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ABSTRAKT:

Bilirubin je hlavni produkt katabolismu hemu v krevnim fecisti s vyznamnymi antioxida¢nimi
vlastnostmi. Ty se uplatiiuji u chorob spojenych se zvysenym oxida¢nim stresem, mezi které
patii zejména choroby srdce a cév i nddorova onemocnéni.

V prvni ¢asti této prace jsem se zabyvala zmapovanim sérovych koncentraci bilirubinu
v bézné ¢eské populaci, které byly stanoveny na 1 % nahodné vybraném vzorku ¢eské populace,
soucasné s prevalenci Gilbertova syndromu. Koncentrace bilirubinu byly stanoveny i v ramci
jednotlivych polymorfismtt genu UGTIAI (OMIM*191740) ftidictho biotransformaci
bilirubinu v jatrech, vcetné jejich asociace se zakladnimi rizikovymi faktory aterosklerozy.
V ramci této studie jsme v Ceské populaci zjistili i ptekvapivé vysokou prevalenci zvysenych
aktivit jaternich enzymu, které piredstavuji dalsi vyznamny rizikovy faktor vzniku
kardiovaskularnich chorob. V dalsi ¢asti této prace jsme stanovili 1 koncentrace bilirubinu
u skupiny pacientt s akutnim koronarnim syndromem, které byly vyznamné niz8i v porovnani
s béznou populaci.

V druhé ¢asti vyzkumného projektu byl na polské vétvi epidemiologické studie HAPIEE
zkouman vztah plazmatickych koncentraci bilirubinu a jednotlivych variant polymorfismi
genu UGTI1A]I na celkovou a kardiovaskularni mortalitu. Z vysledkl vyplyva, Ze plazmatické
koncentrace bilirubinu se vyznamné podileji zejména na celkové a nddorové mortalité.

V zavéru prace uvadim i dil¢i vysledky dalSich spoluautorskych praci, které reflektuji
rizikovy profil nasi populace. Alarmujici je zejména narlst prevalence obezity vcetné
metabolického dopadu. Kromé tradi¢nich epidemiologickych ukazatelti nabyvaji na vyznamu
1 nové, kromé sérovych koncentraci bilirubinu se potentnim biomarkerem jevi i koncentrace

kyseliny mocové.

Klic¢ova slova: Bilirubin, kardiovaskularni choroby, Gilbertiv syndrom, promotorové varianty

genu UGTIA1, mortalita



ABSTRACT:

Bilirubin is a major product of the heme catabolism in the vascular bed with substantial
antioxidant properties. These importantly contribute to pathogenesis of diseases associated with
increased oxidative stress, including cardiovascular or cancer diseases.

In the first part of this PhD project serum bilirubin concentrations were examined in the
1 % representative sample of the general Czech population, together with determination of the
prevalence of Gilbert's syndrome. Bilirubin concentrations were determined also within
individual polymorphisms of the UGTIAI gene (OMIM*191740) responsible for bilirubin
biotransformation in the liver, including their association with the basic risk factors for
atherosclerosis. We also assessed the activity of the standard liver enzymes (representing
another significant risk factor for the development of cardiovascular diseases) with surprisingly
high proportion of subjects with elevated values. Simultaneously, we determined the
concentrations of serum bilirubin in a group of patients with an acute coronary syndrome, who
manifested with significantly lower concentrations as compared to general population.

In the second part of this research project, the relationship between plasma concentrations
of bilirubin and individual variants of UGTIAI gene polymorphisms and total and
cardiovascular mortality was investigated.

At the end of the work I present partial results of other co-author's works projects I have
been co-authoring. The increase in obesity and its metabolic impact is particularly alarming. In
addition to traditional epidemiological indicators, new ones are also gaining in importance; in
addition to serum bilirubin concentrations, uric acid concentrations also appear to be a potent

biomarker.

Key words: Bilirubin, cardiovascular diseases, Gilbert's syndrome, UGTIA1 gene promoter

variants, mortality
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1. UVOD
Kardiovaskularni choroby (CVD) jsou ve vyspélych zemich svéta stale jednou z hlavnich pficin
mortality a morbidity, a to i pfesto, Ze doslo ke zlepSeni diagnostiky a 1écby. Podle dat Evropské

kardiologické spolecnosti (ESC) zvetfejnénych v r. 2019 zemielo na nemoci srdce a cév pies 2,2

vvvvvvv

myokardu (AIM) a cévni mozkova piihoda (CMP)[1, 3].

Obr. 1: Zastoupeni jednotlivych pri¢in amrti

Zeny

4
4

= ICHS = CMP = Ostatni CVD
Karcinom Zaludku m KolorektdIni karcinom = Plicni tumory

m Nadory prsu m dalsi onkologické choroby m Respiracni choroby

m Otravy a Urazy m Alzheimerova choroba/demence m Ostatni

Obr. 1a: Procentualni zastoupeni jednotlivych pri¢in imrti u Zen v roce 2019. Z celkového
vyctu kardiovaskularnich chorob pripada u Zen na ischemickou chorobu srdecni (ICHS) 38 %,
na cévni mozkové prihody (CMP) 26 %. Ve statistice zahrnuty udaje ze vSech Evropskych statii
vyjma Kosova, dale z Kazachstanu a Kyrgyzstanu, Izraele, Egypta, Maroka a Tunisu.

Zdroj: WHO Mortality Database, upraveno podle ref. [4].
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Obr. 1b: Procentuilni zastoupeni jednotlivych pfFi¢in umrti u muZi vroce 2019.
Z celkového vyctu kardiovaskularnich chorob pripada u muzii na ICHS 44 % a na CMP 21 %.
Ve statistice jsou zahrnuty udaje ze vSech evropskych statit vyjma Kosova, dale asijskych zemi
Kazachstanu a Kyrgyzstanu, Izraele, Egypta, Maroka a Tunisu.

Zdroj: WHO Mortality Database, upraveno podle ref. [4].

Dle poslednich dat je kardiovaskularni mortalita vyssi v zemich s niz§imi naklady na zdravotni
péci. MoZnou pri¢inou miiZe byt absence programl zamétenych na prevenci rizikovych faktorti
ateroskler6zy nebo niz$i dostupnost adekvatni Iékaifské péce. Oboji vede k opozdéné
diagnostice a pokrocilejsi formy onemocnéni mizeme diagnostikovat jiz u mladsich jedincti [2,
3, 5]. Rozlozeni ¢lenskych zemi Evropské kardiologické spolecnosti (ESC) podle hrubého
narodniho piijmu (HDP) zobrazuje Obr. 2.



Obr. 2: Clenské zemé ESC rozélenéné dle hrubého narodniho p¥ijmu

Obr. 2: Clenské zemé ESC rozélenéné dle HDP. Svétovd banka definuje zemé s vysokymi
prijmy (modre) jako zemé, v nichz hruby narodni prijem na obyvatele cinil 12 000 USD nebo
vice. Termin ,,zemé se stiednimi prijmy (oranZové)‘ v tomto pripadé predstavuje kombinaci
Clenskych zemi Evropské kardiologické spolecnosti s vyssim (oranzové) a nizsim strednim

prijmem (Cervené). Upraveno podle ref. [2].

Naopak v nékterych zemich, zejména téch s vysokym podilem HDP na zdravotni péci
(naptiklad Dénsko, Izrael, Nizozemi, Republika San Marino, Velka Britanie, §V§'Icarsko,
Belgie, Francie a dalsi) pfevySuje mortalita na onkologické choroby mortalitu na CVD.
K poklesu kardiovaskularni mortality mohly pfispét vyspélé diagnostické programy, které se
opiraji o zobrazovaci metody, ale také znalost a vyuziti laboratornich markeri. Pravé na nové
biochemické markery se upird pozornost moderni preventivni mediciny. Vi se, Ze nemoci srdce
a cév, stejné jako dalsi civiliza¢ni choroby (napt. diabetes mellitus ¢i onkologickd onemocnéni),
jsou spojeny se zvySenym oxidativnim stresem [6]. Pti znalosti specifickych biochemickych
markerl by bylo moZzné snaze stratifikovat jednotliva rizika a v¢as zahgjit adekvatni 1écbu,

at’ jiz posilenim preventivnich opatfeni ¢i zahdjenim specifické 1écby.
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1.1.  Aterosklerdza
Patofyziologickym podkladem ptevazné vétSiny kardiovaskularnich chorob je ateroskleroza
[7]. Tento slozity proces probihéd u kazdého jedince jinou rychlosti. Zalezi nejen na genetickém
profilu jedince, ale také na jeho expozici dal$im rizikovym faktorim. Prvni zmény ve struktuie
cévni stény, tzv. lipidové prouzky, lze pozorovat jiz kratce po narozeni. Postupem casu
prodé€lavaji dalsi zmény a méni se na prouzky fibrozni.

Pii dalsi expozici a pasobeni rizikovych faktorii aterosklerézy dochézi k transformaci
téchto platt na komplikované aterosklerotické 1éze. Jejich nestabilni jadro s velkym obsahem
tuka vede k ruptute tenké fibrézni Cepicky. Dochézi k trombodze a okluzi tepny. Klinicky se
tento stav nejCastéj$i manifestuje jako akutni infarkt myokardu (AIM) ¢i cévni mozkova
ptihoda (CMP). Vyvoj aterosklerotickych platl je zobrazen na Obr. 3.

Abychom mohli pifedejit vzniku komplikovanych aterosklerotickych 1ézi, je dilezité
aktivné patrat po rizikovych faktorech ateroskler6zy. Rizikovych faktort ateroskler6zy je dnes
znamo vice nez 250 a stale ptibyvaji nové [8]. Pti jejich znalosti 1ze odhadnout rizikovy profil
nemocného a podle vySe rizika mizeme, zménou zivotniho stylu ¢i prostiednictvim

farmakoterapie nebo idealn€ kombinaci obojiho, ateroskleroticky proces zpomalit (Tab. 1).

Tab. 1: Zakladni rizikové faktory kardiovaskuliarnich chorob a zikladni doporuceni

zdravého Zivotniho stylu

Zivotni styl Rizikové faktory
ovlivnitelné neovlivnitelné
vyvaZena strava arterialni hypertenze vek
zakaz koufeni hyperlipidémie pohlavi
hyperglykémie
pravidelna fyzicka aktivita rodinn4 anamnéza

diabetes mellitus

_ geneticka
sniZit konzumaci alkoholu nadvaha/obezita . .
predispozice

dostatek spanku trombogenni faktory

markery chronického
spravné stravovaci navyky )
zanctu
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Obr. 3: Vyvoj aterosklerotickych plata

LIPIDOVE PROUZKY

mezibunééné

Tipidy
pénové buiiky
FIBROZNI PLAT
fibrézni
cepicka

buiiky hladké
svaloviny
pénové
bufky
~ lipidové jadro
KOMPLIKOVANA LEZE
trombdza kalcifikace
ulcerace

krvaceni

Obr. 3: Vyvoj aterosklerotickych plata. Prvni zmeny, lipidové prouzky, nachdzime kratce
po narozeni. Pri dalsi expozici rizikovym faktorum vznikaji komplikovanéjsi leze. Velka
akumulace lipidii uvniti cévni stény miize zpusobit rupturu tenkeho fibrozniho krytu. Vznikly
trombus miize obturovat cévni lumen. Klinicky se tento stav nejcastéji projevi jako akutni

korondarni syndrom ¢i CMP. Upraveno podle ref. [9].

V Ceské republice se nejéastéji k odhadu kardiovaskularniho rizika fatalni aterosklerotické
ptihody pouziva skorovaci systém tabulek SCORE (Systematic Coronary Risk Evaluation)[10]
(Obr. 4).
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Obr. 4: Desetileté riziko fatalni kardiovaskularni piihody v Ceské republice

ZENY MUZ|

Nekuracky Kuracky Vék Nekurdci
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120
180

140
120

180

140
120

systolicky krevni tlak (mm Hg)
g

180

140
120

180

140
120

Celkovy cholesterol (mmol/l)

ez 34% lso% I :z10%

Obr. 4: Tabulka SCORE. Na zdklade zakladnich rizikovych faktoru (vék, hodnoty

systolického krevniho tlaku, koncentrace cholesterolu a usu koureni) lze spocitat odhad fatalni

aterosklerotické kardiovaskularni prihody v horizontu deseti let. Upraveno podle ref. [11].
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Problém nastava u mladych lidi (<40 let) s vysokymi hodnotami rizikovych faktort. Ti maji
nizké absolutni, ale velmi vysoké relativni riziko aterosklerotické kardiovaskularni ptihody.

Pro tuto skupinu je doporuceno vyuzit tabulku pro odhad relativniho rizika (Obr. 5) [10].

Obr. 5: Stanoveni relativniho rizika aterosklerotické kardiovaskularni prihody pro

pacienty <40 let

Nekurak Kurak

E 1803 [3]|4|5]6 6|7 |8]|10]12

vh
gz 160 2|3 |3|4]|4 4|5(6|7]8
> £
*EE 140 1| 2| 2|23 33456
S® 12011 [1]2]2 212|334
o
n 4 5 6 7 8 4 5 6 7 8

Cholesterolémie (mmol/l)

Obr. 5: Relativni riziko aterosklerotické kardiovaskularni prihody. Tabulka je rozdelena
na dvé casti v zavislosti na koureni. V kazdé z nich je poté stanoveno relativni riziko v zavislosti
na hodnotdch systolického krevniho tlaku a koncentrace celkového cholesterolu. Konkrétné,

Jjedinec vpravo nahore ma az 12x vyssi relativni riziko nez ten, ktery je v tabulce umisten vilevo

dole. Upraveno podle ref. [12].

1.1.1. Proces aterogeneze
Existuje fada mechanismi zodpovédnych za vznik ateroskler6zy, z nichz mezi velmi vyznamné
patfi zanét [13]. Ateroskleroticky plat je tvofen modifikovanymi lipoproteiny o velmi nizké
hustoté¢ (LDL) [14] [15]. Za tuto zménu LDL c¢astic je zodpovédna peroxidace lipida
lipoproteinovych castic [16, 17]. Oxidované LDL ¢astice aktivuji endotel a buiiky monocyto-
makrofagového systému (Th-lymfocyty a makrofagy). Aktivované endotelialni buitky na svém
povrchu exprimuji fadu adhezivnich molekul. Tim je umoZnéna migrace zanétlivych bunck

a aktivovanych LDL castic do subendotelialniho prostoru arterie [18, 19]. Akumulované,
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oxidované LDL castice, jsou aktivovanymi makrofdgy fagocytovany a pfeménény
na tzv. pénové bunky [20, 21] (Obr. 3). V pocatecnich fazich obsahuji ateromy zejména Thl
subpopulaci lymfocytt, které¢ produkuji interferon gama (INFy), tumor necrosis faktor alfa
(TNFa) a interleukin 2 (IL-2). U pokrocilejsich aterosklerotickych zmén nalézame v ateromech
Th2 subpopulaci lymfocytt s produkci interleukint (IL): IL-4, IL-5 a IL-6 [22]. Mimo vyse
uvedenych, jsou v aterosklerotickych platech pifitomny i dalSi cytokiny (IL-1 alIL-8),
metaloproteinazy, histamin a serotonin [23].

Zanétlivy proces se neodehrava jen v cévni sténé, ale zvysené hodnoty zanétlive puasobicich
interleukin mizeme detekovat 1 v séru nemocnych. Prostfednictvim téchto latek dochazi
ke stimulaci hepatocytti. Ty reaguji zvySenou produkci proteinti akutni faze (zvySeni hladin
fibrinogenu, CRP proteinu ¢i sérového amyloidu) [24, 25]. V organismu vzniké nerovnovaha
ve prospéch produkce oxidantl. Volné kyslikové radikdaly, vznikajici za podminek zvySeného
oxidacniho stresu, generuji fadu dalSich reaktivnich molekul, jejichz pfitomnost v organismu
alteruje fyziologické funkce nejen cévni stény, aleijinych organi. Témto mechanismim
zabranuji antioxidacni systémy. Jednim ze skupiny endogennich oxidanti je i molekula

bilirubinu.

1.2.  Oxidacni stres
Oxida¢ni stres je definovan jako stav, ve kterém pievazuje produkce volnych radikalt
nad moZnosti antioxida¢nich systému organismu tyto molekuly neutralizovat [26]. Mezi volné
radikaly patii reaktivni formy kysliku (reactive oxygen species, ROS) a reaktivni formy dusiku
(reactive nitrogen species, RNS) [27, 28].

Volné radikaly v lidském organismu nepiisobi jen negativng. Tyto velmi reaktivni molekuly
maji 1 dilezité fyziologické uplatnéni, kdy se uplatiuji naptiklad jako signalni molekuly [29].
Zasadni postaveni maji ROS v dychacim fetézci, kde dochazi prostfednictvim
cytochromoxidazy k redukeci 4 elektront za vzniku 2 molekul vody a uvolnéni energie ve formé
adenosintrifosfatu (ATP) [30]. Vyznamnou funkci maji ROS 1 v rdmci imunitniho systému.
Zejména enzymy NADPH-oxiddza a myeloperoxiddza, kterd je pfitomnd v makrofazich,
kde produkuje superoxid, peroxid vodiku a kyselinu chlornou, ¢imz chrani organismus

pted patogennimi mikroorganismy.

1.2.1. Reaktivni formy kysliku
Volny radikal je z chemického pohledu jakékoliv molekula, atom nebo ion, ktery ma ve své

valen¢ni vrstvé neparovy elektron, a je schopen kratkodobé samostatné existence. ROS jsou
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vlastné meziprodukty redukcnich reakci kysliku na vodu [31]. Mezi ptedni oxidanty se fadi
superoxid (O2"), jehoz hlavnim mistem produkce je dychaci fetézec a také NADPH-oxidaza
(v ramci eliminace patogeni). Superoxid je spontanné nebo prostfednictvim antioxida¢niho
enzymu (superoxiddismutdzy) redukovan na peroxid vodiku (H>O»). Ten v lidském téle reaguje
s redukovanymi redoxné aktivnimi pfechodnymi kovy, jako jsou napi. atomy Zeleza (Fe*")
[32]. Tato tzv. Fentonova reakce [33] vede ke vzniku velmi reaktivniho hydroxylového radikalu
(OH") (Obr. 6). Hydroxylovy radikal je iniciator lipoperoxidace biomolekul [34]. Tim dochazi
ke vzniku radikalové, fetézové reakce (volny radikal se stabilizuje vytrzenim elektronu z jiné
struktury, a ta se méni na jiny radikal, ¢imz proces pokracuje). Piehled ROS a RNS vcetn¢ latek

neradikalové povahy uvadi Tab. 2.
Obr. 6: Schéma Fentonovy reakce:
Fe" + Hy02 — Fe** + *OH + OH™

obecné: R™ + H,Or — R™D* +*OH + OH™

Tab. 2: Reaktivni formy kysliku a dusiku

Volné radikaly Latky neradikalové povahy

Reaktivni formy kysliku

Superoxid Oy Peroxid vodiku H>0»
Hydroxylovy radikal HO Kyselina chlorna HOCI
Alkoxylovy radikal RO Ozon O3
Peroxylovy radikal ROO Singletovy kyslik 10,

Reaktivni formy dusiku

Oxid dusnaty NO Peroxynitrit ONOO-
Oxid dusicity NO2 Dusitany NO»-
Dusi¢nany NOs-
Nitrosyl NO*
Upraveno podle ref. [35].

Pokud neni produkce ROS spravné regulovana prostfednictvim antioxida¢nich systému, dojde
k vychyleni z oxidacné-antioxidani rovnovahy a k naruSeni jednotlivych fyziologickych

funkci. To se mlze projevit vznikem riiznych chorob, jako jsou naptiklad onemocnéni nadorova
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[36], autoimunitni [37], kardiovaskularni [38] ¢i neurodegenerativni [39]. Vliv ROS je dédvan

i do souvislosti s procesem starnuti [40].

1.2.2. Reaktivni formy dusiku

RNS jsou slouceniny odvozené od molekuly oxidu dusnatého (NO). Vznikaji reakci NO
s volnymi radikdly (Tab. 2). Tuto skutecnost nejlépe dokldda reakce NO s O»  za vzniku
peroxinitritu (ONOQ"). Peroxynitrit je vSak nestabilni a izomeruje na dusi¢nany [41]. Stejné
jako ROS maji i RNS za fyziologickych podminek své dilezité postaveni. Naptiklad molekula
NO je signalni molekulou, ktera plsobi jako lokalni medidtor s vazodilatacnimi
a neuromodula¢nimi ucinky [42]. V ptipadé vychyleni zrovnovazného stavu se mohou
RNS podilet na patogenezi fady chorob (thiolova oxidace proteini tvorbou thiyl radikali) [43,
44].

1.3.  Antioxida¢ni mechanismy
Zvysenému oxidacnimu stresu zabrafuji antioxida¢ni mechanismy. Jsou to redoxni systémy,
které brani oxidaci dilezitych biologickych molekul [45, 46]. Antioxidacni mechanismy lze

rozd¢lit na antioxidacni enzymy a antioxidacni substraty.

1.3.1. Antioxida¢ni enzymy
Enzymové antioxidaéni systémy jsou vyvojoveé velmi staré. Jsou to metaloproteiny, které maji
v aktivnim centru pfechodny kov (napft. fylogeneticky nejstarsi superoxiddismutiza obsahuje
méd’ a zinek, katalaza obsahuje prostetickou protoporfyrinovou skupinu s Fe**). Jejich cilem je
vytvofit meéné toxicky produkt, ktery bud’ predavaji dale, nebo ho ptimo rozkladaji. Piehled

antioxidacnich enzym je uveden v Tabulce €. 3.
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Tab. 3: Antioxidacni enzymy a jejich funkce

Antioxida¢ni enzymy Funkce
Superoxiddismutaza dismutace superoxidu na peroxid vodiku a kyslik
Glutathionperoxidaza eliminace peroxidu vodiku redukci glutathionu
Glutationtransferaza odstranéni lipoperoxidii vazbou na glutathion
Katalaza dismutace peroxidu vodiku na vodu a kyslik
Hemoxygenaza produkce biliverdinu
Biliverdinreduktaza produkce bilirubinu

Upraveno podle ref. [47].

1.3.2. Antioxida¢ni substraty
Antioxidacni substraty inaktivuji volné radikaly pfeménou na méné toxické produkty.
Ty jsou poté schopny exkrece nebo dalsiho metabolismu.
Délime je na substraty:
membranové — tokoferoly, karotenoidy (retinol)
extracelularni — kyselina askorbovéa, glutathion, thioly, cystein, ceruloplazmin,

transferin, albumin, kyselina moc¢ov4, bilirubin, ferritin

Jiné déleni je na substraty nizkomolekuldrni (Tab. 4) a tzv. bilkoviny s neenzymatickou

antioxidacni aktivitou (Tab. 5).
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Tab. 4: Prehled nizkomolekularnich substratu

Antioxidant Funkce

prenasi radikalové reakce z membranovych lipida

Bilirubin do hydrofilniho prosttedi

Kyselina askorbova redukuje Zelezo na aktivni formy
a-tokoferol (vitamin E) inaktivuje radikaly mastnych kyselin
Ubichinol (koenzym Q) regeneruji tokoferolovy radikal
Karotenoidy (vitamin A) zhasi singletovy kyslik

Glutathion, taurin, soucasti redoxniho pufru buiky a regeneruji tokoferol
Kyselina lipoova a askorbat

Kyselina mocova silny endogenni antioxidant

Upraveno podle ref. [48, 49].

Tab. 5: Antioxidacni substraty s neenzymatickou antioxida¢ni kapacitou

Bilkoviny Funkce

Transferin,

. oo vazi tranzitni kovy a inhibuji Fentonovu reakci
laktoferin, ferritin

Haptoglobin vazba hemoglobinu

Ceruloplazmin vaze méd,, kterd oxiduje Fe*" na Fe*"
Chaperony podili se na spravném prostorovém usporadani bilkovin
Albumin vaze ptechodné kovy a méni tak jejich redoxni

vlastnosti, vaze oxid dusnaty, pfenasi bilirubin

Upraveno podle ref. [49, 50].

Mezi nejdulezitéjsi endogenni antioxidanty séra se fadi molekula bilirubinu [51, 52].
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1.4. Katabolicka draha hemu
Vétsina bilirubinu (80 %) pochdzi z degradace hemoglobinu, uvolnéného z rozpadajicich
se erytrocytll (Obr. 7). Zbyla c¢ast je produktem katabolické drahy ostatnich hemoproteinti
(myoglobin, kataldza, peroxidazy, jaterni cytochromy) [53]. Denn¢ vznika u dosp€lého jedince
piiblizné¢ 450-600 pumol bilirubinu (u dosp€lého Cloveéka priblizné 7,5 umol (). 4,4 mg)

na kilogram télesné hmotnosti) [54].

Obr. 7: Schéma katabolické drahy hemu
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Obr. 7: Katabolicka draha hemu. Piisobenim enzymu hemoxygendzy nastava oxidativni
Stepeni a-methenylového miistku mezi kruhy A a D hemu [55]. Alfa uhlik miistku je uvolnén
ve formé oxidu uhelnatého (CO) a z hemu vznikda zeleny linearni tetrapyrol biliverdin.
Pri reakci se uvolituje dvojmocné Zelezo (Fe’"). K degradaci hemu vyZaduje hemoxygendza
kofaktory; molekularni kyslik a nikotinamid dinukleotidfosfat (NADPH). Biliverdin je dale
pomoci biliverdinreduktazy redukovan na bilirubin 1Xa (methenylovy miistek hemu mezi kruhy

B a C biliverdinu IXa) [56, 57]. Upraveno podle ref. [58].

Za normalnich okolnosti je mistem degradace hemu retikuloendotelidlni systém sleziny
a v malé mife kostni dieni. Pfi intravaskularni hemolyze nebo po splenektomii je hemoglobin
ve vazb¢ na haptoglobin a jeho degradace je zprostiedkovana Kupfferovymi buitkami jater.

Nané¢ je vazan prostiednictvim specifickych receptort CD163 [59], v pfipad¢ kostni diené
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hem, vychytavaji jaterni buiikky pfimo komplexy hem—hemopexin [60-62].

1.4.1. Hemoxygenaza 1 (HMOX1)

Enzym hemoxygenaza (HMOX) ma 2 izoformy, HMOXI1 (inducibilni) a HMOX?2
(konstitutivni) [51, 62]. HMOXI1 je bézn¢ lokalizovana v hladkém endoplazmatickém retikulu
(C-termindlni transmembranovou Casti), kde je soucasti celku, kteryje tvofen
biliverdinreduktazou (BLVR), cytochrom P450 reduktazou a nikotinamid dinukleotidfosfatem
(NADPH) [63, 64]. Aktivita HMOX1 byla zjisténa i v buné¢ném jadie, mitochondriich nebo
plazmatické membrané. Na rozdil od mitochondrii se v bunééném jadie vyskytuje varianta
HMOX1, ktera je kratsi o transmembranovou ¢ast a je v bunééném jadie zodpovédna za expresi
gend, které se podili na ochrané bunky pied oxida¢nim stresem [65].

HMOX1 je indukovatelnd oxidovanym hemoglobinem, ale i jinymi vyvolavajicimi faktory,
podilejicimi se na zvyseni oxida¢niho stresu. Mezi né patii napt. ultrafialové zafeni A (UVA),
oxid dusnaty, ionty t€zkych kovii, peroxid vodiku, cytokiny, ristové faktory, molekuly volnych
kyslikovych radikali a medikamenty (kyselina acetylsalicylova, statiny a dalsi) [62, 66, 67].
Nejvyssi aktivity HMOX1 jsou ve slezing a retikuloendotelidlnich butikach jater a kostni dfené.
Jinde jsou aktivity minimalni, ale v pfipad¢ ptisobeni oxida¢niho stresu dochazi ke zvysené
expresi genu HMOXI (lokalizovan na chromozomu 22¢12) [68]. Exprese HMOXI je
regulovana samotnou molekulou hemu. Pfi nadbytku hemu dochazi ke zméné cytosolovych
proteintl a jejich translokaci do jadra, a to zahajuje transkripci HMOXI [69] (Obr. 8). HMOX1
je schopna jisté autoregulace. Ta je moZna uspofddanim purinovych a pyrimidinovych bazi
v oblasti promotoru genu HMOXI. Cim vétsi je pocet repetic (>28 GT repetic), tim nizsi je
aktivita HMOX [70]. Tento poznatek 1ze najit i v klinickych vystupech. Jako ptiklad uvadime
studii posuzujici vznik ischemické choroby srde¢ni u diabetikii [71, 72], ale 1 nediabetickych

pacientll [72] nebo vzniku adenokarcinomu u kutakt [73].
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Obr. 8: Regulace exprese HMOX1

a) fyziologicky stav b) indukce exprese pii nadbytku hemu
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Obr. 8: Regulace exprese HMOXI. a) Za normalnich podminek je transkripce HMOXI
blokovana pritomnosti represoru transkripce Bach 1, ktery je spolecné s Maf proteiny navazan
na rozpoznavaci element MARE.

b) Pri nadbytku hemu je umoznéna translokace transkripcniho faktoru Nrf2 do jadra a jeho
vazba na komplex Maf proteinii v oblasti MARE spousti transkripci HMOX]I.

Legenda: Maf proteiny (MafF, MafG, MafK) — musculoaponeurotic fibrosarcoma proteins
[74], MARE - Maf-recognition element, Nrf2 - nuclear factor erythroid 2—related factor 2,
Keap 1 — Kelch-like ECH Associated Protein 1. Upraveno podle ref. [75].

1.4.2. Hemoxygenaza 2 (HMOX2)

HMOX2 je konstitutivni forma tohoto enzymu [76]. Je pfitomna prakticky ve vSech tkéanich,
nicméné nejveétsi koncentrace dosahuje v mozkové tkani [77]. Gen kdédujici HMOX2, je
lokalizovéan na 16. chromozomu a jeho promotorova oblast obsahuje jen jednu regulacni oblast,
tzv. glucocorticoid response element (GRE). I pfesto, Ze se jevi jako pomérné stabilni molekula,
muze byt aktivita HMOX2 ovlivnéna jak mnozZstvim hemu [78], tak 1 molekulou oxidu

dusnatého nebo ROS [79, 80].
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1.4.3. Biliverdinreduktaza
BLVR je pfevazné cytozolovy enzym, ktery byl objeven jiz u primitivnich organismd, jako jsou
fasy ¢i sinice [81]. V lidském organismu je nejvice zastoupen v tkanich s vysokou aktivitou
HMOX, kde okamzité redukuje vznikly biliverdin na bilirubin (Obr. 7,9).

BLVR je unikatni v tom, ze ma dvoji pH optimum. Patii mezi vzacné kindzy se specifickou
serin/threonin/tyrozinkindzovou aktivitou [82], ktera se uplatiiuje v bunécéné signalizaci, stejné
jako v modulaci exprese HMOXI [83-85]. V bunécné signalizaci diky aktivité podobné
proteinkinaze B/Akt uvadi v ¢innost proteinkindzu C [86]. To poukazuje na mozné vyuziti
katabolické drahy hemu u onkologickych onemocnéni [87, 88].

BLVR je lokalizovdna i na bunécném povrchu makrofagi. Biliverdin zprostiredkovava
bunécnou signalizaci ptes PI3K/Akt drahu a potlacuje tvorbu zanétlivych cytokint [8§9]. BLVR
je také schopna autofosforylace. Za podminek zvySené¢ho oxidacniho stresu zvySuje svoji
katalytickou aktivitu a vede k vét§i produkci bilirubinu [82, 90]. Tim poskytuje bunéénym
membrandm antioxidacni ochranu stejné jako glutathion ¢i glutathionreduktaza [91].

Ackoli je BLVR predevsim cytosolovy enzym, je moznd i jeji translokace do buné¢ného
jadra, kde pusobi jako transkripéni faktor [92]. Nékteré experimentalni prace poukazuji
na velky terapeuticky potencial tohoto enzymu. Napiiklad subkutdnni podani BLVR potkaniim
vedlo ke zmirnéni autoimunitni encefalomyelitidy, a to dokonce efektivnéji nez po podani
tradi¢nich enzymu, jako jsou napf. superoxiddismutaza, kataldza, glutathionreduktaza [93].
Dalsi prace prokdzaly, ze pti bunééném deficitu BLVR doslo k vyznamnému nérstu ROS
a snizeni viability bun¢k az o 60 % [94]. Protektivni vliv BLVR byl popsan i v dalSich
experimentalnich pracich na modelech nemoci gastrointestinalniho traktu [95], ledvin [96]
¢inervového systému [97]. VyuZiti katabolické drdhy hemu lze najit 1 u onkologickych

onemocnéni [87, 88].

1.4.4. Biliverdin-bilirubinovy cyklus
Tento cyklus pfemény tmavé zelen¢ho pigmentu biliverdinu na bilirubin je pravdépodobné
velmi stary. Biliverdin se nachazi jiz u prvotnich organismii, zatimco pfitomnost bilirubinu zde
chybi [98]. Biliverdin neprostupuje ptes placentarni bariéru, pokud by tomu tak bylo, mohlo by
dochézet k jeho akumulaci a toxickému poskozeni plodu [99, 100]. Naproti tomu bilirubin je
transportu pies placentarni bariéru schopen nejen prostou difizi, ale 1 prostiednictvim
specifickych transportnich mechanism [101]. Vlivem vyvoje doSlo ke vzniku cyklu,
ktery vykazuje vyznamny oxida¢né-redukéni potencidl. Tim se vysvétluje spojitost mezi

bilirubinem a eliminaci volnych kyslikovych radikali [82, 91] (Obr. 9).
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Obr. 9: Biliverdin — bilirubinovy cyklus
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Obr. 9: Biliverdin-bilirubinovy cyklus. Pri oxidacné redukcni reakci dochazi v prvnim kroku
prostrednictvim BLVR k redukci zeleného tetrapyrolu, biliverdinu na bilirubin. V dalsi fazi
nasleduje oxidace bilirubinu zpét na biliverdin. V této fazi do reakce vstupuji i ROS, pro které
je bilirubin donorem elektronit a tim neutralizuje jejich nicivé ucinky na biologické struktury.
I presto, ze biliverdin-bilirubinovy cyklus obsahuje mikromolarni mnozstvi substrati, je
duleZitou oxidacné—redukcni reakci stejné jako je redukce ROS v ramci piisobeni
glutathionreduktazy. Legenda: ROS —reactive oxygen species, GSH-redukovany glutathion,
GSSH —oxidovany glutathion, ER —endoplazmatické retikulum, HMOXI —hemoxygendza 1.
Upraveno podle ref. [82].

V cirkulaci se bilirubin vyskytuje v mikromolarnich koncentracich. Za antioxida¢ni G¢€inky
bilirubinu odpovida jeho struktura, C10 methylenova skupina, ktera slouZzi ve tkanich a plazmé
jako donor elektronit pro ROS [51, 57]. Soucasné¢ je bilirubin i silnym inhibitorem
NADPH oxidazy. Enzym NADPH oxiddza je zdrojem oxidantli nejen ve fagocytarnich,
ale i nefagocytarnich bunkach. V fadé€ studii provadénych in vitro ¢i in vivo byl prokdzan
komplexni. Diky své regeneraci v radmci biliverdin-bilirubinového cyklu, je schopen eliminovat

az 10 000x vétsi mnozstvi peroxidu vodiku [82, 105].
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U normobilirubinemickych jedinct se bilirubin podili asi na 10 % celkové antioxida¢ni kapacity
séra [106]. Ve studii u jedinct s Gilbertovym syndromem (GS) bylo prokazano, ze vyssi
koncentrace nekonjugovaného bilirubinu v séru vyrazné zvysuji antioxida¢ni kapacitu séra [86,

107].

1.5. Bilirubin
Bilirubin, hlavni zlucovy pigment, je v intravaskularnim kompartmentu konecnym produktem
metabolismu hemu. Po chemické strance patii mezi linearni tetrapyrolové slouceniny. Bilirubin
byl dlouhou dobu povazovan za nebezpecnou latku, zejména z divodu toxického poskozeni
centralniho nervového systému (CNS) [108, 109]. Novy pohled na tuto molekulu ptinesla
prace, ve které byla poprvé zminéna antioxidacni vlastnost bilirubinu [51]. Dalsi prace
prokazaly, Ze mirnd elevace sérovych koncentraci bilirubinu ma pro lidsky organismus
vyznamny ochranny ucinek [110]. Tento protektivni vliv se nejvice uplatiiuje u chorob
spojenych s vys$S§im oxida¢nim stresem, jako jsou nemoci kardiovaskularni [111], nckteré
nadorové choroby [112, 113], onemocnéni zanétliva [114], revmatologicka [115]
¢i neuropsychiatrickd [116].

Naopak niz§i koncentrace bilirubinu jsou spojeny s vySSim rizikem vzniku chorob
podminénych zvySenym oxidac¢nim stresem. Podle teorie reverzni kauzality dochazi u nemoci
spojenych s vysokym oxidac¢nim stresem ke zvysSené spotieb¢ antioxida¢né pusobicich latek,
vcetné bilirubinu [117]. Kromé& zvySené spotfeby antioxidantll jsou sérové koncentrace

bilirubinu uréeny geneticky aktivitou UGT1A1 [118], ¢astecné 1 aktivitou HMOX1 [119].

1.5.1. Historie
Slovo bilirubin je odvozeno od latinského slova bilis (zIu€) a ruber (Cerveny). Prvni zminku
o struktufe bilirubinu publikoval v roce 1847 Rudolf Virchow [120]. V prokrvacenych tkanich
nalezl krystaly Cerveného pigmentu, které¢ nazval hematoidinem. Az o téméf 20 let pozdéji,
Gustav Stideler nazval tmavé Cerveny pigment bilirubinem. Vyslovil hypotézu, Ze bilirubin
vznikd z hemu a ze zluté zbarveni kiize a sliznic u pacientd s jaternimi chorobami je dano
zvySenymi koncentracemi bilirubinu. V roce 1883 byla nositelem Nobelovy ceny Paulem
Ehrlichem popséna diazoreakce bilirubinu [121]. Na zdklad¢ této reakce byla pozdéji
van den Berghem a Miillerem potvrzena existence dvou frakei bilirubinu. Nekonjugovaného
bilirubinu, reagujiciho s diazocinidlem za ptitomnosti alkoholu, a bilirubinu konjugovaného,

ktery reaguje v diazoreakci ptimo [122].
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V roce 1933 urcil laureat Nobelovy ceny Hans Fischer strukturu bilirubinu a pozdéji jej poprvé
syntetizoval [123, 124]. Na dal$im vyznamném kroku se kromé kolegii R. Schmidta,
B. Billingové podilel i brnénsky védec E. Talafant. Ti nezavisle na sobé popsali
biotransformacni proces bilirubinu v jatrech, tzv. glukuronosylaci, konjugaci bilirubinu
s kyselinou glukuronovou [125]. Pozdé¢ji, v 70. letech minulého stoleti, byl ¢lenem skupiny
R. Schmidta R. Tenhumenem (1968) popséan zasadni enzym katabolické drahy hemu, HMOX
[126]. O dva roky pozdéji (vroce 1970) byl publikovan ¢lanek o existenci BLVR [127].
Zasadni zménu ve vnimani degradac¢nich produkti katabolické drahy hemu pfinesly az pozdéjsi
prace. Ty poukazuji na moznosti vyuziti téchto molekul v bunécné signalizaci [128] ¢i jako
potentni antioxidanty lidského séra [51]. Od té doby zkouma tada svétovych laboratoii
degrada¢ni drdhu hemu a vliv jejich produkti na fyziologické a patofyziologické procesy.
Zde nesmime opomenout dulezitou osobnost ceské védy prof. M. Jirsu star$iho, ktery jako prvni

publikoval chemickou strukturu konjugatu bilirubinu s taurinem [129].

1.5.2. Chemicka struktura bilirubinu
Bilirubin se v lidském organismu vyskytuje v tzv. formé 4Z,15Z 1Xa. Ta je sloZzena ze dvou
dypyridinovych podjednotek protoporfyrinu IX (dvojna vazba na uhliku C4 a C15). Lipofilni
charakter bilirubinu je dén jeho konformaci tvofenou intramolekuldrnimi vodikovymi mustky
mezi kyselinou propionovou na pyrolovych kruzich B a C a polarnimi skupinami pyrolovych
kruhti D a A (Obr. 10) [130].

Konstituéni izomery bilirubinu IX B, o, y se od izomeru 47,157 1i8i odliSnym mistem
Stépeni hemu. Ztraci tim moZnost tvorby vodikovych mustkd a lipofilitu. Jsou tedy vice polarni
a jejich exkrece je moZznd bez nutnosti konjugace s kyselinou glukuronovou [131].
fotooxidace méni na relativné stabilni molekuly (lumirubin). Této moZnosti pfemény bilirubinu
na polarni molekulu se vyuziva i v klinické praxi, pifi fototerapii novorozenecké Zloutenky

[132].
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Obr. 10: Prostorové usporadani bilirubinu
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Obr. 10: Prostorové usporadani bilirubinu. Nejstabilnéjsi uspordadani molekuly bilirubinu

1Xa, zobrazeny polarni skupiny kruhit A a D, pyrrolové kruhy B a C s karboxylovymi skupinami.

V séru/plazmé mulZeme rutinnim laboratornim vySetfenim detekovat jednotlivé frakce

bilirubinu. Podle toho, zda je jiz bilirubin po konjugaci s kyselinou glukuronovou jej 1ze délit:

a)

b)

Bilirubin nekonjugovany — je molekulou nepolarni, k tranportu do jater vyuziva vazbu
nejCasteji s albuminem (viz dale). Jeho koncentrace je stanovena jako rozdil celkového
a pfimého bilirubinu. Za nekonjugovany bilirubin lze za béZnych podminek, kdy je
v cirkulaci jen zanedbatelné mnoZzstvi konjugovaného bilirubinu, povazovat koncentrace
celkového bilirubinu.

Bilirubin konjugovany - vznika po konjugaci s kyselinou glukuronovou v hepatocytech,
je molekulou poldrni a je sekretovan do zluce. Za fyziologickych podminek jsou
koncentrace v séru/plazmé zanedbatelné a 1 uvadeéné fyziologické meze do 5 % koncentraci
celkového bilirubinu jsou dany vétsSinou faleSnou pozitivitou ptimé diazoreakce [133, 134].
Konjugovany bilirubin je tvofen diesterem bilirubinu s kyselinou glukuronovou, v mensi
mife jsou zastoupeny monoestery a dale estery s glukozou a s xylézou. Za podminek
déletrvajici cholestazy se v cirkulaci vyskytuje 1 tzv. delta-bilirubin, ktery je véazan
na albumin kovaletni vazbou. Vznika transesterifikaci glukuronosyl bilirubinu, nevylucuje

se do mo¢i a v diazoreakci reaguje pfimo.
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V rutinni klinické praxi je bilirubin stanovovan na automatickych analyzatorech vyuzivajicich
fotometrické stanoveni azoderivatu bilirubinu [135, 136]. Principem této metody, je reakce
bilirubinu s diazotizovanou kyselinou sulfanilovou v kyselém prostiedi, ktera probiha v ptipadé
konjugovaného bilirubinu pfimo, nebo v ptipadé nekonjugovaného bilirubinu az po piidani

akceleratoru (nejcastéji alkohol, kofein, aceton) [137].

1.5.3. Koncentrace bilirubinu v krevnim séru
Stanoveni referencnich mezi rutinnich analyti pouzivanych v klinick¢ mediciné ma zcela
zésadni diagnosticky vyznam. I pfes teoretické kvalitativni pozadavky na kvalitu jsou
referencni meze nékterych analytl opfeny o jen konsensudlni rozhodnuti Iékatskych
spole¢nosti [ 138] nebo populacni studie s otaznou validitou [139-141] . Koncentrace analytu se
méni za riznych podminek (napi. détstvi, t€hotenstvi, stafi, vliv zivotniho stylu), ale 1isi se
1 v jednotlivych etnickych skupinach ¢i podle pohlavi a toto zcela plati i pro systémové
koncentrace bilirubinu.

Systémové koncentrace bilirubinu jsou skutecné ovlivnény fadou proménnych. Naptiklad
u Zen jsou koncentrace bilirubinu az o 30 % niZ8i, coz je dano vlivem estrogentl, které snizuji
aktivitu enzymu bilirubin UDP-glukuronosyltransferdzy (UGT1A1, OMIM No.*191740) [112,
142, 143]). Zeny s prokazanym GS maji i niz§i koncentrace nekonjugovaného bilirubinu oproti
muzim s GS a n¢které skupiny zen by dokonce mohly byt podle stavajicich referen¢nich mezi
klasifikovany jako normobilirubinemické, i1 proto by koncentrace bilirubinu mély byt
adjustovany na pohlavi [144]. Ve studiich by mé&l byt kladen diraz i na v€k (koncentrace
a americké populace, nejvyssi jsou v ¢inské populaci [141, 146]). Koncentrace se mohou ménit
i béhem dne (odpoledni méfeni jsou az 0 30 % nizs§i nez ranni vrchol bilirubinémie [147])
dokonce i v zavislosti na roénim obdobi (v japonské praci byly zaznamenény nizsi koncentrace
v zim¢ ve srovnani s létem [148]). Dalsi faktory, které¢ ovliviiuji systémové koncentrace
bilirubinu, mohou byt spojeny se Zivotnim stylem. Jedna se napf. o dietni zvyklosti [144, 149],
ptijem alkoholu [150], fyzickou aktivitu [151, 152], chronickd onemocnéni [58, 153],
nebo kouteni [154]. Ani vliv medikace neni nevyznamny. Napiiklad 1écba bézné dostupnymi
a Casto uzivanymi nesteroidnimi antirevmatiky nebo hypolipidemiky miiZze u n€kterych jedinct
vést k mirné elevaci systémovych koncentraci bilirubinu [144]. Opacny efekt byl zjistén pfi
1é€bé hormonalnimi kontraceptivy, kde byl az 30 % pokles koncentraci bilirubinu [155].

V tivahu je nutné vzit i dalsi faktory (preanalytické i analytické) [141].
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Stanoveni referen¢nich mezi pro bilirubin je tedy velmi slozité. Rada klinickych laboratoii
proto vychazi z doporuceni, ktera jsou dana vyrobci jednotlivych testovacich sad [140]. Ty
se ve svych manudlech opiraji o data, kterd vychéazi z malych skupin testovanych (vétSinou
pouzivané referenéni meze by tedy mély byt v mnoha ptipadech znovu pichodnoceny,
a to nejen pro jednotlivé populace, ale zvlast i muze a zeny.

Jaké jsou tedy fyziologické koncentrace bilirubinu v krevnim = séru/plazmé
na zakladé dostupnych dat? Rozlozeni bilirubinu mé v populaci bimodalni charakter, ktery je
dan prevalenci GS [141, 157]. Obecné, je za median systémovych koncentraci bilirubinu
povazovana koncentrace kolem 10 pmol/l, primérné koncentrace jsou mirn¢ nizsi [158].
Za fyziologické systémové koncentrace bilirubinu se bézné¢ udava rozmezi 3-20 pmol/l,
koncentrace konjugovaného bilirubinu jsou v séru/plazmé za fyziologickych podminek
zanedbatelné a nemély by ptesahovat 3-5 % celkového bilirubinu [134]. RozloZeni koncentraci
bilirubinu v¢etné jejich vystupt v klinické praxi dobte ukazuje prace Creedona et. al,. (Obr. 11).
Je ziejmé, Zze udavana rozmezi koncentraci bilirubinu v krevnim séru/plazmé jsou pftili$ Siroka,
obzvlasteé kdyz 1 jen mikromolarni zména v koncentraci bilirubinu je spojena se zménou rizika
nejen kardiovaskularniho ale i metabolického [159]. Toto dokladaji i dal$i studie, kdy naptiklad
v britské studii zahrnujici muze sttedniho véku byly sérové koncentrace bilirubinu pod 7 umol/l
spojeny s 30 % vzestupem relativniho rizika koronarni ptihody v porovnani s muzi, jejichz
koncentrace bilirubinu byly mezi 8 a 9 umol/l [160]. Naopak vzestup koncentraci bilirubinu
o 1 pmol/Il redukuje riziko rozvoje diabetes mellitus u muzti o 11 % [161].

V nasi préci byly za referenéni meze povaZzovany koncentrace bilirubinu v krevnim
séru/plazmé 3-17 pmol/l. Data se opiraji o Gidaje uZivané laboratofi Ustavu lékatské biochemie
a laboratorni diagnostiky 1. lékafské fakulty Univerzity Karlovy a VSeobecné fakultni
nemocnice v Praze (ULBLD 1. LF UK a VFN) [162]. Pojem bilirubin oznaduje v nasi praci
koncentrace bilirubinu v krevnim séru/plazmé (soucet konjugovaného a nekonjugovaného
bilirubinu za ptedpokladu, Ze konjugovany bilirubin neptesdhl 5 % z celkové koncentrace

bilirubinu — do studii tedy nebyli zatazeni jedinci s konjugovanou hyperbilirubinémii).
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Obr. 11: Koncentrace bilirubinu a klinické implikace
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Obr. 11: Koncentrace bilirubinu. Zleva doprava jsou zndzornény koncentrace bilirubinu
a jejich mozne biologické dopady na organismus. Koncentrace bilirubinu mezi 2-10 umol/l jsou
oznacovany  jako  hypobilirubinémie a  jsou  asociovany s obezitou, NAFLD
i kardiovaskularnimi nemocemi. Fyzickd aktivita miize vést k elevaci koncentraci bilirubinu
(14- 40 umol/l). Bilirubin puisobi i jako hormonalni latka, a to diky jeho vazbé na nukledarni
receptor PPARa, ktery aktivuje transkripci genit v hepatocytech (FGF21, CYP4A)
a adipocytech (UCP1, ADRB3) s naslednou aktivaci mechanismii zprostredkujicich p-oxidaci
mastnych kyselin. Pri vyssich koncentracich bilirubinu dochazi k aktivaci MRGPRX4 receptoru
se zménami neuromuskuldarniho drazdeéni, pri koncentracich extrémnich se pak uplatiuji
i ucinky neurotoxické. Upraveno podle ref. [159].

Legenda: PPARo — peroxisome proliferator-activated receptor alfa, NAFLD — non-alcoholic
fatty alcoholic liver disease, CVD — kardiovaskuldrni onemocnéni, MRGPRX4- Mas-Related
G-protein coupled member X4, FGF21 — fibroblast growth factor-21, CYP4A- cytochrome
P 450 izoenzym 44, UCP1- uncoupling protein 1, ADRB3- Beta-3 adrenergic receptor.

1.5.4. Transport bilirubinu v systémovém recisti
Jak je uvedeno vySe, nekonjugovany bilirubin je hydrofobni molekulou. Jeho transport
v cirkulaci je umoznén vazbou na albumin [163]. Vazebnou schopnost bilirubinu maji 1 né€které

dalsi molekuly jako jsou apolipoprotein D v molekule HDL lipoproteinu [164], nebo
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o1- fetoprotein (AFP) v Casném neonatdlnim obdobi [165]. Albumin je pro transport
nekonjugovaného bilirubinu specificky vybaven. Na svém povrchu ma celkem tii vazebna
mista, na kterd je nekonjugovany bilirubin vazan prostiednictvim g-aminoskupin dvou lysint
[166, 167]

Za fyziologickych koncentraci v séru (kolem 40 g/l) je albumin schopen vazat
nekonjugovany bilirubin az do koncentraci 600 umol/l. Tato hodnota, mnohonasobné
prevysuje fyziologické koncentrace nekonjugovaného bilirubinu v séru [168, 169]. Vazba mezi
nekonjugovanym bilirubinem a albuminem neni zcela specifickd, bilirubin mize z vazby
albuminu relativné snadno disociovat. Vazebna mista albuminu mohou byt obsazena jinymi
latkami (napfiklad mastnymi kyselinami nebo lipofilnimi léky). Pevnost vazby mezi
nekonjugovanym bilirubinem a albuminem klesa pfi acidéze nebo u¢inkem nékterych 1€k,
sulfonamidi [163]. Vyvazani nekonjugovaného bilirubinu z molekuly albuminu vede
k vzestupu koncentrace volné frakce (Bf, bilirubin free) [169]. Za fyziologickych podminek je
mnozstvi volné frakce bilirubinu zcela zanedbatelné (méné nez 0,01 % z celkové koncentrace
bilirubinu). Tento volny bilirubin je schopen prostupovat do bun€k a v nich alterovat
fyziologické funkce. Z experimentalnich praci vyplyva, ze Bf ovlivituje nejen dychaci fetézec
mitochondrii, ale inhibici kinaz blokuje 1 intracelularni signaliza¢ni drahy a spousti apoptozu

bun¢k [170]. Nezanedbatelné jsou cytotoxické uc¢inky na nervovou soustavu [171, 172].

1.5.5. Jaterni metabolismus bilirubinu
Po uvolnéni nekonjugovaného bilirubinu z vazby na albumin je v dal§im kroku transportovan
do hepatocytu. Tento pienos je umoznén aktivné prostfednictvim transportéru ze skupiny
pfenasecii pro organické ionty (OATP, organic anion transport proteins), konkrétné z rodiny
OATP1A1 a OATPIBI [173]. Pfedpoklada se, Ze tento aktivni transport je funkéni pfi nizkych
koncentracich Bf (<40-50 nM). Pokud koncentrace Bf vzroste, je transport nekonjugovaného
bilirubinu pfes sinusoidalni pol hepatocytii umoZznén patrné i prostou difuzi [163, 174].

Hlavni postaveni mezi OATP transportéry zaujima prenase¢ OATP1BI1 (¢i také oznacovan
OATP2, SLCO1B1, OMIM No.604843) a OATP1B3 [175]. Tyto transportéry jsou kédovany
geny SLCOIAl a SLCOIB3 [176]. Pravé mutace v obou alelach téchto genli zodpovidaji
za snizenou aktivitu transportnich proteint OATP1B1 a OATP1B3, coz je molekuldrni
podstatou Rotorova syndromu [177].

Tytéz transportéry se kromé transportu nekonjugovaného bilirubinu podili 1 na clearance

a detoxikaci jinych endogennich i xenogennich latek, jako jsou napiiklad nekonjugované
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zlucové kyseliny [178], porfyriny [179, 180], steroidni hormony [180], radiofarmaka nebo
thyroidalni hormony. Z fad medikamenti je nutné zminit makrolidové antibiotika [181], statiny
[182], metotrexat a jiné [183].

V experimentu bylo na mySim modelu prokazano, ze proteiny OATPI1B1/B3 jsou
v hepatocytech zodpovédné také za zpétné vychytavani konjugath bilirubinu, zatimco protein
MRP3 zprostiedkovava sekreci téchto konjugatt zpét do sinusoidalni krve [177, 184]. Tento
jaterni cyklus se odehrava jak v periportalnich tak i v centrizonalnich hepatocytech (Obr. 12).
A stejnym mechanismem dochézi z periportalnich do centrizonéalnich hepatocyti k presunu
nejen konjugovaného bilirubinu, ale i dalSich, vyse zminénych substrata [185].

Tento tzv. hopping bilirubinu je dilezity z n€kolika davodi:
1. zvySuje celkovou sekrecni kapacitu jater pro bilirubin

2. chrani periportalni hepatocyty pfed toxickym ucinkem endogennich latek

i resorbovanych xenobiotik ¢i jejich konjugatt [186].

Obr. 12: Schéma jaterniho cyklu konjugovaného bilirubinu

hopping

4]
o
r MRP1 MRP3 MRP4 garp1al 1B3 MRP1 MRP3 MRP4 paTP1Al 1BE3
T
& BILIRUBIM BILIRUEIM
. UGT1A1 UGT1A1
i
T bisglukuronazylbilrubin bisglukuronozyl bilinubin
r yRPZ ABCG2 $/IRPZ ABCG2
a ¥ v
k
T
periportaini hepatocyt centrizonalni hepatocyt

Obr. 12: Hepatocytarni hopping konjugovaného bilirubinu. Degradaci hemu vznika
nekonjugovany bilirubin, ktery je transportovan portalnim systéemem ve vazbée na albumin.
Po vstupu do hepatocytu dochazi k jeho konjugaci s kyselinou glukuronovou. Mikrozomalni
enzym UGTIAIl zprostredkoviava prenos glukuronosylu z UDP-glukuronatu na bilirubin
za vzniku mono ¢i bisglukuronosyl bilirubinu, které jsou sekretovany do zluce. Tento transport

je umoznen aktivne prostrednictvim transportéru MRP2 (multidrug resistence protein 2),
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v mensi mire také transportérem ABCG2. Za fyziologickych podminek je podstatna cast
konjugovaného bilirubinu diky MRP3 transportéru navracena zpét do sinusoidalni krve, odkud
je znovu prenesena do hepatocytii po sméru toku prostrednictvim transportnich proteini
OATPIBI a OATPIB3 (Oatpla a Oatplb u mysi). Tato smycka sekrece a zpétného vychytavani
miize zabranit saturaci biliarni exkrece v periportalnich hepatocytech, a tim zajistit ucinnou
biliarni eliminaci a detoxikaci hepatocytii. Analogicky proces plati pro mnoho léciv

konjugovanych v jatrech. Upraveno podle ref. [187].

1.5.6. Konjugace bilirubinu s kyselinou glukuronovou
Po ptesunu do cytoplasmy hepatocytu je nekonjugovany bilirubin navdzan na intracelularni
bilkoviny, oznacované jako proteiny Y (jaterni ligandin, patiici do skupiny glutathion-S
transferdz) a Z (FABP1, fatty acid binding protein 1) [188]. Toto spojeni zabrafniuje zpétnému
navratu nekonjugovaného bilirubinu do systémové cirkulace, stejné jako brani jeho vazbé
na intraceluldarni membrany [189]. Protein Y pienasi nekonjugovany bilirubin do hladkého
endoplasmatického retikula, kde probéhne konjugace s kyselinou glukuronovou [190].
Transportni protein Z je jaterni izoformou cytoplazmatického proteinu FABP1, ktery hraje vétsi
roli v metabolismu retinoidli a volnych mastnych kyselin nez jako transportér nekonjugovaného
bilirubinu [191, 192].

Nekonjugovany bilirubin, asociovany s endoplasmatickym retikulem, je stdle molekulou
nepolarni. Aby byla umoZnéna jeho sekrece zluc¢i, je zapotiebi, aby byl transformovan
napolarni formu. Této zmeény je dosazeno konjugaci s kyselinou glukuronovou.
Glukuronosylaci se méni trojrozmérna struktura nekonjugovaného bilirubinu (uvolnénim dvou
vodikovych mistkli a expozici polarnich skupin), na molekulu polarni, ve vodé rozpustnou
[193]. Konjugace nepiimého bilirubinu s kyselinou glukuronovou je katalyzovana enzymem
UGT1A1 [194]. Samotné konjugaci predchazi enzymaticka aktivace kyseliny glukuronové
uridindifosfatem (UDP). Reakce probihd na vnitini strané endoplasmatického retikula, kde
dochazi k esterifikaci karboxylovych skupin obou propionati (C8 a C12). Cely proces
od degradace hemu vcetné konjugace je velmi rychly a trvé pfiblizn€ 1-2 minuty. Vyslednym
produktem konjugacni reakce je bisglukuronosyl bilirubin (cca 80 %). Za fyziologickych
podminek tvofi hlavni formu konjugovaného bilirubinu ve zluci [195]. V malém mnozstvi
vznika monoglukosiduronat (10 %), jehoz obsah ve Zluci stoupd hlavné u kojencii, z diivodu

nezralosti konjugacniho systému [196], ale také ujedinci s GS (také viz dale) [197].
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Ve stopovych mnozstvich jsou ve zluc¢i obsazeny 1 dalsi konjugaty bilirubinu, jako naptiklad

monoglukosidy, xylosidy a monoglukosyl-monoglukuronosidy.

1.5.6.1. UDP-glukuronosyltransferazy
UDP-glukuronosyltransferazy (UGT) patii do skupiny konjugacnich enzymu, které se podili
na konjugaci substratu s kyselinou glukuronovou. Jednd se o fylogeneticky staré
biotransformacni enzymy [198], které byly nalezeny jiz u primitivnich bakterii [199].

UGT jsou pfitomny v hladkém endoplazmatickém retikulu, vzacnéji je lze nalézt
1vbunééném jadie. NejvysSsi koncentrace UGT se nachazi v jatrech, nezanedbatelné
koncentrace byly popsany i v tenkém a tlustém stieve, v plicich, reprodukénich orgéanech,
mozku ¢i ledvindch [200]. Jejich hlavnim ukolem je transformace lipofilnich molekul

na polarnéjsi slouceniny, které jsou pak snaze eliminovany z organismu [200] (Obr. 13).

Obr. 13: Schéma glukuronosylace
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Obr. 13: Konjugace s kyselinou glukuronovou. UGT se podili na eliminaci rady
endogennich i exogennich latek. Enzymy jsou lokalizovany na vnitini strané endoplazmatického
retikula (ER). Konjugacni reakce zahrnuje prenos kosubstratu kyseliny UDP na hydrofobni
molekulu vedouci k tvorbé B-D-glukopyranosiduronovych kyselin nebo derivatii glukuronidu.

Vznikla hydrofobni molekula je vyloucena do Zluce. Upraveno podle ref. [200)].
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Genova superrodina UGT mé svou nomenklaturu. Zakladem této nomenklatury je zkratka
UGT, za kterou nésleduje Cislo, které urCuje ptislusnost ke genové rodiné. Dalsi v poradi je
pismeno A nebo B, které patii podrodiné. Nasleduje opét arabské Cislice, ktera determinuje
konkrétni gen [201]. UGT superrodinu je mozné rozdé¢lit do ¢tyt rodin — UGTI, UGT2, UGT3,
UGTS, a ty se déli na podrodiny: UGTI1A, UGT2A4 a UGT2B, dale UGT3A4, UGT8A [199]. Tyto
podrodiny jsou kodovany vice nez 26 geny. Osmndct z nich (zejména z podrodiny UGTI1A4

a UGT?2) kdduje funkeni proteiny, zbytek tvoii pseudogeny.

Rodina genu UGTI
Gen, ktery kdduje tuto podrodinu je vysoce polymorfni a nachézi se na 2. chromozomu (2¢37.1)
[202-204]. Je slozen celkem z péti exond. Jeden z nich je unikatni a dalsi ¢tyfi jsou touto

skupinou sdileny (Obr. 14) [205]. Do této skupiny patii celkem 13 gend.

Obr. 14: Fylogram lidskych proteini UGT1A a UGT2B a usporadani jejich genii
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Upraveno podle ref. [205].

Nejvice prozkoumanym genem je UGTIAI, ktery se podili na metabolismu bilirubinu. Déle
sejednd o geny UGTIA2P, UGTIA3-UGTI0, UGTIAIIP, UGTIA12P, UGTIAI3P. Plng
funkénich je jen 9 transkriptd, zbyvajici Ctyfi jsou pseudogeny (UGTIA2P, UGTIAIIP,
UGTIAI2P a UGTIA13P) [201].
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Enzym UGT1A1
Podili se na biotransformaci celé fady endogennich i exogennich latek. Funkéni mutace v genu
UGTIAI maji za nasledek snizeni aktivity enzymu UGTI1Al avzestup koncentraci
nekonjugovaného bilirubinu v séru [206, 207]. Do této skupiny familiarnich nekonjugovanych
hyperbilirubinémii se fadi Crigleriv—Najjartiv syndrom I. a II. typu, pro ktery je typické snizeni
¢i uplné vymizeni aktivity UGT1A1 [208]. Jind mutace v oblasti promotoru genu UGTIA1
(tzv. TATA boxu) vede k dinukleotidové inzerci TA, coz je molekularni podstatou

GS v kavkazské populaci [111] (podrobné;ji viz nize).

Rodina genu UGT?2
Tato rodina se v genomu nachazi na 4. chromozomu (4¢13). Obsahuje 2 podrodiny — UGT2A4

(tf1 geny) a UGT2B (sedm genl a pét pseudogentl). Geny této rodiny obsahuji celkem Sest
exontl. Jen vznik UGT2A41 a UGT2A2 se od zbytku rodiny 1i8i [199].

Rodina genu UGT3
Nachazi se na 5. chromozomu (5p13.2) a skladé se ze dvou podrodin — UGT341 a UGT3A2.
Doposud nebyl zjistén jejich klinicky dopad [201].

Rodina UGTS
Je zastoupena proteinem UDP-galaktosyltransferazou, kterd je kodovana genem lokalizovanym

na 4. chromozomu (4q26). Tento enzym katalyzuje vznik galaktosylceramidu [209].

1.5.7. Sekrece bilirubinu do Zluce
Konjugovany bilirubin je do Zluc¢e vylucovan aktivné na kanalikuldrni membrané hepatocytd.
Aktivni transport je umoZznén prostfednictvim multispecifického transportéru organickych
anionti ABCC2 (MRP2, multidrug resistence protein 2) [210] [207]. MRP2 se krom¢ sekrece
konjugovaného bilirubinu podili 1 na exkreci nékterych xenobiotik, organickych ionti
a glutathionu [175, 211]. Porucha tohoto transportniho systému je pfic¢inou konjugované
hyperbilirubinémie. Jedna se o relativné vzacnou autosomalné recesivni poruchu metabolismu
bilirubinu, kterd nese jméno podle svych objeviteld Dubina a Johnsona [212]. Ackoliv zde
nachazime vys$i koncentrace nekonjugovaného bilirubinu, klinicky je Dubinliv-Johnsoniv
syndrom povazovan na benigni a nevyzaduje zddnou lécbu. Dal§im proteinem uplatiiujicim
se v transportu konjugovaného bilirubinu je i cytoskeletalni protein radixin, ktery ukotvuje

protein ABCC2 ke kanalikularni membrané [213].
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1.5.8. Strevni metabolismus a exkrece bilirubinu
Hlavni eliminacni cestou konjugovaného bilirubinu je travici trakt. Konjugovany bilirubin
se systémem intrahepatalnich a extrahepatalnich zlu¢ovodi dostavd do duodena. V oblasti
tlust¢ho stfeva je dekonjugovan enzymem [-glukuroniddzou uvolnénym z enterocyti
a koliformnich bakterii [214]. Vlivem pilisobeni stfevnich bakterii je nekonjugovany bilirubin
redukovan na finalni produkty tzv. urobilinoidy [215, 216]. Nejvyznamnéjsi jsou urobilinogen
a sterkobilinogen. Urobilinoidy podléhaji dal$i oxidaci a spoleéné¢ s nemetabolizovanym
bilirubinem jsou vylu¢ovany stolici, které dodavaji charakteristickou hnédo-oranzovou barvu.
Za urcitych podminek je malé mnozstvi nekonjugovaného bilirubinu a ¢astecné i urobilinoidi
ze stfevniho lumen zpétné€ resorbovano a portidlnim ob&hem transportovano zpét do jater
a opétovné vylouceno do zluCe, hovoiime o tzv. enterohepatidlnim cyklu [169]. Denné
se vylou¢i u zdravého dospélého jedince stolici pfiblizné 50 az 250 mg bilirubinu,
coz ptedstavuje 17-83 % jeho denni produkce [207, 217]. Schematické znazornéni

metabolismu bilirubinu je zndzornéno na Obr. 15.

Obr. 15: Schéma metabolismu bilirubinu
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Obr. 15: Schématické znazornéni metabolismu bilirubinu. Uvolnény hem je prostrednictvim
HMOXI premeénén na biliverdin, ktery je za pritomnosti BLVR katabolizovan na bilirubin. Ten
je molekulou nepolarni a k transportu do jater vyuziva predevsim vazby na albumin. OATP1B1
umoznuje vstup bilirubinu do hepatocytu, kde probihda jeho konujugace s kyselinou glukuronou

na polarni molekulu. Konjugovany bilirubin je transportéerem MRP2 sekretovan do Zluce.
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V tlustéem streve je [-glukuroniddazou dekonugovan a redukovan na urobilinoidy. Upraveno

podle ref. [218]

1.5.9. Ikterus (Zloutenka)
Jako Zloutenku oznacCujeme stav, kdy dochazi ke zlutému zbarveni sklér, kiize a sliznic.
Pti¢inou je elevace sérovych koncentraci bilirubinu nad 34 pmol/l. ZvySeni hladin sérového
bilirubinu nad 17 pumol/l vede ke vzniku subikteru [219]. Jméno zloutenka bylo odvozeno
od francouzského slova jaundice, které bylo poprvé uzito u nemocnych infikovanych virem
zluté zimnice. Nespravné se jako zloutenka oznacuje v bézné populaci virové onemocnéni jater

(hepatitida, ,,infek¢ni Zloutenka®), kde je ikterus dilezitym symptomem.

Podle typu hyperbilirubinémie rozdélujeme poruchy metabolismu bilirubinu do tfech skupin:

1. nekonjugované hyperbilirubinémie — nejcastéji v dasledku nadprodukce

bilirubinu nebo jeho porusené konjugace v jatrech

2. konjugované hyperbilirubinémie — v dusledku poruchy bilidrni sekrece

konjugovaného bilirubinu nebo obstrukce Zlu¢ovych cest

3. smiSené hyperbilirubinémie — kombinace obou ptechozich typt (do této skupiny
patii 1 hyperbilirubinémie z kardidlnich pfi€in, napf. pfi pravostranném srdecnim

selhavani)

Podle lokalizace poruchy metabolismu bilirubinu délime hyperbilirubinémie na prehepatélni,

hepatalni a posthepatalni [219].

a) Prehepatalni priciny Zloutenky
Pti tomto typu postizeni dochazi ke zvySeni sérovych koncentraci nekonjugovaného bilirubinu.
Nejcastéjsi pfi¢inou nadprodukce nekonjugovaného bilirubinu jsou hemolytické anémie,
pii kterych  dochézi ke zvySenému rozpadu erytrocyti a degradaci hemu. Jedna
se 0 membranové abnormality (napi. sférocytéza) ¢i enzymatické defekty erytrocytli, které
zkracuji dobu  jejich  zivotnosti (naptf. deficit glukoza-6-fosfatdehydrodenazy).
K nekonjugované hyperbilirubinémii vedou nejen poruchy erytropoézy, ale také extravazace

krve (napf. velké hematomy). Mensi mnozstvi nekonjugovaného bilirubinu vznikd
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za normalnich okolnosti i pfi rozpadu myoglobinu a cytochromt, za patologickych okolnosti,

napf. pfi rhabdomyolyze muze tento zdroj bilirubinu nabyt klinického vyznamu.

b) Hepatalni pricina ikteru
U tohoto typu poskozeni jaterni tkan¢ mize dochazet v krevnim séru ke zvyseni konjugovaného
i nekonjugovaného bilirubinu, eventudlné¢ obou typt bilirubinu. Elevace nekonjugovaného
bilirubinu je dana poruchou konjugace bilirubinu. Znédmy jsou tfi typy vrozené nekonjugované
hyperbilirubinémie zptusobené deficienci UGT1A1l. Nejcastéjsi znich je GS (mutace
v promotorové casti genu UGTIAI), méné¢ cCastéji diagnostikujeme Crigleriv—Najjarav
syndrom. Podle typu strukturalni mutace nékteré¢ho z péti exonti genu UGTIAI rozliSujeme
typ I (prakticky nulova aktivita UGT1AT1) ¢i typ II (vyrazny pokles enzymatické aktivity) [137].
Aktivita enzymu UGTIA1 miiZe byt sniZzena i vlivem jaternich zanétl, fibrézy nebo vlivem
pusobeni nékterych xenobiotik. Také u novorozenct je konjugaéni systém nezraly (viz nize).
Méng¢ Castou pricinou tohoto typu bilirubinémie mtize byt i porucha transportnich pienasecu,
zejména OATP1A1 a OATP1BI.

Konjugovand, piima, hyperbilirubinémie vznika po konjugaci bilirubinu s kyselinou
glukuronovou. Nelze opominout i méné Casté, familiarni pfiiny poruchy konjugace, které jsou

pri¢inou Rotorova a Dubinova-Johnsonova syndromu (viz vyse).

c) Posthepatalni pricina ikteru
Nejcastéjsi pricinou je obstrukce ZluCovych cest. K obstrukci mize dojit z pficin
intrahepatalnich ale i utlakem zlu¢ovodl z okolnich struktur. Nejcastéji je ikterus zplsoben
obturaci toku Zlu€ovymi konkrementy, méné casto tumorem. Z extrahepatalnich pfi€in se jedna
zejména o obstrukci v disledku tumort Zlucovych cest, Zlu€niku, hlavy pankreatu ¢i edémem

této oblasti pfi pankreatitide.

1.5.9.1. Novorozenecka hyperbilirubinémie
U novorozencl se v ¢asném obdobi béZné¢ nachazeji vysSi koncentrace nekonjugovaného
bilirubinu v séru, coz se oznacuje terminem novorozenecka zloutenka. Koncentrace
nekonjugovaného bilirubinu jsou v pupecnikové krvi kolem 30 umol/l, ale kratce po porodu
(zpravidla treti den) dochdzi kjejich elevaci a primérné dosahuji koncentraci kolem
100 umol/l. Za pfiblizné dva aZ tfi dny dochédzi k poklesu nekonjugované bilirubinémie
na polovi¢ni koncentrace a 12. den jsou jiz srovnatelné s koncentracemi nekonjugovaného

bilirubinu u dospélych [220-222].
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Dle vysledkii rozsahlych epidemiologickych studii se ukazuje, ze hrani¢ni, potencialné
toxickou hodnotou je u zralych a donoSenych novorozenct koncentrace nekonjugovaného
bilirubinu 340 pmol/l [221]. Pfi hodnotich vysSich se jednd o téZkou novorozeneckou
hyperbilirubinémii [223]. Se zvySujicimi se koncentracemi nekonjugovaného bilirubinu stoupa
1 Bf, kterd je pro novorozence vysoce rizikovd. Bf pronikd snadno do bunék, kde piisobi
cytotoxicky. Vyznamné nebezpeci piedstavuje jeho prichod pres hematoencefalickou bariéru
[170]. Postizeni centralniho nervového systému (CNS) mulize vzniknout jiz kratce po narozeni.
Béhem prvnich tydnl se jednd o akutni bilirubinovou encefalopatii nebo vznika postizeni
pozdéji  pfii vleklém, chronickém zvySeni koncentraci nekonjugovaného bilirubinu.
nekonjugovaného bilirubinu do oblasti bazalnich ganglii, hipokampu, mozecku a jader
4. mozkové komory. Klinicky se projevuje hypotonii, zvracenim, hyperpyrexii a kiecemi [224,
225]. Nastésti je toto onemocnéni v Ceské republice velmi vzacné. Vys§i koncentrace
Bf inhibuji mitochondridlni respiraci, blokuji intracelularni signalizaéni drdhy a vedou
k apoptoze bunék [226]. Podil na toxickych ucincich mé i mnozstvi albuminu. Nizsi
koncentrace albuminu vedou k niz$i solubilizaci bilirubinu [174], a to vede ke zvySeni
koncentraci potencialné toxického Bf.

Z vysledku studii vyplyva, ze novorozenci, u kterych byly zaznamenany vyssi koncentrace
nekonjugovaného bilirubinu pfi nekomplikovaném pribehu Zzloutenky (<340 pmol/l) méli
v neonatdlnim obdobi v porovndni s novorozenci sniz§i bilirubinémii snizeny vyskyt
onemocnéni spojenych se zvySenym oxidacnim stresem [227, 228].

K 1écbé novorozenecké Zloutenky se vyuziva fotochemickych vlastnosti molekuly
bilirubinu. Pfi plsobeni modrozeleného svétla o vinové délce 430-490 nm dochazi
k fotoizomerizaci nekonjugovaného bilirubinu na jeho polarnéjsi izoformu 4Z,15E-bilirubin
a nasledné lumirubin [229]. Lumirubin ma polocas pouhé dvé hodiny a vylucuje se snadno
do zluce a do moci, aniz by musel byt konjugovan s kyselinou glukuronovou. I ptes Siroké
pouziti této metody je potieba opatrnosti, jelikoz i1 fototerapie miize mit i zdvazné nezadouci

Gginky [230].

40



1.6. Biologické vlastnosti bilirubinu
Prvni zminka o antioxida¢nim vlivu bilirubinu se objevila jiz v roce 1954 [231]. Nicmén¢ trvalo
dalsich 30 let, nez byla tato teze definitivné ptijata [S1]. Dnes je bilirubin povazovan za jeden
antioxidacni kapacité¢ krevniho séra [233, 234]. In vitro je jeho antioxidacni vliv na oxidaci
LDL v porovnani s vitaminem E az tficetkrat silngjsi [52, 235].

Mezi biologické ucinky bilirubinu patii jeho supresivni vliv na imunitni systém
[236], a to na vSech urovnich: inhibuje c¢innost komplementu [6, 237], inhibuje funkci
B- lymfocytt [238], ovliviiuje diferenciaci T regula¢nich lymfocyta [239]. Krom toho piisobi
1 protizanétlive. Snizuje produkei prozanétlivé pusobicich cytokini, inhibici Th lymfocytl vede
ke snizeni produkce TNFa [240]. Vyssi koncentrace bilirubinu negativné koreluji s hladinou
C reaktivniho proteinu (CRP) [241, 242], ktery ma sviij vyznam 1 v procesu aterogeneze [243-
245]. Dtlezitou ulohu hraje bilirubin 1 v endotelu. Prostfednictvim inhibice fosforylace
intracelularnich signaliza¢nich bilkovin a ovlivnénim exprese endotelovych adheznich molekul
zabranuje vzniku endotelidlni dysfunkce [246, 247]. Vyznamné redukuje oxidaci lipidi, véetné
LDL cholesterolu [235, 248]. Podstatn¢ zasahuje také do patogeneze nadorovych [249],
zanétlivych [250], autoimunitnich chorob [251, 252]. Mechanismy anti-aterogenniho piisobeni

bilirubinu jsou shrnuty v Tabulce 6.

Tab. 6: Biologické vlastnosti bilirubinu

Misto pusobeni Utinek bilirubinu
| krevniho tlaku
Cévni sténa 1 arterialni elasticity

1 koronarni vazoreaktivity
| exprese VCAM-1/ICAM-1/E-selektinu
| transendotelové migrace leukocytd
| LDL cholesterolu
Metabolismus lipidi | triacylglycerida
1 HDL cholesterolu

Bunééna adheze

. L 1 inzulinové senzitivity
Metabolismus sacharidi . . , .
| inzulinové rezistence

| aktivace a objemu trombocytt
1 aPTT

Hemostaza

1 celkové antioxida¢ni kapacity

Oxidacni stres .
|LDL oxidace a produkce AGEs

Distribuce tuku lvyskyt obezity a metabolického syndromu

Upraveno podle ref. [253].
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Podle recentnich dat se bilirubin podili na intracelularni signalizaci a piisobi zde jako hormon
(Obr. 16). Toto ptisobeni je umoznéno jeho vazbou na specificky receptor v membrané
hepatocytii. Poté, co je internalizovan do jadra, aktivuje jako ligand specifické receptory,
které se podili na aktivaci transkripce specifickych gent, které aktivuji B-oxidaci mastnych
kyselin v mitochondriich. Jejich prostfednictvim dochazi ke zlepSeni inzulinové rezistence

a redukci obezity [254, 255].

Obr. 16: Schéma signalizac¢niho piisobeni bilirubinu

cytoplazma
Bilirubin

Fyziologicksa
adpaved

Obr. 16: Bunécna signalizace bilirubinu. Bilirubin vstupuje do jadra prostrednictvim jeho
vazby na FABP receptor. V jadru dochazi k jeho vazbe na PPARa receptory a to vede ke zmené
ko-receptorovych proteinii na ko-aktivatory a tim je wumoznéna vazba komplexu
na rozpozndvaci elementy v promotorové oblasti DNA prislusnych genii. Tyto zmény vedou
v hepatocytech a adipocytech ke genové transkripci genii FGF21, CYP44A a UCPI a ADRBS3.
Tyto geny aktivuji ,,fat burning “ mechanismy v mitochondriich, dochazi k aktivaci f-oxidace
mastnych kyselin. Upraveno podle ref. [159]. Legenda: FGF21 —fibroblast growth factor 21,
CYP4A- cytochrome P 450 izoenzym 4A, UCPI- uncoupling protein 1, ADRB3- beta-3
adrenergic receptor, PPARa-peroxisome proliferator-activated receptor a, FABP- fatty acid
binding protein, PPRE-peroxisome proliferator response elements, DNA-deoxyribonukleova

kyselina.
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1.6.1. Bilirubin a kardiovaskularni onemocnéni
Prvni studie, kterd poukazala na vztah mezi koncentracemi bilirubinu a koronarni
ateroskler6zou, byla prace provedend na pilotech americké armady. Nizké koncentrace
bilirubinu piedstavovaly u téchto jedincii stejné riziko koronarni nemoci jako nizké koncentrace
HDL cholesterolu ¢i vysoky krevni tlak [256]. Z vysledkli rozsahlé meta-analyzy vyplyva,
ze kazdé zvyseni koncentraci sérového bilirubinu o 1 umol/l je u muza asociovano se snizenim
rizika vzniku kardiovaskularnich chorob az o 6,5 % (Obr. 17)[257]. Podobnych vysledkl bylo
dosazeno také v prospektivné probihajici tchajwanské studii pacienti s mikrovaskularni
anginou. U pacientl s nejniz§imi sérovymi koncentracemi bilirubinu byl vyssi vyskyt
nefatdlniho infarktu myokardu, ischemické cévni mozkové piihody ¢i re-hospitalizace

pro nestabilni anginu pectoris ¢i nutnost interven¢niho vykonu [258].

Obr. 17: Negativni vztah mezi sérovymi koncentracemi bilirubinu a vznikem

kardiovaskularnich chorob
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Upraveno podle ref. [257].
Protektivni efekt mirné zvySenych koncentraci nekonjugovaného bilirubinu byl prokéazan

1ujedinct s GS, u kterych byla zjiSténa nizka prevalence 1 3-letd incidence ICHS, vyssi

koncentrace HDL cholesterolu i celkové antioxida¢ni kapacity krevniho séra [234].
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Ve shodé¢ s témito vysledky bylo v jiné studii zjisténo, ze muzi s velmi nizkymi koncentracemi
sérového bilirubinu (pod 7 pmol/l) maji az o 30 % vyssi kardiovaskularni riziko v porovnani
s témi, jejichz koncentrace bilirubinu jsou nad 10 umol/l [259].

Pti¢inou nizkych koncentraci miize byt geneticka predispozice, nebo zvysSeny oxidacni
stres, ktery vede ke konzumpci bilirubinu jako antioxidantu [244]. Nicmén¢ je nutno zdiraznit,
ze protektivni vliv vysSich koncentraci bilirubinu se uplatiluje jen za splnéni podminky,
ze nejsou alterovany jaterni funkce. Vys$s$i koncentrace bilirubinu zpiisobené chronickymi
jaternimi chorobami totiz zadnou protekci proti kardiovaskularnim onemocnénim nepiinaseji,
naopak jsou tato onemocnéni prediktorem vysSiho rizika aterosklerdzy (Obr. 17) [260-262].
To je nutné brat v potaz nejen pii posuzovani epidemiologickych studii, ale i pfi hodnoceni
individualniho rizika. Piestoze vétSina provedenych studii byla provedena ptevazné na muzské
populaci (viz meta-analyza vyse), protektivni vliv bilirubinu se uplatituje, byt v mensi mifte,
iu zen [263]. Pficinou jsou jednak fyziologicky niz8i koncentrace sérového bilirubinu u Zenské
populace ale i nizky v€k sledovanych jedinct ve studiich, s ¢imz souvisi kardiovaskularni
riziko, nebot’ je znamo, ze u zen oproti muzim dochdzi k manifestaci kardiovaskuldrnich
chorob spisSe postmenopauzalné [263]. Protektivni vliv bilirubinu je tak mnohem Iépe vyjadien
u muZzu.

V odhadu rizika aterosklerotické kardiovaskularni pifithody méa role bilirubinu
nezanedbatelny vyznam. V praci publikované vr. 2000 Schwertnerem a Fischerem bylo
prokézano, Ze pokud byly koncentrace celkového bilirubinu ptfidany do kombinace
s koncentracemi lipidd, doslo ke zlepSeni odhadu predikce aterosklerotické koronarni ptihody
[264]. Bilirubin byl navrzen jako doplnujici rizikovy faktor 1 do Framinghamského rizikového
skore [265] a tento algoritmus byl vroce 2005 patentovan pro zpiesnéni odhadu
kardiovaskularniho rizika [266], nicmén¢ v klinické praxi se tento vzorec neuplatnil. Vzhledem
k limitacim tohoto skorovaciho systému [267, 268] se dnes vyuziva vice odhadu desetileté
fatalni aterosklerotické kardiovaskularni ptihody podle tabulek SCORE, které jsou dnes
designovany na jednotlivé populace (viz diive) [269].

Protektivni G¢inek bilirubinu se nevztahuje jen na koronarni fecisté. Negativni vztah mezi
koncentracemi bilirubinu byl prokazan i u aterosklerotického postizeni karotickych tepen [158]
¢i u pacientll trpicich ischemickou chorobou dolnich koncetin [270]. Negativni trend je
naznacen 1 u vzniku arytmii [271]. Dalsi klinické dikazy poukazuji na protektivni vliv
bilirubinu s fadou zdanlivé heterogennich chorob, které jsou ale svymi zanétlivymi

mechanismy spojeny s vysokym rizikem aterosklerotického postiZeni. Jedna se o chronickou
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obstrukéni pulmonélni nemoc [272, 273], idiopatické stfevni zanéty [274], systémovy lupus

erythrematodes [275], psoridzu [276] ¢i preeklampsii [277].

1.6.2. Bilirubin a metabolicky syndrom
Koncentrace sérového bilirubinu vykazuji negativni trend 1 s metabolickym syndromem. Tato
spojitost byla prokazana jak na dospélé [278-282], tak 1 na détské populaci [278]. Nizké
koncentrace bilirubinu jsou prediktorem porusené inzulinové tolerance [283] vcetné
kardiovaskularnich komplikaci [284, 285]. Nizké koncentrace bilirubinu byly u pacienta
s diabetus mellitus 2. typu identifikovany jako dulezity prediktor kardiovaskularnich chorob
[286]. Z rozsahlé¢ americké studie (NHANES) s témeét 16 000 jedinci vyplyva, ze jedinci
s koncentracemi bilirubinu nad 10 pumol/l maji az o 20 % nizsi riziko rozvoje diabetes mellitus,
v porovnani s témi, ktefi maji koncentrace bilirubinu pod touto hranici [287]. Na obdobné
vysledky poukazuje i rozsahla korejska studie ¢itajici 94 000 respondentti. Vyssi koncentrace
bilirubinu byly spojeny s niz§im rizikem diabetes mellitus a diabetické nefropatie [288], stejné
tak diabetické retinopatie [289]. Podobny negativni vztah, existuje i mezi koncentracemi
bilirubinu a vyskytem abdomindlni obezity [278-280, 282]. Nicmén¢ je nutné zdUraznit, Ze
v pfipad¢ Upravy Zivotniho stylu a pii redukci hmotnosti dochazi patrné v dusledku sniZeni

oxidac¢niho stresu k pozvolnému zvySovani koncentraci bilirubinu [290].

1.6.3. Bilirubin a nadorova onemocnéni
Bilirubin je dilezitym prediktorem nddorové mortality [291]. Z vysledkli experimentalnich
ataké klinickych praci vyplyva, Ze bilirubin ma anti-mutagenni [292] a anti-genotoxické
plsobeni [293, 294].

Vyznamna je v tomto ohledu rozséhlé studie Zuckera ef al., kterd na populaci 177 milioni
Americanti starSich 17 let prokdzala negativni vztah mezi koncentracemi bilirubinu
a nedermatologickymi nadory [145]. V této studii byly koncentrace nekonjugovaného
bilirubinu nad 17 pmol/l (odpovidajici fenotypu GS) spojeny se ¢tyinasobné niz$im vyskytem
kolorektalniho karcinomu [145]. Podobné vysledky ve vztahu bilirubinu a kolorektalniho
karcinomu prokazala i ¢eska studie Jirdskové et al. [295]. Dalsi vyznamnou praci popisujici
protektivni vliv bilirubinu stran malignich tumort je belgicka retrospektivni studie na vice nez
11 000 jedincich obou pohlavi. Vyssi koncentrace sérového bilirubinu byly v této studii s nizsi

mortalitou na onkologicka onemocnéni, zejména u muzi [36]. Obdobna data pochazeji z Velké
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Britanie, kde na vice nez ptilmilionovém vzorku britské populace byl prokazan negativni vztah

bilirubinu ke vzniku bronchogenniho karcinomu [296].

1.7.  Gilbertiv syndrom (syndrom benigni hyperbilirubinémie, GS)

GS je autosomalné recesivni porucha metabolismu bilirubinu, pro kterou je charakteristické
zvySeni sérovych koncentraci nekonjugovaného bilirubinu. Poprvé byl termin chronicka
hyperbilirubinémie popsan francouzskym Iékafem Augustinem Gilbertem na pocatku
20. stoleti. V prabéhu let se nomenklatura ménila, nicméné zadny z dalSich nazva se neujal,
a dnes je tedy benigni hyperbilirubinémie oznaCovana jako GS [297, 298].

Diagnoza GS je vétSinou provadéna per exclusionem. Musi platit, ze pfi¢inou
nekonjugované hyperbilirubinémie (>17 pmol/l) neni zadné jaterni poskozeni ¢i hemolyza.
Klinicky vyznam GS je zejména diferencidlné diagnosticky [298].

Laboratorné¢ nalézame vysS§i sérové koncentrace nekonjugovaného bilirubinu
nepiesahujici 70 pmol/l, které se mohou zvySovat béhem fyzické aktivity, hladovéni,
psychického vypéti ¢i vlivem uzivani alkoholu. Klinicky obraz je nespecificky, nicméné tinava,
bolesti v pravém podzebti ¢i nejriznéjsi dyspeptické ptiznaky do klinického obrazu GS nepatii
a jsou zpusobeny koincidujicimi pfi¢inami. Prakticky jde o benigni metabolickou poruchu,
kterd nevyzaduje zadnou terapii. Naopak jedincim s GS poskytuji zvySené koncentrace
nekonjugovaného bilirubinu v krevnim fecisti ochranu pfed rozvojem fady civiliza¢nich
onemocnéni [58, 111, 299]. Je vSak také znamo, Ze jedinci s GS maji vyssi vyskyt pigmentové
cholelithidzy, t¢Zsi priibéh novorozenecké Zloutenky ¢i vyssi riziko 1ékovych interakci [300,
301].

Ptic¢inou GS je v euro-americké a africké populaci specifickd mutace v promotorové oblasti
genu UGT1A1 (Obr. 18). Tato mutace vede ke sniZeni aktivity enzymu UGT1A1, ktery se podili

na konjugaci bilirubinu s kyselinou glukuronovou (viz vyse).
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Obr. 18: Schéma genu UGT1A41
1 2 3 4 5
Transkripce

I—>

tgccatatatatatatataagtaggagagggcgaacctctggcaggagcaaaggcgccATGGCT

TATA box

Pouczito s laskavym souhlasem prof. M. Jirsy, Institut klinické a laboratorni mediciny.

Promotorovéa oblast genu UGT1A41 je oznacena podle repetitivnich sekvenci nukleotidovych
bazi TA jako tzv. TATA box. Normalni promotorova sekvence obsahuje 6 TA repetic
(oznacovano také A(TAs)TAA). U jedinci s GS dochdzi v této promotorové oblasti
k dinukleotidové inzerci TA. Tato promotorova oblast, neobsahuje ve vlastnim TATA boxu
obvyklych 6 TA repetic, ale na misto toho je TA repetic 7: A(TA7)TAA. Tato alela se oznacuje
jako gilbertovska alela, UGT1A41*28 [204].

1.7.1. UGTIAI *28 a kardiovaskularni onemocnéni
V nékterych studiich byla zjiSténa asociace mezi gilbertovskou alelou a snizenim rizika vzniku
kardiovaskularnich chorob [58, 111]. Poprvé na tento vztah poukdzaly vysledky americké
studie Framingham Offspring Study [263]. V ni bylo po dobu 24 let retrospektivné sledovano
1 780 jedinci. Pfitomnost homozygotni formy alely UGT1A1*28 byla asociovana s o 1/3 niz§im
rizikem kardiovaskularnich onemocnéni v porovnani s ostatnimi UGT1A1 genotypy [263]. Jiné
studie jiz tak konzistentni data nepodavaji, coz je pravdépodobné zplisobeno nizkou penetranci
GS. Frekvence gilbertovské mutace je cca 10-16 %, nicméné prevalence GS je piiblizné
poloviéni [204]. Predpoklada se, Ze musi existovat vice faktorti, které se spolecné podili
na fenotypové manifestaci GS. Samotnd mutace v promotorové oblasti genu UGTIAI ma
s ohledem na riziko vzniku kardiovaskuldrnich chorob jen minoritni vyznam. Zasadni vyznam

mayji vlastni koncentrace bilirubinu v krvi.
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2. CIL PRACE
S ohledem na zasadni a dulezité postaveni bilirubinu v lidském organismu a jeho asociaci

s civilizacnimi nemocemi bylo cilem této disertacni prace:

a. Stanovit koncentrace systémového bilirubinu v ¢eské populaci.

b.  Urcit prevalenci GS v reprezentativnim vzorku ceské populace vcetné stanoveni

frekvence gilbertovské alely (UGTIA1 ?8) a jednotlivych polymorfismti genu UGTIAI.

c.  Urcit koncentrace celkového bilirubinu, véetné polymorfismi genu UGTIAI u muza

s akutnim infarktem myokardu.
d. Stanoveni celkové, kardiovaskularni a nadorové mortality v rdmci prospektivné

sledované kohorty rekrutované zrozsdhlé multicentrické polské vétve studie

HAPIEE (Health Alcohol, and Phychosocial factors in Eastern Europe).
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3. BILIRUBIN A KARDIOVASKULARNI ONEMOCNEN]

Cile vychazejici z této prace:

1. Stanovit koncentrace systémového bilirubinu v ¢eské populaci.

2. Urcit prevalenci GS v reprezentativnim vzorku ceské populace vcetné stanoveni

frekvence gilbertovské alely (UGTI1A1 28) ajednotlivych polymorfismi genu UGTIA].

3. Urcit koncentrace celkového bilirubinu, vcetné polymorfismt genu UGTIAI u muzi

s akutnim infarktem myokardu.
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3.1. Metodika
Charakteristika populace
Pro ucely nasi studie byla pouzita data ziskand z Ceské populacni studie post-MONICA
(MONItoring of CArdiovascular disease). Jednalo se o vySetfeni 1 % nédhodn€ vybrané¢ho
vzorku Ceské populace v deviti vybranych okresech za ucelem zjisténi rizikovych faktort
aterosklerdzy. Vékové rozlozeni jedinct bylo 25-64 let [302].

Prvni skupina (kohorta A) pochazela zretrospektivni studie tvofené¢ 717 jedinci
(ve v€kovém rozmezi 26-64 let, z toho 62 % muzi) rekrutovanych ze studie post-MONICA
provedené mezi lety 1997-1998. Jedinci byli opctovné vysetieni mezi roky 2000-2001.
Biologické vzorky byly ihned po svém ziskani (v roce 2000-2001) zmraZeny a uchovavany
v predepsanych podminkach -80 °C k dal$imu zpracovani v budoucnu. Ze vzorkt, odebranych
z Zilni krve mezi lety 2000-2001, byly nov€ vramci této prace stanoveny systémové
koncentrace bilirubinu, aktivity aspartataminotranferazy (AST), alaninaminotransferazy (ALT)
a gamaglutamyltransferazy (GGT) a provedena genetickd analyza geni, podilejicich
se na metabolismu bilirubinu.

Druhou, rozsédhlejsi skupinu (kohorta B), pfedstavoval 1 % ndhodné vybrany vzorek ceské
populace rekrutovany z prospektivné probihajici studie post-MONICA konané mezi roky
2015-2018. V této skupin¢ byly koncentrace bilirubinu a aktivity aminotransferaz a GGT
méteny soucasné pti komplexni analyze vzorki v pribéhu studie. Kohorta B se skladala z 2 594
jedincii prumérného véku 25-64 let (z celkového poctu bylo 48 % muzil).

Protokol ceské studie post-MONICA byl provadén v souladu s pozadavky Etické komise
Institutu klinické a experimentalni mediciny (IKEM) a Thomayerovy nemocnice v Praze.

VSsichni pacienti byli pln€ informovani a podepsali pii vstupu do studie informovany souhlas.

Pacienti s akutnim koronarnim syndromem

Data o této skupiné, ¢itajici 741 jedinct, byla ziskana z pracovisté IKEM. Jednalo se o muze,
kteti byli hospitalizovani na jednotce intenzivni péce od dubna 2006 do dubna 2014 [303, 304]
pro primomanifestaci akutniho koronarniho syndromu, konkrétné infarktu myokardu (IM).
U téchto jedinci byly pro ucely nasi studie pouzity koncentrace systémového bilirubinu
odebrané ze Zilniho vzorku krve dle protokolu studie. Aktivity AST, ALT a GGT nebyly v nasi
studii hodnoceny, jelikoz jejich aktivity jsou ovlivnény probihajicim akutnim korondrnim

syndromem. VSichni muzi vstoupili do studie dobrovolné, plné informovani a podepsali
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informované souhlasy. Studie byla provedena v souladu s etickou komisi nemocnice IKEM

a mezinarodni Helsinskou dohodou.

Rizikové faktory a laboratorni analyzy
U vsech jedinct bylo provedeno biochemické vySetieni, konkrétné pro ucely této studie byly
vyuzity sérové koncentrace lipidi (frakce HDL a LDL cholesterolu, triacylglyceroll).
Na automatickém analyzatoru byly doméfeny koncentrace celkového bilirubinu a aktivity
aminotransferaz a GGT (UniCel DxC 800 Synchron Clinical Systems, Beckman Coulter, UK).

K méfeni koncentrace celkového bilirubinu je v tomto analyzéatoru vyuzito modifikované
diazo metody podle Jendrassik-Grofa [135, 136]. Za horni limit fyziologickych koncentraci
celkového bilirubinu v bézné populaci byla povazovana koncentrace 17 pmol/l, a to
na zakladé referen¢nich mezi nastavenych v laborato¥i ULBLD 1.LF UK a VEN v Praze [162].

Za abnormalni aktivity aminotransferdz byly v na$i studii povazovany aktivity AST
(aspartataminotransferazy) >0,72 pkat/l, ALT (alaninaminotransferdza) >0,78 pkat/l, a GGT
(gammaglutamyltransferaza) >0,84 pkat/l. Aktivity alkalické fosfazy (ALP) nebyly stanoveny
vzhledem k nestabilit¢ enzymu v zamrazenych vzorcich krevniho séra [305]. Ackoli
v nékterych studiich byla prokdzana asociace mezi aktivitou sttevni izoformy ALP a GS [306],
nebyly jsme schopni vzhledem k vySe uvedenym ditvodim tuto souvislost ovéfit.

U vsech jedinct byla odebrana anamnesticka data véetné stanoveni zékladnich rizikovych
faktorti aterosklerozy [303, 304, 307]. Zakladni charakteristiky sledovanych populaci uvadi
Tabulka 7.

DNA analyza
DNA byla ziskana ze vzorku nesrazlivé krve vysolovaci metodou podle Millera [308].
Promotorové varianty genu UGT1A1 jsme ur€ili kapilarni elektroforézou [309]. V ramci této
metody je moZzné diky rozdilnym velikostem fragmentli soucasné stanovit promotorové
varianty genit HMOXI (dbSNP rs1805173) a UGTIA1 (dbSNP rs81753472). Principem
metody je duplexni polymerazova fetézova reakce (PCR) promotorovych oblasti genii pomoci
fluorescencné znacenych primert s naslednou vicebarevnou kapilarni elektroforézou s DNA
sekvenaci na automatizovaném laserovém sekvenatoru.

Amplifikacni reakce byla provadéna v konecném objemu 25 pl, ktery obsahoval 2,5 pl
reakéniho pufru (Fermentas International Inc., Burlington, Ontario, Kanada); dale 3 pnl
(Fermentas), 0,5 ul 10 mM dNTP smési (Fermentas); a 0,3 pl 10 uM UGTIAI a doptedny

areverzni UGTIAI primer. Primery byly navrZeny na zaklad€ sekvence tandemovych repetic
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v promotorovych oblastech UGTIAI (ptistupové cCislo GenBank AY603772.1) pomoci
programu Primer3 [310]:

UGTIAI vpied: 5'-GAACTTGGTGTA TCG ATTGGTTTT TGC - 3';

UGTIAI vzad: 5'-CATCCA CTGGGATCAACAGTATCT TCC - 3.
Reverzni primery byly na 5' konci znaceny fluorescencnim barvivem: D2-PA, D3-PA nebo D4-
PAWEelIRED (Beckman Coulter, Fullerton, CA, USA). Oznacené primery byly kvili
nevyvazenym signaliim barviv pfed kazdou reakci zfedény piislusnymi neznaCenymi primery
(D2-UGT1A1 vzad 1:1, D3-UGT1A1 vzad 1:1, D4-UGT1A1 reverzni 1:2). Reakce zahrnovala
0,35 ul 2,5 U/ul Pfu DNA polymerazy (Fermentas) a 25 ng genomické DNA (gDNA). Reakce
byly provedeny za pouziti termocykleru TC-512 Thermal Cycler (Techne, Burlington, NJ,
USA). Vzorky byly oddé€lené kapilarni elektroforézou na automatizovaném kapilarnim

sekvenatoru Sequencer DNA CEQ 8000 (Beckman Coulter) [309].

Statistické zpracovani

Data jsou vyjadiena jako primér £ SD nebo median a IQ rozmezi v zavislosti na jejich
distribuci. Rozdily ve studovanych proménnych byly hodnoceny Studentovym t-testem
nebo Mannovym—Whitneyovym testem (spojit¢é proménné), chi-kvadrdtovym testem nebo
Fisherovym exaktnim testem (pro kategorické proménné). Asociace mezi sérovymi
koncentracemi bilirubinu a genotypy promotoru UGTIAI byla testovana pomoci
Kruskalova- Wallisova testu s Dunnovou post hoc analyzou. K posouzeni zavislosti
proménnych byly pouzity linearni a logistické regresni analyzy. Pro statistické analyzy byl
pouzit pocitaCovy program SigmaPlot 11.0. VSechny analyzy byly provedeny s hladinou
vyznamnosti nastavenou na 0,05. HW rovnovaha byla vypoctena pomoci voln¢ dostupného
webového zdroje [311]. Pro kategorické proménné byl pouzit chi-kvadratovy test [312]

nebo Fisherv exaktni test.

52



3.2.  Vysledky:

Cil 1.) Koncentrace systémového bilirubinu v ¢eské populaci

Median sérovych koncentraci bilirubinu v reprezentativnim vzorku ceské populace
¢itajicim vice nez 3 300 jedincu (kohorta A+B) byl pro jednotlivé kohorty 9,6 a 9,8 umol/l
(Tabulka 8a). Jak bylo ocekavano, vyssi koncentrace bilirubinu v krevnim séru jsme
zaznamenali u muzd, a to u obou sledovanych podskupin (10,7 umol/l a 11,3 pumol/l). U Zen
byly koncentrace bilirubinu niz$i, konkrétné 8,3 umol/l a 8,8 pmol/l, p<0,01 (Tabulka 8a).
V kohorté B, byl 95 % rozptyl koncentraci sérového bilirubinu §irsi, nez bylo o¢ekavéno, a to
4,3-23,6 umol/l (pro muze 5,5-27,5 pmol/l, pro Zzeny 3,8- 19,9 umol/l).

V porovnani s dal§imi proménnymi bylo potvrzeno, Ze existuje vyznamna zavislost mezi
sérovymi koncentracemi bilirubinu a pohlavim. U Zen byla koncentrace bilirubinu v systémové
cirkulaci prokazatelné niz§i ve srovnani s muzskou populaci (Tab. 8a,c). Byla potvrzena
asociace mezi koncentraci celkového bilirubinu a nikotinismem, kde méli kutaci o 56 % nizsi
pravdépodobnost mit koncentrace sérového bilirubinu nad 9,6 pmol/l (popula¢ni median)
v porovnani s nekutaky (Tab. 8c). Podrobnd analyza vlivu koufeni na koncentrace bilirubinu
ve vSech sledovanych populacich odhalila trvale nizsi sérové koncentrace bilirubinu u kutéka
(Tabulka 9,11b). Usus nikotinismu byl asociovan s poklesem koncentraci bilirubinu v kohorté
B az o 12 % oproti nekurdkiim, konkrétné¢ z 9,9 pumol/l (7,3-13,4 umol/l) na 8,7 pumol/l
(6,2- 1,7 umol/l, p<0,001). Nikotinismus nebyl spojen s niz§imi systémovymi koncentracemi
bilirubinu u muzskych pacienti s IM (Tabulka 9).

Dal8im vyznamnym prediktorem sérovych koncentraci bilirubinu je i hodnota body mass
indexu (BMI). Kazdy vzestup BMI o 1 bod stupnice byl spojen s2 % poklesem
pravdépodobnosti mit koncentrace sérového bilirubinu nad 9,6 pmol/l (popula¢ni median), Tab.
8c. O tom, Ze bilirubin hraje vyznamnou roli v rdmci metabolického syndromu, svédci i fakt,
ze jedinci, u kterych dochdzi ke zvySeni koncentraci glykovaného hemoglobinu o 1 % bod maji
bilirubinu nebyly v nasi praci ovlivnény v€kem a nezédvisely ani na koncentracich LDL a HDL
cholesterolu.

Dtlezitymi prediktory kardiovaskularni morbidity a mortality jsou také zvySené aktivity
zejména ALT a GGT [313, 314]. V reprezentativnim vzorku ceské populace, prezentovanou
kohortou B, jsme zaznamenali zvySeni aktivity ALT, GGT nebo AST u 3,2-18,4 % jedinct.
Zvyseni ve vSech sledovanych parametrech (ALT, AST i1 GGT) bylo zjisténo u 20,7 % jedinct
kohorty B (Tabulka 10). V porovnani mezi pohlavimi byly aktivity aminotransferaz ¢i GGT

az trojnasobné vyssi u muzi (Tabulka 10). Prokazana byla také asociace mezi koncentracemi
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celkového bilirubinu a aktivitou AST. Jedinci se zvySenou aktivitou AST maji az 4x vyssi
pravdépodobnost mit koncentrace bilirubinu nad stanovenym medianem koncentraci bilirubinu
studované kohorty (Tabulka 8c).

Nejcastéji byla ve zkoumané populaci zvySena aktivita GGT (Tabulka 10). Pozitivni
linearni vztah byl detekovan mezi BMI vs. GGT (p<0,001), koncentraci HbAlc (p<0,001)
a koncentracemi triacylglycerolti (p<0,001). Negativni asociace byla detekovana pro hodnoty
BMI a koncentrace HDL cholesterolu (p<0,001). Stejné jako je tomu u BMI, tak i koncentrace

glykovaného hemoglobinu korelovaly s aktivitami GGT (p<0,001).

Cil 2.) Prevalence GS, frekvence gilbertovské alely (UGTI1A4128) a jednotlivych
polymorfismi genu UGTIAI
U jedinch kohorty A byly stanoveny sérové koncentrace bilirubinu v rdmei jednotlivych
polymorfismi genu UGTIAI. Tabulka 11a ukazuje jednotlivé genderové rozdéleni podle
pritomnosti gilbertovské alely v promotorové oblasti genu UGTIAI (p<0,01 muzi vs. Zeny).
Nejvyssi koncentrace sérového bilirubinu byly podle predpokladu zjistény u homozygott
s gilbertovskym genotypem UGTI1A1*28, a to u obou pohlavi. Sérové koncentrace bilirubinu
jsou vice ovlivnény pohlavim (vyssi hladiny u muZi nez u Zen). Samotna pfitomnost alely
UGTI1A41 ma mensi vyznam (Tabulka 11a, p<0,001).

Prevalence pravdépodobného GS (definovana jako elevace sérovych koncentraci
nekonjugovaného bilirubinu nad 17 pmol/l, bez pfitomnosti zjevné hemolyzy ¢&i zvySeni
jaternich enzymil) byla v reprezentativnim vzorku ceské populace 8,9 % (11,6 % pro muze

vs. 6,1 % pro Zeny, p<0,01, Tabulka 8b).

Cil 3.) Koncentrace systémového bilirubinu, frekvence alely UGT1AI u muZzi s akutnim
infarktem myokardu
U muzt s akutnim IM byly sérové koncentrace bilirubinu signifikantné nizs$i v porovnani
s kontrolni skupinou muzi (7,7 vs. 10,7-11,3 pumol/l, p<0,01, Tabulka 8a). Distribuce genotypt
UGTI1A1 byla mezi témito dvéma skupinami plné€ srovnatelna (Tab. 11a).

Ackoli existoval uzky vztah mezi polymorfismem genu UGT1A41 a koncentraci bilirubinu
v kontrolni populaci, takové asociace nebyla detekovana u pacientti s IM (Tabulka 11a,b). Tento
trend byl pfitomen také pii analyze koncentraci bilirubinu podle genotypu UGTIAI

a samostatn¢ 1 nikotinismu (Tabulka 11b).
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3.3. Diskuse
Koncentrace bilirubinu v systémové cirkulaci jsou vyznamnym prediktorem rizika
jak kardiovaskularnich tak i dalSich nemoci [218]. Jak bylo popsano v Gvodu, fyziologicky
rozsah systémovych koncentraci bilirubinu je stdle pfedmétem debaty, pfedevSim proto,
ze koncentrace bilirubinu vykazuji znacny rozptyl [141]. O to vice je kladen dliraz na stanoveni
optiméalnich fyziologickych mezi pro konkrétni populace [244].

V nasi studii, provedené u relativn¢ velkych populacnich skupin, které predstavuji 1 %
nahodn¢ vybrany vzorek ceské populace, jsme identifikovali median systémovych koncentraci
bilirubinu 9,8 umol/I (kohorta A) a 9,6 umol/l (kohorta B). Vyssi koncentrace byly pozorované
u muzu (10,7 a 11,3 pmol/l) v porovnani se zZenami (8,3 a 8,8 umol/l). Stanovené 95 %
referenéni intervaly pro systémové koncentrace bilirubinu byly mnohem $ir§i a posunuly
se k vy$§im koncentracim, nez jaké jsou v soucasnosti pouzivany, s vyraznymi rozdily mezi
muzi (95 % CI: 5,5-27,5 pmol/l) a Zenami (95 % CI: 3,8-19,9 umol/l). Soucasné referencni
intervaly pouzivané v laboratotich ULBLD 1. LF UK a VFN v Praze jsou zaloZeny
na (nepublikovanych) referen¢nich datech Beckman Coulter ziskanych z americké populace
ajsou bézné uzivany vétSinou klinickych laboratofi vyuzivajicich diagnosticky material
spole¢nosti Beckman Coulter (viz diive) [140]. Proto by soucasné fyziologické rozsahy
koncentraci bilirubinu v systémové cirkulaci mély byt pfehodnoceny a upraveny pro jednotlivé
populace, zvlast’ pro muze a pro zeny [141].

Zajimavé vysledky pifindsi 1 zhodnoceni vyskytu elevovanych aktivit GGT
a aminotransferaz, které se nikterak nevymykaji datlim z velkych popula¢nich studii. Naptiklad
americkd studie publikovana v roce 2009, ktera se zabyvala vztahem zvySené aktivity GGT
a mortality, prokéazala vyskyt elevace aktivit GGT u 13 % jedinct [315]. ZvySené¢ aktivity AST
a ALT jsou dle vysledki dal$ich popula¢nich studii také velmi vysoké, prevalence se pohybuje
mezi 3-15 % [301-304]. V ceské populaci, reprezentované kohortou B, byla nejvyssi aktivita
zmétena u GGT (18,4 % jedinct). Pokud vylouc¢ime usus alkoholu, nejpravdépodobnéjsi
pfi¢inou zvysené aktivity GGT je nealkoholicka steatéza jater (NAFLD, non-alcoholic fatty
liver disease) [316]. Zda se jedna o primdrni postizeni ¢i o disledek metabolického syndromu
neni doposud jasné [317, 318]. Je dobie znamo, Ze NAFLD je dulezitym prediktorem
kardiovaskularni morbidity a mortality [319, 320], dobie znama je i souvislost s diabetes
mellitus 2. typu [321] a dal§imi chorobami. Podobnou asociaci lze nalézt 1 ve vztahu
kardiovaskularni morbidity a aktivity ALT, dalSiho silného markeru NAFLD, pozitivné

korelujicim s dal§imi rizikovymi faktory metabolického syndromu [322, 323].
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Vysoky vyskyt zvySenych aktivit AST, ALT a GGT ukazuje na vysoka kardiovaskularni
a metabolicka rizika ceské populace, coz ostatné prokazuji i1 posledni publikovana
epidemiologicka data o stavu ¢eské populace, ve kterych dochazi neustale k nartstu prevalence
obezity, zejména u muzské populace [324]. Z naSich dat vyplyva, ze koncentrace bilirubinu
v cirkulaci klesa s naristem indexu hmotnosti a vzestupem koncentrace HbAlc.

Sérové koncentrace bilirubinu nad 17 pmol/l byly v reprezentativnim vzorku ceské
populace zjistény u 11,4 % jedinct. Vys$i hyperbilirubinémii jsme podle ptredpokladu
detekovali u muzské populace, a to zhruba 2-3 nasobné v porovnani se Zenami. Po vylouceni
jedincti s elevaci aktivit aminotransferaz a GGT jsme ziskali udaje o prevalenci
(pravdépodobného) GS, ktera Cinila v reprezentativnim vzorku ¢eské populace 8,9 % (11,6 %
umuzi a 6,1 % u zen).

U podskupiny jedincit s akutnim IM, byly sérové koncentrace bilirubinu v porovnani
se skupinou muzii kohorty A i B mnohem niz§i. I pfesto, Ze dvé recentni meta-analyzy
prokazaly ptfechodné zvySeni koncentraci bilirubinu po akutnim IM [325, 326], byl u nasi
kohorty zaznamenan pokles. Diivodem je pravdépodobné rozdilné ¢asové okno, ve kterém byly
koncentrace bilirubinu stanoveny. V naSem piipad€ dochazelo k analyze v pozd¢;si fazi IM nez
ve zminovanych studiich, kdy sérové koncentrace bilirubinu dosahuji vrcholu (zpravidla béhem
18-21 hodin po IM) [327]. Ke zvySeni koncentraci bilirubinu v ranych fazich IM dochazi
v dusledku jeho zvysené produkce, kterd je dana indukci aktivity HMOX1 [327]. Koncentrace
celkového bilirubinu se také 1i8i v zavislosti na zadvaznosti koronarni aterosklerézy [328, 329].
Niz$i sérové koncentrace bilirubinu zjiSténé i v nasi kohort¢ nemocnych s IM lze vysvétlit
nejpravdépodobnéji zvySenou konzumpci bilirubinu v rdmcei oxidac¢niho stresu, ktery nastava
béhem akutniho korondrniho syndromu. [111, 257].

Pti podrobné&jSim zkoumani polymorfismt gentt UGT1A4I vyplyva, ze v nasi populaci je
nejvice zastoupena genova varianta polymorfismu UGT1A1(TA)s7. Nebyl zjistén vyrazny rozdil
v Cetnosti téchto genovych variant mezi muZzi a zenami (Tabulka 11a). Pfitomnost gilbertovské
alely (UGTI1A1(TA)7/;) byla spojena s vy$§imi koncentracemi bilirubinu v systémové cirkulaci
[330]. Nicméné¢ jinak tomu bylo u kohorty pacientli s IM. U této podskupiny, byla pfitomnost
gilbertovské alely (UGTI1A1(TA)7/;) asociovana s niz§imi sérovymi koncentracemi bilirubinu.
To je dano patrné opét zvySenou konzumpci bilirubinu v rdmci oxidaéniho stresu, podobné jako
je uvadéno vyse pro celkové koncentrace bilirubinu bez ohledu na jednotlivé genotypy.
Nadmérné produkce ROS vede k oxidaci bilirubinu na biliverdin [331] stejné jako na tri-, di-
a monopyrollické oxida¢ni produkty bilirubinu [332]. V mensi mife se na snizeni sérovych

koncentraci bilirubinu podili i genetickd predispozice, nicméné v daleko menS$im rozsahu,
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nez se diive predpoklédalo. Roli zde pravdépodobné sehrava zhruba 50 % penetrace genu
UGTI1A1(TA)7/7, odpovédna za klinickou manifestaci GS [204]. Koufeni nebylo ve skupiné
nemocnych sIM spojeno s niz§imi sérovymi koncentracemi bilirubinu, coz naznacuje,

ze manifestace samotné akutni koronarni piihody méla podstatné vyssi vliv nez koufeni.
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3.4. Priloha:
Tabulka 7: Zakladni charakteristika vySetifovanych populaci

Charakteristika vySetifovanych populaci

Kohorta A Kohorta B Kohorta A muzi Kohorta s IM

(n=717) (n=2 594) (n=442) (n=741)
Muzi/Zeny 1,61 0,91 - -
Vek (v letech) 48.4+11 48411 49411 54,748%
BMI (kg/m?) 28.144.8 28.345.5 28.4+3.9 28.844.5
LDL cholesterol 3.5441.2 3.1640.9 3,64+1 3.57+1.1
(mmol/l)
HDL cholesterol 1.3140.4 1,49+0.4 1.2240.4 1,16£0,3%
(mmol/l)
Triacylglyceroly 1.77+1.1 1.3441.0 201412 1,85%1,7*
(mmol/l)
Kouteni (%) 48.8 43.8 58.5 83 2%
Arterialni
hypertense (%) 41,7 40,1 47.1 49.9
Diabetes mellitus *
o 45 6.4 5 17.9
Glykémie nalacno 5.0940,15 5.4740.35 526411 NS
(mmol/T)
AST (ukat/l) 0,240, 1 0,38+0,30 0.2540,12 NS
ALT (ukat/l) 0,18+0.08 0,3840.35 0,1940,1 NS
GGT (ukat/l) 053412 0,620.01 0.74+1,47 NS

*p<0.01, srovnani s muzskou populaci kohorty A.
Data vyjadiena jako pramér + SD.
AST, ALT, GGT méfeny ze zmraZenych vzorki z let 2000-2001. NS — nestanoveno.
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Tabulka 8:
a) Koncentrace celkového bilirubinu v reprezentativnim vzorku ¢eské populace a u muzi

s akutnim infarktem myokardu

Koncentrace celkového bilirubinu (pmol/l)

Kohorta A Kohorta B Kohorta s IM
VSichni 9.8 (8-12,4) (n=717) 9,6 (6,6-13,2) (n=2 594)
Muzi 10,7(8,7-13,6) (n=442) 11,3 (8,4-15,2) (n=1 235) 7,7* (5,6-10,8) (n=741)
Zeny 8,8 (7,2-10,7) (n=275) 8,3 (6,1-11,1) (n=1 359)

Data vyjadfena jako median a interkvartilovy rozptyl (QR). *p<0,01 srovnani s kontrolnimi

skupinami A 1 B.

b) Vyskyt hyperbilirubinémie >17pmol/l ve studovanych populacich

Hyperbilirubinémie >17pmol/l

Cela populace Kohorta A Kohorta B Kohorta s IM
(n=3 311) (n=717) (n=2 594) (n=741)
VSichni 11,4 % (n=377) 6,9 % (n=50) 12,6 % (n=327)
Muzi 16,1 % (n=270) 9,7 % (n=43) 18,4 % (n=227) 3,6 %*(n=27)
Zeny 6,5 % (n=107) 2,5 % (n=7) 7,3 % (n=100)

Vyskyt hyperbilirubinémie >17pmol/l u jedinci s nezvySenymi aminotransferazami

a GGT
Cela populace  Kohorta A Kohorta B Kohorta s IM
(n=3 311) (n=717) (n=2 594) (n=741)
VSsichni 8,9 % (n=295) 4,9 % (n=35) 10,0 % (n=260)
Muzi 11,6 % (n=195) 6,6 % (n=29) 13,4 % (n=166) ND
Zeny 6,1 % (n=100) 2,2 % (n=6) 6,9 % (n=94)

*p<0,01, srovnavano s celou populaci.

Horni meze fyziologickych aktivit aminotranferaz a GGT: AST=0,72 pkat/l, ALT = 0,78 pkat/l,
GGT =0,84 pkat/l

Legenda: IM — infarkt myokardu, ND nestanoveno z duvodu elevace myokardialnich enzymii

ovliviwujicich hodnoty jaternich enzymii
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¢) Faktory ovliviiujici sérové koncentrace bilirubinu

Pomér Sanci relevantnich proménnych na ovlivnéni sérovych koncentraci celkového

bilirubinu
OR (95% CI) P hodnota
Pohlavi (Zeny) 0,26 (0,22-0,32) <0,001
Koufeni 0,44 (0,31-0,61) <0,001
BMI 0,98 (0,96-0,99) 0,024
HbAlc 0,96 (0,95-0,98) <0,001
AST 4,18 (1,76-9,9) 0,01

Pomér Sanci (OR) relevantnich proménnych na ovlivnéni sérovych koncentraci celkového
bilirubinu vztazenych na median koncentraci celé kohorty B (9,6 umol/l).

V tabulce uvedeny statisticky vyznamné vysledky.

Legenda: BMI-body mass index,

HbAIc—glykovany hemoglobin, AST-aspartataminotransferdza

Tabulka 9: Koncentrace bilirubinu ve vztahu k nikotinismu

Koncentrace bilirubinu (umol/l)

Kuraci Nekuraci P hodnota

9,7(7,7-12,1) 10,1 (8,2-12.,9)

Kohorta A (n=350) (n=367) 0,03
Kohorta B S’Zn(fl’zl_ éé;) 9’?11(:71’34;‘1‘234) 0,0001
Kohorta A muzi 10’(()528’215_91)2 :6) I l’in(z’lsgg;t :6) 0,001
Kohorta IM 7’8(5152’2117())’8) 7’9(5152’?115())’9) NS

Data vyjadiena jako median a interkvartilovy rozptyl. Exkufaci nebyli do analyzy zaclenéni.
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Tabulka 10: Vyskyt elevace aktivit aminotransferaz a GGT v ¢eské populaci

Vyskyt elevace aktivit aminotransferaz a GGT v ceské populaci

KOHORTA B Celkem Muzi Zeny
(n=2 594) (n=1 235) (n=1 359)

ALT 5,5% 9,7 % 1,8 %

AST 3.2% 4,7 % 1,8 %

GGT 18,4 % 28,9 % 8,9 %

ALT/AST/GGT 20,7 % 32,6 % 9,7 %

Horni meze fyziologickych aktivit aminotranferaz a GGT:

AST =0,72 pkat/l, ALT = 0,78 pkat/l, GGT = 0,84 pkat/l.

Tabulka 11:

a) Sérové koncentrace bilirubinu podle genotypu UGTIAT28

Kohorta A Kohorta A Kohorta A Kohorta muzia s IM
UGCTIAL Vichni (n=717) Muzi (n=442) Zeny (n=275) (n=741)
genotyp n Bilirubin n Bilirubin n Bilimllilin n Bilirult/)lin
[pmol/1] [umol/] [umol/l] [mol/i]
291 9,0 177* 9,9 114* 8,1 329 7,3
(TA)sss @ 0 0 *
(73-11,0) | (40%)  (8,1-11,8) 41,5%)  (65-93) | (443%)  (53-10,1)
327 9,9 201 10,8 126 9,1 315 8,4
(TA)err o 0 o
83-12,1) | (455%)  (8,9-12,9) 458%)  (7.4-10,6) |  (425%)  (64-112)*
14,8 64 16,2 35% 11,8 97 7,2
Yy (112-183) | (145%) (124-19.7) | (127%)  (98-156) | (13,1%)  (5.0-11,1)*
P hodnota 0,001 0,001 0,001 NS

Data vyjadiena jako median a interkvartilovy rozptyl.

*P<(0,01 — srovnano s kohortou A muzi

+ vcetné jednoho jedince s genotypem (7A4)sss; ++ véetné 2 jedinch s genotypem (7A4) s
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b) Sérové koncentrace bilirubinu podle genotypu UGT1A41 u kuiaki a nekuirakia

Kohorta A vSichni Kohorta muzi s IM
(n=717) (n=741)
UGTIAI Kufdci Nekuiaci Kuiaci Nekufaci
genotyp —— — — —
n Bilirubin n Bilirubin n Bilirubin n Bilirubin
[wmol/1] [wmol/1] [umol/1] [wmol/1]
(TA)ss6 140 857 149 9,2 273 7.4 51 6,9
(7,0-10,9) (7,8-11,3) (5,3-10) (5,1-10,6)
(TA)er7 161 9,7 167 10,2 259 8,5 53 8.4
(8,0-12,0) (8,4-2,4) (6,6-11,3) (6,1-11,1)
(TA)7 14,1 15,3 9,7 i 6,8
(10,4-18,2) (11,6-19,4) (8,0-12,0) (4,7-10,9)
. dP . 0,001 0,0001 0,01 NS
odnota
Kohorta A Muzi Kohorta A Zeny
(n=442) (n=275)
UGTIAT Kufaci Nekufci Kufaci Nekufici
genotyp — — — —
1 Bilirubin n Bilirubin n Bilirubin n Bilirubin
[wmol/1] [wmol/1] [umol/1] [wmol/1]
9,5 10,6 7,7 8,2
(TA)srs 01 73013 S (8.9-13.6) ¥ (6193 ™ 6.894)
10,1 11,4 9,0 9,1
(TA)er 122 85.12.5) 80 97132 39 (74104 87 (7.8-10.6)
15,3 17,7 11,3 12,5
(TA)mn 36 (10,5-18,4) 27 (14,2-24,4) i (9,5-15,6) 2 (8,6-15,5)
N dP . 0,0001 0,0001 0,01 0,0001
odnota

Data vyjadrena jako median a interkvartilovy rozptyl. NS — nesignifikantni.

Exkutaci nebyli do analyzy zalenéni.
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4. BILIRUBIN A MORTALITA

Cile prace:
Stanoveni celkové, kardiovaskularni a nadorové mortality v ramci prospektivné sledované
kohorty rekrutované z rozsahlé multicentrické polské vétve studie HAPIEE (Health Alcohol,

and Phychosocial factors in Eastern Europe).
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4.1. Metodika
Charakteristika populace
Data byla ziskdna zpolské vétve multicentrické studie HAPIEE (Health, Alcohol,
and Psychosocial factors in Eastern Europe) [333]. Jednd se o ndhodné vybrany vzorek
populace ziskany mezi lety 2002-2005 ze Etyt okresti mésta Krakov (respondence 61 %, vek
ucastnikti 45-69 let). Celkem bylo randomizovano 10 728 jedinct. U 8 860 byla provedena
laboratorni analyza z odebrané¢ho vzorku nesrazlivé zilni krve (bilirubin byl tedy stanovovan
v krevni plazm¢). JelikoZ nebylo z finan¢nich diivodi mozné provést laboratorni analyzy u celé
kohorty vybrané¢ populace, vychazeji nase data z retrospektivné nahodné vybrané studie
ptipadl a kontrol, ve které byla stanovena koncentrace plazmatického bilirubinu a promotorové
polymorfismy genu UGT1A41 (celkem 1 870 jedinct) [334]. Jako ptipady jsou oznaceni jedinci,
u kterych doslo mezi lety 2002-2010 k umrti z jakékoliv ptic¢iny (n= 447), kontrolni skupina je
nahodné vybrané skupina piezivsich v dob¢ analyzy vzorkt (n=1 423).

Vsichni vysetfeni jedinci podepsali informovany souhlas. Studie byla provedena v souladu
s pravidly etickych komisi University College v Londyné a Jagelonské univerzity v Krakové.

Celé studie probihala v souladu s pravidly ur€enymi mezinarodni Helsinskou deklaraci.

Analyza dat

Vsichni Gcastnici (n=1 870) absolvovali osobni pohovor, béhem kterého byla odebrana zékladni
anamnestickd data v¢etné informaci ohledné zdravého Zivotniho stylu, a poskytli vzorek Zilni
krve. PfiCiny smrti byly stanoveny pomoci 10. revize Mezinarodni klasifikace nemoci (ICD):
CVD (100-199), zhoubného nadorového onemocnéni (C00-D48) nebo jinych pficin nez vyse
uvedenych (vSechny ostatni kody ICD). Doba sledovani byla pro kazdého ucastnika vypoctena
jako doba mezi zapsanim do studie a datem bud’ umrti, nebo posledniho kontaktu (pro ty, ktefi
nezemieli); primérnd doba sledovani Cinila 6,4 let. Stfedni doba sledovani (IQR) byla 3,7 roku

(2,1-5,1 roku).

Laboratorni analyza

a) Ze zmrazenych vzorkll plazmy byly dodate¢né stanoveny na automatickém analyzatoru
(UniCel DxC 800Synchron Clinical Systems, Beckman Coulter, Velké Britadnie) koncentrace
bilirubinu, ALT, GGT, mocoviny a CRP, s pouzitim komercné¢ dostupnych souprav
areferencnich materidld od spolecnosti Beckman Coulter na Wageningen University

(Nizozemsko).
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b) DNA byla izolovdna modifikovanou vysolovaci metodou [308]. Promotorové nukleotidové

varianty genu UGT1A1 byly stanoveny technologii KASPTM (www.lgcgroup.com).

Statistické zpracovani

Vzijemny vztah plazmatickych koncentraci bilirubinu a vysledk@i mortalitnich dat byl
analyzovan v nékolika krocich prostfednictvim upravené multivariani logistické regrese.
Koncentrace celkového bilirubinu jsme kategorizovali pomoci meznich hodnot 17 a 10 umol/l,
aby vysledky byly aplikovatelné pro klinickou praxi a srovnatelné s predchozimi studiemi.
Hodnota 17 umol/l byla urcena jako horni mez fyziologické koncentrace bilirubinu v systémové
cirkulaci, zatimco koncentrace nizsi nez 10 umol/l byly navrzeny v ptfedchozich studiich jako
potencialni rizikovy faktor kardiovaskularnich chorob [335].

V modelu 1 byly vztahy upraveny podle v€ku a pohlavi G€astniki. V modelu 2 byl pomér
Sanci (OR) upraven podle vzdé€lani, rodinného stavu, piijmu alkoholu, koufeni, indexu télesné
hmotnosti, pfijmu energie a poméru celkového/HDL cholesterolu (souvisi s expozici
bilirubinu) a mortality. V modelu 3 byly stanoveny OR pro plazmatické aktivity ALT a GGT,
a koncentrace CRP a mocoviny, jako potencidlnich biomarker souvisejicich s bilirubinem
a mortalitou. Mortalitni data byla upravena podle v€ku a pohlavi a analyzovana s jednotlivymi
genotypy genu UGT1A41 (Model 1) a také se samotnymi koncentracemi bilirubinu (Model 2).

Principu mendelovské randomizace bylo pouzito k testovani potencidlni pfic¢inné
souvislosti mezi fenotypem a chorobou, pfi niZ byl pouZzit geneticky marker specifického
fenotypu, tedy plazmaticky bilirubin. Metoda mendelovské randomizace je povazovana
za paralelu s randomizovanou kontrolovanou studii, a pokud jsou splnény jeji predpoklady,
méla by poskytovat nezkreslené¢ odhady mezi dvéma proménnymi [336, 337]. Interakce mezi
pohlavim a koncentracemi bilirubinu, stejné¢ jako mezi pohlavim a genotypem UGTIAI,
a mortalitou byly testovany pomoci testu pravdépodobnosti, ktery porovnaval modely s nebo
bez multiplikativni interakce. Nebyly zjistény zadné statisticky vyznamné interakce s pohlavim
v kterékoli ze zkoumanych skupin. Proto mohly byt muzi a Zeny analyzovani spolec¢né.
Vsechny statistické analyzy byly provedeny pomoci verze 13.1 statistického programu STATA
(StataCorp, Texas, USA). Za hladinu vyznamnosti o byly povazovany hodnoty p<0,05.
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4.2. Vysledky studie HAPIEE
Prace byla provedena na 1 870 jedincich, ktefi byli vybrani ze studie HAPIEE. Tato skupina
byla rozdélena na ty, ktefi béhem sledovani zemieli (n=447, ztoho 211 na nadorova
onemocnéni a 139 na CVD), ostatni jedinci slouzili jako kontrolni skupina (n=1 423, podrobn¢;ji
Tab. 12). Median plazmatickych koncentraci bilirubinu byl 12,8 pmol/l, s vySSimi
koncentracemi u muzi (13,5 pmol/l) oproti zenam (11,6 umol/l). Kontrolni skupina méla vyssi
koncentrace bilirubinu ve srovnani s mortalitni skupinou (Tabulka 12). Klinicky vyznamné
zvySeni aktivity ALT a GGT bylo zaznamenano u 8,6 % respektive u 19,5 % jedinct.

Distribuce genotypt UGT1A41 byla v souladu s HW rovnovahou (p=0,19) a frekvence alel
byla podobnéd ostatnim béloSskym populacim (Tab. 13) [204]. 1 v této studii byla dle
predpokladu zjisténa souvislost mezi genotypy UGTIAI a plazmatickymi koncentracemi
bilirubinu; homozygoti alely 7/7 méli signifikantné vyssi plazmatické koncentrace bilirubinu
ve srovnani s nosici divoké alely 6 (Tab. 13). Ostatni biochemické parametry (ALT, GGT, CRP,
mocovina) byly distribuovany nezavisle na polymorfismu genu UGTIAI.

V dals§i ¢asti analyzy byla studovana asociace plazmatickych koncentraci bilirubinu
s mortalitou (Tab. 14). Analyza byla provedena na celé kohorté¢ (Tab. 14), i vradmci
jednotlivych pohlavi (Tab. 15). Po adjustaci na vék a pohlavi byla zji§t€na silna negativni
asociace plazmatickych koncentraci bilirubinu s celkovou mortalitou i tou na nadorova
onemocnéni, nikoliv v§ak s CVD mortalitou. Tato negativni asociace pretrvavala i po adjustaci
na vliv vzdélani, socioekonomicky status a dal$i biochemické proménné (CRP, ALT, BMI,
lipidovy profil). Jedinci s plazmatickym bilirubinem nad 17 ymol/l méli o celych 59% nizsi
riziko imrti v porovnani s jedinci s koncentracemi bilirubinu pod 10 ymol/I (OR 0,61; 95 % CI
0,42-0,87), u timrti na nadorova onemocnéni byl tento efekt jesté vyrazn€jsi (OR 0,39; 95 %
CI 0,24-0,65). Tento efekt nebyl opét zaznamendn pro CVD mortalitu (OR 1,03; 95 %
CI 0,58-1,83), (Tab. 14).

Po rozsifeni adjustace na zvySené aktivity ALT a GGT anakoncentrace CRP a urey
v plazmé (model 3) zGstal u¢inek hyperbilirubinémie obdobny (Tab. 14).

Ptitomnost alely UGTIA1*28 nebyla vyznamné asociovdna s mortalitou, ackoli byl
zaznamenan podobny trend jako v ptipadé€ koncentraci bilirubinu (Tabulka 16). I v této studii
bylo prokazano, Ze koncentrace bilirubinu v systémové cirkulaci maji na celkovou a nadorovou
mortalitu vétsi vliv nez geneticka predispozice, kterd je determinovéana jednotlivymi variantami

v promotorove oblasti genu UGTIA1.
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4.3. Diskuse
Tato studie prokazala negativni asociaci mezi plazmatickymi koncentracemi bilirubinu
a mortalitou, a to jak celkovou, tak zejména naddorovou.

Ptiznivé GCinky bilirubinu na mortalitu prokazala i rozsahla belgicka studie. V ni bylo
po dobu deseti let retrospektivné sledovano vice nez 11 000 jedinct obou pohlavi. Vyssi
koncentrace bilirubinu byly asociovany s niz§i mortalitou na onkologickd onemocnéni,
zejména u muzi. Piekvapivé ani v této studii nebyla nalezena zddna souvislost s CVD
mortalitou [36]. Dalsi rozsahla studie, ktera zahrnovala témét 2 miliony pojisténct, zjistila
negativni asociaci mezi celkovou mortalitou a systémovymi koncentracemi bilirubinu [338].
Kardiovaskularni mortalita negativné korelovala s koncentracemi bilirubinu v americké studii
na sportujicich muzich [339] a podobné vyznéla ve prospéch protektivniho vlivu bilirubinu
na celkovou mortalitu i dalsi rozsahléd prace na vice 130 000 jedincich [38]. V dalsi publikaci
se stejni autofi zaméfili na mortalitni data u jedinct s diagnostikovanym GS. V porovnani
s kontrolni skupinou byla imrtnost u jedincti s GS o polovinu mensi [272]. Protektivni ucinky
bilirubinu na celkovou mortalitu byly zjistény iu hemodialyzovanych pacientd. Jedinci
[340].

Na druhou stranu je potfeba zminit, ze ne vSechny studie prokazuji negativni trend
systémovych koncentraci bilirubinu a celkové mortality. V praci Zuluse et al., mirn€ zvySené
koncentrace bilirubinu zvySovaly mortalitu [341]. Korelace mezi koncentracemi bilirubinu
a mortalitou (CVD, nadorova a celkova) neprokazala ani americka studie ¢itajici 1 200 jedinct
s diabetus mellitus 2. typu [342].

Z téchto dat vyplyva, Ze vySsi koncentrace bilirubinu vykazuji jisty benefit ve vztahu
k imrtnosti, a to nejvice v souvislosti s nddorovou mortalitou.

Nase vysledky jsou v souladu s vétSinou publikovanych dat. RovnéZ jsme prokézali
souvislost mezi koncentracemi bilirubinu v cirkulaci a celkovou mortalitou, zejména pak
mortalitou nadorovou, zatimco u kardiovaskuldrnich umrti nebyla vyznamna asociace
pozorovana. Svou roli zde muze hrat predevsim veék zkoumané populace (median 61,6+6,5 let),
ve kterém byla onkologicka onemocnéni hlavni pfi¢inou umrtnosti.

Asociace mezi polymorfismy promotorové ¢asti genu UGT1A1 a mortalitou nedosahovala
statistick€ vyznamnosti (s nejvetsi pravdépodobnosti v disledku nizké penetrance UGTIA1*28
genotypu [204], také viz vySe), nicméné i tak data vykazovala stejny trend jako v pfipadé

koncentraci bilirubinu.
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Ptfedchozi studie prokazaly nizsi prevalenci onkologickych chorob u osob s GS. Napitiklad
ve studii sledujici asociaci systémovych koncentraci bilirubinu a kolorektalniho karcinomu
m¢éli jedinci s fenotypovym GS 4x nizsi riziko [112]. S obdobnym zavérem pfisla i Ceska prace
Jiraskové a spol., ve které byly nizké sérové koncentrace celkového bilirubinu asociovany
se zvySenym rizikem karcinomu tlustého stfeva a konecniku a to u obou pohlavi, piitomnost
gilbertovské alely UGTIA1*28 ptedstavovala protekci [249]. Ve velké cinské studii
na pacientech s kolorektalnim karcinomem byla prevalence GS také velmi nizka, pouze 1,4 %
[343]. Nizka prevalence gilbertovského genotypu byla nalezena i v dalsi praci zkoumajici vliv

polymorfismu UGTI1A1%*28 na vznik kolorektalniho karcinomu [344].
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4.4. Priloha:

Tab. 12: Charakteristika populace HAPIEE

Charakteristika populace HAPIEE

Zemfreli Kontrolni skupina p-hodnota

(n=447) (n=1 423)
Vék 61,6 (6,5) 60,8 (6,7) 0,048
Muzské pohlavi (%) 305 (68,2) 971 (68,2) 0,999
Koufteni (%) 194 (43,4) 383 (26,9) <0,001
BMI (kg/m?) 28,0 (5,1) 28,3 (4,3) 0,388
g:lll(gl\/ll); cholesterol 57(1.2) 5.8 (1.0) 0,173
TAG (mmol/l) 1,5 (1,1-2,1) 1,5 (1,1-2,1) 0,988
Bilirubin (umol/l) 12,0 (9,8-15,2) 12,9 (10,9-16,1) <0,001
ALT (pkat/l) 0,34 (0,26-0,45) 0,35 (0,28-0,46) 0,022
GGT (ukat/1) 0,36 (0,14-0,67) 0,26 (0,11-0,52) <0,001
CRP (mg/l) 2,5 (1,1-5,6) 1,7 (0,9-3,3) <0,001
Urea (mmol/l) 4,6 (3,7-5,8) 4,8 (4,0-5,8) 0,021

Data vyjadfena jako medidn a interkvartilovy rozptyl (IQR). Tuéné oznaceny statisticky
vyznamné vysledky.

Ve statistickém hodnoceni byly pouZity chi-square test, T-test nebo Spearmantiv korela¢ni test.
Legenda: BMI- body mass index, TAG — triacylglyceroly, ALT — alaninaminotransferdza,
GGT- y-glutamyltransferaza, CRP — C reaktivni protein.
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Tabulka 13: Vztah genotypi UGTIAI k jednotlivym biochemickym markeram

UGTIAI genotyp

Polymorfismy
6/6 6/7 77
Celkem (n=1 870) 759 (40,6 %) 844 (45,1 %) 267 (14,3 %) p-hodnota
z?:;gl;/l;;n 11,7 (10,0-13,9) 13,0 (10,9-15,6) 19,1 (14,6-25,0) <0,001
ALT (pkat/l) 0,35 (0,28-0,45) 0,34 (0,27-0,46) 0,34 (0,27-0,45) 0,519
GGT (pkat/l) 0,29 (0,12-0,57) 0,28 (0,12-0,56) 0,28 (0,12-0,51) 0,311
CRP (mg/l) 1,8 (0,9-3,6) 1,9 (0,9-3,9) 1,8 (0,9-3,8) 0,596
Urea (mmol/l) 4,9 (4,0-5,8) 4,7 (3,9-5,7) 4,8 (3,8-5,8) 0,105

Data vyjadiena jako median a interkvartilovy rozptyl. Tu¢né zobrazeny statisticky vyznamné

vysledky. P-hodnota uréena Spearmanovym korela¢nim testem.
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Tabulka 14: Vztah plazmatickych koncentraci bilirubinu k mortalité

Pitina :fi;’i'r‘fl;‘i‘:lru“e Eﬁf:ttl Model 1 Model 2 Model 3
amrti (nmol/l) (n) OR 95 % CI) OR (95 % CI) OR (95 % CI)
VSechny <10 120 1,00 (ref) 1,00 (ref) 1,00 (ref)
(tir=asin) 10-17 253 049  (037-0,64) 0,60  (0,450,79) 0,62  (0,47-0,82)
>17 74 0,47 (0,33-0,66) 0,61 (0,42-0,87) 0,63  (0,43-0,92)
p-hodnota pro trend <0,001 0,004 0,010
p-hodnota V’ztaiena 0,659 0,746 0,795
na pohlavi
CVD <10 30 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=139) 10-17 82 0,73 (0,47-1,13) 0,87 (0,55-1,37) 0,91  (0,58-1,44)
>17 27 0,79 (0,45-1,38) 1,03 (0,58-1,83) 1,09  (0,61-1,95)
p-hodnota pro trend 0,407 0,923 0,793
p-hodnota v’ztaiena 0.240 0.190 0.187
na pohlavi
Nadorova <10 68 1,00 (ref) 1,00 (ref) 1,00 (ref)
;’::;“ﬁ;“é“i 10-17 117 0,44 0,32-0,61) 0,52  (0,36-0,72) 0,54  (0,38-0,76)
>17 26 0,32 (0,20-0,52) 0,39 (0,24-0,65) 041  (0,25-0,69)
p-hodnota pro trend <0,001 <0,001 <0,001
p-hodnota V’ztaiena 0,549 0.638 0.706
na pohlavi
Ostatni <10 22 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=97) 10-17 54 0,69 (0,41-1,16) 0,86  (0,51-1,48) 0,87  (0,50-1,50)
>17 21 0,85 (0,45-1,60) 1,08  (0,56-2,09) 1,00  (0,51-1,98)
p-hodnota pro trend 0,628 0,820 0,999
p-hodnota vztazena 0251 0.183 0.158

na pohlavi

Model 1: Adjustovano na vék a pohlavi.

Model 2: Adjustovano na vek, pohlavi, socioekonomicky status (vzdélani), ptijem alkoholu,

BMI, pomér celkového/HDL cholesterolu.

Model 3: K proménnym z modelu 2 pfidany plazmatické aktivity ALT a GGT, a koncentrace
CRP a urey.

Tucné zobrazeny statisticky vyznamné vysledky.

71



Tabulka 15: Vztah plazmatickych koncentraci bilirubinu k mortalité pro jednotliva

pohlavi
MUZI
Koncentrace Pocet Model 1 Model 2 Model 3
P¥icina bilirubinu umrti
amrti (nmol/l) (n) OR (95%CI)  OR (95 % CI) OR  (95%CI)
VSechny <10 71 1,00 (ref) 1,00 (ref) 1,00 (ref)
ti=aits) 10-17 173 044  (031-0,62) 055  (0,39-0.8) 057  (0,40-0,83)
>17 61 0,42 (0,28-0,63) 0,58 (0,38-0,9) 0,59  (0,38-0,92)
p-hodnota pro trend <0,001 0,024 0,031
CVD <10 21 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=98) 10-17 55 0,55 (0,33-0,95) 0,65 0,37-1,14) 0,72 (0,41-1,26)
>17 22 0,61 (0,33-1,16) 0,81 (0,41-1,56) 0,92 (0,46-1,79)
p-hodnota pro trend 0,184 0,606 0,868
Nadorova <10 39 1,00 (ref) 1,00 (ref) 1,00 (ref)
?::E‘;c)“é“i 10-17 75 0,37 (0,23-0,57) 0,44  (028-0,70) 0,45  (0,28-0,71)
>17 20 0,26 0,15-0,47) 0,35 (0,19-0,64) 0,35  (0,19-0,64)
p-hodnota pro trend <0,001 <0,001 <0,001
Ostatni <10 11 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=73) 10-17 43 0,97 (0,49-1,92) 1,27 (0,62-2,60) 1,24 (0,60-2,58)
>17 19 1,16 (0,54-2,50) 1,51 (0,67-3,40) 1,31  (0,56-3,03)
p-hodnota pro trend 0,641 0,316 0,560
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ZENY

poncentrace bocet Model 1 Model 2 Model 3
P¥itina Gmrti  (umol/l) (n) OR 95%CI)  OR (95 % CI) OR (95 % CI)
VSechny <10 49 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=142) 10-17 80 0,57 0,37-0,87) 0,66 (0,43-1,03) 0,71  (0,45-1,11)
>17 13 0,58 0,29-1,16) 0,61 (029-127) 0,63  (0,30-1,35)
p-hodnota pro trend 0,022 0,078 0,128
CVD <10 9 1,00 (ref) 1,00 (ref) 1,00 (ref)
(n=41) 10-17 27 1,19 (0,54-2,60) 1,51 (0,67-3,41) 1,57  (0,69-3,59)
> 17 5 1,37 (0,44-427) 1,58 (0,47-521) 1,57  (0,46-5,32)
p-hodnota pro trend 0,568 0,356 0,348
Nadorova <10 29 1,00 (ref) 1,00 (ref) 1,00 (ref)
;’::;“;;c"é“i 10-17 4 0,54 0,32-0,91) 0,59  (0,34-1,01) 0,63  (0,37-1,10)
>17 6 0,48 0,19-1,22) 0,49 (0,19-1,29) 0,52 (0,19-1,40)
p-hodnota pro trend 0,025 0,05 0,088
Ostatni <10 11 1,00 (ref) 1,00 (ref) 1,00  (ref)
(n=24) 10-17 11 0,39 0,17-0,92) 0,45 (0,19-1,11) 0,48  (0,19-1,20)
> 17 2 0,44 (0,10-2,06) 0,47 (0,10-2,34) 0,50  (0,10-2,57)
p-hodnota pro trend 0,064 0,126 0,164

Tuéné statisticky vyznamné vysledky.

Model 1: Adjustovano na vék.

Model 2: Adjustovano na vek, socioekonomicky status (vzdélani), ptfijem alkoholu, BMI,

pomér celkového/HDL cholesterolu.

Model 3: K proménnym z modelu 2 pfidany plazmatické aktivity ALT a GGT, a koncentrace
CRP a urey.
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a mortalitou

Tabulka 16: Vztah mezi jednotlivymi polymorfismy promotorové oblasti genu UGTIAI

Pocet
Piitina  UGTIAI dmrti Model 1 Model 2
amrti genotyp (n) OR 95%CI) OR 95 % CI)
Vsechny 6/6 191 1,00 (ref) 1,00 (ref)
(n=447) 6/7 198 0,91 (0,72-1,14) 0,97 (0,77-1,23)
7/7 58 0,83 (0,59-1,16) 0,98 (0,67-1,43)
p-hodnota pro trend 0,235 0,873
CVD 6/6 59 1,00 (ref) 1,00 (ref)
(n=139) 6/7 55 0,83  (0,56-121) 0,85  (0,58-125)
77 25 123 (0,75-2,01) 136  (0,78-2,39)
p-hodnota pro trend 0,739 0,631
p-hodnota vztazena 0.477 0.545
na pohlavi ’ ’
Nadorova 6/6 91 1,00 (ref) 1,00 (ref)
;’:j;"l‘;;“é“i 6/7 97 0,95  (0,70-129) 1,06  (0,77-1,44)
7/7 23 0,70 (0,43-1,14) 0,98 (0,58-1,68)
p-hodnota pro trend 0,208 0,889
Ostatni 6/6 41 1,00 (ref) 1,00 (ref)
(n=97) 6/7 46 1,01 (0,65-1,56) 1,00  (0,64-1,55)
77 10 0,66  (0,33-134) 057  (0,26-1,25)
p-hodnota pro trend 0,374 0,293
p-hodnota vztazena 0.581 0.571

na pohlavi

Data zpracovéna logistickou regresi.
Model 1: Adjustovano na vék a pohlavi.

Model 2: Adjustovano na vék, pohlavi a plazmatické koncentrace bilirubinu.
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5. KARDIOVASKULARNI RIZIKOVE FAKTORY
Ptestoze je hlavnim tématem této disertaéni prace postaveni bilirubinu ve vztahu
ke kardiovaskularnim chorobam a celkové mortalité, predmétem studia byly 1 dalsi rizikové
faktory, které se podili na kardiovaskularnim rizikovém profilu.

Ptehled o vyvoji a zménach v hlavnich rizikovych faktorech je podrobné popsan v nasi dalsi
praci [324, 345]. Tato data vychazi z vysledkli epidemiologického Setfeni studie MONICA
anasledn¢ Czech post-MONICA. Cely tento projekt je unikatni v délce svého sledovani
(od roku 1985-2018), a ukazuje na vyvoj rizikového profilu obyvatelstva [345]. Na zakladé
téchto vysledkti byl mezi roky 1985-2007 vytvoren validovany statisticky model IMPACT,
ktery piinesl vysvétleni o poklesu ischemické choroby srdeéni v Ceské republice [346].

Posledni studie post-MONICA byla provedena mezi lety 2015-2018. Opét §lo o vySetfeni
1 % nédhodné vybraného vzorku ceské populace (vek 24-62 let, 48 % muzi). Posledni vysledky
této rozsahlé analyzy pfinesly zajimavé zavéry. Ackoliv doslo v fad¢ sledovanych parametrii
ke zlepSeni rizikového profilu obyvatelstva (napt. pokles prevalence kouieni u muzi z 45 %
na 23,9 %, p<0,01, pokles primérnych hodnot systolického a diastolického krevniho tlaku,
zlepseni cholesterolémie - u muzi z 6,21 £ 1,29 na 5,3 £ 1,05 mmol/l, u zen z 6,18 + 1,26
na 5,31 = 1 mmol/l, p<0,001, primérny pokles o 14 %), nadale ptetrvava vysokd prevalence
zékladnich rizikovych faktorti kardiovaskuldrnich onemocnéni [324, 345, 347]. Jako
dlouhodoby problém se jevi nartist BMI, zejména u muzii (29,1 + 4,8 kg/m? vs. Zeny 27,5 + 6,1
kg/m?) [324]. Soudasné roste i prevalence obezity v muzské populaci (37,3 %), zatimco u Zen
se parametry béhem poslednich 30 let vyznamné neméni [348]. Vi se, Ze BMI je jednim
z vyznamnych rizikovych faktorli vzniku metabolického syndromu, ktery vede mimo jiné
1k vychyleni z oxida¢né-redoxni rovnovahy [345]. Z vysledku epidemiologické Setieni také
vyplyva i jisté zlepSeni lipidového spektra, zejména u vékové skupiny nad 55 let, kde az %
respondentll pfiznadva pravidelné uZivani hypolipidemické 1éby, na rozdil od mladsich
respondentt do 45 let, kde je 1é€ba cholesterolémie spiSe vzacna, pravdépodobné 1 v disledku
podcenéni preventivnich opatfeni v této mladsi v€kové skuping. Toto potvrzuji i data o celkové

Krom¢ konvencnich rizikovych faktorti se epidemiologové opiraji i 0 nové biochemické
markery. Ty by mély byt snadno reprodukovatelné a pouzitelné v rozsahlé klinické praxi.
Jednim z nich by mohla byt nejen koncentrace bilirubinu (viz vyse) ale i kyseliny moc¢ové [349].

Zmeéna zivotniho stylu vede v rozvinutych statech svéta k narlstu koncentraci kyseliny
mocové v séru [350, 351]. Patofyziologické mechanismy kyseliny moc¢ové vedou k endotelidlni

dysfunkci ¢i zvysené aktivité reninu [352, 353]. Existuji skute¢né dikazy, ze zvySené sérové
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koncentrace kyseliny mocCové mohou predikovat kardiovaskuldrni piihody [354, 355],
na druhou stranu jiné prace ale tento vztah neprokazaly [355, 356]. O dulezitosti tohoto markeru
svéd¢i 1 fakt, ze koncentrace kyseliny mocové byly vroce 2018 zafazeny Evropskou
kardiologickou spole¢nosti a Evropskou spolecnosti pro hypertenzi na seznam zakladnich
rizikovych faktori kardiovaskularnich onemocnéni a bylo doporuceno jejich rutinni stanoveni
u kazdého pacienta [2, 355]. Jako hranice hyperurikémie jsou stanoveny sérové koncentrace
kyseliny mocové 420 umol/l u muza a 360 umol/l u Zen.

Dalsi praci, studujici rizikové faktory aterosklerdzy, na které jsem se spolupodilela, byla
praveé studie poukazujici na vztah koncentraci kyseliny mocové a kardiovaskularniho rizika
v priabéhu 10 let [357]. Do studie vychézejici opét z populace rekrutované podle metodiky
a etickych pravidel studie Czech post-MONICA bylo rekrutovano celkem 3 505 (48,7 % muz)
a 2 302 (47,2 % muzl) jedinct z let 2006-2009 a 2015-2018. K odhadu 10 letého rizika
kardiovaskularni mortality byl uZzit skérovaci systétm SCORE (Systematic COronary Risk
Evaluation), podle kterého byli jedinci rozdé€leni do 4 kategorii podle miry rizika.

Vysledky této prace poukazuji na vyznamnou prediktivni roli koncentraci kyseliny mocové
ve smyslu 10-letého rizika Gmrti na kardiovaskularni choroby, definovaného tabulkami
SCORE, ale jen pro zenskou populaci. Kazdé zvysSeni sérové koncentrace kyseliny mocové
o 10 umol/I bylo spojeno az s ¢tyinasobnym rizikem nartstu kardiovaskularni mortality béhem
10 let (p<0,01). Hodnota pro zeny urcujici vysoké riziko stanovené skorovacim systémem
SCORE je koncentrace kyseliny mocové >309 umol/l. U muzi tento trend zaznamenan nebyl.

Genderové rozdilné vysledky jsou pravdépodobné dany rozdilnym rizikovym profilem
sledované populace. Skupina muzi vykazovala vyss$i rizikovy profil 10-letého preziti
dle tabulek SCORE (29,4 % muzi vs. 12,6 % Zeny) jiz na zaatku studie, a proto
se pravdépodobné v adjustaci s dal§imi rizikovymi faktory koncentrace kyseliny mocové v séru
neprojevila jako moZny prediktivni marker vysokého kardiovaskularniho rizika [357]. Podobné
vysledky pfinesly 1 vysledky studie NHANES 1 [354]. Naproti tomu u Zen jsou koncentrace
kyseliny moc€ové silnym prediktorem kardiovaskularni mortality, ktery je zcela nezavisly
na hodnotach skérovaciho syst¢ému SCORE a ostatnich, konvenénich rizikovych faktorech.
Z vysledki evropskych sledovani se ukazuje, Ze SCORE systém vykazuje u Zen ve zvySeném
kardiovaskularni riziku mnohem niz§i senzitivitu oproti muzim (Zeny 13-19 % vs. muzi
60- 62 %) [358, 359]. Tabulky SCORE tak mohou u zZen podhodnocovat globalni
kardiovaskularni riziko [360].

Sérové koncentrace kyseliny mocové predstavuji nezavisly rizikovy faktor 10-letého

kardiovaskularniho rizika u Zen, ale ne u muZzd. V porovnani se stavajicimi platnymi normami
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koncentraci kyseliny mocové v séru bylo vysSi kardiovaskuldrni riziko zaznamenano
jiz u mnohem nizsich sérovych koncentraci kyseliny mocové (310-333 umol/l). V budoucnu
bude potieba jest¢ dalSich analyz k posouzeni koncentraci kyseliny mocové jako prediktoru

u jiz existujiciho vysokého kardiovaskularni rizika jak zen, tak zejména muzu.
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6. ZAVER

Bilirubin je potentnim biomarkerem se silnymi antioxida¢nimi u¢inky. Na jeho homeostaze
se podili fada faktor. Vzhledem k jejich vlivu na koncentrace bilirubinu v cirkulaci je i dnes
velmi obtizné stanovit optimalni referenni meze, které¢ by reflektovaly skutecny stav dané
populace. Z vysledkii nasi prace pro Ceskou populaci vyplyva, ze referencni meze, které jsou
platné dnes, neodrazi skute¢né rozlozeni koncentraci bilirubinu. Referencni meze pro nasi
populaci jsou ve skutec¢nosti $ir$i a v porovnani s témi v soucasnosti uzivanymi se posunuly
k vy$§im koncentracim a patrné by mély byt revidovany. Na distribuci koncentraci bilirubinu
se v populaci podili i vyskyt GS, jehoZ prevalence je v Ceské republice srovnatelna s okolnimi
evropskymi stéty.

Koncentrace bilirubinu v cirkulaci jsou asociovany s dal$imi biochemickymi markery,
zejména témi, které se uplatiluji v patogenezi metabolického syndromu. U podskupiny muzi
s akutnim koronarnim syndromem byly zaznamenany nizké koncentrace sérového bilirubinu
pravdépodobné v disledku zvysené konzumpce bilirubinu jako antioxidantu.

Dale jsme prokazali na reprezentativnim vzorku evropské populace negativni asociaci mezi
systémovymi koncentracemi bilirubinu a mortalitou, zejména na onkologicka onemocnéni,
zatimco vztah ke kardiovaskuldrni mortalité¢ nedosahl statistické vyznamnosti. Podobny trend
byl pozorovan i pro jednotlivé polymorfismy genu UGTIAI zodpovédné za manifestaci
GS v kavkazské populaci.

V Ceské republice zjistujeme vysokou prevalenci zakladnich rizikovych faktort
kardiovaskularnich onemocnéni. Ke snizeni kardiovaskuldrniho rizika je nutna v€asna sanace
konvencnich rizikovych faktorti 1 u mladsich vé€kovych skupin. K lepsi stratifikaci rizika by
mohly pomahat 1 rutinn¢ uzivané biochemické markery. Jednim z nadénych biochemickych
markert odhadu aterosklerotického kardiovaskularniho rizika se jevi koncentrace bilirubinu
a kyseliny mocové. V budoucnu bude potieba jesté¢ dalSich analyz k posouzeni nejen
koncentraci kyseliny mocové jako prediktoru kardiovaskularniho rizika ale 1 dal$ich potentnich

biomarkert a jejich srovndni s konvenénimi rizikovymi faktory.
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8. SEZNAM ZKRATEK
BLVR, biliverdinreduktaza
CVD, kardiovaskularni nemoci
ICHS, ischemicka choroba srde¢ni
IM, infarkt myokardu
AIM, akutni infarkt myokardu
CMP, cévni mozkova piihoda
SCORE, Systematic Coronary Risk Evaluation
GS, Gilbertiv syndrom
HMOX, hemoxygenéza
ROS, reactive oxygen species
NADPH, nikotinamid dinukleotidfosfat
GSH, redukovany glutathion
GSSH, oxidovany glutathion
ER, endoplazmatické retikulum
Bf, free bilirubin
OATP, organic anion transport proteins
FABPI, fatty acid binding protein
UDP, uridindifosfat
UGT, uridindifosfat glukuronosyltranferaza
UGT1AL, bilirubin uridindifosfat glukuronosyltransferaza
MRP2, multidrug resistence protein 2
CNS, centralni nervova soustava
TNFa, tumor necrosis factor alfa
IL, interleukin
ATP, adenosintrifosfat
NO, oxid dusnaty
CO, oxid uhelnaty
UVA, ultrafialové zafeni A
LDL, low denzity lipoproteins
HDL, high density lipoproteins
TATA box, promotorova oblast genu slozena z nukleotidovych repetic TA

UGTIAI*28, A(TA7)TAA, Gilbertovska alela
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DNA, deoxyribonukleova kyselina

gDNA, genomické deoxyribonukleové kyselina

AST, aspartataminotransferaza

ALT, alaninaminotransferaza

GGT, gamaglutamyltransferaza

Hb1Ac, glykovany hemoglobin

TAG, triacylglyceroly

MK, mastné kyseliny

SD, smérodatna odchylka

1Q (QR), interkvartilovy rozptyl

OR, odds ratio

HAPPIE, Heath, Alcohol and Psychosocial factors in Eastern Europe
CRP, C-reaktivni protein

Post-MONICA, MONItoring of CArdiovascular Disease
IKEM, Institut klinické a experimentalni mediciny
MARE, Maf-recognition element

NRF2, nuclear factor erythroid 2—related factor 2

KEAP 1, Kelch-like ECH Associated Protein 1
NHANES, National Health and Nutrition Examination Survey
PPARa , peroxisome proliferator-activated receptor alfa,
MRGPRX4, Mas-Related G-protein coupled member X4,
FGF21, hepatic fibroblast growth factor-21,

CYP4A, cytochrome P 450 izoenzym

UCP1, Mitochondrial brown fat uncoupling protein 1
ADRB3, Beta-3 adrenergic receptor
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Serum Bilirubin in the Czech Population
— Relationship to the Risk of Myocardial Infarction in Males —

Lenka Eremiasova, MD; Jaroslav A Hubacek, PhD; Vilém Danzig, MD, PhD;
Véra Adamkova, MD, PhD; Lenka Mrazova, PhD; Jan Pitha, MD, PhD;
Véra Lanska, MD, PhD: Renata Cifkova, MD, PhD; Libor Vitek, MD, PhD

Background: The potential anfiatherogenic role of bilirubin is generally acknowledged, so the aim of this study was to determine
serum bilirubin concentrations and the prevalence of Gilbert syndrome (GS) in the Czech general population with particular reference
to its relationship to the risk of myocardial infarction (MI).

Methods and Results: Biochemical markers were analyzed in 2 independent Czech post-MONICA studies (in total, n=3,311), and
in 741 male MI patients. The UGT1A7 promoter gene varant (rs81753472) was analyzed in these MI patients and in the first control
population cohort (n=717). Medians of serum bilirubin concentrations in the 2 Czech general population cohorts were 9.6 and
9.8pmol/L (10.7 and 11.3pmol/L in males, and 8.3 and 8.8 pmol'L in females; P<0.01). The prevalence of GS was 8.9%, twice as
high in males compared with females (11.6 vs. 6.1%; P<0.01). The UGT1AT (TA)#7 promoter repeats significantly influenced serum
bilirubin concentrations in the controls, but not in the M patients. Serum bilirubin concentrations were significantly lower in MI patients
(7.7 vs. 10.7 pmol/L; P<0.01), with almost 5-fold lower prevalence of GS.

Conclusions: Serum bilirubin concentrations and the prevalence of GS were determined in the Czech general population. Signifi-

cantly lower serum bilirubin concentrations wers observed in male Ml patients.

Key Words: Bilirubin; Cardiovascular diseases; Gilbert syndrome; Myocardial infarction; UGT1A7 promoter gene variants

espite admirable progress in prevention and treat-
D ment, cardiovascular diseases (CVD) remain the

most common cause of mortality and morbidity in
developed countries !

In addition to the conventional cardiovascular risk fac-
tors, such as dyslipidemia. smoking, diabetes mellitus,
hypertension and obesity, increased oxidative stress with
impaired defense mechanisms has been recognized as an
important factor contributing to the pathogenesis of CVD 2
Among the natural endogenous antioxidants, bilirubin, a
catabolic product of heme degradation in the intravascular
compartment, is acknowledged as one of the most potent ?
Bilirubin is also a potent anti-inflammatory 4 or even a
signaling molecule 3

Originally, bilirubin was considered only a nonfunc-
tional product of heme catabolism. Although its antioxi-

dant activities had been described a long time ago, its role
as a natural antioxidant was convincingly re-discovered in
1987 % Since then, bilirubin has been intensively discussed
as a factor with potentially protective effects, mainly against
cardiovascular” and cancer diseases.® particularly in males.

Similar to all other conventional cardiovascular risk fac-
tors, genetics play an important role in the systemic biliru-
bin concentration, but the number of participating genes
seems to be rather low %" Among the environmental/non-
genetic factors affecting serum/plasma bilirubin concentra-
tions, sex, ethnicity, smoking and several dietary habits are
of importance 1!

Within heme degradation and bilirubin production,
bilirubin UDP-glucuronosyl transferase 1 (UGT1AL1), an
enzyme responsible for bilirubin glucuronosylation in the
liver tissue, plays a crucial role. In humans, this enzyme is
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Table 1. General Characteristics of the Study Populations
Cohort A Cohort B Cohort A MI cohort
(n=T17) (n=2,594) Males (n=442) Males (n=741)
M/F ratio 1.61 0.91 = =
Age (years) 48 4=11 48+11 49=11 54 7+8"
BMI (ka/m?=) 2B8.1+4.8 28.3+5.5 28.4+3.9 2B8.8+4.5
LDL cholesteral (mmoll) 3.54+1.2 3.16=0.9 3.64=1 3.57+1.1
HDL cholesterol (mmolL) 13104 1.49+0.4 1.22-0.4 1.16+0.3"
Trnacylglycerols (mmaol/L) 17711 1.34+1.0 201x1.2 1.85+1.7"
Smoking (%) 488 438 58.5 832"
Arterial hypertension (%) 41.7 40.1 471 499
Diabetes mellitus (%) 45 6.4 5 17.9"

Data shown as mean=SD. *P<0.01, compared with control cohort A male population.

coded by the UGTTAI gene (OMIM No. 191740). Based
on genome-wide association studies,'* UGTT A7 is | of the
major genetic determinants of systemic bilirubin concen-
trations.®!" The expression of UGTIAI is significantly
influenced by functional (TA) repeat polymorphism
(rs81753472) located within the ATATAA element in the
gene promoter region. The longer allele (TA) (known as
the UGTIA1#*28 allele) is associated with lower gene
expression, resulting, as a consequence, in increased sys-
temic bilirubin concentrations. Bilirubin concentrations in
(TAyn homozygotes, in particular in Caucasians, are sig-
nificantly higher in comparison with individuals carrying
at least 1 (TA)s allele.1?

Increased serum bilirubin concentrations have been
associated with reduced risk of CVID in both retrospective,
as well as prospective clinical studies (for reviews see refer-
ences 7, &), although not all of them confirmed this asso-
ciation.™ Physiological serum/plasma bilirubin concentrations
have a wide range of 2- 17 gmol/L (0.1- 1 mg/dL). with sub-
stantial differences related to ethnicity, sex, age and other
factors '11% Because of the importance of bilirubin and the
genes modulating its systemic concentrations, physiologi-
cal concentrations should be defined more precisely, sepa-
rately for men and women.'® It is known that individuals
with serum bilirubin concentrations <7 gmol/L have increased
cardiovascular risk by 30% compared with those with bili-
rubin concentrations > 10 gmol/L.! Based on these data. a
significant improvement in the prediction of cardiovascu-
lar risk has been reported when bilirubin is included in the
cardiovascular risk calculation algorithm 7

Surprisingly. data on serum/plasma bilirubin concentra-
t1ons in general populations from Central Europe are miss-
ing, which complicates proposals for novel cardiovascular
risk algorithms.

The aim of our study was thus to (1) assess the serum
bilirubin concentrations in the Czech general population,
(2) examine the prevalence of elevated liver function test
(LFTs), important confounders of serum bilirubin concen-
trations and also predictors of cardiovascular morbidity,
(3} examine the association of serum bilirubin concentra-
tions with UGTI Al promoter gene polymorphisms, and
(4} assess these factors as possible risk factors of acute
myocardial infarction (MI) in Czech males.

Methods

Study Populations
General Population The Czech general population in

this study consisted of 2 cohorts. The first cohort (cohort
A) was a retrospective consecutive subset (n=717, 62% of
males, aged 2664 years) of the Czech post-MONICA
population first examined in 19971998 and re-examined
in 2000-2001 with serum bilirubin concentrations analyzed
and selected genes affecting bilirubin metabolism investi-
gated. The samples of biological material were frozen at
—80°C immediately after blood collection until later analy-
sis for the purpose of this study.

The second, larger cohort of the Czech general popula-
tion was used to confirm the bilirubin concentration data
obtained from the first cohort. This second population
subset (cohort B) was derived from the prospective Czech
post-MONICA study conducted between 2015 and 2018
and consisted of 2,594 individuals randomly selected from
the Czech general population (48% males, aged 25-64 years).

The protocols of the Czech post-MONICA studies were
approved by the Ethics Committee of the Institute for
Clinical and Experimental Medicine and Thomayer Hos-
pital, Prague, Czech Republic (No. G 14-08-04). All par-
ticipants provided informed consent.

MI Patients

A total of 741 consecutive adult male patients who had
suffered their first M1 before age 65 (MI cohort) and were
hospitalized in the Coronary Care Unit {CCU) of the Insti-
tute for Clinical and Experimental Medicine between April
2006 and April 201481 were included in this analysis.
Blood samples collected within 24 h afier admission to the
CCU were analyzed for biochemical parameters.

All examined patients were sell reported Caucasians and
voluntarily signed written informed consent to participate
in the study. The study protocol was also in agreement
with the Helsinki Declaration and approved by the institu-
tional ethics committee.

Risk Factors and Laboratory Analysis
Traditional atherogenic risk factors were defined as
described in detail previously 1# 20

Fasting serum concentrations of lipids (total cholesterol,
high-density lipoprotein (HDL) cholesterol and triacylg-
lyceroles) were analyzed using conventional enzymatic
methods (reagents from Boehringer Mannheim Diagnostics
and Hoffmann-La Roche) and bilirubin as well as LFT
activities were determined by automatic analyzer (UmCel
DxC 800 Synchron Clinical Systems, Beckman Coulter,
UK) using routine clinical chemistry methods. The upper
limit of physiological bilirubin concentration was set as
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Tahle 2. (A} Serum Bilirubin Concentrations in the Czech General Population and Male MI Patients, (B)
Hyperbilirubinemia >17 pmol/L in the Czech General Population and Male MI Patients, (C) Factors
Affecting Serum Bilirubin Concentrations in the Czech General Population

(A) Serum bilirubin (pmol/L) Cohort A Cohort B MI cohort

Al 9.8 (8-12.4) (n=717) 9.6 (6.6-13.2) (n=2,534)
Males 10.7 (8.7-13.6) (n=442)  11.3 (8.4-15.2) (n=1,235) 7.7 (5.6-10.8)* (n=741)
Females 8.8(7.2—10.7) (n=275) 8.3 (6.1-11.1) (n=1,359) =
(B) Hyperbilirubinemia >17 pmol/L Gene[rra:lzap,c;::;ltlon I:L;?:.Io;t
All 11.4% (n=377)
Males 16.8% (n=270) 3.6%" (n=27)
Females 6.5% (n=107)
After exclusion of elevated LFT activities
All B.9% (n=295) ND
Males 11.6% (n=195) ND
Females 6.1% (n=100) ND
(C) OR (95% CI) P value
Sex (female) 0.26 (0.22-0.32) <0.001
Smoking (yes) 0.44 (0.31-0.61) <0.001
BMI (unit change) 0.98 (0.96-0.93) 0.024
HbA1C (unit change) 0.96 (0.95—0.98) <0.001
AST (unit change) 4.18 (1.76-9.9) 0.01

(A) Data shown as median and interguartile range. *P<0.01, compared with both control populations. (B) Concentra-
tions expressed as median and interquartile range. *P<0.01, compared with the general population. (C) OR repre-
sents the odds of having a serum bilirubin concentration above the median of the total general population (9.6 pmolfL,
cohort B). AST, aspartate aminotransferase; BMI, body mass index; Cl, confidence interval; HbA1C, glycated hemo-
alobin; LFT, lver function test; MI, myocardial infarction; ND, not determined due to elevation of myocardial enzyme

activities confounding the liver enzyme profile; OR, odds ratio.

17 umol/L. The following values of LFTs were considerad
abnormal: aspartate aminotransferase (AST) >0.72 ukat/L,
alanine aminotransferase (ALT) >0.78ukat/L, and
Y-glutamyltransferase (GGT) >0.84 ukat/L.

The general characteristics of the all the examined study
populations are given in Table 1.

DNA Analysis

DNA was isolated from the whole EDTA blood sample
using a slightly modified method of Miller et al 2 UGTT1 A1
gene promoter variants were analyzed by multicolored
capillary electrophoresis as described previously 223

Statistical Analysis

Dala are expressed as mean+58D or median and interquar-
tile range depending on the distribution. The differences in
studied variables were assessed by the Student’s t-test or
Mann-W hitney rank test (continuous variables), chi-square
test or Fisher's exact test (for categorical variables). The
association between serum bilirubin concentration and
UGTI1AI promoter genotype was tested using the Kruskal-
Wallis test with Dunn'’s post hoc analysis. Linear and logistic
regression analyses were used to assess the dependence of
the variables. SigmaPlot 11.0 (Systat Software, Inc., CA,
USA) was used for statistical analyses. All analyses were
performed with the significance level set to 0.05.

HW equilibrium (www dr-petrek.ew/documents/HWE.
xls) Chi square (htipz/fwww physics csbsju edu/cgi-bin/
stats/contingency_form sh?nrow=2&ncolumn=3) was cal-
culated using the freely available www tool. For categori-
cal variables, chi-square test or Fisher's exact test was used.

Results

Serum Bilirubin Concentrations in the Czech General
Population
The medians of serum bilirubin concentration in the Czech
general population, based on our 2 cohort studies consist-
ing of =3 300 subjects, were 9.6 and 9.8 umol/L, respec-
tively (Table 2A). Substantially higher serum bilirubin
concentrations were found in both cohorts of males com-
pared with females (10.7 and 11.3 vs. 8 3 and 8 8 umol/L,
P<0.01) (Table 2A). The 95% reference interval for the
whole population (defined as representing the 95% limits
for the distribution of the values of the analyte measured
in the reference population®), based on the larger cohort
B, was 4.3-23 6 umol/L; the same reference interval was
5.5-27.5umol/L for males. and 3.8-19.9 ymol/L for females.
Prevalence of Gilbert syndrome (GS: defined as uncon-
jugated hyperbilirubinemia >17 pmol/L with no signs of
hemolysis or overt liver disease; normal LFTs were used as
a surrogate marker) in our cohorts representing the Czech
general population was 8.9% (11.6% in males, and 6.1% in
females, P<0.01) (Table 2B). Serum bilirubin concentrations
were significantly affected by sex. smoking, body mass
index (BMI), glycated hemoglobin (HbA1C) and AST, but
not by age, ALT and GGT activities, or total, low-density
lipoprotein (LDL) and HDL cholesterol concentrations
(Table 2C). Females had the odds of having serum bilirubin
concentrations above the median of the whole population
lowered by 74%., while the same odds were lower in smokers
by 56% (smoking was associated with a 12% decrease in
serum bilirubin concentrations, from 9.9 (7.3-13.4) to 8.7
(6.2-11.7 gmol/'L, P<0.001). Each single point increase of
BMI was associated with a 2% decrease. and each 1%
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Table 3. Serum Bilirubin Concentrations According to Smoking Status
Bilirubin (pmol/L) P value

Cohort & Smokers (n=350) Monsmokers (n=367)

9.7 (7.7-12.1) 10.1 (8.2—12.9) 0.03
Cohort B Smokers (n=1,138) MNonsmokers (n=1,448)

9.2 (6.6-12.7) 9.9 (7.3-13.4) 0.0001
Cohort A males Smokers (n=253) Nonsmokers (n=183)

10 (8.1-12.8) 11.5 (9.5-14.8) 0.001
MI cohort Smokers (n=617) Monsmokers (n=115)

7.8 (5.7-10.8) 7.9 (5.4-10.9) NS

Data shown as median and interquartile range. Ex-smokers not included in the analysis. NS, not significant.

Tahle 4. (A) Association Between Serum Bilirubin Concentration and UGT1A71 Genetic Polymorphism, (B) Association Between
Serum Bilirubin Concentration and UGT141 Genetic Polymorphism According to Smoking Status

(A) UGT1AT Cohort A (n=T17) Cohort A males (n=442) Cohort A females (n=275) MI cohort (n=T41)
genotype n Bilirubin n Bilirubin n Bilirubin n Bilirubin
(emolL) {umaoliL) (pmol’L) (umaoliL)
(TA)as 291 g (7.3-11) 177+(40%)  9.9(8.1-11.8) 114+ (415%) B.1(8.5-9.3) 329 (44.3%) 7.3(5.3-10.1)
(TA)ar 327 9.9 (8.3-12.1)  201(455%) 10.8(8.5-12.9)  126(45.8%) 9.1 (7.4-10.6)  315(425%) B.4(6.4-11.2)
(TA)m o9 148(11.2-18.3) B4 (145%) 16.2({12.4-197) 35" [12.7%) 11.8(9.5-15.6) 97 (13.1%) 7.2 (5-11.1)°
P for trend 0.001 0.001 0.001 NS
Cohort A (n=T17) Cohort A males (n=442) Cohort A females (n=275) MI cohort (n=741)
(B) UGT1A1 Smokers Nonsmokers Smokers Nonsmokers Smokers Nonsmokers Smokers Nonsmokers
genotype Bilirubin Bilirukin Bilirubin Bilirubin Bilirubin Bilirubin Bilirubin Bilirubin
{pmol/L) (pmol/L) {umoliL) {pmoliL) (pmol/L) (emoliL) {(pmoliL) (pmolfL)
8.7 9.2 a5 108 X 8.2 74 6.9
U 90 70108 " gaa1a "M gana P eeses P eie3 M Essg 2P sz O Ei-08)
9.7 i02 101 114 a 9.1 B85 84
(TAjer 1 ap1z0) 97 (azsg) 122 a5z P erazz) P gers ¥ ogaoe) #f sema P E1-11a)
14.1 153 153 17.7 1.3 125 B.r 6.8
(TAjr # 110.4-182) (11.6-194) P(105-184) 2 (142-244) ' [@5-156] 22 (86-155) °° (120 ' 47-109)
P for trend 0.001 0.0001 0.0001 0.0001 0.0 0.0001 0.01 NS

(A) Data shown as median and interquartile range "P=<0.01 compared with cohort A males. +Includes 1 individual with genotype (TA)ss;

~includes 2 individuals with genotype (TA)ne. (B) Data shown as median and interguartile range. NS, not significant.

increase in HbA 1C with a 4% decrease of the odds of hav-
ing serum bilirubin concentrations below the median of the
bilirubin concentrations of the total study population
(Table 2C}). Conversely, each elevation in AST activity by
1 ukat/L was associated with a marked increase in serum
bilirubin concentrations; thus, AST was most likely a marker
of serious deterioration in hepatic function (Table 2C).

Detailed analysis of the role of smoking on serum biliru-
bin concentrations across all studied populations revealed
consistently lower bilirubin levels in smokers in all cohorts
representing the Czech general population (Table 3). How-
ever, smoking was not associated with lower serum biliru-
bin concentrations in the male patients suffering from MI
{Table 3).

Frequency of the Gene Variants Affecting Serum Bilirubin
Concentrations in the Czech General Population

Mo significant difference in the frequencies of UGTT AT gen-
otypes was found between males and females (Table 44),
although serum bilirubin concentrations were significantly
higher in males than in females (10.7 vs. 8 8gmol/L; P<0.01,
Table 2A). Within cohort A, representing the Czech general
population at large, the UGT1A4] promoter gene variants
were significantly associated with serum concentrations of
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bilirubin (P<0.01, Table 4A4). The highest serum bilirubin
concentration was found in TA7w7 (UGT 1A 1#*28) homozy-
gotes, both male and female (Table 4A).

Serum Bilirubin Concentrations, UGT1A7 Genotypes and
Association With MI
In male patients suffering from acute MI, serum bilirubin
concentrations were significantly lower compared with the
control male population (7.7 vs. 10.7 and 11.3umol/L,
P<0.01, Table 24). The distribution of UGTT A I genotypes
was fully comparable between these 2 groups (Table 4A4).
Although there was a close relationship between UGT1 41
promoter gene polymorphism and the serum bilirubin con-
centrations in the control population, such an association
was not detected in the MI patients (Table 4A4) and this
trend was also present when analyzing serum bilirubin
concentrations according to UGTT A genotype separately
according to smoking status (Table 4B).

Prevalence of Elevated LFTs in the Czech General Population
Because elevated activity of LFTs (in particular ALT and
GGT) is an important predictor of increased overall as well
as cardiovascular morbidity and mortality, %% we were
interested in the prevalence rates of elevated LFTs in the
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Table 5. Prevalence of Increased LFT Activity in the Czech
General Population

All Males Females

(n=2,584)  (n=1,235)  (n=1,359)
ALT 5.5% 9.7% 1.8%
AST 32% 4.7% 1.8%
GGT 18.4% 28.9% B.9%
ALT/IASTIGIGT 20.7% 32.6% 8.7%

The following LFT values were considered abnormal: aspartate
aminotransferase (AST) »0.72pkatL, alanine aminotransferase (ALT)
=0.TBukat'L, and gamma-glutamyltransferase (GGT) =0.84 pkatl.

Czech general population. Thus, LFT activities were
assessed in the large cohort B representing this population.
Elevation of ALT, AST or GGT separately was observed
in 3.2-18 4% of individuals and elevated values of any of
these liver enzymes were found in as much as 20.7% of
cohort B individuals (Table 5). Elevation of LFT activities
was more than 3-fold greater in males compared with
females, with GGT being most often elevated (Table 5).

A significant positive linear relationship was detected
between BMI and GGT (P<0.001), HbA 1 C (P<0.001), and
serum triacylglycerol concentrations (P<0.001), and a neg-
ative association was detected for BMI and HDL choles-
terol concentrations (P<0.001). Similarly, HbAI1C closely
correlated with ALT. AST and GGT activities (P<0.001).

Discussion

The physiclogical range of systemic bilirubin concentra-
tions is a matter of debate, with many factors affecting this
parameter, including, in particular. sex and ethnicity.!®
Because serum bilirubin concentration has become recog-
nized as an important risk predictor of cardiovascular as
well as other diseases.® it is even more important to estab-
lish proper physiological ranges for particular populations.
In our study performed in relatively large cohorts of
Caucasians randomly selected from the Czech general
population, we identified medians of serum bilirubin con-
centrations to be 9.6 (cohort A} and 9 8 gmol/'L (cohort B)
for both sexes in total, with higher values observed in men
(10,7113 umol/L) compared with women (8.3-8 8 umol/L).
Motably, our established 95% reference intervals for serum
bilirubin concentrations were much wider and shifted to
higher values compared with current reference intervals,
with substantial differences between males and females.

The reference intervals for serum bilirubin in the Czech
general population are within a range of 517 yumol/L and
come from 2 sources, both based on US populations and
giving the same values: (1) data from the Massachusetts
General Hospital in Boston published in a report by Kratz
et al. ¥ and (2) Beckman Coulter reference {unpublished)
data for bilirubin determination. This is the usual approach
that the majority of clinical chemistry laboratories fol-
low.® Thus, current physiological ranges for serum biliru-
bin concentrations should be reconsidered, adjusting for
individual populations and separately for males and
females.'® In addition, our study data showed the serum
bilirubin concentrations decreasing with increasing BMT,
and HbA 1C and in smokers, all [actors associated with the
risk of atherosclerosis and metabolic syndrome.

The prevalence of GS (defined historically as unconju-
gated hyperbilirubinemia >17 ymol/L in the absence of

hemolysis or overt liver disease) in the Czech general pop-
ulation was 8.9% (11.6% in males and 6.1% in females).

Serum bilirubin concentrations were much lower in acute
MI patients, consistent with prevailing opinion regarding
the atheroprotective effects of bilirubin.'&® However, 2
recent meta-analyses showed transient elevation of serum
bilirubin concentrations following acute MI ¥ most
likely related to a feedback increase of bilirubin production
by stress-induced HMOX1 activity ** Our observation of
substantially lower serum bilirubin concentrations in acute
MI patients may be due to the fact that the blood samples
for the bilirubin analysis were collected in the later phase
of acute MI, because the peak of bilirubin elevation is
reached within 18-21h after heart attack 3 Serum bilirubin
concentrations also differ according to the severity of coro-
nary atherosclerosis, ™ which may account for our obser-
vation as well.

Owr results confirmed that the UGTTAT (TA)a7 repeat
polymorphism is an important determinant of serum bili-
rubin concentrations in the Czech general population, with
no significant difference in this gene variant frequency
between males and females (Table 5), consistent with data
reported previously 3 However, the association between
UGTI1AI (TA)a7 repeat polymorphism and serum bilirubin
concentrations was not observed in the male MI patients.
In addition, the genotype distribution of the UGTT AT repeat
polymorphism was almost identical to that in the controls.
This somewhat surprising finding might be explained by
the incomplete, approximately 50% penetrance of the
UGTI1AI (TAps promoter gene variant responsible for GS
manifestation ® Therefore, it is likely that UGTTAT (TA)w7
mutation carriers suffering from MI are those not previ-
ously presenting with the mildly elevated serum bilirubin
concentrations typical of GS. Thus, the low systemic bili-
rubin concentrations in the male MI patients seemed to be
a consequence of increased oxidative stress associated with
atherosclerosis and diabetes present in these MI patients
rather than due to genetic predisposition. Overproduction
of reactive oxygen species leads to the oxidation of biliru-
bin to biliverdin.® as well as to a series of itri-, di- and
monopyrrolic bilirubin oxidation products, ¥ thus resulting
in decreased serum bilirubin concentrations. Interestingly,
smoking was not associated with lower serum bilirubin
concentrations in this acutely sick cohort, suggesting that
clinical factors mentioned earlier are probably more impor-
tant in bilirubin homeostasis.

In addition, our study has provided data on the preva-
lence of elevated liver enzymes in the Czech general popu-
lation. This is also an important finding because elevated
activity of GGT is mostly due to underlying non-alcoholic
fatty liver disease (NAFLD).® being a strong predictor of
cardiovascular morbidity and mortality,® as well as of
diabetes® independently of alcohol intake 4! A similar
positive association with cardiovascular morbidity was
also reported for elevated ALT activity ¥ another strong
marker of NAFLD.* positively correlating with multiple
metabolic risk factors ™

Increased activity of both aminotransferases (ALT,
AST) in general populations is quite high, reaching 3-15%
as reported in various epidemiological studies world-
wide 4 ¥ The same applies to GGT activity, elevations of
which have been reported in 13% of the general popula-
tion* The data from our population study demonstrated
substantially higher prevalence of elevated liver enzymes
correlating positively with BMI, blood lipids and HbA1C,
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especially in men, underlying the high risk of cardiovascu-
lar and metabolic diseases in these individuals.

Study Limitations

The cross-sectional study design together with the fact that
bilirubin was assessed in the acute phase of MI are the
limitations of our study. On the other hand, we were able
to compare the bilirubin data of these patients with those
of a relevant and representative population sample.

In conclusion, we determined serum bilirubin concentra-
tions and the prevalence of GS in the Czech general popula-
tion, with a high prevalence of increased LFTs. Substantially
lower serum bilirubin concentrations, but not specific
UGT 1 AT genotypes. were observed in the male M1 patients.
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Introduction and aim: [t has been proposed that plasma concentration of bilirubin, an endogenous antiox-
idant, is protective against diseases mediated by increased oxidative stress, including cardiovascular
diseases (CVD) and cancer. To examine this hypothesis, we investigated the relationship between plasma
bilirubin concentrations and bilirubin UDP-glucuronosyl transferase (UGTIAT) promoter gene variations
{associated with increased bilirubin concentrations) with total/CVD and cancer mortality.

ﬁ?ﬁi‘?; Materials and methods: A nested case—control study was conducted within the Polish arm of the HAPIEE
Cancer cohort. At baseline in 2002-2005, participants were examined in detail. Mortality follow-up (median

(IQR) between blood draw and death was 3.7 (2.1-5.1) years) was performed by linkage with regional
and national death registers. Plasma biomarkers were analysed in all subjects who died from any cause
(cases, n=447) and in a random subsample of survivors (controls, n=1423).
Results: There was a strong negative association between plasma bilirubin levels and total and cancer
mortality, expressed more profoundly in men. The adjusted OR of deaths from all causes and cancer,
comparing the highest vs. lowest plasma bilirubin categories were 0.61 (95% CI: 0.42-0.87) and 0.39
(0.24-0.65), respectively. There was no association of bilirubin with (VD mortality. The UGT1A1*28
allele, a genetic marker of raised bilirubin, was also negatively associated with total/cancer mortality,
although the associations were not statistically significant.
Discussion: Both the observational and genetic associations support the negative relationship between
bilirubin and total mortality; this association appears to be driven by cancer mortality, while that with
CVD mortality is not evident.

© 2019 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espana, S.L.U. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0).

Cardiovascular diseases

The role of increased oxidative stress in the pathogenesis of
cardiovascular disease (CVD) and cancer, and the associated effects
of various antioxidants, have been intensively discussed in the
literature [1,2]. In this context, bilirubin, the final product of the
heme catabolic pathway in the intravascular compartment, is
recognised as one of the most potent endogenous antioxidants.
Elevated systemic concentrations of bilirubin were for decades
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considered an ominous sign of liver diseases, but recent data
suggest that mildly increased bilirubin concentrations might exert
potent protective effects against oxidative stress-related diseases,
including cardiovascular and cancer diseases [3-5], and this may
result in lower risk of total mortality [3]. This protective rela-
tionship appears to be linear: it has been reported that each unit
increase of systemic bilirubin concentrations has been associated
with decrease in cardiovascular and cancer risk [6,7] while plasma
bilirubin concentrations below 10pmol/L, although still within
the current physiological range, appear to confer increased risks
of a variety of oxidative stress-mediated diseases [3].

Bilirubin is metabolised in the liver tissue by the conjugation
enzyme UGT1A1 (bilirubin UDP-glucuronosyl transferase 1),
whose gene (OMIM accession no. 191740) is the major genetic

1665-2681/@ 2019 Fundacitn Clinica Médica Sur, A.C. Published by Elsevier Espafia, 5LU. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.orgflicenses/ by-nc-nd/ 4.0/ ).
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determinant of its systemic bilirubin concentrations [9]. In fact,
inherited mild deficiency of UGT1A1 is the basis of a Gilbert
syndrome (OMIM accession no. 143500), also known as benign
hyperbilirubinemia. In most of Caucasian subjects, Gilbert syn-
drome is caused by the functional (TA) repeat variation located
within the ATATAA element in the promoter UGT1A1 gene region.
In comparison with the shorter wild-type (TA)g allele, the presence
of the longer allele (TA); (known also as UGT1A1"28 allele) is asso-
ciated with lower gene expression and bilirubin concentrations
in (TAY; homozygotes are significantly higher than in carriers
of at least one (TA)g allele [10]. It is important to stress, that
the penetrance of Gilbert syndrome genotype is only 50% (vir-
tually only ¥ of these subjects manifest with mild unconjugated
hyperbilirubinemia) [10], a phenomenon confounding results of
studies evaluating the effect of UGTIAT gene mutations on various
phenotypes.

The aim of our study was thus to analyse the prospective asso-
ciations between the plasma concentrations of bilirubin, the TA
UGT1A1 promoter gene tandem repeat polymorphism, and total,
cardiovascular and cancer mortality in a nested case—control study
established within alarge population-based cohort study in Poland.

1. Material and methods
1.1. Subjects in the cohort and in the nested case—control study

This study used data collected by the Polish arm of the multi-
centre HAPIEE (Health, Alcohol, and Psychosocial factors in Eastern
Europe) cohort study [11,12]. At baseline in 2002-2005, the study
examined a random sample of men and women aged 45-69 years
living in 4 districts of the city of Krakow, Poland. A total of 10,728
individuals were recruited (response rate 61%), 8860 of whom pro-
vided a blood sample. All examined subjects were of self-reported
Caucasian ethnicity. The study complied with the Helsinki Decla-
ration and was approved by the Ethics Committees of University
College London and the Jagiellonian University, Krakow. All sub-
jects provided a written informed consent.

Since there was not sufficient funding for laboratory analyses
of all blood samples, this report is based on a nested case-control
study established within this cohort. The nested case—control has
been described in detail elsewhere (including 3 other cohorts with-
out bilirubin measurements cohort) [13]. Briefly, cases were all
subjects who died from any cause during the follow-up (cases,
n=447), and controls were a random subsample of survivors [con-
trols, n=1423). Controls were chosen from participants who were
alive at the time when the analytical sample was selected. The date
of this was the 31st December 2010, which was, on average, 7 years
after baseline data collection.

1.2. Measurements and mortality follow-up

Participants completed a face-to-face interview, covering their
medical history, healthy behaviours and socio-demographic and
psychosocial characteristics, underwent an examination and pro-
vided a venous blood sample. Local and national death registers in
Krakow were used to identify mortality rates amongst the partic-
ipants. Causes of death were determined using the 10th revision
of the International Classification of Diseases (ICD): CVD (100-
199), cancer (CD0-D48) or causes other than those above (all other
ICD codes). Follow-up time for each participant was calculated
as the time between enrolment to the study and date of either
death or the last contact (for those who did not die); the mean
follow-up of subjects in the nested case-control study was 6.4
years. The median (IQR) follow-up time of cases was 3.7 years
(2.1-5.1).
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1.3. Laboratory analyses

Bilirubin, ALT, urea and CRP in frozen baseline plasma sam-
ples were determined on automatic analyser (UniCel DxC 800
Synchron Clinical Systems, Beckman Coulter, UK) using com-
mercially available kits and reference materials from Beckman
Coulter at Wageningen University (The Metherlands). DNA has
been isolated by a modified salting-out method [14]. TA repeat
polymorphism within the UGT1A1 gene has been genotyped by
the KASP™ technology custom assay (www.lgcgroup.com). This
method is unable to detect rare alleles obtaining the 5 and 8
repeats, but as these subjects represent less than 1% of the gen-
eral population (https:/fwww.ncbi.nlm.nih.gov/projects/SNP|/snp_
ref.cgi?rs=8175347), they were neglected in the further analyses.

1.4. Statistical analyses

The associations of plasma bilirubin concentrations with mor-
tality outcomes were analysed by multivariable adjusted logistic
regression in several steps. We categorised plasma bilirubin con-
centrations using 17 and 10 pmol/L cut-offs in order to make the
results more meaningful for clinical practice and comparable with
previous studies (the value of 17 pmol/L is the upper limit of the
normal bilirubin concentration, while levels lower than 10 wmol/L
have been proposed by previous studies as a potential risk factor
for cardiovascular mortality [15]).

In model 1, the relationships were adjusted for participants’ age
and sex (the basic confounders which are adjusted for in most
epidemiological studies). In model 2, the odds ratios were fur-
ther adjusted for education, marital status, alcohol intake, smoking,
body mass index, energy intake and the ratio of total/HDL choles-
terol (usually found to be related to the exposure (plasma bilirubin)
or the outcome (mortality) in most studies and therefore consid-
ered as potential confounders). In model 3, odds ratios were further
adjusted for plasma ALT, GGT, CRP and urea as potential biomarkers
(which have also been shown to be related to bilirubin and mortal-
ity, in order to assess the strength of the associations independently
of these factors). The analyses of mortality by the UGT1A1 genotype
were adjusted for age and sex (model 1, as above) and additionally
for bilirubin concentrations to assess whether the effect of geno-
type on mortality was explained by bilirubin, or whether there is
another pathway linking the genotype with the outcome (model
2). This part of the analysis was a Mendelian randomisation study
where a genetic marker of a specific phenotype (e.g. plasma biliru-
bin) is used to test a potential causal association between the
phenotype and disease. The Mendelian randomisation method is
often seen as a close parallel to randomised controlled trial and,
if the assumptions are fulfilled, it should provide unbiased and
unfounded estimates between the two variables [16,17].

The interaction between sex and bilirubin concentrations, as
well as between sex and UGT1A1 genotype, were tested in the asso-
ciation with mortality by the likelihood ratio test which compared
the nested models with or without multiplicative interaction term.
There were no statistically significant interactions with sex in any
of the examined associations. Therefore, men and women were
analysed together.

All statistical analyses were carried out using the 13.1 version
of the statistical software STATA (StataCorp, Texas, USA), p-values
<0.05 were considered statistically significant.

2. Results

The nested case-control study consisted from 1870 individuals,
of whom 447 were cases (i.e. they died from any cause, of which 139
were from CVD and 211 from cancer); the 1423 survivors served
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Table 1
Descriptive characteristics of the study sample.
Cases Controls p-value’
(all deaths)
Mumber of subjects 447 1423
Age (years), mean (5D 61.6 (6.5) 60.8 (6.7) 0.048
Males, n (%) 305(68.2) 971(68.2) 0.999
Current smoking, n (%) 154(43.4) 383(269) =0,001
BMI (kg/m? ), mean 280(5.1) 28.3(43) 0388
(5D)
Total cholesterol 57(1.2) 58(1.0) 0173
(mmol/L), mean (5D
Triacylglycerols 15 15 0,008
(mmaol/L) (1.1-21) (1.1-2.0)
median (IQR)
Bilirubin (pmol/L) 12.0 129 <0.001
median (IQR) (9.8-15.2) (10.9-16.1)
ALT (TLL) 201 211 0.022
median (IQR) (15.4-27.0) (16.8-274)
GCT (IU/L) 213 157 <0.001
median (IQR) (8.4-40.3) (6.8-31.1)
CRP{mg/L) 25 1.7 <0001
median (IQR) (1.1-5.6) (0.9-3.3)
Urea (mmol/L) 46 48 0.021
median (IQR) (3.7-5.8) (4.0-5.8)
SD= standard deviation, [(JR- interquartile range.
" Calculated with chi-square test, t-test or Spearman's rank correlation, depending on the nature of the variable.
Values in bold represent significant differences.
Table 2
Distribution of UGT1AT genotypes in the study sample (cases and controls combined) and values of bilirubin, ALT, GGT, CRP and urea by UGT1A1 genotype,
UGTIAT genotype p-valug”
GG 67 77
MNumber of subjects (%) 759 (40.6) 344 (45.1) 267(14.3)
Bilirubin (pumol{L), median (IQR) 11.7(10.0-13.9) 13.0(10.9-15.6) 19.1 (14.6-25.0) <0.001
ALT (ILL), median (IQR) 21.0(167-27.0) 2009(165-27.9) 208 (16.2-269) 0519
GGT (U/L), median {IQR) 17.4(7.1-34.1) 167 (7.0-337) 168(7.0-303) 03n
CRP {mg/L), median (IQR) 1.8(09-36) 1.9(09-39) 18(09-28) 0,596
Urea (mmol/L), median (IQR) 40(40-58) 47(39-57) 48(38-58) 0,105

" p-value for trend estimated by Spearman’s rank correlation test, IQR, interquartile range.

Data expressed as medians and IQR. Values in bold represent significant differences.

as controls. Descriptive characteristics of subjects included in the
nested case-control study are shown in Table 1. The median plasma
bilirubin concentration in the overall sample was 12.8 pmol/L
(13.5 pmol/Lin men, 11.6 pmol/Lin women ). Compared to controls
subjects who died had significantly lower plasma bilirubin concen-
trations (Table 1). Clinically important elevations of ALT and GGT
activities were seen in 8.6% and 19.5% of subjects, respectively.

The distribution of UGT1A1 genotypes was in agreement with
HW equilibrium (p=0.19), and the allele frequencies were similar
to the other Caucasian populations (Table 2)[10]. As expected, there
was an association between the UGT1A1 genotypes and plasma
bilirubin concentrations; 7/7 homozygotes had significantly higher
plasma bilirubin concentrations compared to carriers of at least
one allele 6 (Table 2). Other biochemical and anthropometrical
parameters of interest (ALT, GGT, CRP, urea) were distributed inde-
pendently of the UGT1A1 repeat polymorphism.

After controlling for age and sex, there was a strong negative
association of plasma bilirubin categories with risk of death from
all causes and cancer mortality but not from CVD (Table 3). These
results remained significant even after adjusting for potential con-
founders, including age, education, marital status, alcohol intake,
smoking, BMI, energy intake, total/HDL cholesterol ratio (model 2).
In the adjusted model, the odds ratios in the highest vs. lowest
bilirubin categories for death from all causes, cancer and CVD were
0.61 (95% CI: 0.42-0.87), 0.39 (0.24-0.65) and 1.03 {0.58-1.83),
respectively (Table 3). After additionally adjusting for elevated
plasma ALT, GGT activities, as well as CRP and urea concentrations
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(model 3), the pattern of results remained similar, although the con-
fidence intervals became wider due to loss of statistical power in
the multivariable model. All the studies on the association between
bilirubin and clinical outcomes published so far have paid extreme
attention to gender with female sex having negligible relationship,
whereas males almost always having benefits from higher bilirubin
concentrations. For this reason we also conducted gender-specific
analyses. In these additional analyses, investigated associations
were stronger in men than women (Table 4), although the inter-
actions between bilirubin and sex were not statistically significant.

The associations of the UGT1A1°28 allele (a genetic marker
of systemic bilirubin concentrations) with mortality risks showed
similar patterns as plasma bilirubin concentrations, although the
associations did not reach statistical significance (Table 5). Impor-
tantly, the adjustment for plasma bilirubin almost attenuated the
(non-significant) associations of the polymorphism with all-cause
and cancer mortality; indicating that the effect of genotype was, as
hypothesised, driven predominantly by plasma bilirubin concen-
trations.

3. Discussion

This case-control study, nested in a population-based cohort
in a Krakow urban population sample, found strong negative
associations of plasma bilirubin with all-cause mortality driven
predominantly by the effect on cancer but not CVD mortality.
These observational associations were supported by the Mendelian
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Table 2
Odds ratios (OR) and 95% confidence intervals (95% CI) of mortality by plasma bilirubin concentrations calculated with logistic regression models,
Cause of death Plasma bilirubin { pmol /L) Deaths Model 1 Model 2 Model 3
(m)
OR (95% Q1) OR (95% CT) OR (O5%CT)
All causes <10 120 1.00 (ref) 1.00 (ref) 1.00 (ref)
(n=-447) 10-17 253 049 (0.37-0.64) 0.60 (0.45-0.79) 0.62 (0.47-0.82)
=17 74 047 (0.33-0.66) 0.61 (0.42-0.87) 0.63 (0.43-092)
p-value for trend <0001 0. o.o1o
Sex interaction p-value 0659 0.746 0.795
oD <10 30 1.00 (ref) 1.00 (ref) 1.00 (ref)
(n=139) 10-17 82 072 (0.47-1.13) 0.87 (0.55-1.37) 09 (0.58-1.44)
=17 27 079 (0.45-1.38) 1.02 (0.58-1.83) 1.09 (0.61-1.95)
p-value for trend 0407 04923 0.793
Sex interaction p-value 0240 0.190 0187
Cancer <10 GB 1.00 (ref) 1.00 (ref) 1.00 (ref)
(n=211) 10-17 117 0.44 (0.32-0.61) 0.52 (0.36-0.72) 0.54 (0.38-0.76)
=17 26 0.32 (0.20-0.52) 0.39 (0.24-0.65) 041 (0.25-0.69)
p-value for trend <0001 <0.001 <0.001
Sex interaction p-value 0549 0638 0.706
Other causes <10 22 1.00 (ref) 1.00 (ref) 1.00 (ref)
(n-97) 10-17 54 069 (0.41-1.16) 0.86 (0.51-1.48) 0.87 (0.50-1.50)
=17 21 085 (0.45-1.60) 1.08 (0.56-2.09) 1.00 (0.51-1.98)
p-value for trend 0628 0.820 0.999
Sex interaction p-value 0251 0.183 0158

Model 1; Adjusted for age and sex.

Model 2; Additionally adjusted for education, marital status, alcohol intake, smoking, BMI, energy intake, total cholesterol/ HDL ratio.
Maodel 3; Adjusted for all variables in model 2 and plasma ALT and GGT activities, and CRP and urea concentration,

Values in bold and italics are highlighting stadistical significance of the results,

randomisation analyses; although non-significant, the patterns of
associations of mortality with a genetic marker of raised biliru-
bin were similar to results of analyses using plasma bilirubin. In
theory, with data available on bilirubin, genotypes and mortality
outcomes in the same dataset, it would be possible to formally con-
duct aone sample Mendelian randomisation using a two-stage least
squares regression analysis. However, a larger sample size and/for
higher number of deaths would be necessary to achieve sufficient
statistical power.

There is growing evidence from experimental and clinical stud-
ies [3,4] that mildly elevated systemic bilirubin concentrations
have potent anti-atherogenic 5], anti-proliferative [7,18], and anti-
ageing[19] effects. This association, however, seems to be valid only
when the elevated bilirubin is not a consequence of an underlying
liver disease [G]. Indeed, elevated liver enzyme activities predict
cardiovascular events [20,21], thus underlying liver disease clearly
eliminates the potential beneficial effects of bilirubin. It is impor-
tant to note, that the prevalence of elevated liver enzymes in the
general population is as high as 10-20% [22], which is exactly what
we found in our current study.

The beneficial effects of bilirubin on mortality have been shown
in several epidemiological studies. The first study, in 2001, a 10-
year follow-up retrospective investigation of more than 11,000
Belgian men and women [23], reported a significant negative asso-
ciation of bilirubin with all-cause and cancer mortality in men but
not in women; surprisingly, no association was found with CVD
mortality. Another large study by Fulks et al., included almost 2 mil-
lion insurance applicants, found an negative association between
all-cause mortality and bilirubin levels [24]. Serum bilirubin levels
had a strong and independent protective impact on the associa-
tion with all-cause and CVD mortality in a study by Ajja et al. in
a male population [25]. In a prospective study by Horsfall et al.
[26] in a statin-treated population of approximately 130,000 par-
ticipants, a negative relationship between bilirubin concentrations
and all-cause mortality risk was observed, whereas the relation-
ship between bilirubin and CVD/myocardial infarction events was
U-shaped [26]. In a second report, the same group analysed mor-
tality rates in participants diagnosed with Gilbert syndrome; these
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subjects had half the mortality rate compared to controls [27].
Protective effects of bilirubin on overall mortality were reported
also from a prospective study on haemodialysed patients by Chen
et al. [28]. Importantly, subjects with Gilbert syndrome genotype
(UGT1A1*28 homozygosity) had one fourth the risk for all-cause
mortality as compared to the wild-type allele carriers. A signifi-
cant negative correlation between serum bilirubin and all-cause
mortality was observed also in NHANES study on elderly popula-
tion [29], although no detailed analysis was provided. Consistently,
serum bilirubin concentrations below 10.5 pmol/L were found to
be a risk factor for cardiovascular mortality in a small Serbian older
population [30].

On the other hand, no survival advantage of higher serum
bilirubin concentrations was observed among older persons by
Boland et al. [31] and, higher baseline bilirubin levels predicted
slightly increased mortality in the Ludwigshafen Risk and Cardio-
vascular Health study (although confusingly, a UGT1A1°28 gene
variant predicted lower overall mortality [32]. No significant asso-
ciations between serum bilirubin and either all-cause, CVD or
non-CVD mertality were observed in Diabetes Heart Study [33].
Similarly, bilirubin was not associated with cancer mortality in the
EPIC-Heidelberg cohort [34]. Overall, although not completely con-
sistent, most available studies suggest a beneficial effect of bilirubin
on all-cause mortality, driven predominantly by the effect on can-
cer, but in some studies also on CVD.

Our results confirm data from previous studies since they are
consistent with the majority of published reports. In our study,
the association with all-cause mortality was driven mainly by can-
cer mortality, while that with cardiovascular mortality was not
observed. One of the reasons for this observation may lie in the
relatively young age of the examined population (61.6 + 6.5 years),
in which cancer was found a leading mortality cause.

The association between UGTIA1 promoter gene variations
and mortality rates was not significant (most likely due to low
penetrance of UGT1A1°28 mutation [10]) but the direction of
the association also suggests protective effects. The observation
that the adjustment for bilirubin virtually eliminated the (non-
significant) effect of the genotype is important because it confirms
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Table 4
Odds ratios (OR) and 95% confidence intervals (95% (1) of mortality by plasma bilirubin concentrations by sex, calculated with logistic regression.
[a) men
Causes of death Plasma bilirubin (pLmol/L) Deathsin) Model 1 Model 2 Model 3
OR {05%CT) OR (05X C1) OR (95% )

All cause <10 71 1.00 (ref) 1.00 (ref) 1.00 (ref)

(m=305) 10-17 173 0.44 (0.31-0.62) 0.55 (0.39-0.80) 0.57 (0.40-0.83)
=17 61 0.42 (0.28-0.63) 058 (0.38-0.90) 0.59 (0.38-0.92)
p-value for trend <0.001 0.024 0.031

VD <10 21 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=98) 10-17 55 055 (0.33-095) 0.65 (037-1.14) 0.72 (0.41-126)
=17 22 0.61 (D.33-1.16) 0.81 (0.41-156) 0492 (0.46-1.79)
p-value for trend 0184 0.606 0.868

Cancer <10 39 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=134) 10-17 75 0.37 (0.23-0.57) 044 (0.28-0.70) 045 (0.28-0.71)
=17 20 0.26 (0.15-0.47) 035 (0.19-0.64) 035 (0.19-0.64)
p-value far trend <0.001 <0.001 0.001

Other cause <10 11 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=73) 10-17 43 097 (0.49-192) 127 (0.62-2.60) 1.24 (0.60-2.58)
=17 19 1.16 (D.54-250) 151 (0.67-3.40) 1.1 (0.56-3.03)
p-value far trend 0641 036 0.560

(b) Women

Causes of death Plasma bilirubin {pmol/L) Deaths(n) Model 1 Madel 2 Model 3

ORr (95% C1) OR (05X CD) OR (95X C1)

All cause <10 49 1.00 (ref) 1.00 (ref) 1.00 (ref)

(m=142) 10-17 20 057 (0.37-0.87) 066 (0.43-1.03) 071 (0.45-1.11)
=17 13 058 (0.29-1.16) 061 (029-1.27) 0.63 (0.30-1.35)
p-value for trend .022 0078 0128

VD <10 9 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=41) 10-17 27 1.19 (0.54-2.60) 1.51 (D67-3.41) 157 (0.69-3.59)
=17 5 1.37 (0.44-4.27) 1.58 (D.47-521) 157 (0.46-532)
p-value for trend 0568 0356 0.348

Cancer <10 29 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=77) 10-17 42 054 (0.32-0.91) 0.59 (0.34-1.01) 063 (0.37-1.10)
=17 6 0.48 (0.19-1.22) 0.49 (0.19-1.29) 052 (0.19-1.40)
p-value for trend 0.025 0.050 0088

Other cause <10 1 1.00 (ref) 1.00 (ref) 1.00 (ref)

(n=24) 10-17 11 039 (0.17-0.92) 045 (D19-1.11) 048 (0.19-1.20)
=17 2 044 (0.10-2.06) 047 (D10-234) 050 (0.10-2.57)
p-value for trend 0.064 0126 0164

Model 1; Adjusted for age.

Model 2: Additionally adjusted for education, marital status, alcohol intake, smoking, BMI, energy intake, total cholesterol/HDL ratio.
Model 3; Adjusted for all variables in model 2 and plasma ALT and GCT activities, and CRP and urea concentration.

Values in bold and italics are highlighting stadistical significance of the results,

that bilirubin is (1) strongly associated with the genotype, and {2)
responsible for the protective effect of the UGT1A1*28 gene varia-
tion.

Our findings are further supported by clinical studies of can-
cer morbidity. For example, in a large Chinese study on patients
with colorectal cancer, the prevalence of Gilbert syndrome geno-
typewas very low, reaching only 1.4%[35]. Similarly low prevalence
of this Gilbert syndrome genotype (4.7%) was found in a study
of colon cancer by Liu et al. [36]. Serum bilirubin concentrations
were reported to be negatively associated with non-dermatological
malignancies, and this effect was the most pronounced for colorec-
tal cancer; subjects with Gilbert syndrome phenotype had 4-times
lower risk compared to individuals with normal bilirubin levels
[18]. Similarly, in our previous study low serum bilirubin levels
were associated with an increased risk of colorectal cancer in both
males and females, whereas UGT1A1°28 allele carrier status was
proved to be protective against the development of colorectal can-
cer in males [7].

The main limitation of our study is the relatively small num-
ber of events, particularly deaths from specific causes. The average
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follow-up time of 6.4 years can also be considered short for the
development of chronic diseases and may be partly responsible
for some of the non-significant findings. Further limitation is the
fact that site-specific cancer rates could not be assessed. Giving
the large variation within this disease group in terms of risk factor
profile, future analyses should explore the link between bilirubin
and specific types of cancer. On the other hand, the prospective
design minimises the reverse causation bias, and the extensive set
of data on participants allows effective control for confounding.
In addition, the combination of observational and Mendelian ran-
domisation design, and the consistency of these two sets of findings,
supports the validity of our findings.

In conclusion, our study is consistent with earlier reports that
plasma bilirubin concentrations is negatively related to total mor-
tality: in our data, this association was mostly driven by the effect
on a cancer, rather than CVD. These findings were further sup-
ported by the (non-significant) pattern of associations between
mortality and the UGTIA1 promoter gene polymorphism which
was largely explained by plasma bilirubin. Larger epidemiological
studies, presumably on older populations, are needed to confirm
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Table 5
Relationship between UGT1A1 promoter gene status and mortality with logistic regression models.
Cause of death UGTIAT genotype Deaths Model 1 Model 2
(m)
OR o5Ed OR 1y Xl
All-causes G/6 191 1.00 (ref) 1.00 (ref)
(n=447) 67 198 09 (0.72-1.14) 097 [0.77-1.23)
n 58 083 (0.59-1.16) 098 [0.67-1.43)
p-value for trend 0235 0873
Sex interaction p-value 050 0895
oD G/6 50 1.00 (ref) 1.00 [ref)
(n=139) 67 55 0.83 (0.56-1.21) 085 [0.58-1.25)
n 25 123 (0.75-2.01) 136 (0.78-2.30)
p-value for trend 0739 0631
Sex interaction p-value 0477 0545
Cancer G/6 a1 1.00 (ref) 1.00 (ref)
(n=211) 67 a7 0.95 (0.70-1.29) 1.06 [0.77-1.44)
n 23 070 (0.43-1.14) 098 (0.58-1.68)
p-value for trend 0208 0889
Sex interaction p-value 0734 0692
Other causes G/6 41 1.00 (ref) 1.00 (ref)
(n=97) 67 46 1.0 (0.65-1.56) 1.00 [0.64-1.55)
n 10 0.66 (0.33-1.34) 057 [0.26-1.25)
p-value for trend 0374 0293
Sex interaction p-value 0581 0571

Maodel 1; adjusted for age and sex.
Maodel 2; adjusted for age, sex and bilirubin concentrations,
Values in italics are highlighting stadistical significance of the results.

our as well as previously published data on lacking relationship
between bilirubin and CVD mortality, and to reveal the reasons for
this phenomenon.

Abbreviations

oD cardiovascular diseases

UGT1A1 bilirubin UDP-glucuronosyl transferase

HAPIEE Health, Alcohol, and Psychosocial factors in Eastern
Europe

ICD International Classification of Diseases
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Abstract

Our aim was to determine the serum uric acid (SUA) levels associated with an in-
creased risk of cardiovascular (CV) and all-cause death in the general adult population.
We analyzed data obtained in two independent cross-sectional surveys performed
in the Czech Republic in 2006-09 and 2015-18, involving 1% population random
samples in nine districts, aged 25-64 years, stratified by age and gender. Ten-year
mortality data were obtained in a cohort with examination in 2006-09. Final analyses
included 3542 individuals (48.2% men) examined in 2006-09, and 2304 (47.4% men)
examined in 2015-18. From a cohort examined in 2006-09, 122 men and 60 women
were reported dead (33% and 27% from CV disease). In men, there was no associa-
tion of baseline SUA levels with baseline SCORE category or 10-year mortality rates.
In women, each 10 pmol/L increase in baseline SUA levels was associated with an
increase in baseline SCORE category (P < .001). Receiver operating characteristic
curve analyses in women identified the baseline SUA cutoff values discriminating: 1.
between low/intermediate and high/very high SCORE categories (309 umol/L), 2. CV
mortality (325 pmol/L), and 3. all-cause mortality (298 pmol/L). After adjusting for
confounders including SCORE, Cox regression analysis confirmed that the baseline
SUA cutoffs of 309 pmol/L and 325 pmol/L were associated with 4-times (P = .010)
and 6-times (P = .036) greater risk of CV mortality, whereas the cutoff of 298 pmol/L
was associated with 87% greater risk of all-cause mortality (P = .025). In conclusion,
the SUA cutoff value of 309 pmol/L identified women at high/very high SCORE cat-
egory and was associated with 4-times greater risk of observed CV mortality over
10 years.

J Clin Hypertens. 2020;22:897-905.
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1 | INTRODUCTION

Owver the past few decades, a large number of studies have linked in-
creased serum uric acid (SUA) levels with current and future arterial
hypertension, chronic kidney disease (CKD), metabolic syndrome, and
cardiovascular disease (CVD); however, it is still a2 matter of debate
whether these associations are causall While the most convincing
evidence exists for causal involvement of uric acid in arterial hyper-
tension, its role in CVD remains controversial. Some epidemiological
studies have reported that increased SUA levels predict cardiovascular
cwv) E_'l.l'ents,z':j while others showed either no association or eliminated
association after adjusting for conventional risk factors.
Mevertheless, high SUA levels become increasingly recognized as
a CV risk factor rather than a marker of underlying disease. Likewise,
the 2018 European Society of Cardiology/European Society of
Hypertension guidelines on the management of hypertension have
included uric acid as a new CV risk factor and recommend routine
suUA level measurement in patient \-'\.rorl‘:l..||:~.'j However, two im-
portant guestions have to be answered: (1) the upper imit of SUA
reference range has not been clearly established.” Currently, the
threshold for hyperuricemia is defined based on the distribution of
SUA levels in a population without clinical evidence of gout (approx.
420 pmol/L in men; 350 pmol/L in women). However, the role of uric
acid in the development of hypertension or CVD has been also docu-
mented with SUA levels below the upper mit of standard reference
range.g'a Furthermore, over the past few decades, SUA levels have
progressively increased in developed countries mainly due to in-
creasing prevalence of obesity and detrimental lifestyle changes.g'm
Thus, defining normouricemia according to a biological function of
uric acid becomes a high pricrity; (2) there iz growing evidence sug-
gesting that there are gender disparities in SUA levels associated CV
risk with a closer relationship consistently reported in women 3442
The aim of this analysis was to evaluate which SUA levels were as-
sociated with an increased risk of CV and all-cause death in men and
in women enrolled into the Czech post-MOMNICA Study in 2006-09
and in 2015-18. For that purpose, baseline estimated CV risk proba-

bilities and observed CV and all-cause mortality data were evaluated.

2 | METHODS

2.1 | Study population

The Czech MOMICA and Czech post-MOMICA studies deal with
independent cross-sectional surveys for major CV rnick factors
in representative samples of the Czech adult population. The
former was established in 1985 as a part of the World Health
Organization MOMICA Project (MOMItoring trends and deter-
minants in CArdiovascular disease), and so far, there have been
7 independent cross-sectional surveys performed in the Czech
RE‘DI.Ib“C.iS In the present study, we analyzed the data obtained
from the last two independent cross-sectional surveys (The Czech
post-MOMICA study 2006-09 and 2015-18), with available SUA
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levels and albumin creatinine ratio (ACR). For each screening, a
1% random sample of the general population of nine districts of
the Czech Republic within an age range 23-64 years was selected
from the General Health Insurance Company registry, as previously

described elsewhere 1%

and recently (2015-18) from registers of
five major health insurance companies, covering 85% of the entire
Czech population. By law, health insurance is mandatory for all
Czech citizens.

All study participants were Caucasians. The study protocol was
approved by the Joint Ethics Committee of the Institute for Clinical
and Experimental Medicine and Thomayer Hospital, and all partici-
pants provided their written informed consent. In 2006-09, a total of
3612 individuals were examined (as previously reported), whereas,
in 2015-18, a total of 2621 individuals were examined. The response

rates were 63.1 and 44 8%, respectively.

2.2 | Examination and laboratory analysis

In each survey, the examination consisted of a physician-completed
guestionnaire focusing on demographic and socioeconomic data, life-
style, disease history, and current use of medication. Post-menopausal
status was defined as no menstrual periods for 12 consecutive months
with no other identified biological causes. Anthropometric and blood
pressure measurements were taken as descnibed previously.m Fasting
blood and an early morning spot urine samples were analyzed in a
central laboratory (Department for Laboratory Methods, Institute for
Clinical and Experimental Mv:edil:inv.=.J.l'2’:LS

Hyperuricemia was defined as the level of SUA = 420 pmol/L in
men and 2360 pmol/L in wemen! Individuals with systolic blood
pressure =140 mm Hg or diastolic blood pressure =20 mm Hg or cur-
rent drug treatment for hypertension were considered to have arte-
rial hypertension. Dyslipidemia was defined as total cholesterol level
=5 mmol/L or high density lipoprotein-cholesterol <1 mmol/L in
men and <1.3 mmol/L in women or serum triglycerides =17 mmol/L
or current use of lipid-lowering medication. Diabetes mellitus was
defined as fasting plasma glucose =7 mmol/L or current treatment
with insulin or oral antidiabetic medication. The Chronic Kidney
Disease Epidemiology Collaboration equation was used to calcu-
late estimated glomerular filtration rate (eGFR). Individuals with
£GFR < 60 mL/min/1.73 m~ or ACR = 3 mg/mmoL were considered
to have chronic kidney disease *° Cardiovascular disease was de-
fined as a self-reported history of myocardial infarction, coronary
artery bypass grafting, percutaneous coronary intervention, stroke,

and other arterial revascularization or peripheral arterial disease.

2.3 | Systematic COronary Risk Evaluation (SCORE)

A 10-year risk of CV death was assessed using the SCORE system,
and each person was allocated into one of the four SCORE catego-
ries: low (<1%), intermediate [1-<5%), high (=5%-<10%), and very high
falo%].é In individuals without CVD, eGFR < 60 mL/min/1.73 mz.
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diabetes mellitus, and marked elevation of a single risk factor, a
10-year nisk of CV death was assessed using the SCORE charts cali-
brated for the Czech population aged 40-65 years with the use of
country-specific mortality rates. In adults younger than 40 years, a
10-year risk of CV death was set to a zero unless otherwise stated.
All individuals with clinical CVD, eGFR < 60 mL/min/1.73 m”, diabe-
tes mellitus, and marked elevation of a single risk factor were auto-

matically considered to be at a high or a very high risk category.

2.4 | Mortality data

Mortality data including the date and cause of death till September
2018 were obtained for the cohort initially examined between 2006
and 2009. The cause of death was classified after the International
Statistical Classification of Diseases and Related Health Problems
(10th revision, 2014). Data were provided by the Institute of Health

Information and Statistics of the Czech Republic.

2.5 | Statistical analysis

Continuous variables were tested for normality. The two-tailed t
test for independent samples and Mann-Whitney U test were em-
ployed to evaluate the differences between genders in continuous
variables, where applicable. The distribution of categorical variables
between genders, as well as mortality rates in the first survey (2006-
09) was compared by Pearson’s chi-square test.

The univariate analysis of variance (AMOVA) was used to com-
pare mean SUA levels by the SCORE category. So as to evaluate
the independent contribution of SUA levels to a SCORE category,
multivanate generalized hnear mixed (GLM) models with a SCORE
category as an ordinal dependent variable were employed. The GLM
models were adjusted for all unique factors significantly associated
with a SCORE category in univariate analyses. To avoid overadjust-
ment, only factors not already incorporated in the SCORE algorithm
were considered.

The receiver operating characteristic (ROC) curve analysis was
used to assess the discriminating capacity of bazeline SUA levels (a)
to distinguish individuals at high/very high baseline SCORE catego-
ries from those at low/intermediate SCORE categories in the pooled
data, whereas the discriminating capacity of SUA levels for (b) ob-
served CV mortality and (c) observed all-cause mortality was evalu-
ated in the survey of 2006-09. The area under the receiver operating
charactenstic curve [AUROC) was assessed using the method by
Delaong et al. The cutoff values of SUA levels were defined according
to the maximized sum of sensitivity and specificity. In order to evalu-
ate all the newly defined cutoff values as independent predictors of
the observed CV and all-cause mortality, multiple multivariate Cox
proportional hazards regression models were employed, with all po-
tential confounders and SUA levels above/below a respective cutoff
being entered in a forward stepwise manner. A Holm-Bonferroni-

corrected P value was reported to adjust for multiple testing.
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All statistical analyses were performed separately by gender.
Calculations were performed using SP55 19 software (SPSS Inc).
Unless otherwise stated, a significant difference was defined as a

two-sided P value < .05.

3 | RESULTS

3.1 | Demographic and clinical characteristics; the
Czech post- MONICA Studies 2006-09 and 2015-18

A total of 3503 (48 7% men) and 2302 (47 4% men) individuals ex-
amined in the surveys in 2006-09 and 2015-18, respectively, with
determined SUA levels, SCORE category and the presence of CKD
were included in the final analyses. The demographic and chimical
characteristics of men and women by the year of survey are sum-
marized in Table 1. Compared to women, men had higher body mass
index, and there was a higher proportion of men with hypertension,
diabetes mellitus, and dyslipidemia. Overall, 27% of men and 12% of
women were classified as being at high or very high 10-year risk of
CVW death.

3.2 | Therelationship between baseline SUA
levels and a baseline SCORE category; the Czech
post- MONICA Studies 2006-09 and 2015-18

In ANOVA in women, mean SUA levels gradually increased with an
increase in the SCORE category in the pooled analysis of the two
surveys and in individuals without CVD, eGFR < 60 mL/min/1.73 m2,
diabetes mellitus, and markedly elevated single risk factors
(Figure 51C.D). In univarniate AMOVA In men, an increase in mean
SUA levels with an increase in the SCORE category was less convinc-
ing in the pooled data and was not observed in individuals without
CVD, eGFR < 60 mL/min/1.73 m?, diabetes mellitus, and markedly
elevated single risk factors (Figure S1A_B). The increase in mean SUA
levels with an increase in the SCORE category was also observed
in each survey separately in women, whereas only in the survey in
2006-09 in men (data not shown).

In multivariate GLM models, there was no association between
SUA levels and SCORE category in men either in the pooled or sub-
group analyses (Table 2). In women, for each 10-pmol/L increase in
SUA levels, the SCORE category significantly increased in the pooled
and also in each subgroup analysis. Of note, the use of xanthine-ox-
idase inhibitors, diuretics, losartan, and fenofibrate was not associ-
ated with SCORE category.

In the GLM model of the pooled data in women, including also
post-menopausal status and the year of the survey as independent
variables, in addition to SUA levels, waist circumference, education,
ACR z 3 mg/mmoL, and the use of antihypertensive and lipid-low-
ering medication, there was an increase in the SCORE category (OR
0.02 [95% Cl 0.01-0.04]; P = .001) for each 10-pmol/L increase in
SUA levels.
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TABLE 1 Demographic and clinical characteristics by gender, the Czech post-MONICA studies 2005-09 and 2015-18

Age,y
Current smoker, n (%)
Education

Basic, n (%)

Secondary without school leaving
examination, n (%)

Secondary with school leaving
examination, n (3)

University, n (%)
Waist-to-height ratio, cm/cm
Body mass index, kg/m?®
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidemia, n (%)

SUA, pmol/L

Hyperuricemia, n (%)

CKD, n (%)

eGFR < 40 mL/min/1.73 m”, n (%)
ACR =z 3 mg/mmoL. n (%)

Use of xanthine-oxidase inhibitors,
n (%)

Use of antihypertensive medication,
n (%)

Use of diuretics, n (36)
Use of losartan, n (%)

Use of lipid-lowering medication,
n (%)

Use of fenofibrate, n (%)
Use of antidiabetic medication, n (%)
Post-menopausal status, n (%)
CVD, n (%)
SCORE, %*
SCORE category
Low, n (36)
Intermediate, n (%)
High, n (3)
Very high, n (%)

Survey 2006-09

Survey 2015-18

Men
n= 1707

478115
605 (35.5)

68 (4.0)
804 (47.1)

579 (33.9)

256 (15.0)
0.56 + 0.07
2851446
780 (45.8)
156 (9.2)
1320(77.3)
3447 +81.0
280 (16.4)
116 (6.8)
34 (2.0)

95 (5.6)

84 (4.9)

489 (28.7)

1568 (9.8)
64(3.8)
215 (12.7)

47 (2.8)
85(5.1)
122 (7.1)
0[0.0-6.0]

544(319)
662 (38.8)
249 (15.8)
232 (13.6)

Women
n=1798

467112
492 (27.4)

174 (9.7)
545(30.4)

819 (45.6)

257 (14.3)
0.53 +0.09
272461
612 (34)
8B 49)
1301 (72.4)
2502 +738
138 (7.7)
136 (7.6)
48(2.7)

98 (5.5)
21(1.2)

419 (23.3)

174 (9.7)
59 (3.3)
160 (9)

24 (1.3)
52(2.9)
781(43.6)
43(2.3)
0[0.0-2.0]

987 (54.9)
585 (32.5)
124 (6.9)
102 (5.7)

P value

004
<001

<001

<001
<001
<001
<001
001
<001
<001
ns

ns

ns

<.001

<001

ns
ns

<001

004
001

<001
<.001

<001

Men
n=1091

48.3:109
290 (26.6)

18 (1.7)
381(35.3)

419 (38.8)

262 (24.3)
0.57 +0.07
290547
527 (48.3)
87 (8.0)
830 (76.1)
374.5+73.3
274 (251)
39 (3.6)
13(1.2)

28 (2.8)

64 (5.9)

326 (29.9)

105 (9.6)
18 (1.6)
150(13.7)

31(2.8)
43 (5.8)
49 (4.5)
0 [0.0-5.0]

342 (31.3)
475 (43.5)
162 (14.8)
112 (10.3)

Note: Mean + standard deviation are presented for the continuous variables, unless otherwise stated.

Median and 90-percent range are presented for SCORE (3%).

Frequency and percentage are presented for categorical variables.

Women
n=1211

47.6 £ 10.9
281 (23.2)

55 (4.6)
284 (23.6)

588(48.8)

277 (23.0)
0.54 + 0.09
274147
384 (317)
64(5.3)
8568 (71.7)
2790+ 662
131 (10.8)
58 (4.8)

27 (2.2)

36 (3.0)

26 (2.1)

250 (20.8)

84 (6.9)
19 (1.6)
120 (9.9)

15(1.2)
49 (4.0)
519 (42.9)
19 (1.6)
0 [0.0-2.0]

649 (53.6)
427 (35.3)
80 (6.6)
55 (4.5)

P value

ns

<001

<.001
<001
<001

<001
<001

<001

Abbreviations: ACR, albumin creatinine ratio; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;
ns, not significant; SCORE category: low (<1%), intermediate (1-<5%), high (z5%-<10%), very high (210%) 10-year risk of cardiovascular death; SCORE,

Systematic COronary Risk Evaluation; SUA, serum uric acid.

*A SCORE was calculated using the SCORE charts in 1390 (81_4%) and 935 (85.8%) men examined in the surveys 2004-09 and 2015-18, respectively,
while in 1602 (89.1%) and 1097 (70.6%) women examined in the surveys 2006-09 and 2015-18, respectively. Individuals with CWD, eGFR < 60 mL/
min/1.73 m?, diabetes mellitus, and markedly elevated single risk factors were automatically considered to be at high or very high risk category.®

A significant difference was defined as a two-sided P value = .05,

119



KRAJCOVIECHOVA e7 aL.

WILEY-%

TABLE 2 Gender-specific multivariate GLM medels for SCORE category in the pooled analysis, for each survey separately, and in
individuals without CVD, eGFR < 60 mL/min/1.73 mz, diabetes mellitus, and markedly elevated single risk factors®

Men
Pooled analysis; SCORE
Pooled analysis Survey 2006-09 Survey 2015-18 (%) calculated®
n=2798 n=1707 n=1091 n=2326
Variable OR (95% Cl) Pvalue  OR(253% Cl) Pvalue OR(93%Cl) Pvalue  OR(25% Cl) P value
SUA, per 10pmol/L  0.99 (0.98-1) 061 0.99 (0.96-1.01) 757 NAS NA" NAS NAb
increase
Waist circumference, 1.04 (1.03-1.05) <001 1.04(1.03-1.05) <001 1.03 (1.02-1.04) <001 103(102-1.04]) <001
cm
Education® 1.24 (1.14-1.36) <001 1.23(1.10-1.38) <.001 1.26 (1.09-1.46) <001 1.20(1.08-1.32) <001
ACR = 3 mg/mmaol, 2.73(1.92-3.90) <001 296 (1.95-4.49) <001 1.78 (0.89-3.57) 102 1.48(1.01-2.81) 048
Yes-no
Antihypertensive 375(313-4.50) <001 416(3.29-524) <001 327 (241-4.30) <001 3.63(292-4.51) <001
medication, yes-no
Lipid-lowering 2.72(342-217) <001 2.84(2.11-3.82) <.001 273(191-391) <001 1.44(1.07-1.95) .016
medication, yes-no
Women
Pooled analysis; SCORE (%)
Pooled analysis Survey 2006-09 Survey 2015-18 calculated®
n=300%9 n=1798 n=1211 n= 2699
Wariable OR (95% CI) Pvalue OR (95% Cl) Pvalue  OR(95% Cl) Pvalue OR(95% CI) P value
SUA, per 10 pmol/L 1.03 (1.02-1.05) <001 1.03(1.01-1.05) <001 1.04 (1.02-1.06) <001 1.02(1.01104) 001
increase
Waist circumference,  1.04 (1.03-1.04) <001 1.04 (1.03-1.04) <001 1.03 (1.02-1.04) <001 103(1.02-1.04) <001
cm
Education® 1.43 (1.31-1.58) <001 1.48 (1.31-1.67) <001 1.37 (1.17-1.60) <.001 1.45(1.32-1.63) =001
ACR = 3 mg/mmaol, 1.85(1.30-2.63) 001 228 (1.51-3.42) <001 095 (0.47-1.91) 893 1.20{0.75-1.90) 447
yes-no
Antihypertensive 299(2.46-3.63) <001 3.16(2.38-392) <001 2.93(215-399) <001 292(2.32-367) =001
medication, yes-no
Lipid-lowering 3.29 (2.52-4.22) <001 3.16(2.38-392) <001 490(3.32-7.22) <001 3.39(2.43-475) =001

medication, yes-no

Abbreviations: ACR, albumin creatinine ratio; Cl, confidence interval; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GLM
models, generalized linear mixed models; MA, not available; OR, odds ratio; SCORE category: low (<1%), intermediate (1-<5%), high (=5%-<10%), very

high (210%) 10-year risk of cardiovascular death; SCORE, Systematic COronary Risk Evaluation; SUA, serum uric acid.

*SCORE (%) calculated in individuals without CVD, eGFR < 60 mL/min/1.73 m?, diabetes mellitus, and markedly elevated single risk factars using
SCORE charts calibrated for Czech population.®

Mot significantly associated with SCORE category in univariate analysis; only variables significantly associated with SCORE category in univariate

analyses were included into the multivanate GLM model.

“University as a reference category.

A significant difference was defined as a two-sided P value < .05.

3.3 | The cutoff values of baseline SUA levels
identifying women at a high/very high baseline
SCORE category; the Czech post- MONICA Studies
2006-09 and 2015-18

Based on the ROC curve analysis of the pooled data, the cutoff
value best distinguishing between low/intermediate and high/very
high SCORE categories was 309 umol/L (AURCOC 0.72 [95% CI0.70-
0.73]; P < 0001; sensitivity 52 4%; specificity 81.2%) (Figure 52A).
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3.4 | 10-year mortality in the Czech post- MONICA
study 2006-09

Of the total of 1707 men and 1798 women examined in the Czech
post- MOMICA Study 2006-0% and included in this analysis, there
were 122 reported deaths among men, whereas only 40 deaths
among women over the period of 10 years; thus, men had ap-
proximately twice higher mortality rate compared to women (7.2%
vs 3.3%:; P < 001). About 43% and 35% of deaths were due to
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malignancies, whereas 33% and 27% of deaths were due to CVD in
men and women, respectively.

In multivariate Cox proportional hazards regression models, SUA
levels did not predict Cv and all-cause mortality in men (HR1.02 [95%
C10.98-1.06]; P=.2%91 and HR 1.01 [95% C| 0.99-1.03]; P = 441, re-
spectively). In women, each 10 pmol/L increase in SUA levels was
significantly associated with a 5% greater nisk of CV mortality in the
final forward stepwise Cox regression model, including SCORE cate-
gory and the presence of CKD (HR 1.05 [95% CI 1.01-1.10]; P = .021).
Contrarily, the association of each 10 wmol/L increase in SUA levels
with a 3% greater nisk of all-cause mortality was not significant (HR
1.03 [95% C1 1.00-1.06]; P = 069).

3.5 | The cutoff values of baseline SUA levels
for the observed CV and all-cause mortality; the
Czech post- MONICA study 2006-09

The AUROC of baseline SUA levels did not differ from 0.5 either
for CV or all-cause mortality in men (AUROC 0.55 [95% C| 0.44-
0.65]; P = .388 and AUROC 0.54 [95% Cl| 0.48-0.54]; P = .235,
respectively). Contrarily, the AUROC of baseline SUA levels was
significant for CV and all-cause mortality in women (Figure 52B,C).
The cutoff value distinguishing women who survived from those
who died due to CV causes was 325 pmol/L (AUROC 0.84 [95%
Cl 0.72-0.958]; P < .0001; sensitivity 75.0%; specificity Bé&.2%),
whereas the cutoff value distinguishing women who survived
from those who died due to all causes was 298 pmol/L (AUROC
0.70 [95% CI1 0.63-0.78]; P < .0001; sensitivity 55.0%; specificity
79.2%).

3.6 | Prediction of the observed CV mortality by
baseline SUA levels above the newly defined cutoff
values in women; the Czech post- MONICA study
2006-09

As the next step, we compared 10-year cumulative CV mortal-
ity rates in women with baseline SUA levels above/below the
newly defined cutoff values resulting from ROC curve analyses
for the following: (a) a high/very high baseline SCORE category
(309 pmol/L), and (b) observed CV mortality (325 pmol/L).
The corresponding Kaplan-Meier curve analyses are shown in
Figure 1A,B. In the parallel multivariate stepwise Cox regression
models, SUA levels >309 pmol/L were associated with approxi-
mately four times greater risk of CV mortality, whereas SUA levels
*>325 pmol/L with approx. six times greater risk of CV mortality
[(Holm-Bonferroni corrected P value of 010, and 036, respec-
tively) (Table 3). Each final stepwise Cox regression model in-
cluded SCORE category and the presence of CKD. Of note, the use
of xanthine-oxidase inhibitors, diuretics, losartan, and fenofibrate

did not predict CV mortality.
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3.7 | Prediction of the observed all-cause mortality
by baseline SUA levels above the newly defined cutoff
in women; the Czech post- MONICA study 2006-09

Finally, we compared a 10-year cumulative all-cause mortality rates
in women with baseline 5UA levels above/below the newly defined
cutoff value of 298 umol/L. The corresponding Kaplan-Meier curve
analysis is shown in Figure 1, C_ In the final multivariate stepwise Cox
regression model, women with SUA levels >298 pumol/L had an 87%

greater rizck of death from all causes (Table 3).

4 | DISCUSSION

This is the first study, to our knowledge, to assess the prognostic
value of SUA levels in a central European population characterized
by high Cv mn::rt.ality.r‘r In a representative sample of the general
population of the Czech Republic, we demonstrated an independ-
ent predictive value of increased baseline SUA levels for increased
risk of CV death in women, but not in men. Firstly, we showed that
the baseline SUA levels progressively increased with an increase in
baseline estimated 10-year nisk of CV death (assessed as SCORE) in
women. Secondly, we determined the cutoff values of SUA levels
that predicted 10-year CV and all-cause mortality independently
of the baseline SCORE category in women. Interestingly, the cutoff
value of 309 pmol/L identified women at high/very high SCORE cat-
egory and was associated with approximately four times greater risk
of observed CV mortality. The evaluation of estimated 10-year risk
of CV death alongside with maortality data in the large study popula-
tion adds to the strength and is all pieces of novelty of our results.

To date, we are aware of only two studies evaluating the associa-
tion between SUA levels and the estimated 10-year nsk of CV death.
In a post hoc analysis of the European Study on CV Risk Prevention
and Management in Usual Daily Practice (EURIKA) study, SUA levels
were independently associated with SCORE categories in individu-
als without CVD but with at least one CV risk factor'® These re-
sults were promptly confirmed in the general Chinesze population.i'?
However, no subgroup analyses by gender were reported in either
study 1817

Epidemiological evidence for the association of SUA levels with
CV events remains conflicting partially due to multivariate adjust-
ment of the results and gender disparities. In the Framingham Heart
Study, SUA levels predicted CV mortality in women, but not in
men, and the association was eliminated after adjusting for conven-
tional CV risk factors.* In the Losartan Intervention For Endpoint
reduction in hypertension (LIFE) study, baseline 5UA levels were
significantly associated with CV events only in women, and the as-
sociation remained significant after adjustment for the Framingham
risk score * Likewise, SUA levels were an independent predictor of
all forms of CV death in elderly Austrian women,2® while in elderly
Austrian men, SUA levels predicted stroke and chronic heart failure,

but not coronary heart disease.?! Overall, several studies reported
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(A) ©V mortality in women men. Of note, evaluation of causality between SUA levels and CVD
100 T is complicated due to the involvement of uric acid in the develop-
38 - i e L — 8UA < 308 pmollL. ment of the conventional CV risk factors, such as hypertension,
96 T e which might not be a true confounder but rather an intermediate
£ ol SR S factor, located in a causal pathway between high SUA levels and CV
;'E 92 events. 7?8 However, when we further evaluated unadjusted data,
'E o0 - ROC curve analyses showed that SUA levels had no discnminating
% 86 capacity for either all-cause or CV mortality in men. Contrarily, in
E 86 women, the ROC curve analyses yielded clearly defined cutoffs. In
“ as |- Log-fank test p < 0001 general, women have lower SUA levels than men due to the uricos-
a3 - uric effect of estrogens. However, adjustment for post-menopausal
wb . | . . | . status did not alter our results.
[} ] 4 [ 8 10 42 A number of pathophysiclogical mechanisms by which uric acid
Tears may lead to CVD were described, including oxidative stress, en-
(B) &V mortality In women dothelial dysfunction, increased plasma remin activity, and albu-
L1 11] S— minuria 11* A hypothetical explanation for gender-specific effect
W 000 TR L T S . SUA « 325 pmoliL of uric acid on CV events could be due to activation of different
96 "L.___‘_l _________ pathways in men and women. A recently developed hyperuricemic
£ wal SUA » 325 pmoliL mouse model provides support for this hypothesis. Knockout of
;—E 92 - the urate oxidase gene, encoding an enzyme degrading uric acid
.E sl in rodents, leads to an alteration in glucose metabolism in male
;: sal mice, but increases blood pressure and alters lipid metabolism in
E ik female mice.”
o sl Log-rank test p < 0.001 Another explanation for the gender-specific effect could be due
sl to a higher proportion of men being already at high or very high
SCORE category (29.4%) at baseline in 2006-09, compared to women
» _‘; ; ‘;_ ; ; 1'n 1'2 [12.6%). It is likely that increazed SUA levels might not have any pre-
Yeare dictive value beyond the conventional CV risk factors in high risk
(©) T W men. This explanation is in agreement with the First Mational Health
100 and Mutrition Examination Survey (MHAMES 1), in which HR of high
anl i B _L—‘__LH_ SUA levels for CV mortality were lower in men than in women, and
o - ""'l---;______‘__L SUA < 298 pmoliL no association between SUA levels and CV mortality was observed
= sl NL-*\..,_ in men with one or more CV risk factors~ On the contrary, the HRs
;_E' a2l --‘-'.--- of high SUA levels for CV mortality remained significant in women
_E sl sua}z’;'"'n:;;l_' regardless of the number of CV risk factors. This is in concordance
i with our findings showing the association between increased SUA
% : : levels and CWV mortality to be independent of the SCORE category
@ Log-rank test p < 0,001 and conventional CV risk factors in women.
S There is a growing need to improve CV nisk prediction especially
82 in women. In the pooled analysis of seven European cohort stud-
0 —": 'z ; ; ; 1'n 1'2 ies, the SCORE charts identified women at an increased risk of CV
e death with higher specificity but much lower sensitivity compared

FIGURE 1 Kaplan-Meier curve survival analyses for (A) CV
mortality with SUA levels above/below 309 pmol/L, (B) CV
mortality with SUA levels above/below 325 pmel/L, and (C) all-
cause mortality with SUA levels above/below 298 pmol/L. CV,
cardiovascular; SUA, serum uric acid

either stronger or exclusive association between SUA levels and CV

LR compared to men. 220

events in women
In the present study, the association between SUA levels and

SCORE category was eliminated after multivariate adjustment in
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to men. For instance, the sensitivity of the SCORE charts to detect
a high risk category was &60%-62% in men, but only 13%-19% in
women_30:31 Accordingly, SCORE models underestimated the risk
in a general population of women from Asian regions with a high
global Cv risk.*% Similar to increased SUA levels, it has been shown
that other conditions characterized by increased intracellular oxi-
dative stress, such as autoimmune diseases, diabetes, and obesity,
represent CV risk factors with greater impact in women. 33 The
novelty of our finding is that it provides further rationale for the
development of CV risk prediction models with greater gender

precision.
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TABLE 3 Multiple multivariate forward stepwise Cox proportional hazards regression models of the relationship of SUA levels above new
cutoff values with 10-year CV and all-cause mortality in women, the Czech post-MONICA study, 2006-09

CV mortality All-cause mortality
Model 147 Model 18° Model 2°
Variable HR (95% CI) P value HR (95% CI) P value HR (95% CI) Pvalue
SUA > 309 pmol/L, yes-no 442(1.29-15.08) 018° - -
SUA > 325 pmol/L, yes-no - - 5.88 (1.71-20.21) 0053
SUA > 298 pmol/L, yes-no - - - - 1.87 (1.08-3.22) 025

Note: Age, current smoking, education, waist circumference, hypertension, diabetes mellitus, dyslipidemia, CKD, CVD, SCORE category, post-
menopausal status, and the use of xanthine-oxidase inhibitors, diuretics, losartan, and fenofibrate were all considered as potential confounders. All
potential confounders were included in a forward stepwise fashion in each model, and only significant ones were retained.

Abbrewiations: Cl, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; HR, hazard ratio; SCORE,

Systematic COronary Risk Evaluation; SUA, serum uric acid.
*Final model adjusted for SCORE category and CKD.

Final model adjusted for CKD, age, smoking, and hypertension.
“Holm-Bonferroni corrected P value of 036,

dHolm-Bonferroni corrected P value of .010.

A significant difference was defined as a Holm-Bonferroni corrected P value < .05.

Epidemiologic studies, including the Czech post-MOMICA
Study, report a gradual increase in mean SUA levels over the past
decades.®® In light of this evidence, defining hyperuricemia based
on the distribution of SUA levels in the general population without
gout appears to be weak. Our results are in agreement with previous
studies showing that SUA levels ranging from 310 to 333 pmol/L are
associated with increased CV mortalit',f_‘?"ﬁ'z’B

The limitations of this study include a relatively low number of
deaths, as young and middle-aged general population was examined.
However, identical standardized protocol used in the two independent
cross-sectional surveys, and the evaluation of estimated 10-year risk
of CV death alongside with mortality data add to the strength of our
results. Furthermore, detailed information on the number of potential
confounders including medication use and post-menopausal status
was available and thus enabling the adjustment for in the analyses.

In conclusion, in a general adult population characterized by a
high global CV risk, increased SUA levels represent an independent
prognostic factor in women, but not in men. The SUA levels predict-
ing CV and all-cause mortality are substantially lower than the cur-
rently used cutoff values to define hyperuricemia in women. Despite
the fact that increased SUA levels predict outcomes independently
of the SCORE, further large prospective studies are needed to eval-
uate whether the inclusion of SUA levels has an added predictive
value to the existing CV risk prediction models. Besides, our data
represent a rationale for the development of the prediction models

including also CV risk factors with greater impact in women.
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Abstract

Background

Compared with Western Europe, the decline in cardiovascular (CV) mortality has been
delayed in former communist countries in Europe, including the Czech Republic. We have
assessed longitudinal trends in major CV risk factors in the Czech Republic from 1985 to
2016/17, covering the transition from the totalitarian regime to democracy.

Methods

There were 7 independent cross-sectional surveys for major CV risk factors conducted in
the Czech Republic in the same 6 country districts within the WHO MONICA Project (1985,
1988, 1992) and the Czech post-MONICA study (1997/98, 2000/01, 2007/08 and 2016/
2017), including a total of 7,606 males and 8,050 females. The population samples were
randomly selected (1%, aged 25—64 years).

Results

Overthe period of 31/32 years, there was a significant decrease in the prevalence of smok-
ing in males (from 45.0% to 23.9%; p < 0.001) and no change in females. BMI increased

only in males. Systolic and diastolic blood pressure decreased significantly in both genders,
while the prevalence of hypertension declined only in females. Awareness of hypertension,
the proportion of individuals treated by antinypertensive drugs and consequently hyperten-
sion control improved in both genders. A substantial decrease in total cholesterol was seen
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in both sexes (males: from 6.21 +1.29 to 5.30 + 1.05 mmolL; p < 0.001; females: from 6.18
+1.26t0 5.31 £ 1.00 mmolL; p <0.001).

Conclusions

The significant improvement in most CV risk factors between 1985 and 2016/17 substan-
tially contributed to the remarkable decrease in CV mortality in the Czech Republic.

Introduction

Cardiovascular disease (CVD) remains the most common cause of death in the majority of
countries worldwide [1]. During the past 40 years, there has been an increasing interest in geo-
graphical variations and time trends of total and cardiovascular (CV) mortality in Europe [2-
6]. Death rates from coronary heart disease (CHD) and stroke have been generally higher in
Central and Eastern Europe, in countries ruled by the totalitarian regimes for four decades
after World War II, compared to Northern, Southern, and Western Europe, enjoying political
freedom and free-market economy within the same period [7].

A decline in CVD mortality has been reported in most European countries, including the
former communist countries in Central and Eastern Europe, however, the decline in CVD
mortality in this part of Europe started substantially later. An analysis by Hartley et al. [5] has
claimed that mortality started to decline only 5 years after the political changes occurred. The
consequence has been a growing disparity in CVD mortality between Western and Eastern
Europe.

Despite the significant decline in CVD mortality in the Czech Republic documented since
1985 (by more than 60% in both genders), the CVD mortality rates have remained high (with
the latest available data for 2017: age-standardized mortality in males 334.2/100,000 popula-
tion, in females 218.0/100,000 population) [8]. Data from the Czech MONICA and the Czech
post-MONICA studies were used to develop the validated IMPACT mortality model to explain
the decline in CHD mortality in the Czech Republic between 1985 and 2007 [9]. More than
half (52%) of the substantial fall in CHD mortality was attributable to the reduction in major
CV risk factors. The largest reduction in CHD death (39.5%) was explained by a substantial
reduction in total cholesterol (from 6.1 mmol/l in 1985 to 5.1 mmol/l in 2007), predominantly
due to lifestyle and dietary changes. Improvement in treatments accounted for approx. 43% of
the CHD mortality decrease.

The aim of this analysis was to further assess the longitudinal trends in major CV risk fac-
tors in a representative Czech population sample from 1985 to 2016/2017. The study period
included also the transition from the totalitarian regime to democracy, associated with socio-
economic changes. In addition to our previous analysis [10], the results of the latest survey
(2016/17) have been provided together with the longitudinal analysis by 10-year age groups for
each of the risk factors.

Methods
Study population

There were seven independent cross-sectional surveys for major CV risk factors conducted in
the Czech Republic in the same 6 country districts between 1985 and 2016/17. The first three
surveys (1985, 1988, and 1992) were carried out within the WHO MONICA Project [11].
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The study population was always randomly selected asa 1% population sample within each
district, stratified by age and sex, within an age range of 25 to 64 years, either from the National
Population Register (1985, 1988, and 1992; the Czech MONICA Study) or from the General
Health Insurance Company registry (1997/98, 2000/01, and 2007/08; the Czech post-MON-
ICA Study) keeping, by law, a list of all the insured individuals. Health insurance is mandatory
for all Czech citizens and is paid for by the employer/employee or by the government for chil-
dren, the retired and unemployed persons.

In the last survey, conducted in 2016/17, the random selection was performed from regis-
ters of five major health insurance companies operating in the Czech Republic and covering
85% of the total population.

The Czech MONICA and Czech post-MONICA studies were approved by the Ethics Com-
mittee of the Institute for Clinical and Experimental Medicine and Thomayer Hospital,
Prague, Czech Republic. All participants provided their informed consent.

Screening examination

The methods used were described in detail elsewhere [10]. In brief, the examination consisted
of a physician-completed questionnaire. Currently prescribed drugs were recorded and veri-
fied (if possible) against drug containers.

Height and body weight were measured, BP measurement was performed consistently on
the right arm (supported at the heart level), in the sitting position, after at least a 5-minute rest,
using standard mercury sphygmomanometers and correctly sized cuffs. Blood pressure values
were recorded to the nearest 2 mmHg. In 1985, 1988, and 1992, two consecutive BP measure-
ments were performed with their mean values used for the longitudinal trend analysis. In
1997/98, 2000/01, 2007/08 and 2016/17 three consecutive BP measurements were obtained;
however, for longitudinal trend analysis, only the mean of the first two readings was used.

A gentle venous blood sampling was performed in the sitting position after at least a
12-hour fast. The obtained samples were centrifuged at 1,500 G and frozen thereafter.

Laboratory analysis

Lipid parameters in all the seven surveys were analyzed in the same Lipid Laboratory of the
Institute for Clinical and Experimental Medicine, serving as the WHO Reference Laboratory
throughout the WHO MONICA project. In 1985-1992, total cholesterol was determined
using an enzymatic method and CHOD-PAP kits (Boehringer, Mannheim, Germany). HDL-
cholesterol was also assessed by enzymatic methods after precipitation of serum apolipopro-
tein B-containing lipoproteins with sodium phosphotungstate. Since 1997, lipid parameters
have been determined using a fully automated enzymatic method (COBAS MIRA § analyzer,
Roche Diagnostics, Indianapolis, Indiana, USA) with enzymatic kits produced by the same
manufacturer.

Accuracy of analysis has been continuously monitored and tested by the Centers for Dis-
ease Control and Prevention (Atlanta, Georgia, USA); all analyses of total cholesterol and
HDL-cholesterol were within the limit + 2%.

Definition of major risk factors

Smoking was assessed using the WHO definition, with a current smoker defined as smoking
at least one cigarette per day. Obesity was defined as BMI >30 kg/m” for both sexes.

Hypertension was defined as a mean SBP >140 mmHg, and/or a mean DBP > 90 mmHg,
or current treatment with antihypertensive drugs. Awareness of hypertension was defined as
an individual having reported a previous diagnosis of hypertension or current use of
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antihypertensive medication. Treatment of hypertension was defined as current use of pre-
scribed medication affecting BP. Hypertension control was defined as an individual receiving
drug treatment for hypertension and achieving SBP <140 mmHg and DBP <90 mmHg.

Dyslipidemia was defined as total cholesterol =5 mmol/L (~190 mg/dL) or HDL-choles-
terol <1 mmol/L (~40 mg/dL) in men and <1.2 mmol/L (~45 mg/dL) in women or use of
lipid-lowering drugs [12].

Statistical analysis

Statistical analyses were performed using IMP® 11.0.0 statistical software (2013, SAS Institute
Inc.). Trends for means were tested by linear contrast in one-way ANOVA and trends for per-
centage by Cochran Armitage trend test of proportions. If necessary, Bonferroni correction for
the adjustment of p values was applied. Three-way ANOVA and logistic regression were used
to determine a possible influence of sex, age groups and the year(s) of examination on risk
factors.

Results
Population sample characteristics and response rates

The total number in all seven independent cross-sectional surveys included 15,656 individuals
of European descent, with consistently slightly higher response rates in women (Table 1.
There was a significant downward linear trend in the response rates in both sexes with a sharp
decline between the last two surveys, particularly in the youngest age groups.

Trends in cigarette smoking

Cigarette smoking declined significantly in males, by 21.1% (from 45.0 to 23.9%, p<<0.001),
between 1985 and 2016/17. There was a significant downward trend observed in all male age
groups except the oldest one (aged 55-64 years with no significant change).

Table 1. Survey sample sizes and response rates.

1985 1988 1992 1997/98 2000/01 2007/08 2016/17 p for trend
Total 2,570 2,768 2,343 1,990 2,055 2,246 1,684
Mean age, yrs 449 +11.38 451 +11.26 44.7 + 10.87 45.6 + 10.64 46.2+11.9 471+ 1146 478 £ 10.85 <0001
Men 1,253 1,357 1,134 969 1,003 1,102 788
Mean age, y1s 450 +11.39 453 +11.29 44.6 £10.76 45.8 + 10.63 46.7 £11.07 479 £ 11.65 48.0 £ 10.83 <0.001
Response rate (%) 81.5 855 73.2 63.2 62.0 62.1 43.1 <0001
Age group, n (%)
25-34 yrs 307 (24.5) 322(237) 246 (21.7) 194 (20.0) 187 (18.6) 208 (18.9) 116 (14.7) <0.001
35-44 yrs 296 (23.6) 323(238) 350 (30.9) 230 (23.7) 230(22.9) 251 (22.8) 198 (25.1) ns
45-54 yrs 334(26.7) 361 (26.6) 310 (27.3) 332 (343) 295 (29.4) 231 (21.0) 210(26.7) ns
55-64 yrs 316(25.2) 351(259) 228 (20.1) 213 (22.0) 291 (29.0) 412 (37.4) 264 (33.5) ns
Women 1,317 1,411 1,209 1,021 1,052 1,144 896
Mean age, y1s 449 £ 11.38 449 111.24 449 £10.97 45.3 £ 10.65 45,8 £ 11.10 464 £ 11.23 47.6 £ 10.88 <0001
Response rate (%) 85.0 884 76.7 66,4 63.8 63.1 48.6 <0001
Age group, n (%)
25-34 yrs 322(24.4) 342 (242) 266 (22.0) 212 (20.8) 213(20.2) 235(20.5) 147 (16.4) <0.001
35-44 yrs 340(25.8) 369 (26.2) 356 (29.4) 266 (26.1) 276(26.2) 284 (24.8) 204 (22.8) ns
45-54 yrs 343 (26.0) 360 (25.5) 311 (25.7) 326 (319) 285(27.1) 299 (26.1) 282 (31.5) ns
55-64 yrs 312(23.7) 340 (24.1) 276 (22.8) 217 (21.3) 278 (26.4) 326(28.5) 263 (29.4) ns
https/doi.org/10.1371/journal. pone.0232845.t001
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There was no change in the overall proportion of female smokers over the analyzed period,
varying from 20.9 to 25.9%. A significant decrease in cigarette smokers was observed in the
two younger female age groups (25-44 years), while the group 45-54 years did not change
their smoking habits and the oldest female group (55-64 years) showed a significant increase
in the prevalence of smoking (from 9.3 to 20.3%; p </0.001) (Table 2).

Employing logistic regression, the interaction between the year of examination and
age groups as well as between sex and the year of examination was found to be significant
(p <0.001; Fig 1A).

Daily consumption of cigarettes decreased significantly only in males (from 17.8+7.8 to
14.8 +8.3; p <0.05).

Trends in anthropometric parameters

A significant upward trend in height and body weight was observed in both genders, whereas
BMI increased only in males over the period of 30 years (Table 3). The increase in body weight
in males was alarming (from 81.7 £ 12.8 to 92.1 + 16.8 kg; p <0.001) and consistent across all
the age groups. Contrarily, in women, there was no change in the entire group and even a sig-
nificant decline of BMI in the age group 45-54 years (from 28.6 + 4910 274 + 5.6 kg
p=0.007). Using three-way ANOVA, the interaction between sex and age groups as well as
between sex and the year of examination was found to be significant (p <0.001; Fig 1B).

Trends in blood pressure and in prevalence, awareness, treatment, and
control of hypertension

A downward trend in SBP and DBP was observed in both genders with a greater decline in
females (males: from 135.8 +19.2/85.9 £ 11.0 to 131.1 £ 14.9/84.7 + 9.1 mmHg; p <0.001;
females: from 131.6 £ 20.9/82.5 £ 11.3 to 124.8 + 16.9/80.0 + 9.4 mmHg; p <0.001) (Table 4).
In males, significant changes both in SBP and DBP were found only in individuals aged over

Table 2. Smoking habits between 1985 and 2016/17 in six districts of the Czech Republic.

1985 1988 1992 1997/98 2000/01 2007/08 2016/17 p for trend
Males
Smokers, %

Total, 25-64 yrs 564 (45.0) 572 (42.2) 450 (39.7) 356 (36.8) 355 (35.5) 336 (30.5) 187 (23.9) <0.001
25-34 yrs 164 (53.4) 165 (51.2) 104 (42.3) 84 (43.3) 74 (39.6) 71(34.1) 34(29.3) < 0.001
35-44 yrs 163 (55.1) 156 (48.3) 157 (44.9) 84 (36.5) 87 (38.0) 83 (33.1) 52(26.4) < 0.001
45-54 yrs 132 (39.5) 156 (43.2) 130(41.9) 136 (41.0) 122 (41.4) 70 (30.3) 43 (20.7) < 0.001
55-64 yrs 105 (33.2) 95 (27.1) 59 (25.9) 52 (24.5) 72 (24.8) 112(27.2) 58(22.1) ns

Nr. of cig., % 178 £7.8 154 +7.4 158+ 7.5 16.6 + 9.0 17.2 £ 8.5 152+ 8.9 148 +£8.3 < 0.030

Females
Smokers, %

Total, 25-64 yrs 315 (23.9) 339 (24.0) 280(23.2) 264 (25.9) 244(23.2) 267 (23.3) 187 (20.9) ns
25-34 yrs 115 (35.7) 106 (31.0) 69 (26.0) 60 (28.4) 45 (21.1) 52 (22.0) 38(25.9) < 0.001
35-44 yrs 116 (34.1) 126 (34.2) 108 (30.3) 86 (32.3) 79 (286) 62 (21.9) 36(17.7) < 0.001
45-54 yrs 55 (16.0) 72 (20.0) 79 (254) 82 (25.2) 72 (25.3) 80 (26.8) 60 (21.3) ns
55-64 yTs 29(9.3) 35(10.3) 24 (8.7) 36 (16.7) 48 (17.3) 73 (22.4) 53(20.3) < 0.001

Nr. of cig., % 110 +6.3 10.2 + 54 10.4+57 11.1+6.1 11.4+6.5 9.9+59 8.9+53 ns

Please note the numbers for the survey population may differ slightly from those given in Table 1 as the information about smoking habits was nat available for all
individuals.

https-i'doi.org/10.1371/journal pone.02 32845.t002

PLOS ONE | hitps=/doi.org/10.1371/joumal.pone.0232845 May 11,2020 5/16

129



PLOS ONE

Trends in CV risk factors in the Czech population

—s.
4 —,
F 4 -\1.'_5-.
] B 0
- o
é n i
N
n
a A
10 o .
E e e 0
an i bty
I [
S T8 1SR MET 2000 ZDOTR EVENT
o
0.
il .
= . S
n T =
£ e -
P - ——— . w
H
R
™
® =,
g
A
e,
:g“ LR \\\.—x —
h b ks
E — -
w ¥
&
.
. -
LI [ —— g
L
1985 1998 192 196V 0DOM 2OOTE OIGNT

Females

B - QIORS, WY
F2 5 Lk
Nt +
45544
5564

Males

Famales

98 - o P
M
ERTE
a5-58 4
55-6d

I, ke

B kgt

us 1968 W0 1907 000N 20N 20TRNT
—

=t =]
e

—_
e e
=

Makes

Famaks

g0 - . T
F R
A4 +
2551
St 3¢

WES  MEE WEE M7 200N MOTE 20707

ar

g - s, 47
PR
544
45544
55084 4

1

q 135
& am
ns
1
150
125
13
13
- 18
L F-1
i
ns
11

N, ; e
~ N
i +—
CHESE: 3 : 4 ;
e,
-
e
o —
4 :
—
S
p S
o
oo
e 8
ToE WME WG 1507 2000 00T SANT

Females

| a0e-groves, e
&FMT

3584
A5
5564 3
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groups and gender between 1985 and 2016/17 in 6 districts of the Czech Republic.

https-doi.org/10.1371/journal.pone.02 32845.0001

45 years, whereas in females, all the changes were significant except for DBP in the youngest
age group. Using three-way ANOVA, the interaction between sex and age groups as well as
between sex and the year of examination was found to be significant (Fig 1Cand 1D).

Over the period of 30 years, the prevalence of hypertension declined in the entire study

population (from 47.1% in 1985 to 41.5% in 2016/17; p <0.001) due to the declining preva-
lence in females (from 42.5% in 1985 to 33.5% in 2016/17; p<<0.001; the decline was significant
in all age groups, except for the youngest group). There was no change in the prevalence of
hypertension in the overall male population, achieving 50.6% during the last survey. There
was, however, a significant decline in the prevalence of hypertension in the two male middle-
aged groups (35-44 and 45-54 years) (Table 4).

Awareness of hypertension increased in both genders, remaining higher in females over the

entire study period (males: from 41.4% in 1985 to 74.6% in 2016/17; p<.0.001; females: from
58.9% in 1985 to 77.7% in 2016/17; p<.0.001). Furthermore, the increase in awareness of
hypertension was found in both genders in all age groups except for the youngest groups.

The number of individuals treated by antihypertensive drugs increased significantly in both

genders, again showing consistently higher rates in females (males: from 21.1 to 60.9%;
P<0.001; females: from 38.9 to 64.8%; p<0.001) (Table 4). The proportion of individuals
treated by antihypertensive drugs increased significantly in all age groups, with the exception
of the youngest groups, in both genders.
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Table 3. Anthropometric parameters between 1985 and 2016/17 in six districts of the Czech Republic.

1985 1988 1992 1997/98 2000/01 2007/08 2016/17 pfor trend
Males

Height, cm 1738 26.8 174370 174871 1756 £7.1 1753 7.0 1776 7.0 177.7£7.3 <0.001
Body weight, kg 817+12.8 8424128 828 + 128 84.8+13.1 865+ 146 90.0 +15.8 92,1+ 16.8 <0.001
BMI, kg/m"

Total, 25-64 yrs 27.0 40 277438 271+ 38 27.5+38 28.1+44 285+4.6 29.2+51 <0.001
25-34yrs 25.5+34 26.2+33 252+32 259 +32 26.2+43 263+4.3 27.5+49 0011
35-d4 yrs 26.8+38 271437 268+ 36 26.7 +33 27.6+39 28045 282148 <0.001
45-54y1s 7.7 £38 28137 27.8£ 36 28.2+39 28.5+4.2 28.7 244 29.5250 <0.001
55-64 y1s 28.1+43 20.2+£39 286 £ 41 28.8 + 38 20.5£4.6 298 £4.6 30.4+53 <0.001

BMI > 30, kg/m* (%) 246 (19.7) 343(25.3) 225 (19.9) 244 (25.2) 295 (29.5) 370 (33.6) 297 (37.7) <0.001
Females

Height, cm 1612463 1615 + 6.4 162.2 + 6.4 162.5 + 6.4 1627 +6.3 1646 + 6.4 164.4 £ 6.0 <0.001
Body weight, kg 708+ 13.6 7214138 707 +139 715+ 14.2 7214150 741 +162 73.8+16.3 <0.001
BMI, kg/m"

Total, 25-64 yrs 27.3£54 27.7£54 269 £53 27.1£55 27.3£57 27.315.7 27.3£60 ns
25-34yrs 23941 24.3+39 23640 242 +46 23.8+4.1 238+4.8 247454 ns
35-d4 yrs 26.5+47 269449 258 £49 258 +49 26.4+55 266 +5.7 26.5+60 ns
45-54y1s 28.6+49 29050 283155 284 +56 27.7£5.1 279157 27.4£56 0.007
55-64 yrs 304454 307454 299+ 51 29.7 +50 304459 30259 294462 ns

BMI = 30, kg/m® (%) 367 (28.0) 423(30.0) 308 (25.5) 270 (26.5) 292 (27.8) 344(28.1) 247 (276)  |ns

BMI, body mass index

https /dai.ora10.1371/journal pone. 02 32845 t003

Overall hypertension control increased significantly over the period of 30 years (from 3.9 to
32.9%; p <0.001), being consistently more effective in females. The improvement in hyperten-
sion control was consistent across all the age groups in both genders except for the youngest
one in females.

Trends in lipid parameters

Over the period of 31/32 years, a significant downward trend in total cholesterol was found in
both genders (males: from 6.21 +1.29 to 5.30 + 1.05; p <0.001; females: from 6.18 + 1.26 to
5.31 £ 1.00 mmol/L; p <0.001) (Lable 5). Over the same period, there was also a small but signifi-
cant decline in HDL-cholesterol in males (from 1.35 + 0.36 to 1.34 + 0.36 mmol/L; p <0.001) and
no significant overall change in females (from 1.57 £ 0.36 to 1.71 % 0.43 mmol/L; ns). Neverthe-
less, a significant increase in HDL-cholesterol was observed in the two youngest female age
groups. All the main effects (sex, age groups, year of examination) were found significant (Fig 1E;
three-way ANOVA). There was also a significant decrease in non-HDL-cholesterol (males: from
4.86 135 to 3.96 = 1.09 mmol/L; p <0.001; females: 4.61 + 1.29 to 3.60 + 1.03 mmol/L; p
<0.001) and in the total to HDL-cholesterol ratio (males: from 4.94 +1.83 to 425 +1.55; p
<0.001; females: from 4.14 + 1.32 to 3.30 £ 1.12; p <0.001) in both genders (Table 5).

The information on lipid-lowering drugs was only available since the fourth survey (1997/
98), indicating a significant increase in their use in both genders (males: from 4.8% in 1997/

1998 to 14.6% in 2016/17; p <0.0001; females: from 4.3% in 1997/1998 to 10.0% in 2016/17; p
<0.0001). Fibrates were the most frequently used lipid-lowering drugs (accounting for 81.1%
of all the lipid-lowering drugs) in 1997/98, while statins have been the most prescribed ones
nowadays (78.8%).
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Table 4. Blood pressure (mean + SD), prevalence, awareness, treatment, and control of hypertension between 1985 and 2016/17 in six districts of the Czech

Republic.

1985 1988 1992 1997/98 2000/01 2007/08 2016/17 p for trend
Males
SEP, mmHg

Total, 25-64 yrs 1358 £19.2 1349 +£19.2 134.2+20.0 1323 £ 169 131.9 £ 168 132.5+17.3 131.1 £ 14.9 <0.001
25-34 yrs 1257 £ 14.6 1255 £13.6 1239+ 13.4 1243 £ 114 1250 £15.3 1248+11.7 1249 +12.6 ns
35-44yrs 1299 £15.7 128.1 £15.5 1282+ 15.4 1279 £ 13.7 1264 £139 127.6 £ 13.9 127.1 £13.1 ns
45-54 yrs 139.9 + 189 137.7 £19.1 140.5 + 20.1 132.4 £ 159 1328 + 16.0 131.3+ 166 1316 + 14.2 <0.001
55-64 yrs 146.7 +19.4 146.7 +19.9 1460+ 22.8 144.3 + 19.1 139.7 +17.1 1399+ 18.7 136.5 £ 15.6 <(0.001

DEP, mmHg

Total, 25-64 yrs 85.9 +11.0 B44 110 261 £11.4 84.5 +10.0 83.7+£97 84.4 £ 101 847 +9.1 < 0,001
25-34 yrs 81.1+£10.0 799 + 10.3 BO.B 9.7 80.0 £ 8.7 79.7+£97 799 £ B.5 812196 ns
35-44 yrs B4.8+ 9.8 B27 £10.3 849 +10.1 83.2+9.5 82.7+£92 B84.1 + 104 B4.0£8.5 ns
45-54 yrs B88.7£11.2 865 +11.1 B64+114 86.4 £ 9.6 852+£92 852+ 89 858+9.2 <0.001
55-64 yrs 88.5+11.2 879 +10.4 893 +£11.7 87.0 £10.8 85.5+96 86.5 + 10.6 857 +8.9 <0.001

Prevalence of HT, %

Total, 25-64 yrs 650 (51.9) 639 (47.1) 508 (44.8) 408 (42.1) 457 (45.6) 553 (50.2) 399 (50.6) ns
25-34yrs 85 (27.7) 67 (20.8) 46 (18.7) 35 (18.0) 34 (182) 43(20.7) 26(224) ns
35-44 yrs 123 (41.6) 119 (36.8) 126 (36.0) 61 (26.5) &9 (30.0) 82(32.7) 66 (33.3) 0.049
45-54yrs 208 (62.3) 198 (54.9) 186 (60.0) 161 (48.5) 147 (49.8) 122 (52.8) 107 (51.0) 0.009
55-64 y1s 234(74.1) 255 (72.7) 150 (65.8) 151(70.9) 207 (71.1) 306 (74.3) 200(75.8) ns

Awareness of HT, % 269 (41.4) 320 (50.1) 232 (45.7) 230 (56.4) 284 (62.1) 378 (68.4) 290 (74.6) <0001
Medication for HT,% | 137 (21.1) 197 (30.8) 123 (242) 151 (37.0) 191 (41.8) 322 (58.2) 241 (60.9) 20,001
Control of HT, % 18 (2.8) 33(5.2) 14 (2.8) 50 (123) 6l (13.1) 135 (24.4) 119 (29.8) <0.001
Females

SBP, mmHg

Total, 25-64 yrs 131.6 + 20.9 130.7 +20.9 130.2 +£22.0 1252 + 18.1 1259 + 18.8 126.7 +19.2 124.8 + 16.9 < 0,001
25-34 yrs 1166 £13.7 116.0 £12.2 1156 +13.3 1137 £9.9 1129 +£110 1145+12.2 1147 £12.4 0.004
35-44 yrs 1258 £15.8 1243 £16.0 121.1 £ 16.0 1189 £ 14.6 1187 £127 120.1 £15.5 1192 £13.4 <0.001
45-54 yrs 136.0 £19.1 1357 £ 18.4 137.1 £21.0 1290 £ 179 1289 £17.8 128.6 £ 17.0 1251 + 16.3 <0.001
55-64 yrs 148.6 +19.9 147.1 +21.7 148.0+21.2 138.2 + 183 140.2 +19.1 139.5+20.2 1344 £ 17.0 <0.001

DEBP, mmHg

Total, 25-64 yrs 825+11.3 8l4 +11.2 825+121 79.3+9.8 79.3+98 80.6 £ 9.6 80.0+9.4 <(0.001
25-34yrs 74.8+92 744 £ 87 750 +9.1 73877 73579 757 £ 85 75.9+9.3 ns
35-44 yrs 81499 79.1 £ 10.1 79.0 £10.5 77.1+£9.0 76.9 + 8.8 793188 782+9.0 <0,001
45-54 yrs 85.1 £10.7 845 £ 10.5 B69 +119 B81.7 £10.0 B80.9 + 8.8 82093 8lL0+£9.2 <0.001
55-64 yrs 88.7 £10.3 876 £ 10.6 891115 839+ 8.8 84,5+ 10.0 842193 B26+ 8.8 <0.001

Prevalence of HT, %

Total, 25-64yrs 560 (42.5) 552 (39.1) 460 (38.0) 323(31.6) 347 (33.0) 426 (373) 300 (33.5) 20,001
25-34yrs 30(9.3) 27(79) 22(8.3) 7(3.3) 10 (4.7) 16 (6.8) 7 (4.8) ns
35-44yrs 98 (28.8) 88(23.9) 67 (18.8) 41 (15.4) 37 (134) 62(21.9) 26(12.8) <(0.001
45-54 yrs 186 (54.2) 180 (50,00 166 (53.4) 134 (41.1) 110 (38.6) 124 (41.5) 111(39.4) < 0,001
55-64 yrs 246 (78.9) 257 (75.6) 205 (74.3) 141 (65.0) 190 (68.4) 224 (68.7) 156 (59.3) <0,001

Awareness of HT, % 330 (58.9) 330 (59.8) 255 (55.4) 221 (68.4) 256 (73.8) 304 (714) 233(77.7) <0.001
Medication for HT,% | 218 (38.9) 233 (42.2) 159 (34.6) 187 (57.9) 205 (59.1) 251 (589) 193 (64.8) <0001

Control of HT, % 29 (5.2) 51(9.2) 28(6.1) 70 (21.7) 77 (22.2) 106 (24.9) 111 (37.0) <0.001

p = statistical significance for linear trend

SEP, systolic blood pressure, DBP, diastolic blood pressure, HT, hypertension

https:/#doi.org/10.1371/journal pone.0232845.t004
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Table 5. Lipid parameters between 1985 and 2016/17 in six districts of the Czech Republic.

1985 1988 1992 1997/98 2000/01 2007/08 2016/17 Pfor trend
Males
TC, mmol/L
Total, 25-64 yrs 621 +1.29 629+ 1.21 598 + 1.30 565+ 1.15 5.88 +1.08 529+ 110 530+ 1.05 <0001
25-34yrs 571 +1.33 587 +1.14 531 £1.03 515+ 1.10 5.26 £ 1.00 488 +090 484 +£0.81 =0.001
35-44 yrs 634+1.34 620+ 1.11 603 £ 1.17 570+ 1.11 5.85+1.08 538+ 103 539+ 098 <0.001
45-54 yrs 639+ 1,18 6,60+ 1.30 6.34 + 1.38 577+ 110 6.13 £1.06 543+ 1.15 550+1.22 =0.001
55-64 yrs 637+ 1.17 642+ 1.15 615+ 1.37 586+1.15 6.06 £1.01 537+ 116 529+ 1.00 <0.001
HDL-C, mmaol/L
Total, 25-64 yrs 1.35+0.36 1.33+0.32 1.34 + 049 1.28 +0.32 125 +0.33 1.30+0.34 1.34 +0.36 <0001
25-34y1s 1.35+0.31 1.34 +0.31 1.36 + (.37 1.27 +0.29 1.27 +£0.35 1.34+0.34 1.35+0.34 ns
35-44yrs 1.34 £ 035 1.32+0.32 1.32 + 0.37 1.32+0.32 1.27 £0.35 1.29+0.33 1.34 +£0.35 ns
45-54 yrs 1.35+0.38 132+ 030 1.35 + 062 1.27 +0.32 1.24 £0.33 1.29+0.32 1.33+0.38 0.014
55-64 yrs 1.35+0.38 132+ 033 1.32 + 0.56 1.28+0.33 1.22 £0.31 1.29+0.36 136 £0.37 0.006
Non HDL-C, mmol/L 486+ 1.35 496+ 1.26 465+ 1.33 436+ 1.16 463 +£1.11 397+ 110 396 +1.09 <0001
TC/HDL-C 494+ 1.83 501+ 165 483 + 166 466+ 1.46 501 +£1.53 432+1.39 425+1.55 <0001
Dyslipidemia®, % (N/ 87.5(1,093/ 89.3(1,208/ 83.5 (945/ 77.6(751/968) | 850 (853/ T3.8(804/ 74.8 (589/ <0001
™" 1,249) 1,352) 1,132) 1,003) 1,089) 787)
r 1
TC, mmol/L
Total, 25-64 yrs 618+ 1.26 622+1.21 595+ 129 553+1.21 582+1.13 530+ 1.06 531+ 1.00 <0001
25-34y1s 546+ 1.13 558+ 1.01 515092 476 +0.83 501 £0.88 468 £0.86 473 +£0.86 <0.001
35-44 yrs 593+ 1.06 594 +1.05 555+ 108 523+ 1.04 553 +0.93 502+091 494 +0.82 <0001
45-54y1s 653+ 118 648+ 1.15 626 £ 1,17 573+ 113 6,00 £1.00 555+ 1.05 548 £ 0,95 <0.001
55-64 yrs 678+ 1.22 6.89+1.22 6.87 + 1.26 6.36+1.23 651 £1.14 577+ 105 573+ 1.00 <0.001
HDL-C, mmol/L
Total, 25-64 yrs 1.57 £ (.36 1.56 + (.34 1.53 + 046 1.50 +0.36 1.49 +0.38 164 +0.38 171 £ 043 ns
25-34 yr1s La0 +£0.35 161 +0.34 1.52 + (.39 1.54 +0.35 1.57 £0.38 169 +£0.35 1.75+0.39 <0.05
35-44yrs 1.55+0.34 1.54 +0.33 1.54 + (.38 1.49+0.36 1.53 £0.39 Lot +0.40 168 £0.41 0.006
45-54 yrs 157 +0.36 1.54+0.32 1.56 + (.64 150 +0.36 1.45 +0.37 163+042 172 +0.45 ns
55-64 yrs 1.56 +0.39 1.54 + (.36 1.48 + (.35 150+ 0.38 143 +0.38 Lol +0.36 170 £ 046 ns
WNon HDL-C, mmaol/L 461 +1.29 466+ 125 444 +1.32 403+1.24 433 +1.18 3I65+1.12 360 £1.03 =0.001
TC/HDL-C 414+ 1.32 418+ 127 416 + 1.39 3.89+1.30 4,17 +1.38 342+ 115 330+1.12 <0001
Dyslipidemia®, % (N/T) | 87.7 (1,152 88.0 (1,239/ 80.6 (974/ 70.4 (718 80.1 {843/ 66.0(737/ 69.9(626/ | <0.001
1,314) 1,408) 1,209) 1,020) 1,052) 1,117) 895)

TC, total cholesterol; HDL-C, HDL-cholesterol; N/T, number of individuals with dyslipidemia over the survey population
Dyslipidemia was defined as total cholesterol =5 mmol/L (~190 mg/dL) or HDL-cholesterol <1 mmol/L {~40 mg/dL) in men and < 1.2 mmol/L (~45 mg/dL) in women
or use of lipid-lowering drugs.
Please note the numbers for the survey population may differ slightly from those given in Table 1 as lipid analysis was not available for all individuals.

https//doi.ora/10.1371/journal.pone.02.32845.t005

Overall, the prevalence of dyslipidemia (for definition, see Methods) was very high in both
genders throughout the entire 30-year survey period with a significant decrease in both gen-

ders (males: from 87.5 to 74.8%; p <0.001; females: from 87.7 to 69.9%; p <0.001).

Discussion

This has been the first study monitoring the trends in major CV risk factors in a representative
sample of the Czech population over a period of more than 30 years, using standardized
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methods originally developed by the WHO MONICA Project [13]. Similar longitudinal popu-
lation data have been—to our knowledge—available only in Sweden [14], Lithuania [16] and
Finland [15]. Continuous favorable changes in smoking habits in males, an overall significant
decrease in BP and total cholesterol values, as well as a rise in the awareness, treatment and
control of hypertension in both genders were found. However, within the same period, there
was no change in smoking habits in females, whereas obesity increased significantly in males.

Response rates

There was a significant downward linear trend in the response rates in both sexes with a sharp
decline between the last two surveys. The overall response rate varied from 43.1 to 88.4%. The
response rate in our last survey was 43.1% in males and 48.6% in females which may seem to
be low, yet similar to other more recent or ongoing epidemiological studies in various parts of
the world [17,18]. However, a possible selection bias due to the increased participation of
healthier and more health-conscious individuals in the later surveys could not have been
eliminated.

Trends in cigarette smoking

The Czech MONICA and post-MONICA studies showed a decline in smoking prevalence
only in males (from 45% in 1985 to 23.9% in 2016/17), and no change in females (varying
from 20.9-25.9%). The latest, still very high smoking rates have substantially contributed to
the continuously high cardiovascular morbidity and mortality in the Czech Republic. On the
other hand, the US National Health Interview Survey reported only 15.5% of adults as current
smokers (17.5% in males and 13.5% in females) in 2016. [19]. Worldwide in 2015, the age-stan-
dardized prevalence of daily smoking was 25.0% in men and 5.4% in women, representing
28.4% and 34.4% reductions, respectively, since 1990 [20]. Overall, 41.2% of CVDs were attrib-
utable to smoking in 2015.

In Europe, since thel1980s, the prevalence of smoking in men has decreased in almost all
European countries with available data, except for Latvia and Russia where the rates have risen
to more than 50%. Within the same period, the prevalence of smoking in women has also
decreased in most European countries but less than in males. The most recently available sta-
tistics on smoking in Europe reported higher overall prevalence in adult men (27.1%) than in
adult women (18.5%) [Z]. The prevalence of smoking in men was the highest in Fastern
Europe and in the former Soviet Union countries. Contrarily, the smoking rates in women
were very low in most former Soviet Union countries, except the Russian Federation (16.3%),
however, Central and Eastern European countries displayed the rates comparable to Northern,
Western, and Southern Europe, mostly around 20%.

Trends in anthropometric parameters

A significant increase in body height and weight was observed in both genders of the represen-
tative Czech population sample over the entire study period. However, the weight gain was
more pronounced in men (+10.4 vs + 3.0 kg), consequently increasing their body mass index
(BMI) (from 27.0 £ 4.0 kg/m” in 1985 to 29.2 + 5.1 kg/m? in 2016/17; p<0.001). Over the past
century, adult height has changed variably across countries, experiencing a steady gain in most
of them [21]. Changes in the population mean height did not correlate with the changes in
mean BMI in men and a weak inverse correlation was found for women [22]. Consistent with
the NCD Risk factor Collaboration analysis [21], the Czech men were ~12-13 cm taller than
the Czech women; this difference remained constant over the period of 31/32 years.
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There are several measures of body fatness available, however, most robust data refer to
BMI. This index is used to define body weight categories [23]. Increased BMI is generally
caused by long-term energy imbalance between calories consumed and calories expended.
Over the past 50 years, obesity prevalence has increased worldwide, achieving pandemic
dimensions [24]. Changes in the global food system together with an increased sedentary life-
style seem to be the main driving forces of the obesity pandemic, with overnutrition becoming
a greater health threat than undernutrition.

Czech consumption data have continuously shown a significant decrease in the consump-
tion of meat (substantially reducing beef consumption and increasing consumption of poul-
try), sausage, eggs, and milk and dairy products since 1989. Animal dietary fats have been
largely replaced by vegetable fat and oils. There has been also a significant increase in fresh
fruit and vegetable consumption [25]. The food consumption data were supported by three
studies based on the household budget survey conducted in 1991, 1994 and 1997, confirming
positive changes in eating patterns [26].

Paradoxically, despite the favorable changes in food consumption and eating patterns in the
Czech population after 1989, there was no change in BMI in women, and even a significant
increase occurred in men (from 27.0 = 4.0 kg/m” in 1985 to 29.2 + 5.1 kg/m” in 2016/17;
p<0.001) across all the age groups. Consequently, there was an immense increase in obesity in
Czech males with its prevalence almost doubled (from 19.7% in 1985 to 37.7% in 2016/17;
p<0.001). The proportion of overweight males also increased significantly, whereas in women
the proportion of obese and overweight individuals remained more or less stable, nevertheless,
high over the entire period (the overall prevalence of obesity in women ranging from 25.5to
30.0%). The increase in obesity in the Czech males may have been partly attributed to quitting
smoking, a pattern observed in many countries [27].

The NCD Risk Factor Collaboration investigators detected substantial regional differences
in BMI changes over time, with a faster increase observed in South and Southeast Asia, the
Caribbean and Southern America [22]. Similarly, there were substantial regional differences
observed in the prevalence of obesity, varying from 3.7% in Japan to 38.2% in the USA [28].

A systematic review of representative studies published from 1990 to 2008, reporting obe-
sity prevalence in Europe, had already identified the Czech Republic as one of the countries
with the highest prevalence of obesity (i.e. >25%) [29].

Mean BMI increased in all European countries in men and almost in all of the women
except for Belarus, Belgium, Bulgaria, Croatia, Czech Republic and Estonia [7]. The prevalence
of obesity was higher in individuals with lower education, and with low physical activity. Over-
weight and obesity were more prevalent in males in the majority of European countries,
including the Czech Republic.

Trends in blood pressure, prevalence, awareness, treatment, and control of
hypertension

A significant documented decline in the population mean SBP and DBP over a period 0f 31/32
years definitely contributed to a substantial decrease in CHD and stroke mortality in the
Czech population. All BP changes were more pronounced in females and in age groups of 45-
64 years. The population mean BP is generally affected by lifestyle changes and drug treatment
of hypertension. As drug treatment of hypertension increased particularly in individuals over
45 years, it is likely that the BP changes in the age group 45-64 years were more closely related
to drug treatment while the younger individuals were possibly more susceptive to lifestyle
changes. In the Czech Republic, similarly to other high-income countries, the decline in BP
was observed despite the increase in BMI, an otherwise established risk factor for hypertension
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[22]. Other dietary factors related to lower BP include a higher intake of dietary fiber and
potassium as well as a decrease in the consumption of saturated fats [30]. The Czech consump-
tion data have documented a daily increase in the consumption of fruit and vegetables by ~30-
35% since 1985 [25], which is—together with a reduced consumption of meat and sausages-an
indirect evidence of reduced salt intake. On the other hand, these favorable BP changes might
have been slowed down by the elevated alcohol consumption, with the Czech Republic belong-
ing to the top three countries in the consumption of alcohol in Europe, and insufficient physi-
cal activity, reported by 28% of Czech males and 35% of Czech females in 2016 [1].

The overall prevalence of hypertension decreased only in females but notin males; a
detailed analysis by age groups showed a significant decline in males in the age group 35-44
years and 45-54 years even though their BMI increased significantly. Nevertheless, the preva-
lence of hypertension in both genders remained very high. Our prevalence rates were in agree-
ment with the findings of NCD Risk Factor Collaboration [31] and with the systematic
analysis of population-based studies from 90 countries [32], indicating a persistently high
prevalence of hypertension in Central and Eastern Europe.

Awareness, treatment, and control of hypertension improved significantly in both genders
over a period of more than 30 years. As to the awareness and treatment of hypertension, our rates
were slightly better than the overall data for high-income countries in 2010 [32], and much better
than the USA data for the white population in 2011-2016 [19]. Thus the major problem in our
population seems to be ineffective treatment of hypertension, resulting in poor control of hyper-
tension (29.8% in men and 37.0% in women) despite the rise in combination therapy.

Trends in lipid parameters

A significant decrease in total and non-HDL cholesterol together with the decrease of preva-
lence of dyslipidemia has been observed in a representative sample of the Czech population
since 1985. The IMPACT model attributed the largest reduction in CHD death (39.5%) in the
Czech Republic to the reduction in total cholesterol [9] which was predominantly induced by
favorable dietary changes. The use of lipid-lowering drugs in the Czech general population
was still rather low (14.6% in males and 10.0% in females) and did contribute to an improve-
ment in lipid profile mostly in patients with manifest cardiovascular disease.

The decline in total cholesterol in most Western countries was the net effect of an increase
in HDL-cholesterol and a decline in non-HDL-cholesterol [33]. Contrarily, our 30-year data
showed just a small increase in HDL-cholesterol in younger females (aged 25-44 years) and
even a small decrease in HDL-cholesterol in males. This may be due to the fact that healthy
lifestyle, including recommended physical activity and refraining from smoking, has been
mostly adopted by the younger female population.

Strengths and limitations

All seven cross-sectional surveys were conducted in the same six districts of the Czech Repub-
lic, consistently respecting the seasonal variation. The methods used were standardized, origi-
nally developed by the WHO MONICA Project [13]. All lipid parameters were analyzed in the
same lipid laboratory, formerly serving as the WHO reference laboratory for the MONICA
Project. The blood pressure measurement technique did not change throughout the entire
period, using a gold standard mercury sphygmomanometer. Moreover, the study period cov-
ered the transition from the totalitarian regime to democracy in the Czech Republic, associated
with substantial socio-economic changes and their consequent impact.

A potential study limitation is the decline in the response rate which may have resulted in a
population sample with different social characteristics, such as a higher level of education,
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usually associated with a higher degree of health consciousness, thus making the results more
favorable compared with the total general population. Nevertheless, most recent epidemiologi-
cal studies worldwide have reported a response rate below 40%.

Conclusions

There was a significant improvement in most major cardiovascular risk factors in the Czech
population between 1985 and 2016/17. This period covered the transition from the totalitarian
regime to democracy associated with socio-economic changes. Decreases in total cholesterol,
the population mean BP and smoking rates in males most likely contributed to the significant
decrease in cardiovascular mortality. On the other hand, there was no change in smoking hab-
its in females, moreover, obesity increased substantially in males.

Our results, obtained from a representative population sample, have provided a valuable
source of information about the population health, allowing for extrapolation to the entire
Czech population. The analysis of longitudinal trends in CVD risk factors should help to ana-
lyze the trends in cardiovascular morbidity and mortality, which is of utmost importance for
health care planning, particularly now, when there are data using the IMPACT model to
explain the decline of CHD mortality in the Czech Republic providing evidence that more
than 50% of the fall in CHD mortality have been attributable to the reduction in major CV risk
factors [2].
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Nahodné vybrany populacni vzorek

Kardiovaskularni onemocnéni (KVO) jsou hlavni pfi¢inou amrti v Ceské republice. Pokles imrtnosti na KVO,
ktery je u nas pozorovan od roku 1985, mizZe byt zpisoben poklesem incidence nebo letality. Letalita one-
mocnéni souvisi pfedeviim s Urovni |ééebné péce, zatimeco incidence KVO je ovlivnéna rizikovym profilem
obyvatelstva. Cilem této prace bylo zjistit prevalenci zakladnich rizikovych faktori u reprezentativniho vzor-
ku ¢eské populace.
Metodika: Byl proveden 1% nahodny wbér vzorku populace deviti okrest Ceské republiky ve véku 25-64
let. Vysetfeni sestavalo z vyplnéni standardniho detazniku, ziskani zakladnich antropometrickych Gdaja,
opakovaného méfeni krevniho tlaku a odbéru krve.
Vysledky: V' obdobi 2015-2018 bylo vyietieno celkem 2 621 osob (1 250 muzd, primérny vék 48,3 + 10,9
roku a 1371 zen, primérny vék 47,7 £ 11,0 roku; p < 0,001); respondence 44,8 %. Primérna hodnota indexu
télesné hmotnosti (BMI) u nédmivysetiené populace &inila 29,1 £ 4,8 ka/m? u mu#a a 27,15 £ 6,1 kg/m® u Zen
(p < 0,001). Obezita byla zjisténa u 37,3 % muzd a 28,2 % Zen. Mezi vySetfenymi muzi 24,8 % uvedlo, Ze
jsou pravidelnymi kufaky, zatimeo koufeni u Zen bylo zjisténo u 21,6 % (p < 0,001). Nalezli jsme vysokou
prevalenci hypertenze (48,6 % umuzd a 32,4 % u Zen; p < 0,001); 74,3 % hypertonikd vi o svém onemocnéni,
61,5 % je medikamentozné léceno a pouze 33,9 % dosahuje cilovych hodnot krevniho tlaku < 140/90 mm Hg.
Pramérna hodnota celkového cholesterolu u nami vysetfené populace byla témér identicka pro muze i Zeny
(muzi 5,26 + 1,03 mmol/l; Zeny 5,28 + 1,00 mmel/l). Hypolipidemiky bylo léceno 13,9 % muzi a 10,2 % Zen
(p < 0,001). Diabetes byl zjistén u 8,2 % muzi a 4,6 % Zen (p < 0,001). Prevalence viech zakladnich rizikovych
faktord vyrazné narlstala s vékem u obou pohlavi (p pro trend < 0,001).
Zavér: U reprezentativniho nahodné vybraného vzorku ceské populace stfedniho véku byla nalezena vysoka
prevalence zakladnich rizikovych faktord kardiovaskularnich onemocnéni, které jsou pficinou stale vysoke
mortality z kardiovaskulamich pFicin v Ceské republice.

® 2020, CKS.

Adresa pro korespondenci: Prof. MUDr. Renata Cifkova, CSc., Centrum kardiovaskulami prevence, 1. lékafska fakulta Univerzity Karlovy a Thomayerova
nemocnice s poliklinikou, Videfiska 800, 140 59 Praha 4, e-mail: renata.cifkova@ftn.cz

DOI: 10.33678/cor.2020.010

Tento Elanek prosim citujte takto: Cifkova R, Bruthans | Wohlfahrt P et al. Prevalence hlawnich rizikowyich faktor( kardiovaskulamich onemaanéni v éeské populad v letech 2015-2018.
Studie Czech post-MONICA. Cor Vasa 2020;62:6-15.

141



R. Cifkova et al.

Keywords:

Blood pressure

BMI

Cardiovascular disease
Hypertension

Population random sample

ABSTRACT

Cardiovascular disease (QVD) is the main cause of death in the Czech Republic. The decline in OVD mortality
observed in our country since 1985 may be due to a decrease in its incidence or case fatality. Case fatality is
maostly related to the standard of health care whereas the incidence of QVD is associated with the risk profile
of the population. The aim of this study was to determine the prevalence of major QWD risk factors in a re-
presentative Czech population sample.

Methods: A 1% population sample aged 25-64 years was randomly selected from nine districts of the Czech
Republic. The examination consisted of completing a standard questionnaire, obtaining major anthropo-
metric data, repeated blood pressure measurements, and blood sampling.

Results: A total of 2621 individuals (1250 males, mean age 48.3 = 10.9 years, and 1371 females, mean age
47.7 £ 11.00 years; p < 0,001) were screened in 2015-2018 (response rate, 44.8%). Mean BMI in our popula-
tion was 29.1 £ 4.8 kg/m? in males and 27.5 £ 6.1 kg/m? in females (p < 0.001). Obesity was found in 37.3%
of males and 28.2% of females. Among the males, 24.8% reported to be regular smokers whereas smoking
was found in 21.6% females (p < 0.001). There was a high prevalence of hypertension (48.6% of males and
32.4% of females; p < 0.001); 74.3% of hypertensives were aware of their disease, 61.5% were drug treated,
however, only 33.9 % were controlled (blood pressure < 140/90 mmHg). The mean total cholesterol in our
population was almost identical in males and fernales (5.26 £ 1.03 mmol/l and 5.28 £ 1.00 mmol/L, respecti-
vely). Lipid-lowering drugs were used by 13.9% of males and 10.2% of females (p < 0.001). Diabetes was
found in 8.2% of males and 4.6% of females (p < 0.001). The prevalence of all major risk factors increased
significantly with age in both sexes (p for trend < 0.001).

Conclusion: A high prevalence of major cardiovascular risk factors was found in a representative Czech

Smoking
Total cholesterol

population sample, which is the cause of continuing high cardiovascular mortality in the Czech Republic.

Uvod

Kardiovaskularni onemocnéni (KVO) jsou hlavni pficinou
amrti v Ceské republice a podle zatim poslednich statistic-
kych adajd, které jsou k dispozici za rok 2017, byla KVO
zodpovédna za 44,3 % viech umrti.' Podle Gdaja Svéto-
vé zdravotnické organizace (World Health Organization,
WHO) a Evropské kardiologické spoleénosti patii Ceskd
republika mezi staty vykazujici vysokou umrtnost na KVO.

Mortalita na kardiovaskularni onemocnéni klesa ve
vétdiné evropskych zemi, vyraznéjsi pokles je patrny v ze-
mich severni, zapadni a jizni Evropy v porovnani se zemé-
mi stfedni a vychodni Evropy.?

V Ceské republice pozvolna klesala umrtnost na KVO
od poloviny 80. let. Viyrazny pokles nastal po roce 1990
a trva dosud. V roce 2017 standardizovana uamrtnost na
KVO u nas dosahovala 334,2 u muzd a 218,1 u Zen na
100 000 obyvatel, coZ je v porovnani s ostatnim zemémi
EU stale vysoka hodnota.'*?

Pokles umrtnosti na KVO muizZe byt obecné zplsoben
poklesem incidence nebo letality (case-fatality). Letali-
ta onemocnéni souvisi pfedeviim s drovni lééebné péde,
zatimco incidence KVO je ovlivnéna rizikovym profilem
obyvatelstva. Nejasnosti v pricinach snizovani umrtnosti
na KVO byly podnétem pro realizaci mezinarodniho pro-
jektu MONICA (MONItoring of trends and determinants
in CArdiovascular disease) koordinovaného Swvétovou
zdravotnickou organizaci.? K ovéfeni téchto hypotéz byla
v ramci projektu ziskana rozsahla databaze ve 37 cent-
rech 26 zemi obsahujici podrobné udaje o umrtnosti, inci-
denci a lécbé akutnich koronarnich prihod a o prevalenci
rizikovych faktord KVO v obdobi deseti let.*

Studie INTERHEART® zkoumala vliv potencialné modifi-
kovatelnych rizikovych faktord na riziko infarktu myokar-
du v 52 zemich. Koufeni, zvy3eny pomér apolipoproteinu
B (ApoB)/ApoAl, hypertenze, diabetes, abdominaini
obezita, psychosocialni faktory, denni konzumace ovoce
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a zeleniny, pravidelna konzumace alkoholu a pravidelna
fyzicka aktivita byly ve vyznamném vztahu k rozvoji in-
farktu myokardu. Téchto devét rizikovych faktord bylo
zodpovédno za 90 % rizika rozvoje infarktu myokardu
umuzd a 94 % u Zen.

Studie MONICA probihala i v Ceské republice a v ram-
ci této studie byla v Sesti okresech provedena v letech
1985, 1988 a 1992 tfi nezavisla prafezova Setfeni zaklad-
nich rizikovych faktord. V letech 1997/1998, 2000/2001,
2006-2009 a 2015-2018 jsme navazali na studii MONICA
a provedli dalii ¢tyfi nezavisla prafezova etfeni u 1 % na-
hodné vybraného vzorku populace deviti okrest ve véku
25-64 let (studie Czech post-MONICA). Sest (Beneiov,
Cheb, Chrudim, Jindfichdv Hradec, Pardubice, Praha-vy-
chod) z téchto deviti okresd jiz dfive participovalo ve stu-
dii MONICA. Jednalo se o okresy prevazné venkovského
charakteru a s vyjimkou Pardubic bez pfitomnosti vétiich
méstskych celkd. Hlavnim ddvodem pro zahrnuti dal3ich
tri okrest (Kromériz, Litomérice, Plzen-mésto) byla snaha
o ziskani reprezentativnéjsiho populacniho vzorku (rozsi-
fenim poctu okresd a zahrnutim vétdi méstské populace
— okres Plzefi-mésto). Souhrnné lze konstatovat, 7e téchto
devét okresd zaujima 11,2 % uzemi Ceské republiky a je
obyvano priblizné 10 % celkové populace. Ziskané udaje
tak |ze interpretovat jako vysledky narodni studie.

Vysledky studie Czech MONICA a Czech post-MONICA
byly pouZity pro vytvofenivalidovaného statistického mo-
delu IMPACT vysvétlujiciho pokles imrtnosti na ischemic-
kou chorobu srdeéni (ICHS) v Ceské republice mezi roky
1985-2007.% Pokles umrtnosti na ICHS lze u nas z vice nez
poloviny (52 %) vysvétlit priznivym ovlivnénim hlavnich
rizikovych faktord, z nichz nejvétii mérou pfispél pokles
prameérné cholesterolemie v populaci (z 6,1 mmol/l v roce
1985 na 5,1 mmol/l v roce 2007), vyvolany predevsim zmé-
nou stravovacich zvyklosti.” Zménou léfebnych postupd,
véetné intervenénich vykoni a operaci, lze vysvétlit 43 %
poklesu imrtnosti na ICHS v Ceské republice.
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Cilem této prace bylo zjistit prevalenci zakladnich ri-
zikowych faktord KVO u reprezentativniho vzorku Ceske
populace v letech 2015-2018. Vysledky mohou slouzit
jako podklad pro planovani zdravotnickych sluzeb.

Metodika

Soubor vysetienych

Byl proveden 1% nahodny vybér vzorku populace deviti
okresti €R (Benegov, Cheb, Chrudim, Jindfichiv Hradec,
Kroméfiz, Litoméfice, Pardubice, Plzen-mésto, Praha-
-vychod) ve véku 25-64 let, stratifikovany podle véku
a pohlavi. Nahodny wybér obyvatel provadéla Vieobec-
na zdravotni pojistovna (VZP) z registru viech pojistén-
cl, ktery ze zakona spravuje. Na projektu odmitla spo-
lupracovat Vojenska zdravotni pojistovna, kontingent
jejich pojisténct byl nahrazen pojisténci VZP. Pro ostatni
spolupracujici zdravotni pojistovny (Oborova zdravotni
pojitovna, Zdravotni pojistovna ministerstva vnitra CR,
Ceska primyslova zdravotni pojistovna a v okrese Kromé-
fiz Revirni bratrska pokladna) VZP poskytla pouze obecné
charakteristiky vybranych osob (vék a pohlavi) a viastni
nahodny vybér byl provadén pfislusnymi zdravotnimi po-
jistovnami.

Prvni informace wybranym osobam zasilaly jejich zdra-
votni pojistovny a dalsi kontakt byl mozny pouze v pfi-
padé souhlasu probanda. Studie byla schvalena Etickou
komisi Institutu klinické a experimentalni mediciny a Fa-
kultni Thomayerovy nemocnice. U viech vysetienych osob
byl ziskan informovany souhlas.

Vysetienf

Screeningové vysetreni sestavalo z vyplnéni standardniho
dotazniku, ziskani zakladnich antropometrickych udajid
(télesna vyska a hmotnost, zméfeni obvodu pasu a boka),
opakovaného méfreni krevniho tlaku a odbéru krve. Stan-
dardni dotaznik vyplfioval vzdy lékar. Dotaznik obsahoval
zakladni demograficke a socioekonomicke udaje, rodin-
nou a osobni anamnézu, Udaje o pfitomnosti rizikovych
faktord KVO a informace o souasné farmakoterapii.

Telesna wyska a hmotnost byly méreny u pacienta vsto-
je bez bot a téZkych vrchnich €asti odévu. Index télesné
hmotnosti (BMI) byl vypocitan jako hmotnost v kg délena
druhou mocninou vysky v metrech (ka/m?) jako ukazatel
relativni hmotnosti.

Krevni tlak byl méfen tfikrat na prave paZi, vsedé, mi-
nimalné po péti minutach klidu, klasickym rtutovym to-
nometrem (Baumanometer, W.A. Baum Co., Inc,, New
York, USA). VySetfovana osoba méla pravou ruku pode-
pfenou ve vysce srdce, dlraz byl kladen na volbu spravné
sirky manzety, v zavislosti na obvodu paze mérené krej-
covskym metrem uprostfed vzdalenosti mezi acromiem
a olecranem. Systolicky krevni tlak byl odeéitan jako prv-
ni Korotkovova ozva, diastolicky krevni tlak byl odecitan
jako pata Korotkovova ozva; pfi nemizejicich ozvach byl
diastolicky krevni tlak odeéitan jako ¢tvrta Korotkovova
ozva (tj. zeslabeni zvukd).

Odbér vendzni krve byl provadén u sedici osoby po
12hodinovém laénéni, optimalné bez zaskrceni nebo jen
s kratkodobym zaskrcenim paZe. Vzorky venozni krve
byly centrifugovany pfi 1 500 G a nasledné zmraZeny.
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Vzorek vendzni krve na stanoveni glykovaného hemoglo-
binu (HbA ) byl odebiran do zkumavky s K,EDTA a byl
uchovavan pri teploté 2-8 °C nejdéle ¢tyfi dny.

Laboratorni vysetieni

Véechny analyzy lipidovych parametrd byly provadény
pomoci autoanalyzatoru COBAS MIRA S (Roche Diagnos-
tics, Indianapolis, Indiana, USA) za pouZiti enzymatickych
kit stejné provenience v Lipidové laboratofi IKEM, ktera
v dobé trvani projektu MONICA slouzila jako referencni
lipidova laboratof Svétové zdravotnické organizace. HDL-
-cholesterol byl stanoven stejnou metodou po vysrazeni
sérovych lipoproteind fosfowolframanem sodnym a chlo-
ridem hofeénatym. LDL-cholesterol byl vypoditan podle
Friedewaldovy rovnice. Glykemie byla stanovena enzyma-
tickou metodou (reagencie Lachema, Brno).

Stanoveni HbA  provadélo Oddéleni klinické bioche-
mie Thomayerovy nemocnice z nesrazlivé krve metodou
HPLC (iontové vyménna chromatografie, analyzator D-10,
Bio-rad, California, USA).

Vzorky byly analyzovany za podminek dusledné inter-
ni i externi kontroly kvality prace s naslednou kontrolou
viech vysokych i nizkych hodnot. Externi kontrola kvality
analyzy lipidovych parametri byla provedena v Centers
for Disease Control and Prevention (Atlanta, Georgia,
USA).

Definice zakladnich rizikovych faktord KVO

Obezitu jsme definovali v souladu s WHO jako hodnoty
BMI = 30 kg/m?. Hodnoty BMI v rozmezi 25,0-29,99 kg/m?
jsme povaZovali za nadvahu.

Pro definici koureni jsme pouzili definici WHO a za
pravidelného kufaka jsme povaZzovali osobu, ktera koufi
pravidelné nejméné jednu cigaretu denné. Jako prilezi-
tostného kuraka jsme oznacili osobu, ktera v soucasnosti
koufi pfilezitostné, tj. méné nez jednu cigaretu denné.
Za byvalého kufaka povazujeme osobu, ktera v minulosti
koufila a v sou€asné dobé nekouri, za nekufaka osobu,
ktera nikdy nekourila.

Hypertenze byla definovéna jako systolicky krevni tlak
= 140 mm Hg nebo diastolicky krevni tlak = 90 mm Hg
{(pramér 2. a 3. méreni) nebo uzZivani antihypertenziv.
Kontrola hypertenze byla definovana jako dosazeni krev-
niho tlaku < 140/90 mm Hg.

Dyslipidemii jsme definovali jako koncentraci celkove-
ho cholesterolu = 5,0 mmol/l nebo HDL-cholesterolu < 1,0
mmaol/l u muzi nebo < 1,2 mmol/l u Zen, nebo koncent-
raci LDL-cholesterolu = 3,0 mmol/l nebo triglyceridd = 1,7
mmol/l nebo uzivani hypolipidemik.®

Pro diabetes jsme pouZili dvé rlzné definice. Za dia-
betiky jsme povaZovali (1) osoby s glykemii nalaéno
= 7,0 mmol/l nebo osoby léfené peroralnimi antidiabetiky
nebo inzulinem;

(2) osoby s HbA,_ = 48 mmol/l nebo osoby léené per-
oralnimi antidiabetiky nebo inzulinem.?

Statistické hodnoceni

Statisticke hodnoceni bylo provedeno za pouiiti progra-
mu SYSTAT® (Chicago, lllinois, USA). Pro analyzu spojitych
veli¢in byla pouzita analyza rozptylu (ANOVA). Analyza
trendd byla provedena metodou linearniho kontrastu.
Diskrétni veli¢iny byly analyzovany pomoci y? testu v kon-
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tingencnich tabulkach. Pro spojité velic¢iny byly vypodita-
ny pridméry a smérodatné odchylky, pro diskrétni veli¢iny
byly vypoditany absolutni a relativni fetnosti. Viechny
testy byly dvoustranné, hladina vyznamnosti byla zvolena
0,05. Prevalence diabetu na zakladé dvou rdznych definic
byla porovnavana pomoci kappa statistiky.

Vysledky
Soubor vysetrenych

V deviti okresech Ceské republiky bylo celkem vySetfe-
no 2 621 osob ve véku 25-64 let. Z celkového poctu
vysetfenych bylo 1 250 muzd (pramérny vék 48,3 =
10,9 roku) a 1 371 Zen (primérny vék 47,7 + 11,0 roku;
p < 0,001). Polty vyietfenych v jednotlivych vékovych
skupinach jsou uvedeny v tabulce 1. Celkova respon-
dence ve viech deviti okresech Cinila 44,8 %, byla vyraz-
né horsi u mladdich osob, zejména v nejmladsi vékové
skupiné 25-34 let.

Pomérné zastoupeni muzud a Zzen ve vékovych skupi-
nach bylo stejné s vyjimkou vékové skupiny 55-64 let, ve
které bylo vyrazné vyssi zastoupeni muzd (p < 0,001).

Index télesné hmotnosti

Prdmérna hodnota BMI u nami vysetfeneé populace ci-
nila 29,1 + 4,8 ka/m?* u muzd a 27,5 + 6,1 ka/m? u Zen
(p <0,001). Primérné hodnoty BMI stoupaji svékem (p pro
trend < 0,001) a vzestup je vyraznéjsi u zen (p < 0,001),
které maji vyrazné priznivéjsi hodnoty BMI pro mladsi vé-
kové kategorie (tabulka 2). Obezitou trpi 37,3 % muZzd
a 28,2 % Zen (obr. 1). Nadvéaha se vyskytuje u 44,9 %
muzi a 32,2 % zen. Zadouci hodnoty BMI (< 25,0 kg/m?)
ma pouze 17,8 % muid a 39,6 % Zen. Proporcionalni za-
stoupeni nadvahy a Zzadoucich hodnot BMI se lisi mezi po-
hlavimi a je pfiznivéjsi u Zen (p < 0,001).

Koufeni

Mezi vysetfenymi muzi 24,8 % uvedlo, Ze jsou pravidelny-
mi kufaky, zatimco koufeni u Zen bylo zjidténo u 21,6 %
(p < 0,001), ostatni kategorie kufakd a nekufakd jsou uve-
deny v tabulce 3. Procentualni zastoupeni kufakd, neku-
fakd, exkurakd a prilezitostnych kurakd podle vékowvych
skupin a pohlavi je uvedeno na obrazku 2.

Krevni tlak
Pramérné hodnoty systolického i diastolického krevniho
tlaku wyrazné nardstaly s vékem u obou pohlavi (p pro
trend < 0,001); nardast byl vyraznéjsi u Zen (p < 0,001) (ta-
bulka 4). Prevalence hypertenze rovnéz narustala s vékem
(p <0,001) (obr. 3). V nami vySetfené populaci jsme nalezli
hypertenzi ve viech vékovych skupinach ¢astéji u muZa.
Prevalence hypertenze v nadi populaci ve vékovém roz-
mezi 25-64 let je velmi vysoka (48,6 % u muzt a 324 %
u Zen; p < 0,001). Zeny, ackoliv maji niZii prevalenci hy-
pertenze a je u nich tendence k lepsi znalosti hypertenze
(p = 0,0918), jsou pfibliZzné stejné fasto medikamentdzné
léceny, aviak dosahovani cilovych hodnot krevniho tla-
ku (< 140/90 mm Hg) je u nich stejné neuspokojivé jako
u muzd (obr. 4).

Podstatna cast populace (74,3 %), u které jsou pri
screeningovéem vysetfeni opakované naméfeny hodnoty
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Obr. 1 - RozloZeni kategonil BMI v ¢eské populaci, 2015-2018
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Obr. 2 - Prevalence kufakd, nekufdka, exkufakd a pfileZitostnych ku-
fak( podle vékovych skupin a pohlavi v ¢eské populad, 2015-2018
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Obr. 3 - Prevalence hypertenze podle vékovych skupin a pohlavi
v ceské populaci, 2015-2018
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% Tabulka 1 - Pofty vy3etienych osob podie vékovych skupin
. a pohlavi
100 4 O Muzi w5+ g o 000
m Zeny S Med ey
7
&0 7 73,1 Celkem 1250 13N
64 . ,
60 . . 61,1 Pramérny vék, roky 483109 47,7+ 11,0
86 VEkové skupiny, n (%)
40 1 324 25-34 185 (14,8) 224 (16,3)
20 4 35-44 300 (24,0) 312 (22,8)
45-54 332 (26,6) 420 (30,6)
o i i B T 55-64 433 (34,6) 415 (30,3)
Prevalence ZInalost Lécba Kontrola

Obr. 4 - Prevalence, znalost, 1é¢ba a kontrola hypertenze v deské
populaci, 2015-2018
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Obr. 5 - Vysledky screeningu hypertenze v ceské populaci, 2015-2018
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Obr. 6 - Medikamentézni 1écba hypertenze (monoterapie vs. kom-
binaéni 1é¢ba) v ceské populaci, 2015-2018

krevniho tlaku = 140/90 mm Hg, o svém onemocnéni vi;
medikamentézni le¢bu pro hypertenzi uziva 61,5 % hy-
pertonikd, cilovych hodnot krevniho tlaku (< 140/90 mm
Hg) dosahuje pouze 33,9 % populace (obr. 5).

Pomérné vysoké procento hypertonik( v ¢eské popu-
laci je stale l1é¢eno monoterapii (33,8 % muZd a 43,0 %
Zen). Kombinace dvou, tfi, &tyf a vice antihypertenziv
jsou pfiblizné rovnomérné zastoupeny u cbou pohlavi
(obr. 6).
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Tabulka 2 - Primé&rné hodnoty BMI podie v&kovych skupin
a pohlavi

BMI, kg/m?

25-34 272:46 24552
35-44 28346 26663
45-54 29747 27656
55-64 30,148 296 6,2
Celkem, 25-64 29,148 27,5 £6,1

BMI - index télesné hmotnosti.

Tabulka 3 - Prevalence kufdctvi podie pohlavi

Souéasny kufak, n (%) 309 (24,8) 295 (21,6)
Mekurak, n (%) 618 (49,7) 843 (61,6)
Exkurak, n (%) 283(22,8) 191 (14,0)
Prilezitostny kuiak, n (%) 34 (2,7) 40 (2,9)

Tabulka 4 - Primé&rné hodnoty systolického a diastolického
krevniho tlaku podie v&kovych skupin a pohlavi

Systolicky TK, mm Hg
25-34 1227114 12,9117
3544 1256127 17,8+ 145
45-54 1309 + 14,8 1247 + 16,6
55-64 136,0 + 16,1 1329167
Celkem, 25-64 1302152 123,7 17,1
Diastolicky TK, mm Hg
25-34 80,8 +83 74,8+8,7
3544 83887 78,192
4554 857+94 80,793
55-64 855+9,0 8231838
Celkem, 25-64 84591 79694

Lipidové parametry

Primérné hodnoty celkového, HDL-cholesterolu, LDL-cho-
lesterolu a triglycerid( podle vékovych skupin a pohlavi
uvadi tabulka 5. Hodnoty lipidovych parametrd s vyjim-
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Obr. 7 - Prevalence dyslipidemie podle vékovych skupin a pohlavi
v eské populadi, 2015-2018

kou HDL-cholesterolu rostou s vékem (p < 0,001). Vzestup
celkového cholesterolu s vékem byl vyraznéjsi u Zen.

Dyslipidemii podle nami zvolené definice (viz oddil
Metodika) trpi 80,5 % muzské a 72,7 % Zenské popu-
lace (p < 0,001). U obou pohlavi je patrny vyrazny na-
rdst s vékem (p pro trend < 0,001) (obr. 7); v nejstardi
vékové skupiné se dyslipidemie vyskytuje u vice nez
90 % jedincad.

Tabulka 5 - Primé&rné hodnoty celkového, HDL-cholesterolu,
LDL-cholesterolu a triglyceridd podie v&kowych skupin a pohlavi

Celkovy cholesterol, mmol/l

25-34 483 +0,86 4,68 + 0,86
3544 534 096 4,94 + 0,84
45-54 547 +£1,13 545+ 0,91
55-64 524 + 1,00 569+ 1,04
Celkem, 25-64 526+ 1,03 5,28 + 1,00
HDL-cholesterol, mmaol/

25-34 1,34 £0,33 1,70 £ 0,39
35-44 130£036 1,65x0,39
45-54 1,31+0,37 1,70 £ 0,43
55-64 1,34 0,37 1,64 £ 0,45
Celkem, 25-64 1,320,336 1,67 £0,42
LDL-cholesterol, mmol/l

25-34 292076 2,55+0,76
3544 331084 2,83+0,78
45-54 3,39+092 3,25+0,83
55-64 3,21+093 3,44+ 0,96
Celkem, 25-64 3,24 £ 0,90 3,09+09
Triglyceridy, mmol/l

25-34 1,27+ 0,89 0,93 +0,52
3544 165+1,38 1,00 £ 0,54
45-54 1,74 £ 1,66 1,14+ 0,78
55-64 1,53 £0,83 1,36+ 0,78
Celkem, 25-64 1,58 £ 1,25 1,14 0,71
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Obr. 8 - Prevalence diabetu podle vékovych skupin a pohlavi v ces-
ké populaci, 2015-2018. Diabetes definovan jako glykemie nalacno
= 7,0 mmol/l nebo léba perordlnimi antidiabetiky nebo inzulinem.

20
18 p pro trend
MLIEI e
16 4 ieny Ter 145
14 A
12 10,8
10
1 60
g -
44 9
N 27 19 2,
o o [
] T T T
25-34 35-44 45-54 55-64

Obr. 9 - Prevalence diabetu podle v&kowych skupin a pohlavi v ces-
ké populad, 2015-2018. Diabetes deflnovan jako HbA,, = 48 mmaol/l
nebo 16¢ba perordinimi antidiabetiky nebo inzulinem

Hypolipidemiky bylo lé¢eno celkem 12,0 % nami vyset-
fené populace (13,9 % muzd a 10,2 % zen; p < 0,001). Hy-
polipidemicka léfba byla podavana zcela ojedinéle oso-
bam ve véku do 45 let, naproti tomu v nejstardi vékové
skupiné (55-64 let) ¢tvrtina vySetfenych osob uvedla, ze
uziva hypolipidemika. Z hypolipidemik jednoznacné pfe-
vazovaly statiny (77,4 %), nasledovane fibraty.

Diabetes mellitus

Prevalenc diabetu v nami vySetrené ceské populaci
ukazuji obrazky 8 a 9. Podle nami jiz dfive pouZité de-
finice byl diabetes nalezen u 8,2 % muzi a 4,6 % Zen
(p < 0,001)." Prevalence diabetu vyrazné nardstala s vé-
kem (p pro trend < 0,001), vwznamny rozdil v prevalenci
diabetu mezi obéma pohlavimi byl nalezen pouze v pred-
posledni vékové dekadé (7,3 % u muzi a 2,9 % u Zen;
p < 0,001) (obr. 8). Prevalenci diabetu na zakladé definice
obsahujici misto glykemie nalaino HbA  ukazuje obra-
zek 9. Mezi obéma definicemi byla nalezena dobra shoda
(kappa koeficient 0,904 pro muze a 0,874 pro Zzeny).

Diskuse

Respondence
Respondence ve viech deviti okresech cinila 44,8 %.
V ramci studie MONICA (1985-1992) bylo v Ceské repub-



12

Czech post-MONICA 2015-2018

lice sice dosahovano vy3si respondence (73,2-88,4 %),"
v posledni dobé je viak u nas i v zahranici patrny vyznam-
ny pokles respondence v epidemiologickych studiich.'="
25-34 let, ktera patrné podcenuje vyznam prevence kar-
diovaskularnich onemocnéni.

Obezita

Primérna hodnota BMI v nami vyietfené populaci (29,1
+ 4,8 ka/m? u muzd a 27,5 + 6,1 kg/m? u Zen) je velmi
vysoka a odpovida primérné hodnoté BMI, se kterou se
setkavame ve velkych klinickych studiich u hypertonikd.
Pavodni studie WHO MONICA nalezla v 38 populacich
u muza pramérnou hodnotu BMI 26,6 kg/m? a 26,5 kg/m?
u Zen.'* Vétsina vychodoevropskych center byla nad tim-
to pramérem, ¢esti muzi dokonce zaujimali prvni misto
(pramérny BMI 27,6 kg/m?) a ceské Zzeny (pramérny BMI
27,8 kg/m?) byly predstizeny pouze centry v Novosibirsku,
Kaunasu a Tarnobrzegu.

V disledku vysoké primérné hodnoty BMI je v ceské
populaci i vysoka prevalence obezity a nadvahy. Zadouci
hodnoty BMI (< 25,0 kg/m?) dosahuje pouze 17,8 % muzd
a 39,6 % Zen. Proporcionalni zastoupeni nadvahy a Za-
doucich hodnot BMI je pfiznivéjsi u Zzen. Prifezova data
jsou tak v souladu s longitudinalnimi trendy, kde u muzd
stoupa prdmérna hodnota BMI a prevalence obezity, za-
timco u Zen se tyto parametry neméni.'

Svétova zdravotnicka organizace poskytuje udaje
o prevalenci obezity a nadvahy standardizované na vék
v jednotlivych evropskych zemich. V roce 2014 se preva-
lence nadvahy a obezity pohybovala mezi 61 % (Rakous-
ko) a 70 % (Ceska republika) u muzd a mezi 45 % (Ra-
kousko) a 60 % (Malta) u Zen.? Prevalence obezity v nasi
muzské populaci (37,3 %) je srovnatelna s alarmujicimi
daty ze Spojenych statd americkych (38,2 %)."®

Hodnoty BMI vyznamné stoupaji v poslednich padesati
letech na celém svété. Jednou z pricin je zvy3eny kaloric-
ky pfijem, ktery neni dostateéné kompenzovan zvysenou
fyzickou aktivitou.” Kufaci maji obvykle nizsi télesnou
hmotnost a zanechani koureni je spojeno s urditym nards-
tem hmotnosti. Signifikantni pokles prevalence kuractvi
u nasi muzské populace (z 45,0 % v roce 1985 na 24,8 %
v letech 2015-2018; p < 0,001) by mohl ¢astecné vysvét-
lit narast BMI. Prevalence kuractvi klesla v fadé zemi a je
provazena nardstem hmotnosti.”®

Vysoka prevalence obezity v nasi populaci u obou po-
hlavi je patrné zodpovédna za vysokou prevalenci hyper-
tenze, dyslipidemie a diabetu. Obezita vyznamné zvysuje
riziko KVQ, artrozy, Alzheimerovy choroby, deprese a né-
kterych typd nadord (karcinom prsu, ovaria, prostaty, ja-
ter, ledvin a tlustého stfeva).

Dlouho se vedly diskuse, zda obezita je skutecnym
rizikovym faktorem KVO nebo zda plsobi pouze pro-
stfednictvim svého negativniho vlivu na krevni tlak, lipi-
dy a glukézovy metabolismus.' Svétova federace obezity
(World Obesity Federation) prohlasila v roce 2017 obezitu
za chronické progredujici onemocnéni, jednoznadné odli-
sené od pouhého rizikového faktoru pro ostatni onemoc-
néni.®

V fadé prospektivnich studii byl vztah mezi BMI a kar-
diovaskularni morbiditou a mortalitou z kardiovaskular-
nich pfi¢in po adjustaci na tyto parametry oslaben nebo
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zmizel Uplné. SniZzeni télesné hmotnosti je provazeno
zlepsenim zminénych metabolickych parametri.?'#

Koureni

Prevalence kuractvi je u nas (24,8 % muzd a 21,6 % Zen)
ve srovnani s vyspélymi zapadnimi zemémi vysoka a zcela
nepochybné vyznamné prispiva k vysoké kardiovaskularni
morbidité a mortalité z kardiovaskularnich pfi¢in v Ceské
republice. Celosvétové se odhaduje, 7e 41,2 % kardiovas-
kularnich onemocnéni Ize pfipsat na vrub koufeni.?

Vysledky posledniho prarezového Setfeni v USA z roku
2016 ukazuji, ze koufi 17,5 % muzd a 18,3 % Zen.** Po-
dle poslednich dostupnych udaji se prevalence kufactvi
u muzd ve stfedni a zapadni Evropé pohybuje mezi 15
a 30 %.? Vice kurakd je obecné mezi muzi ve vychodni
Evropé a zvlasté v byvalém Sovétském svazu (Ruskd fe-
derace 55 %, Lotyisko 52 %, Moldavsko 51 %). Situace je
opacna u Zen, kde je stale velmi nizka prevalence kuractvi
v byvalém Sovétském svazu (Kyrgyzstan 1,7 %, Uzbekis-
tan 0,9 %) s vyjimkou Ruské federace (16,3 %). Prevalence
kufactvi u Zen ve stredni a vychodni Evropé je v soucasné
dobé podobna jako u Zen v severni, zapadni a jizni Evro-
pé a pohybuje se kolem 20 %.

Riziko koureni je zavislé na davce i expozici (tzn. poctu
vykoufenych cigaret za den a dobé, po kterou dana oso-
ba koufila). Riziko KVO je obzvlast vysoke, pokud kufak
zaéne koufit ve véku do 15 let. Skodlivé uéinky koufeni
se projevuji u muzd i Zzen. Mohou byt ponékud vice vy-
jédreny u Zen, u nichZ koufeni, podobné jako diabetes,
eliminuje jejich nizsi vulnerabilitu ke kardiovaskularnim
chorobam.* Dopad koufeni na progresi aterosklerdzy je
vétsi u diabetikd a hypertonik.2®

Od roku 1980 klesla prevalence kufactvi u muzd ve vét-
5iné evropskych zemi s vyjimkou Lotysska a Ruské federa-
ce, kde prevalence stoupla a dosahuje vice nez 50 %. Ve
stejném obdobi klesla prevalence kufactvi u Zen ve vétsi-
né evropskych zemi, ale méné nez u muzd. Posledni do-
stupné statistiky uvadéji pramérnou prevalenci kufactvi
v Evropé 27,1 % u muzd a 18,5 % u Zen.?

Krevni tlak

Studie MONICA™ nalezla pramérné hodnoty systolického
krevniho tlaku ve vychodoevropskych zemich vy3si nez
pramér viech 38 populaci (muzi: 133 £ 5 mm Hag; Zeny:
129 + & mm Hg). U muzd byl nalezen nejvyssi primeér-
ny systolicky krevni tlak v byvalém vychodnim Némecku
(141 mm Hg), nasledovaném byvalym Ceskoslovenskem
a Lotysskem (obé zemé shodné 137 mm Hg). Obdobna
situace byla i u Zen. Nejvy3si hodnoty primérného systo-
lického krevniho tlaku byly nalezeny v NDR, Novosibirsku
a Jugoslavii (137 mm Hag).

Systematicka metaanalyza populacnich studii z 90 zemi
nalezla primérnou prevalenci hypertenze u dospélé po-
pulace v roce 2010 31,1 % s nejvyssimi hodnotami v Evro-
pé a Stredni Asii.?’

V ceské populaci od roku 1985 vyrazné klesa pramér-
na hodnota systolického i diastolického krevniho tlaku,
co? zcela nepochybné prispiva k poklesu umrtnosti na KV
onemocnéni, Zejména na cévni mozkové prihody.*®

Vysoka prevalence hypertenze v nasi populaci nepo-
chybné souvisi 5 vysokou prevalenci obezity. Spatné stra-
vovaci zvyklosti a nizka fyzicka aktivita zasadnim zpdso-
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bem prispivaji k vysoké prevalenci cbezity a hypertenze.
Prijem soli prispiva k rozdildm v hodnotach krevniho
tlaku mezi populacemi.”® Metaanalyza kontrolovanych
studii ukazala, Ze restrikce sodiku vede k poklesu krevni-
ho tlaku, i kdyZ pokles krevniho tlaku vykazuje znaénou
variabilitu.?*2 Studie DASH prokazala, Ze strava bohata
na ovoce a zeleninu, s nizkym obsahem tukd (zvlasté sa-
turovanych) vede k vyraznému poklesu krevniho tlaku.?

Na vysoke prevalenci hypertenze, zvlasté u muzu, se
v nasi populaci maze podilet i vysoka konzumace alko-
holu, zejména piva. Konzumace piva byla u nas stabilni
v letech 1997-2005 a pohybovala se kolem 160 litrd na
osobu, od roku 2006 je pozorovan setrvaly mirny pokles
(144.3 | v roce 2017).7 V konzumaci alkoholu uvedenou
jako mnoZstvi ¢istého alkoholu v litrech na osobu za rok
se Fadi Ceska republika se 14,4 | na tfeti misto v Evrop&!3
V populacich konzumujicich alkohol je spotfeba alkoholu
na druhém misté za obezitou jako faktor predisponujici
k hypertenzi.** Osoby konzumuijici tfi a vice standardnich
alkoholickych napojd za den maji 2-3x vy3si prevalenci
mirné hypertenze ve srovnani s témi, kteri konzumuji ma-
ximalné jeden alkoholicky napoj denné. Ué¢inek alkoho-
lu na krevni tlak maze byt vy3si u kufakd a ma aditivni
ucinky na obezitu. Pravidelna konzumace alkoholu mize
zvysit potfebu antihypertenzni l&écby.

V Ceske populaci v obdobi 31/32 let vyznamné klesa
prameérny systolicky i diastolicky krevni tlak, prestoze hod-
nota BMI se bud neméni (u zen), nebo dokonce stoupa
(u muzd).”* Mdze se na tom podilet snizena konzumace
saturovanych tuka a soli, protoZe spotfebni data vykazu-
ji wyrazné snizeni konzumace Zivocisnych tukd a vyrazny
nardst spotfeby cerstvého ovoce a zeleniny.”

K poklesu pramérného tlaku v nasi populaci patrné
pfispiva i nardst poftu osob uZivajicich antihypertenziva.
V soucasné dobé je v celé populaci stfedniho véku zhruba
25 % osob, které jsou medikamentozné léceny pro hy-
pertenzi.

Znalost hypertenze je u nas zcela srovnatelna s vyso-
kopfijmovymi zemémi (high-income countries, klasifikace
podle World Bank, 2014), kde zhruba dvé tfetiny hyperto-
nikd védi o svém onemocnéni.®® Zasadnim problémem zd-
stava nedostatedna kontrola hypertenze. | v tomto sméru
jsou viak nase vysledky lepii nez prdmeér vysokopfijmo-
wvych zemi (muzi 24,6 %, zeny 32,2 %).V populacni studii
v kanadské provincii Ontario bylo dosahovano cilovych
hodnot krevniho tlaku < 140/95 mm Hg u 65 % popula-
ce.”? Jednou z pfi¢in neuspokojivého stavu kontroly hy-
pertenze u nas je nepochybné malo agresivni antihyper-
tenzni lécba, protoZze monoterapii je lé¢eno 33,8 % muzd
ad3,0 % Zen.

Vysledky velkych klinickych studii pritom ukazuji, ze
zhruba 80 % hypertonikd potrebuje k dosazeni cilovych
hodnot krevniho tlaku kombinacni léébu. Metaanalyza
42 studii ukazala, Ze kombinace dvou ucinnych latek ze
dvou rdznych skupin antihypertenziv navodi vé&tsi pokles
krevniho tlaku nez zdvojnasobeni davky jednoho z anti-
hypertenziv.¥ V souladu s tim posledni evropské guide-
lines pro diagnostiku a lé¢bu hypertenze doporucuji za-
hajovat farmakoterapii hypertenze fixni dvojkombinaci.®®
Jinou pficinou 3patné kontroly hypertenze v populaci je
nizka compliance pacienta, kteremu mnohdy neni radné
vysvétlena nezbytnost nejspise celozivotni lecby. V tomto
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sméru je pfinosem lécba fixnimi kombinacemi, ktera zna-
mena snizeni poctu uZivanych tablet a zvySeni adherence
k lécbé.*

Lipidové parametry

Studie MONICA nalezla v letech 1990-1995 pramérnou
hodnotu celkového cholesterolu 5,8 mmol/l (£ 0,4 mmol/l
u muzd, + 0,3 mmol/l u Zzen).'* Ceska republika tehdy pa-
trila k zemim s nejvy3si prdmérnou hodnotou celkového
cholesterolu. Vy3si primérné hodnoty u muzid byly tehdy
nalezeny pfekvapivé v obou Svycarskych centrech a v ju-
goslavském MNovém Sadu. V Zenské populaci byla wy3si
primérna hodnota celkového cholesterolu nez v Ceské
republice nalezena pouze v Brémach, Kaunasu, Ticinu
a Novém Sadu.

Od roku 1985 vyznamné klesla pramérna cholestero-
lemie v ¢eské populaci (u muzd z 6,21 £ 1,29 na 5,30 =
1,05 mmol/l, uZen z 6,18 £ 1,26 na 5,31 £ 1,00 mmol/l; p <
0,001; pramérny pokles 14 %). Je velmi pravdépodobne,
Ze tohoto poklesu bylo dosazeno predeviim nefarmako-
logickou cestou, protoze hypolipidemiky bylo pfi posled-
nim prifezovém Setfeni lédeno 13,9 % muzd a 10,2 %
Zen. Obdobného poklesu primérné cholesterolemie bylo
dosaZeno ve Finsku v obdobi 1972-1992.4° Pokles celkové-
ho cholesterolu v nasi populaci se zasadni mérou podili
na poklesu mortality z kardiovaskularnich pricin a zejme-
na mortality z koronarnich pfi¢in v Ceské republice.®

Diabetes mellitus

Svétova zdravotnicka organizace odhaduje, Ze diabetes
je tfetim nejzavaznéjsim rizikovym faktorem pfedcasné
umrtnosti.*' Diabetici maji zhruba dvojnasobné riziko roz-
voje KVO, riziko je vy3i u Zen a u mladdich diabetikd.*
Epidemiologické studie ukazuji linearni vztah mezi nards-
tajici glykemii a rizikem rozvoje KVO i v rozmezi normal-
nich hodnot. To plati jak pro hodnoty postprandialni (dvé
hodiny po podani 75 g glukodzy), tak glykemie nalacno.
Abnormalni hodnoty za dvé hodiny po standardnim oral-
nim glukdzovém toleranénim testu (> 11,1 mmol/l} jsou
lepdim prediktorem celkové a kardiovaskularni morbidity
a mortality z kardiovaskularnich pfi¢in neZ hodnota gly-
kemie nala¢no.**

Provadéni oralniho glukdzového tolerancniho testu
je v epidemiologickych studiich ponékud obtizné. V roce
1997 bylo doporuceno definovat diabetes pomoci glyke-
mie nalatno jako hodnoty = 7 mmaol/l.** Svétova zdravot-
nicka organizace tuto definici pozdéji prevzala.** V obou
pfipadech je v epidemiologickych studiich akceptovana
jedina hodnota glykemie nalaéno.** Mezinarodni vybor
expertd doporudil v roce 2009 jako jednu z moZnosti pro
diagnostiku diabetu HbA,.* Americka diabetologicka
asociace (American Diabetes Association, ADA) uvadi
jako dalsi diagnostické kritérium pro diabetes hodnotu
HbA = 48 mmol/mol.®

Prevalence diabetu v obecné populaci byvala nejéas-
t&ji uvaddéna kolem 5 %. To byl také pfipad americké
populace ve véku nad 20 let vy3etiené v rémci NHANES
Il {National Health and Nutrition Examination Survey,
1988-1994). Vysetieni glykemie nalacno zvysilo prevalen-
ci diabetu o 2,8 %.** Prevalence diabetu v americké po-
pulaci vyznamné nardstala s vékem a byla o néco vyssi
u muzud (prevalence standardizovana na vék: muzi 8,4 %;
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Zeny 7,7 %). Nase vysledky jsou podobné, i kdyz jsme ne-
pouzili zcela stejnou definici diabetu. Pouziti dvou raz-
nych definic diabetu v nasi studii zasadné neovlivnilo pre-
valenci diabetu a mezi obéma definicemi byla nalezena
dobra shoda.

Americka populacni studie NHANES 2013-2016 nalezla
u bélosské populace starsi 20 let prevalenci diabetu 9,4 %
u muzd a 7,3 % u Zen. Prevalence diabetu byla vyrazné
vyssi u éernosské populace (14,7 % u muzd; 13,4 % u Zen)
a u Hispanci (15,1 % u muzd a 14,1 % u Zen).®*

Od roku 1980 byl ve vétsiné zemi svéta prokazan vze-
stup prevalence diabetu (u muzd ze 4,3 % na 9,0 %; u Zen
z5,0 % na 7,9 %).*

Zaveér

U reprezentativniho nahodné vybraného vzorku ceske
populace stredniho véku byla nalezena vysoka prevalen-
ce zakladnich rizikovych faktord kardiovaskularnich one-

mocnéni, které jsou pfi¢inou stale vysoké mortality z kar-
diovaskularnich pfi¢in v Ceské republice.
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Obecoves: Bilirubin belongs o the main endogenous antioxidants and its
systemic levels are regulated by bilimbin UDP-glucuronosy] transferase

(LGET1AT). Mild deficiency of LIGT1 A1 known as Gilbert syndrome (G5) has
been associated with a lower risk of ischemic heart disease (IHD ). The aim
of the present study was to assess the prevalencoe of G and UGT1AT"ZE
status in the Czech population, and their possible relationship to incident
IHLL

Methods: The sudy was performed in 717 individuals {(median age=48.5
yvears| recruited from the Ceech post-MONICA sudy in 2000-2001
(M=d442 F=X75); 669 individuals attended a re-examination 6 years later.
Routine laboratory tests were performed in all subjecs in 2000-2001;
dinudentide {TA)ln vardants of UCTIAT promoter were determined by
fragment analysis. Standard statistical analyses were used to compare
variables and to assess factors affecting hilirubin levels a5 well as [HD
rmianifestation.

Resules: The median of serum bilirubin concentration in the Ceech popu-
lation was 98 urnal (L | ) mnge: 8-124 umal (L] with higher levels in men
compared to women (10.7 [8.7-13.6] vs. 8 8 [7.2-10.7 ] umal /L, p< 107 for
males and females, respectively ). The prevalence of G5 (defined as serum
bilimubin =171 vumal/L] was 6 7%, UGT1AT2ZE allele homozygosity was
found in 13.8%, and UBGT1AL®2E allele frequency was 594% Sermam hili-
rubin levels were dependent on sex, UGCTTAT genotype, and =moking
{p==10r® for all variahles). Over the G-year follow-up period, 37 (5.5%) in-
dividuals reported to have developed IHD. The major predictors of incident
IHD were age (OR 1.09; 95501 1.05-113), and =ex (OR for fernale mender
047, 9550 O7-0.97), with serum bilirubin also comtributing negativehy,
but to a lesser extent (OR 0093, 9552C1 0.84-1.03).

Conclusion: The prevalence of G5 and frequency of G5 genotypes were
determined in a represeniative Czech population sample. In addition,
serum bilirubin levels were found to have a potential for predicting inci-
dent IHD.
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