa, wspoltworzenie
manuskryptu
Wspottworzenie koncepcji pracy,

dr n. med. Malgorzata wspottworzenie manuskryptu, 150,

0
Chlabicz poszukiwanie i analiza pi$miennictwa
oraz opieka merytoryczna
dr n. med. Jacek Wspoéttworzenie bazy danych, analiza 29,
0
Jamiotkowski statystyczna
dr n. o zdr. Pawet Sowa Gromadzenie danych, walidacja danych 4%
mgr. Malgorzata )
) Gromadzenie danych 2%
Szpakowicz

mgr. Magda Lapinska Gromadzenie danych 2%

mgr. Marcin Kondraciuk Wykonanie badan biochemicznych 2%
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dr n. med. Katarzyna

Gromadzenie danych 2%
Ptaszynska-Kopczynska

) ) Wspoéltworzenie bazy danych,
mgr. Andrzej Raczkowski 2%

pozyskiwanie funduszy

dr hab. n. med. Anna

) Gromadzenie danych 2%
Szpakowicz

Koncepcja manuskryptu, pozyskiwanie
prof. dr hab. n. med. Karol el YPH pozy

funduszy, analiza otrzymanych wynikow, 15%
Kaminski )
ocena manuskryptu, opieka merytoryczna

Dubatowka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N,
Sawicka-Smiarowska E, Eapinska M, Kaminski KA. Left ventricular diastolic
dysfunction in a general population-based sample without previous cardiac disease:
concomitant physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory
w populacji ogdlnej bez wezesniejszej choroby serca — wspdlistniejgce czynniki fizyczne
i laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

Procentowy
Imi¢ 1 nazwisko wspotautora Charakter udziatu
wktad
Planowanie badania, selekcja pacjentow
do badania, gromadzenie danych,
doktorant — wspottworzenie bazy danych, analiza 50%
mgr Marlena Dubatéwka statystyczna, poszukiwanie i analiza
piSmiennictwa, wspottworzenie
manuskryptu
Wspottworzenie koncepcji pracy,
dr n. med. Malgorzata wspottworzenie manuskryptu, 0%
Chlabicz poszukiwanie i analiza pi$miennictwa
oraz opieka merytoryczna
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dr n. o zdr. Pawet Sowa Gromadzenie danych, walidacja danych 1%
dr n. med. Jacek Wspottworzenie bazy danych, analiza %
0
Jamiotkowski statystyczna
lek. Natalia Zieleniewska Gromadzenie danych 1%
lek. Emilia Sawicka- ]
. Gromadzenie danych 1%
Smiarowska
mgr Magda Lapinska Gromadzenie danych 1%
Koncepcja manuskryptu, pozyskiwanie
prof. dr hab. n. med. Karol ' .
funduszy, analiza otrzymanych wynikow, 15%

Kaminski

ocena manuskryptu, opieka merytoryczna
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Biatystok, 11.04.2022r.

dr n. med. Malgorzata Chlabicz
Zaktad Medycyny Populacyjnej

i Prewencji Choréb Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspolautora
Oswiadczam, iz moj udzial w przygotowaniu publikacji:

. Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic
Coronary Syndromes. J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

2. Dubatéwka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in
a general population-based sample without previous cardiac disease: concomitant
physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji
ogolnej bez weczesniejszej choroby serca — wspotistniejace czynniki fizyczne

i laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzacej w skiad rozprawy doktorskiej Czyaniki warunkujgce dvsfunkcje rozkurczowg lewej
komory w roznych grupach pacjentow

Ad.]

wynoszacy 15% polegal na wspottworzeniu koncepcji pracy, wspottworzeniu manuskryptu,
oraz opiece merytorycznej

Ad.2

wynoszacy 20% polegal na wspottworzeniu koncepcji pracy, wspottworzeniu manuskryptu,

poszukiwaniu i analizie pi§miennictwa oraz opiece merytorycznej
Jednoczes$nie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji

w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

/L/ [‘ﬂZo é"/"cz
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Biatystok, 11.04.2022r.

dr n. med. Jacek Jamiotkowski

Zaktad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspoélautora

Oswiadczam, iz moj udziat w przygotowaniu publikacji:

1. Paniczko M, Chlabicz M, Jamiotkowski ], Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic
Coronary Syndromes. J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

2. Dubatéwka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in
a general population-based sample without previous cardiac disease: concomitant
physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji
ogolnej bez wczesniejszej choroby serca — wspolistniejace czynniki fizyczne

i laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzgcej w sktad rozprawy doktorskiej (zynniki warunkujgce dysfunkeje rozkurczowq lewej
komory w roznych grupach pacjentow

Ad.1

wynoszacy 4% polegal na wspoéttworzeniu bazy danych i analizie statystycznej

Ad.2

wynoszacy 1% polegat na wspottworzeniu bazy danych i analizie statystycznej

Jednoczes$nie wyrazam zgod¢ na wykorzystanie przez mgr Marleng Dubatéwka publikacji
w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

'V\wk T}MY )
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Biatystok, 11.04.2022r.

dr n. o zdr. Pawet Sowa

Zakltad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspélautora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

1. Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic
Coronary Syndromes. J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

2. Dubatéwka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in a
general population-based sample without previous cardiac disease: concomitant
physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji
ogdlnej bez wczesniejszej choroby serca — wspdlistniejace czynniki fizyczne i

laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzacej w skiad rozprawy doktorskiej Czynniki warunkujgce dysfunkcje rozkurczowy
lewej komory w roznych grupach pacjentow

Ad. 1

wynoszacy 4% polegal na gromadzeniu i walidacji danych

Ad. 2

wynoszacy 1% polegat na gromadzeniu i walidacji danych.

Jednocze$nie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji
w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

e
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Bialystok, 11.04.2022r.

mgr Matgorzata Szpakowicz

Zaktad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspolautora

Oséwiadczam, iz moj udzial w przygotowaniu publikacji:

Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski KA.
Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat Distribution
on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary Syndromes.

J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

wchodzgcej w sklad rozprawy doktorskiej Czynniki warunkujgce dysfunkeje rozkurczowg lewej

komory w réznyeh grupach pacjentow wynoszacy 2% polegal na gromadzeniu danych.
Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatéwka publikacji

w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

A
Jenl-gaie CCeec steki,
J
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Biatystok, 11.04.2022r.

mgr Magda Lapnska

Zaktad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego |

15-089 Biatystok

Oswiadczenie wspélautora

Oéwiadczam, iz mdj udzial w przygotowaniu publikacji:

1. Paniczko M. Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapifnska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic
Coronary Syndromes. J Clin Med. 2020 Dec 3:9(12):3924. doi: 10.3390/jcm9123924.

2. Dubatéwka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapifiska M, Kamifski KA. Left ventricular diastolic dysfunction in
a general population-based sample without previous cardiac disease: concomitant
physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji
ogolnej bez wezesniejszej choroby serca — wspolistniejace czynniki fizyczne
i laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzgcej w sktad rozprawy doktorskiej Czynniki warunkujgee dysfunkcjg rozkurczowg lewej
komory w roznyeh grupach pacjentow

Ad.1

wynoszacy 2% polegal na gromadzeniu danych

Ad.2

wynoszacy 1% polegal na gromadzeniu danych
Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji

w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

Lo \af/L[Q_ OZG[WWQ.
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Biatystok, 11.04.2022r.

mgr Marcin Kondraciuk

Zaktad Medycyny Populacyjnej

i Prewencji Chordb Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspoélautora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

Paniczko M, Chlabicz M, Jamiolkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski KA.
Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat Distribution
on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary Syndromes.

J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

wchodzacej w skiad rozprawy doktorskiej Czynniki warunkujgce dysfunkcj¢ rozkurczowy lewej
komory w roznych grupach pacjentéow wynoszacy 2% polegal na wykonaniu badan

biochemicznych.

Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji
W postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

ya //7,42;/{
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Bialystok, 11.04.2022r.

dr n. med. Katarzyna Ptaszynska-Kopczynska
Klinika Kardiologii

Uniwersytet Medyczny w Biatymstoku

ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspolautora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski KA.
Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat Distribution
on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary Syndromes.

J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.

wchodzacej w sktad rozprawy doktorskiej (zynniki warunkujyce dysfunkej¢ rozkurczowy lewej

komory w roznyvch grupach pacjentow wynoszacy 2% polegal na gromadzeniu danych.
3 veh grupach pac b acy poleg g y

Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatéowka publikacji
w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

<
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Biatystok, 11.04.2022r.

mgr Andrzej Raczkowski

Zaktad Medycyny Populacyjne;j

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspélautora

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

Paniczko M, Chlabicz M, Jamiolkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski KA.
Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat Distribution
on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary Syndromes.

J Clin Med. 2020 Dec 3:9(12):3924. doi: 10.3390/jcm9123924.
wchodzacej w sklad rozprawy doktorskiej (zynniki warunkujgcee dysfunkcje rozkurczowq lewej
komory w roznych grupach pacjentow wynoszacy 2% polegal na wspoltworzeniu bazy danych,

pozyskiwaniu funduszy.

Jednoczeénie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji
w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

Ao, Lo crboy sl

62



Biatystok, 11.04.2022r.

dr hab. n. med. Anna Szpakowicz
Klinika Kardiologii

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Os$wiadczenie wspoélautora
Oswiadczam, iz moj udzial w przygotowaniu publikacji:

Paniczko M, Chlabicz M. Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski KA.
Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat Distribution
on Left Ventricular Diastolic Dysfunction in Patients with Chronic Coronary Syndromes.

J Clin Med. 2020 Dec 3:9(12):3924. doi: 10.3390/jcm9123924.

wchodzacej w sklad rozprawy doktorskiej Czynniki warunkujgce dysfunkcjg rozkurczowq lewej

komory w réznych grupach pacjentéw wynoszacy 2% polegat na gromadzeniu danych.

Jednoczes$nie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji

w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

s s

w dyscyplinie nauki medyczne.
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Biatystok, 11.04.2022r.

lek. Natalia Zieleniewska

Zaklad Medycyny Populacyjnej

i Prewencji Chordb Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspoélautora

Oswiadczam, 1z moj udzial w przygotowaniu publikacji:

Dubatowka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in a
general population-based sample without previous cardiac disease: concomitant physical
and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji ogélnej bez
wezesniejszej choroby serca — wspdlistniejace czynniki fizyczne 1 laboratoryjne.) Folia

Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzacej w sktad rozprawy doktorskiej Czynniki warunkujgce dysfunkcje rozkurczowy lewej

komory w réznych grupach pacjentow wynoszacy 1% polegat na gromadzeniu danych.

Jednoczes$nie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatéwka publikacji
w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

N ool G Zoele we wibe
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Biatystok, 11.04.2022r.

lek. Emilia Sawicka-Smiarowska
Klinika Kardiologii

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspélautora
Oswiadczam, 1z moj udzial w przygotowaniu publikacji:

Dubatéwka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-
Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in a
general population-based sample without previous cardiac disease: concomitant physical
and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji ogoélnej bez
wezesniejszej choroby serca — wspdtistniejace czynniki fizyczne i laboratoryjne.) Folia
Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzacej w skiad rozprawy doktorskiej Czynniki warunkujgee dysfunkcje rozkurczowy lewej

komory w réznyeh grupach pacjentéw wynoszacy 1% polegal na gromadzeniu danych.

Jednoczesnie wyrazam zgode na wykorzystanie przez mgr Marleng Dubatowka publikacji
w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.
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Biatystok, 11.04.2022r.

prof. dr hab. n. med. Karol Kaminski
Zaktad Medycyny Populacyjnej

i Prewencji Chorob Cywilizacyjnych
Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie wspolautora

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

1. Paniczko M, Chlabicz M, Jamiotkowski J, Sowa P, Szpakowicz M, Lapinska M,
Kondraciuk M, Ptaszynska-Kopczynska K, Raczkowski A, Szpakowicz A, Kaminski
KA. Impact of Pulse Wave Velocity and Parameters Reflecting Android Type Fat
Distribution on Left Ventricular Diastolic Dysfunction in Patients with Chronic
Coronary Syndromes. J Clin Med. 2020 Dec 3;9(12):3924. doi: 10.3390/jcm9123924.
Dubatowka M, Chlabicz M, Sowa P, Jamiotkowski J, Zieleniewska N, Sawicka-

o

Smiarowska E, Lapinska M, Kaminski KA. Left ventricular diastolic dysfunction in a
general population-based sample without previous cardiac disease: concomitant
physical and laboratory variables. (Dysfunkcja rozkurczowa lewej komory w populacji
ogolnej bez wczesniejszej choroby serca — wspolistniejace czynniki fizyczne i

laboratoryjne.) Folia Cardiologica 2022, 0, doi:10.5603/FC.a2022.0022.

wchodzacej w sktad rozprawy doktorskiej Czynniki warunkujgce dysfunkcje rozkurczowq lewej
komory w réznych grupach pacjentow wynoszacy 15% polegat na stworzeniu koncepcji obu
prac, pozyskiwaniu funduszy, analizie otrzymanych wynikéw, ocenie manuskryptu i opiece

merytorycznej.

Jednocze$nie wyrazam zgode na wykorzystanie przez mgr Marlene Dubatéwka publikacji
w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

i wen?rbb Cywilj inych /
M = 0 ¢ A
%dr' hab. Kb Ak/ﬁ%l"i{ WA
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13. Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
UNIWERSYTETU MEDYCZNEGO w BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. (085) 748 54 07; fax. (085) 748 55 08
prorektorkl@umb.edu.pl

Biatystok, 29-09-2016
Uchwata nr: R-1-002/323/2016

Komisja Bioetyczna Uniwersytetu Medycznego w Biatymstoku, po
zapoznaniu si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for
Good Clinical Practice /- wyraza z g o d ¢ na prowadzenie tematu
badawczego: ,,Poszukiwanie czynnikdw ryzyka rozwoju oraz ocena czgstosci
wystepowania przewlektej niewydolnosci serca (ang. CHF) u 0séb po zawale
serca leczonym angioplastyka wiencowa” przez prof. dr hab. Karola
Kaminskiego wraz z zespotem badawczym z UMB.

Przewodm;q(ﬁ]isji Bioetycznej UMB
prof. dr hab. Elzbietd Flassmari-Poznanska
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KOMISJA BIOETYCZNA
UNIWERSYTETU MEDYCZNEGO w BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. (085) 748 54 07, fax. (085) 748 55 08
nrorekt@mb.edmgl

Biatystok, 31-03-2016
Uchwata nr: R-1-002/108/2016

Komisja Bioetyczna Uniwersytetu Medycznego w Biatymstoku, po zapoznaniu
si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice - wyraza zgodeg na prowadzenie tematu badawczego:
_Poszukiwanie nowych czynnikéw ryzyka choréb cywilizacyjnych — badanie
populacyjne Biatystok PLUS (Polish Longitudinal University Study)” przez
prof. dr hab. Karola Kaminskiego wraz z zespotem badawczym z UMB.

Przewodnifzza KC}misji\Biqetycznej UMB

prof. dr%@'{ﬁ,_/ }}2 iK A /L/l A

dti'Hassman-Poznafiska
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