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Uvod

Piedmétem mé postgradudlni prace byla problematika studia a klinického
vyuZiti vySetfovani vlastnosti cév neinvazivnimi metodami. Tyto metody byly
zavedeny na na$i klinice vroce 1999 mym Skolitelem doc. MUDr. Janem
Filipovskym, CSc. jako na prvnim pracovisti v Ceské republice. Pracuji
predevsim na dvou velkych vyzkumnych tkolech:
EPOGH: Evropsky projekt o dédi¢nosti hypertenze (European Project on Genes
in Hypertension) — projekt zahajeny v roce 1998, koordinovany dr. Janem A.
Staessenem z Katolické univerzity v Leuvenu, Belgie. Tento projekt stale
pokracuje a ma za cil vytvofit databazi genetického materialu rodin hypertoniki a
normotoniki. NaSe pracovisté vytvofilo podprojekt zaméfeny na tepenné
vlastnosti (dalsi podrobnosti k tomuto projektu jsou rozvedeny v oddilu Vlastni
vysledky). '
MONICA: Monitoring Trends and Determinants of Cardiovascular Diseases.
NaSe studie navazala na projekt Svétové zdravotnické organizace provadény
v mnoha zemich svéta; ten viak byl v 90. letech zastaven a v Ceské republice
pokracuje ddle podle stejného protokolu na zékladé narodnich granti.
Koordinatorem této studie, ktera ma za cil monitorovat kardiovaskularni nemoci a
jejich rizikové faktory v nahodné vybranych vzorcich obecné populace, je doc.
MUDr. Renata Cifkova z Institutu klinické a experimentalni mediciny v Praze.
V nasem centru jsme opét uskutecnili podprojekt zaméieny na tepenné vlastnosti.
Na zakladé naSich vysledki jsme se zabyvali piedev§im nasledujicimi tématy:

- zavedeni studia vlastnosti tepen ve vyzkumnych programech pomoci
neinvazivnich a pomérné jednoduchych vysetiovacich metod, jmenovité
studia rigidity tepenné stény a studia odrazu tlakové viny

- studium tepennych vlastnosti v nahodné vybraném vzorku obecné populace
a zvlasté wurCeni jejich vztahu kbéznym rizikovym faktortiim

kardiovaskularnich nemoci



- vySetieni a analyza vlastnosti tepen v rodinach hypertonikii a normotonika
s otdzkou, nakolik se dédi¢nost obecné podili na téchto vlastnostech a na
krevnim tlaku (TK)

- zkoumani vztahu kandidatnich gent hypertenze a jejich polymorfismi
k tepennym vlastnostem a ke krevnimu tlaku

- studium dalSich specidlnich otdzek v nékterych men$ich souborech, napf.
srovnani tepennych vlastnosti u zdravych a nemocnych seniorti nebo

zavislost tepennych vlastnosti na hladinach homocysteinu.

Vsechny tyto prace se vztahuji k problematice arteridlni hypertenze, ktera je

zakladnim klinickym i vyzkumnym zamétenim nasi skupiny.



OBECNA CAST

1. Obecna patogeneze arterialni hypertenze

Arterialni hypertenze je multifaktoridlni onemocnéni, které patii mezi
nejéastéjsi kardiovaskularni choroby; jeji prevalence se v primyslové vyspélych
zemich odhaduje na 20 — 50 % dospé€lé populace se zietelnym narlistem
ve vysSich vékovych skupinach a predstavuje zavazny zdravotni problém - je
rizikovym faktorem pro kardiovaskuldrni onemocnéni, cévni mozkové piihody a
renalni selhani.

Podle nejnovéjSich doporuceni Svétové zdravotnické organizace se
za hypertenzi v dospélosti (bez ohledu na v&k) povazuje trvalé zvyseni krevniho
tlaku nad hodnoty 140/90 mmHg vcetné. Diagnézu lze stanovit teprve
pii opakovaném namétfeni TK 140/90 mmHg - alesponi dvakrat ze tfi méfeni
pfi minimalné¢ dvou navstévach u lékafe. Pfi hypertenzi obvykle dochazi
k soucasnému zvySeni jak systolického (STK), tak diastolického TK (DTK) —
systolicko-diastolicka hypertenze. Ve staii se vSak Casto setkavame se zvySenim
pouze systolického TK a hovotime pak o izolované systolické hypertenzi (STK
nad 140 mmHg, DTK do 90 mmHg), kterd v3ak rovnéz zhorSuje Zivotni
prognézu. Soucasné klasifikace do jednotlivych kategorii TK a dal§i podrobnosti
jsou publikovany v Doporuéenich diagnostickych a 1ééebnych postupti u
arteridlni hypertenze - verze 2004 (Cifkova et al., 2004).

Podle etiologie a patogeneze se arteridlni hypertenze rozdéluje na:

- Esencialni (primarni) hypertenzi

- Sekundarni (symptomatickou) hypertenzi, kdy je zvySeny TK pouze
symptomem jiného primarniho onemocnéni s identifikovatelnou pfiicinou;
vyskytuje se asi ve 2 — 5 % vSech piipadi arterialni hypertenze.

U esencialni arterialni hypertenze (EHT) nezname vlastni vyvolavajici pricinu,

ale zname ftadu patogenetickych mechanismii. Jednd se o multifaktorialni



onemocnéni, kde se kombinuji genetické faktory, vlivy zevniho prostiedi a
poruchy vnitinich regula¢nich mechanisma.

V soucasné dobé se vyzkum stidle vice zaméiuje na studium dédi¢nosti
arteridlni hypertenze a tim na zkoumani jednotlivych kandidatnich genl (viz
oddil V. Genetické aspekty arteridlni hypertenze).

Z faktori zevniho prostiedi se na patogenezi primarni hypertenze uplatiiuji
piedev§im nadmérny piivod kuchyiiské soli, nedostate¢ny pf'iifod drasliku,
vapniku, nadmérny pfisun potravy s nedostatecnou fyzickou aktivitou a
naslednym vyvojem obezity, nadmérna konzumace alkoholu, koufeni a opakujici
se stresové situace.

Z endogennich vlivi se vedle centrdlniho sympatoadrenalniho nervového
systému podili na patogenezi EHT fada humoralnich pisobki, a to s U¢inkem
vazokontrikénim a zdroveil natrium-retenénim a rst stimulujicim:
katecholaminy, renin-angiotenzinovy systém, vazopresin, endotelin, tromboxan
A2, prostaglandin H2, ¢i vazodilataénim, natriuretickym a rist inhibi¢nim
G¢inkem: dopamin, kalikrein-kininovy systém, atridlni natriureticky peptid, oxid
dusnaty (EDRF/NO), prostaglandin E2 a I2. Hypertenze mtze vzniknout
v duasledku absolutniho nebo relativniho nadbytku vazopresorickych nebo
nedostatku vazorelaxa¢nich plisobku (Klener et al., 1998).

Systémové a humoralni pusobky ovliviiuji hemodynamiku, pritok krve tkdnémi
a periferni cévni rezistenci. V oblasti cévniho endotelu ovliviiuji agregabilitu a
adhezivitu trombocytl, migraci monocytii subendotelové a abluminalné pak
ovliviluji kontraktibilitu hladkého svalstva cév, jeho piipadnou hypertrofii,
hyperplazii a remodelaci. Jejich ptsobeni, majici za disledek dysfunkci endotelu.,
miize byt spojovacim ¢lankem mezi hypertenzi, urychlenym rozvojem
aterosklerozy a ischemickou chorobou srde¢ni (ICHS) u hypertonikii.

Z dalSich endogennich zmén se na patogenezi hypertenze mohou podilet
odchylky v elektrolytovych mechanismech pies bunéénou membranu, jako jsou

sodikova pumpa (Na-K-ATPéaza), Na-K-kotransport, Na-Li-protitransport a dalsi.



Disledkem vrozené nebo ziskané odchylky nékterého ztéchto transportnich
mechanismii je intraceleularni zvySeni Na a druhotné i Ca. To ma za nasledek
zvySenou citlivost hladkého svalstva cév na presorické podnéty a tim i vetsi
pohotovost k vazokonstrikci a zvySeni TK.

Z hemodynamickych faktor(i se na vzniku a dal§im rozvoji hypertenze mohou
podilet zmény srdeénich funkci a zmény funkce tepenného systému. Srdeéni
funkce jsou jiz dlouho studovany, a to jak iﬁvazivnimi metodami, tak neinvazivné
pfedev§im pomoci echokardiografie. Prioritni prace prof. Widimského et al.
(1957) ukazala, Ze u pocinajici hypertenze je pfitomna hyperdynamické cirkulace
v disledku zvy$eného minutového srdecniho objemu. Tato koncepce je dodnes
platna.

Problematika struktury a funkce cév je slozitd. Rozdilné oddily cév se diky
svému specifickému slozeni cévni stény a specifické funkci chovaji odlisné
za fyziologickych 1 patologickych okolnosti. Prozatim neexistuje Zadné
univerzalni vySetieni, které by podalo informaci o funkci tepenného systému jako
celku. Teprve rozvoj nékterych neinvazivnich metodik s dostatecnou
reprodukovatelnosti oteviel v poslednich zhruba 15 letech nové moznosti studia
v této oblasti.

Hemodynamicky nachazime na zacatku hypertenze zvySeny minutovy vyde;
pfi normalni periferni cévni rezistenci. Ta je vSak vzhledem ke zvySeni
minutového vydeje nepfiméiené vysoka. Pozdéji dochazi k normalizaci
minutového srdec¢niho vydeje a vysoky TK je udrzovan vysokou periferni
rezistenci. Tento vzestup periferni cévni rezistence je dan zpocatku predevsim
vazokostrikci arteriol. Pozdéji se vSak méni obsah sodiku a vody ve sténé arteriol
a artérii, a tim se méni pomér lumina k cévni sténé. DalSi zmény jsou jiz
strukturalni - dochazi k hypertrofii a remodelaci cévni stény. K trvalému zvyseni
cévni rezistence dochdzi v dusledku téchto zmén na trovni rezistencniho fecisté.
V naSich pracech jsme se zaméiili predev§im na studium vlastnosti velkych

tepen.



II. Funkce tepenného svstému

a) Funkce tepenného systému za fyziologickych podminek

Z funkéniho hlediska miZeme cévy rozdélit do 6 kategorii:

e Pruznik - velké tepny elastického typu. Jejich vyrazné elastické vlastnosti maji
vyznam v pieméné narazového piitoku krve v systole na jeji kontinualni
proudeéni - to zajistuje hlavné aorta.

e Velké tepny mﬁskulémiho typu (napt. a. femoralis, poplitea, brachialis,
radialis) — zajiStuji pifvod krve do jednotlivych oblasti organismu. To je
oznacovano jako rozvodné funkce (,,conduit function™).

e Rezisten¢ni cévy - reguluji pfitok krve k organim a tkanim. Patfi k nim:

- malé tepny a tepénky (arterioly), tzv. prekapilarni rezisten¢ni cévy, které
maji maly prisvit a silnou sténu s vysokym podilem hladkého svalstva. Diky
této svaloviné mohou zna¢né ménit sviij prasvit a tim prakticky rozhodovat
o distribuci minutového srde¢niho vydeje mezi riizné organy. Na jejich konci
se nachézeji prekapilarni sfinktery. Jejich konstrikce nebo dilatace rozhoduje
o poctu otevienych kapilar a tim o velikosti kapilarni plochy, na niz dochézi
k vyméné tekutiny mezi kapilarami a intersticiem

- venuly, tzv. postkapilarni rezistentni cévy, které vSak vytvaieji jen velmi
malou c¢ast rezistence. Jejich vyznam je pfedev§im v tom, Ze pomérem mezi
tonem prekapilarnich a postkapilarnich rezisten¢nich cév je ur€ovan kapildrni
hydrostaticky tlak, ktery umoziuje vyménu tekutiny na Grovni kapilér, tedy
filtraci a resorpci.

o Kapilary - predstavuji sty¢nou plochu mezi krvi a tkani. Na jejich trovni
probihd piesun latek z krve do intersticidlni tekutiny a naopak. Nemaji
schopnost kontrakce a jejich prusvit se méni pasivné jako vysledek pre- a
postkapilédrnich rezistenénich cév a prekapilarnich sfinktert.

e Arteriovenozni zkraty - jsou jen v nékterych tkanich, kde zabezpecuji rychly

pievod krve z tepenného fe€isté do Zilniho s obejitim kapilar. Jsou-li tedy tyto



cévy otevieny, pratok kapilarami se v dané tkani snizuje nebo uplIné zastavuje,
pritok tkéni se soucasné zrychluje.

e Kapacitni cévy - piredevSim Zily, které diky své vyrazné roztaZnosti mohou
pojmout znaény objem krve. SlouZi proto jako rezervoar, ktery je v uzavieném
systému cév nutny pro stéle se ménici distribuci krve v jednotlivych organech,

zabezpecuji Zilni navrat a ovliviiuji tak funkci srdce.

Jednotlivé oddily tepenného tecisté se liSi morfologicky piedevsim ve sloZeni
cévni médie. V centralnim obé&hu prevaZzuje vazivova slozka nad hladkou
svalovinou. Stény téchto tepen elastického typu (aorta, a. carotis) obsahuji
piedevS§im velké mnoZstvi elastickych vldken, kterd jsou pruZzna a reaguji
‘roztaZenim jiZ na niZsi tlak, a menSi mnozstvi pevn¢jSich kolagennich vlaken.
Smérem do periferie, napi. v a. brachialis, é. femoralis a jejich vétvich, ptibyva
v cévni sténé hladkych svalovych bunck a také kolagennich vldken. Nejcetnéjsi
zastoupeni soucasné s nejvétsi celkovou plochou piedstavuji arterioly a kapilary.
V tomto rezisten¢nim fecisti prevazuje hladka svalovina, takze jiz pfi malé¢ zméné
tonu svaloviny dochazi pii malém praméru arteriol k velkému vzestupu periferni
cévni rezistence.

Za normdlnich okolnosti se stiedni arterialni tlak udrZuje na stejné trovni
ve velkych tepnach a prudce klesa na urovni rezisten¢nich cév, kde nartista cévni
odpor.

Funkei arteridlni ¢asti  systémového obéhu je dopravit krev pod tlakem
do tkani a pfeménit narazovy tok krve z levé komory na kontinudlni. Krev proudi
tepnami zna¢né rychle: v klidu se krev od okamziku svého okysliceni dostane
do tkani asi za 10 s, pfi maximalni fyzické zatézi za 2 - 3 s, tato hodnota
vyjadiuje tzv. obéhovou rychlost.

Do aorty je krev z levé komory vypuzovana béhem ejekéni faze systoly.
Linearni rychlost krevniho proudu v aorté¢ po otevieni semilunarnich chlopni

prudce vzrista a dosahuje hodnoty az 100 cm/s. V disledku této vysoké rychlosti



ma proudéni turbulentni charakter. Primérné linearni rychlost krevniho proudu
v aorté je oproti maximalnim hodnotdm vyrazné nizsi (zejména proto, ze krev
v useku bezprostiedné za semilunarnimi chlopnémi proudi jen po dobu ejekéni
faze) a pohybuje se v klidu okolo 20 cm/s. Pfi fyzické zatézi pak roste piimo
umérné minutovému vydeji. S rostouci vzdélenosti od levé komory se maximalni
dosazena rychlost krevniho proudu zmen3uje (jinymi slovy se snizuje amplituda
proudového pulzu) a soucasné se prodluzuje doba, po kterou krev cévami proudi.
Ve vzestupné aorté proudi krev pouze v obdobi ejekéni faze a na zacatku diastoly
se dokonce na chvili smér jejiho proudu obraci a uzavira semilunarni chlopné.
V tepnach vzdalenéjSich od srdce krev proudi po celou dobu srdeéni akce,
nedosahuje v8ak takové rychlosti jako ve vzestupné aort€. Smérem ke kapilaram
se preménuje charakter krevniho proudu z narazového na kontinudlni. Je tieba
odlisit proudovou vinu, jejiz rychlost je zde popsana, od tlakové viny, ktera
vyvolava vydouvéni cévni stény a miZe byt snimana jako pulzni vina. Rychlost
této pulzni viny je daleko vyssi a dosahuje zhruba od 5 do 20 m/s v zavislosti na
tepenném useku, kde provadime méfeni, a v zavislosti na kvalité cévni stény
(podrobnosti viz dale v oddilu III. Pfehled metod vySetieni tepenného systému).
Pfeména néarazového proudu v kontinudlni je umoznéna funkei pruzniku
velkych tepen a je zpusobena elasticitou jejich stény: krev vypuzena z levé
komory roztahne sténu aorty a tak se cast kinetické energie krve pieméni
na potencialni energii stény aorty. Poté, co odtece hlavni proud krve, elastické
sily roztazené stény aorty zplsobi navrat stény do puvodnich rozméri a krev
obsazena v rozSifeni je pfitom vypuzovdna od srdce - smérem nejmensiho
odporu. Elasticka energie se pieméiiuje zpét na kinetickou energii krve. Cinnost
srdce a naraznikova funkce velkych tepen je v podstaté analogii principu
stiedoveéké hasicské stiikacky (obr. ). Tekutina je nasavana z rezervoaru {1}
pumpou {2} za pouziti ventili a odtud se dostava do nadrze {3}. Tekutina proudi
déle hadici {4} vicemén¢ kontinudlné, velikost proudu zavisi na hydrostatickém

tlaku v nadrzce. Tepny tedy plni svou naraznikovou funkci obdobné jako nadrz.



Obr. 1
Princip hasicské stiikacky — analogie fungovani srdce a naraznikové
funkce tepen. Blizsi specifikace viz text.




Za normalnich okolnosti se b&hem systoly dostdva do perifernich tkani asi 40
% tepového objemu, zbyla krev zistava ve velkych tepnach a je vypuzovana
béhem diastoly. Zatimco pii selhdni funkce vedeni krve trpi pfedev§im tkané
distdlné od postizené cévy, pii selhani naraznikové funkce centralnich tepen
dochédzi k nadmérnému zvySeni systolického TK v centralnim feCisti a tim
ke zvySeni dotiZeni (afterloadu) levé komory srde¢ni. Dusledky se pak projevi
proximalné od postizeného cévniho reciste. |

Cévni sténa je komplexni tkan, ktera je schopna ménit se na zakladé pisobeni
mechanickych nebo jinych stimull; trvalou piestavbu cévni stény nazyvame
remodelaci. Mechanické podnéty pro remodelaci tepen jsou dvojiho druhu: tenzni
stres a stiiZni stres (tensile stress, shear stress).

Tenzni stres je sila zpisobena tlakovou vinou a piisobi kolmo na cévni sténu.
Je pfimo umérna krevnimu tlaku a poloméru cévy, nepfimo umérna tloustce
cévni stény, jak lze odvodit z Laplaceova zdkona. Vysoky tenzni stres je pfic¢inou
hypertrofie cévni stény.

StFizni stres je dan frik¢ni silou zptsobenou proudovou vinou a ptisobi podél
cévni stény. Je pfimo amérny rychlosti proudici krve a jeji viskozité, nepiimo
umérny poloméru cévy.

Na tenzni stres reaguje predev§im cévni médie, naproti tomu stfiZni stres je
vniman predeviim endotelem. Stiizni stres urCuje stav cév v mnoha ohledech:
ovliviiuje metabolismus endotelidlnich bunék, morfologickou stavbu stény a
rozmeéry cévy. Je stimulem pro produkci vazodilatacnich substanci cévni sténou,
tj. predev§im oxidu dusnatého (NO). K patologickym zménam dochazi predevsim
pii abnormalné nizkém stfiznim stresu, jak lze demonstrovat pii zméné tvaru
proudové viny pii vétveni cév: ¢elo proudové viny naléha na vnitini sténu cév,
a proto je vné&jdi sténa vystavena nizkému stfiZznimu stresu. Dusledkem je
nedostate¢na produkce vazodilata¢nich substanci a vy§§i tonus hladké svaloviny

médie. Zpomaleny proud mize mit také za nasledek snaz8i usazovani
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aterogennich substanci do cévni stény. Proto se tato mista stavaji predilekei
aterosklerozy.
Zatimco vlastnosti velkych tepen souvisi predev§im s pulznim tlakem, stav

rezistenéniho fecisté je urCujici pro stiedni krevni tlak.

b) Zmény tepenného systému u hypertenze

Zmeény velkych tepen typické pro hypertenzi jsou dany piedevsim opotiebenim
pti vyraznéji pusobicich mechanickych stresech. Jedna se tedy o urychlené
starnuti tepen a jsou obdobou zmén, k nimz dochazi s vékem (Filipovsky, 2004).
Veékové zmény byly difive nazyvany arterioskler6za na  rozdil
od aterosklerozy, jejiz pfic¢iny jsou komplexni a kde hypertenze je pouze jednim
z patogenetickych faktorti. V souCasné dobé nejsou tyto pojmy presné
odliSovany. Ateroskleréza je proces lokalizovany na ur€ity usek cévy, zatimco
arterioskleroza je difizni zménou, k niZ dochazi pfedeviim v centralnich
tepnach elastického typu. Ateroskler6za vznika a rozviji se hlavné v intimé,
zmény pii starnuti a hypertenzi jsou primarné procesem cévni médie.
Ateroskleroza vede ve vétSin€ pfipadi ke ziZeni cévy (vyjimku tvofi napft. bfisni
aorta, kde skleroticky proces miiZze mit za nasledek jeji aneurysmatické rozsient).
Disledky aterosklerozy se projevi predevSim distalné ischémii, nebot  jde
pfedevsim o poruchu vedeni cévou. Naproti tomu zmény podminéné starnutim a
hypertenzi vedou spiSe k dilataci cév a snizeni jejich poddajnosti — je poruSena
hlavné naraznikova funkce. To ma disledky piedevsim proximalné, kdy dochézi
ke zvySeni zatéze levého srdce. Zesileni médie pii arterioskleréze je spojeno
nejen s rozdirenim cévy, ale také s jejim prodlouzenim (proto se aorta stava
vinutou). Tyto zmény jsou kontinualni v priibéhu Zivota a zacinaji jiz kolem 20.
roku véku. Ve véku nad 80 let je plocha aorty 3 — 4 krat vétsi nez ve 20 letech.
Ateroskleroza je v nékterych zemich velmi Castd a jeji nasledky piedstavuji

nejcastéjsi pi¢inu smrti, jinde je zcela vzacna. Naproti tomu vékoveé zmeény tepen



jsou pfitomné ve vSech populacich, i kdyz jejich stupeil je zavisly na vyskytu
hypertenze.

Morfologické zmény cévni stény pii dlouhotrvajici hypertenzi jsou tedy
lokalizovany piedeviim v médii. Zatimco u mladych normotenznich jedinct jsou
elastinovd vldkna uspofaddna rovnobéZné, dochazi u hypertoniki k jejich
dezorganizaci, ztenCovani a fragmentaci. Stoupd obsah kolagenniho materialu a
Casto dochdazi k- depozici vapniku, a to jak do kolagenu, tak do elastinovych
vldken. Funkéni dasledky téchto zmén ukazuje studie Boutouyrie et al. (1992),
v niz autoii studovali 50 nelécenych esencialnich hypertonik(i a 32 kontrolnich
osob vySetienych ultrazvukovym piistrojem s vysokou rozliSovaci schopnosti.
Zjistili, Ze aorta (zvlast€ na urovni oblouku) a karotida mély vyznamné vétsi
vnitini primér méfeny v diastole u hypertoniki ve srovnani s kontrolnimi jedinci,
naproti tomu pramér distalnich velkych tepen (femordlni, brachialni a radialni)
byl stejny. U distalnich tepen byla mira pulzace stejna jako u kontrol, ale
u centralnich tepen dochézelo k vyznamnému snizeni pulzace. Z téchto vysledki
vyplyvé, Ze ucinek hypertenze na proximalni a distalni velké tepny je zcela
odliSny. V centrdlnich arteriich jsou alterovany geometrické vlastnosti (zvétSeny
pramér) i mechanické vlastnosti (zména priméru bé¢hem srde¢niho cyklu -
pulzatilita). U distalnich tepen neni prokazatelna zména téchto vlastnosti
pii hypertenzi (alespofi pokud jsou soubory hypertonikii a normotenznich kontrol
ponechany se svym pfirozenym TK jako v pfipadé citované price), ale jejich
funkci nelze rovnéz pokladat za normalni: protozZe jsou u hypertonikii vystaveny
vy§§imu TK (tenznimu stresu), ktery se sem piendasi z centralnich tepen, bylo by
mozno o¢ekavat, Ze jejich diastolicky pramér bude zvysen. JelikoZ tomu tak neni
(obr. 2, 3), znamena to, Ze tyto tepny reaguji aktivné na hypertenzi
vazokonstrikci, ktera muze byt disledkem dysfunkce endotelu tohoto cévniho

useku.

16



Diastolicky
prameér
(mm)

Obr. 2

25

15

10

oA

[ ] Normotonici
[ Hypertonici

NS
ok
NS
(11T
Arteria Aortalni  Bfisni Arteria  Arteria  Arteria
carotis oblouk aorta femoralis brachialis radialis

Diastolicky pramér jednotlivych tepen u hypertonikii a normotonikai.
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Podle Boutouyrieho et al., 1992.
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Obr. 3
Relativni zmény priméru tepen v systole oproti diastole u hypertonikti a

normotenznich kontrol.

Skupiny maji stejné slozeni podle v€ku a pohlavi. **p<0,01.
Podle Boutouyrieho et al., 1992.
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II1. Piehled metod vySetieni tepenného systému

V soucasné dobé existuje velké mnozstvi neinvazivnich metod pouZzivanych
k vySetieni tepen. ProtoZe tepenny systém je velmi komplexni a jeho jednotlivé
¢asti maji rozdilnou strukutru 1 funkci, neexistuje Zadna univerzalni metoda, ktera
by postihovala vlastnosti tepenného systému jako celku. Mezi nejcastéji
pouzivané parametry vySetieni tepen patii:

1. Pulzni tlak (rozdil systolického a diastolického TK - oscila¢ni tlakova
komponenta), je nejjednodusdi parametr, ktery nas informuje ptredeviim
o pruznikové funkeci centralnich tepen. Je urCen na jedné strané srdecni
kontraktilitou a tepovym objemem, tj. schopnosti srdce generovat primarni
tlakovou vinu, a na druhé strané vlastnostmi tepen. Je-li rigidita centralnich tepen
zvySena, selhava naraznikova funkce tohoto feciit€ a krevni proud vychazejici
z levé komory srde¢ni vyvola vyssi vzestup TK béhem systoly a vétsi pokles TK
béhem diastoly.

Protoze se zvlasté ve vy$§im veku uplatiiuje fenomén odrazu tlakovych vin,
ktery je Caste¢né zavisly na stavu rezisten¢niho fecisté, je vysledny pulzni tlak
zavisly také na jeho funkci a struktuie. Pulzni tlak je vyznamnym prediktorem
kardiovaskularniho rizika, nezavislym na ostatnich tlakovych hodnotach, jak
ukazala tada studii (napr. Darné et al., 1989, Benetos et al., 2000). Jeho vliv je
nejsilngjsi u jedincti po 55. roce Zivota, kdy v obecné populaci dochazi k poklesu
prumérného diastolického TK a ten se stdva Spatnym prediktorem rizika. Existuji
prace ukazujici na prognosticky vyznam pulzniho tlaku i v mlad$im véku
(Benetos et al., 2000). VySe pulzniho tlaku ma vztah k riziku srdec¢nich
i mozkovych piihod, pficemz predikce koronarnich piihod se zda byt silngjsi.
Vyznam pulzniho tlaku dokazuji také intervencni studie u nemocnych
s izolovanou systolickou hypertenzi, kde je systolickodiastolické rozpéti vzdy
zvysené (SHEP Cooperative Research Group, 1991, Staessen et al., 1997).
Za hranici normélu pulzniho tlaku je vétSinou povazovana hodnota 50 mmHg

odpovidajici hrani¢ni hodnoté hypertenze 140/90 mmHg.
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2. Rychlost Sifeni pulzni viny - PWV (Pulse Wave Velocity) odrazi rigiditu
ur€itého tseku tepenného fecisté. Stanovujeme ji podle ¢asového posunu pulzni
viny mezi dvéma misty pii znamé vzdélenosti t€chto mist (napf. aortalni PWV,
tzn. karotido-femoralni, nebo PWV na dolni konc¢etiné mezi a. femoralis a
a. tibialis posterior/a. dorsalis pedis). Cim rychleji se tlakova vlna $ifi, tim
rigidnéjsi je cévni sténa. Rychlost je v§ak také zavisla na aktualnim stiednim TK.
Jeji vyhodou je, ze lze studovat vétsi arteridlni segment jako celek (napf. aortu,
fecisté dolni nebo horni koncetiny). Tato metoda je pomérné jednoducha a ma
dobrou reprodukovatelnost (rozdily mezi dvéma vySetiujicimi jsou kolem 5 %).
Diky tomu jsou k dispozici velmi cenna data z populacnich studii. Jiny zptsob,
ktery se vyuzivé zvlasté pro méfeni PWV na aorté, je méfeni ultrazvukem. PWV
méfend na perifernich velkych tepndch je vys$si nez PWV na aorté. Aortalni PWV
viak stoupa s v€kem, zatimco periferni PWV se méni jen madlo, proto se ve
vy$8im véku rychlosti prakticky vyrovnavaji. Avolio (1995) provedl méteni PWV
v Austrélii a v Ciné (zde u méstské a venkovské populace). PWV rostla s vekem
obdobné v australské a ¢inské méstské populaci, a to piesto, ze v Ciné je daleko
mensi vyskyt aterosklerdzy a niz$i pramérna hladina cholesterolu. Naproti tomu
byla PWV vyrazné niz8i u venkovské ¢inské populace. Hlavnim rozdilem, jemuz
je pripisovan tento nalez, je rozdilnd strava s niz§im obsahem soli
ve venkovskych oblastech. Tyto vysledky jsou kompatibilni s jinymi studiemi
ukazujicimi, Ze stl je dalezitym rizikovym faktorem hypertrofie cévni médie,
obdobné jako je nezavislym faktorem hypertrofie levé srdec¢ni komory. Navic
z této studie vyplyva, Ze stupen manifestnich aterosklerotickych zmén jiz prilis
neovliviiuje rychlost pulzni viny, ktera je ddna predeviim zménami cévni médie,
a proto se tato metoda hodi k detekci tepennych zmén zptisobenych hypertenzi a
starnutim.

PWYV byla rovnéz pouzita ve studiich u hypertenznich pacientii a je dnes dobie
zdokumentovano, Ze se u nich vyskytuji abnormality, a to jak u stabilni

hypertenze, tak v jejich ranych studiich. Girerd et al. (1989) studovali PWV
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u mladych hypertoniki s hrani¢ni hypertenzi a u stejné starych kontrolnich
normotenznich jedinci, a to aortalni PWV (karotido-femoralni) a PWV na horni
koncetiné (vychazejici z Casového posuvu mezi brachidlni a radialni pulzaci).
Zjistili, Ze hypertonici méli oproti kontroldm vyznamné vy3$si obé PWV: 7,6 vs.
6,8 m/s pro aortalni PWV a 12,0 vs. 10,7 m/s pro PWV horni koncetiny, p<0,001
v obou piipadech. Regresni piimky PWV v zavislosti na aktualnim TK se v obou
skupinach vyznamné liSily, coZ nasvédCuje tomu, Ze zvySeni PWV pfi hrani¢ni
hypertenzi neni dano pouze zvySenym krevnim tlakem, ale odrazi strukturalni
nebo funkéni zmény cévniho teCisté. Asmar et al. (1995) analyzovali aortalni
PWV v rozsdhlé populaci nemocnych s trvalou hypertenzi a normotoniki.
Ukazali, ze PWV byla vys§i u hypertonika: 11,8 vs. 8,5 m/s. Regresni piimky
PWV podle veéku byly rovnéz vyznamné odlisné, pfimka pro hypertoniky byla
strm&j§i. Z téchto vysledki vyplyva, Ze rigidita cévni stény je zvySend jiz
u pocinajici hypertenze. 1 kdyz k témto zménam miZe dochazet druhotné
pti dlouhodobém zvySeni TK, tento nalez zvySuje pravdépodobnost toho, Ze se
mizZe jednat o primarni poruchu cévni stény. Jak jiz bylo uvedeno, PWV je
zavisla na aktualnim TK - jeho zvySeni vede k roztaZeni cévni stény a tim
zvysSeni jeji tuhosti. Ve vySe uvedenych studiich je PWV vy$8i u hypertonikt
i pii stejném TK jako u kontrol. Z toho vyplyva, Ze hypertenze je sama o sobé

spojena se zvysenim arteridlni rigidity.

3. Analyza pulzni viny - PWA (Pulse Wave Analysis) nam umoziiuje urcit
pfesny tvar pulzni viny. Definitivni tvar je vysledkem komplexnich zmén
vlastnosti velkych a drobnych tepen i srde¢nich funkci. Vysledny tvar pulzni viny
je dan sumaci primarni tlakové viny s vinami vy$§iho fadu. Primarni tlakova vina
vznika pii kontrakci levé komory, jeji velikost a tvar zavisi piedevsim na funkéni
zdatnosti levé komory a na vlastnostech stén centralnich tepen. Na periferii
dochazi k odrazu tlakové viny, kterd pak interferuje svinou primarni.

V centralnim obéhu poté dochazi opét k odrazu, vznika terciarni vlna atd. Protoze
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tlakova vina se §iii velmi rychle, podili se na tvaru definitivni tlakové viny az
zhruba vlna 20. fadu. Vlastnosti odrazenych vin, tj. velikost a natasovani, zavisi
predevSim na rychlosti Sifeni tlakové viny, tedy na tepenné rigidité, a na misté
odrazu. Soudi se, Ze mistem odrazu je hlavné zacatek rezisten¢nich cév, kde
dochézi k nejvétSsimu vétveni fecisté. Pomér odrazené a primarni tlakové viny se
nazyva v anglické literatufe Augmentation Index (Al, index navySeni TK). Tvar
tlakové viny se zcela 1i§i u mladych a starych jedinci: zatimco u mladych je
odraZzena vlna spiSe nizka a objevuje se v pozdni systole, takZe naseda az
na sestupnou cast tlakové kiivky, u starych jedinci se vraci diive a zvySuje
tlakovou amplitudu. Vezmeme-li vy$ku primérni viny jako 100 %, pak odrazena
vina miiZze zvySovat tlakovou amplitudu az o dalSich 80 % (obr. 4, 5).
Divody, pro¢ je ve staii odraZzena vina vy3si, jsou komplexni a existuje
nékolik mechanismi, které se patrné na tomto jevu podile;ji: |
e rychlost sifeni tlakové viny zvlasté po aorté je vétsi, a proto je navrat ¢asnéjsi,
e protoze rychlost Sifeni po aorté se s vékem pfiblizuje rychlosti tlakové viny
na velkych tepnach hornich i dolnich koncetin, je odraz vin v celém téle
synchronni,
e v disledku morfologickych zmén malych cév se hlavni mista odrazu patrné
piesouvaji vice proximalng.
Z hlediska hypertenze ma odraz tlakovych vin nékolik vyznamui:
e Vysoky stupen odrazu zvySuje dotiZzeni levé srdecni komory — svéd¢i pro to
data Marchaise et al. (1993) prokazujici silnou korelaci indexu navyseni TK
s masou levé komory. Velkd odrazena vina tedy zvysuje pravdépodobnost

hypertrofie levé srde¢ni komory.
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Obr. 4
Zaznam pulzni viny na a. radialis (vlevo), tvar pulzni viny v aorté ziskany
matematickou transformaci (vpravo).

Vysvétlivky: PSP — periferni systolicky tlak (mmHg), PDP — periferni diastolicky tlak
(mmHg), 1 — vrchol primarni viny, 2 — vrchol sekundarni viny. CSP — centralni systolicky
tlak (mmHg), CDP — centralni diastolicky tlak (mmHg), Pl — amplituda primarni viny
(mmHg), P2 — amplituda sekundarni viny (mmHg), CAP — centralni augmenta¢ni tlak (central
augmentation pressure, CAP=P2-P1, mmHg), ED — trvani ejekéni faze (ejection duration,
ms), TP2 — ¢as do vrcholu sekundarni viny (time to peak, ms)
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Obr. 5
Rozdil v registrované pulzni viné u mladého (te¢kovan€) a star$iho ¢lovéka (plna

linka).

V levé &asti zaznam pulzni viny na a. radialis, vpravo ziskana pulzni vina na
aorté. Presto, Ze periferni TK méfeny na a. brachialis je u obou jedinct shodny, je
patrny rozdil ve tvaru pulzni viny na a. radialis a zejména v aorté, kde je vrchol
pulzni viny dan sekundarni vinou. BliZe viz text.
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e Pro hypertenzi ve staii je typicky vzestup pifedevsim systolického TK, jehoz
narist je u fady nemocnych zplisoben pravé odrazenou vinou. To otevira
prostor pro terapeutickou strategii, protoZe izolovanou systolickou hypertenzi
by bylo moZno 1€€it latkami, které by dlouhodobé snizovaly odraz tlakovych
vin. Takové preparaty (na bazi nitrath) jsou ve vyvoji.

e QOdrazené viny se podileji na amplifikaci TK, tj. rozdilu mezi TK
v centralnim fecisti a v perifernich velkych tepnach, napi. v brachialni tepné,
kde béZzné méiime TK (obr. 6). Brachialni TK je u starSich jedinct stejny jako
centralni TK, mj. diky vysokym a c¢asnym odrazenym vlnam, zatimco
u mladych jedinci je béZné méfeny brachialni TK vy3$si nez centralni. Tlakové
zatizeni centralniho ob&hu ve stafi je tedy pfi béZném méfeni brachialniho TK

podhodnoceno a mé€lo by byt brano v tvahu.

Technika registrace PWA a PWV

Analyzu pulzni viny metodou aplana¢ni tonometrie (mikromanometr,
Millar Instruments, Inc., Houston, Texas, USA) a stanoveni rychlosti $ifeni
pulzni viny na na$i Kklinice provadime pomoci australského pfistroje
SphygmoCor Px (AtCor Medical Pty., West Ryde, Australia). Tyto metody
pouZzivame v naSich vyzkumnych pracich.

Zcela nedavno byl publikovan konsenzus odbornikii v oblasti vlastnosti
velkych tepen (Laurent et al., 2006) a jsou zde shrnuta zakladni doporuceni
ke spravné metodice méfeni. Ztohoto konsenzu vychazime i my a
pii vySetfovani se snazime zachovat doporucené standardni podminky (tab. 1).

Pred vlastnim méfenim je vzdy nutno zjistit aktualni hodnotu TK na pazi
(na naSem pracovisti pouzivame digitalni tonometr znatky OMRON M4-I) a
zadat ji do programu, automaticky se v programu vypoéita stiedni arterialni
tlak. Déle do programu zadadvame naciondle vySetfovaného, vysku a vahu.

muZzeme zadat i dalsi parametry, napf. soucasnou medikaci.
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Amplifikace TK.

Tlakové viny registrované ve velkych tepnach u razné starych jedinci.

U nejmladsiho jedince se zvySuje amplituda tlakové viny pfiblizné o 60 % b&hem
postupu po tepenném fecCisti do periferie. U nejstarSiho jedince neni prakticky

Zadna amplifikace TK.
Podle Nicholse a spol., 1998.
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Periferni stanoveni centralniho aortalniho tlaku

Analyza a vySetieni pulzni viny spociva v registraci tlakové viny nejcastéji

nad a. radialis, ze které matematickou transformaci ziskdme tvar pulzni viny

v centralnim feci$ti (v aort€) spolu s hodnotou centralniho TK. Technika

vyZaduje uréitou zrucnost — je nutno najit nejvhodnéjSi misto k registraci

nad tepnou a ziskat tak zdznam nékolika po sob€ jdoucich pulznich vin

s dostate¢nou amplitudou (nad 80 mV) a zaroveii s co nejniZsi variabilitou jejich

tvaru (dle nasich pozadavka do 5 % pro a. radialis, do 10 % pro a. carotis).

Tab. 1

Doporuceni ke sjednoceni podminek vySetiovani (Laurent et al., 2006):

Nepfriznivé faktory:

Doporuceni:

Pokojovi teplota
Klid

Denni doba

Koufeni, jidlo

Alkohol

Mluveni, spanek

Poloha

Fenomén bilého plasté

Srdecni arytmie

optimaln¢ 22 +/- 1 °C

vySetfovany lezi neméné 10 minut
na zadech

stejnd denni doba pii opakovaném méfeni
minimalné 3 hodiny pied méfenim by
vySetiovany nemél pit zejm. ndpoje

s obsahem kofeinu

vySetfovany by nemél pit alkohol alespoi
10 hodin pied méfenim

vySetiovany by nemél béhem méfeni
mluvit ani spat

piednostné vleze na zadech, pozice (vleze,
vsedé) by méla byt uvedena v protokolu
ovlivitluje TK a tlakové zavislou cévni
tuhost

uvédomit si mozné komplikace pii méieni
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Rychlost §ifeni pulzni viny (PWV)

Pii PWV registrujeme pulzni vinu (za souc¢asného EKG zaznamu — obr. 7), a to
na dvou mistech, mezi kterymi chceme rychlost Sifeni zméfit. Nejcastéji se jedna
o zjist'ovani rychlosti §ifeni viny po aorté - karotido-femoralni rychlost, a na dolni
koncCetiné — femoro-distalni rychlost. Opét je nutno pfedem zadat hodnotu
aktualniho TK a tentokrat i délku vy3etfovaného cévniho Gseku (krejcovskym
metrem méiime vzdélenost napf. od mista registrace nad a. carotis k jugulu a
od jugula k mistu registrace nad a. femoralis). Nejcastéji registrujeme

nad a. carotis, a. femoralis a a. tibialis posterior, event. nad a. dorsalis pedis.

4. Poddajnost (compliance C) a roztaznost (distenzibilita Di). Tyto
parametry jsou urcovany na zakladé specialniho ultrazvukového vysetieni (zejm.
tzv. echo-tracking). Poddajnost je definovdna jako zména objemu daného
cévniho oddilu (V) pii zméné tlaku (P), tj. C=deltaV/deltaP; za ptedpokladu, ze
dand céva ma konstantni délku, lze objem nahradit pramérem (D), tedy
C=deltaD/deltaP. Vztah tlaku a objemu neni lineérni, to je dano vlastnostmi cévni
médie. Ta sestava z hladké svaloviny a pojivové tkdné obsahujici elastin a
kolagen. Pii nizkém tlaku se uplatiiuji piredev§im elastinova vldkna, zatimco
pii vysokém kolagenova, ktera kladou tlakové viné vétsi odpor, a proto je cévni
sténa v této situaci méné poddajnd. Z toho vyplyva, Ze poddajnost mize byt
definovana pouze v souvislosti s konkrétni hodnotou tlaku. Poddajnost
piedstavuje sklon kiivky v grafu zavislosti objemu (priméru) na tlaku v uréitém
bodu grafu. Lze odvodit, Ze poddajnost je imérna druhé mocniné PWYV. Podobné
jako PWYV je i tepennd poddajnost zavisla na aktualnim TK. Distenzibilita je
relativni zména objemu (nebo priméru — obdobné jako poddajnost) vztazena

na zménu tlaku: Di=deltaV/V x deltaP.
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ECG-CAR : meanT= 127 .2ms StdDev= 5.ims N= 9 HRate= 63bpm
ECG-FEM : meanT= 218.2ms StdDev= 3.7ms N= 18 HRate= 63bpm
CAR-FEM : meanT= 83.ims StdDev= 6.3ms Distance= 415mm (105, 528)

Pulse Wave Uelocity (CAROTID-FEMORAL) : 4.99 wm/s

Obr. 7
Zaznam pii méfeni aortdlni PWV pomoci piistroje Sphygmocor.

V horni ¢asti registrace priibéhu pulzni viny na a. carotis, a poté na a.
femoralis, vZdy soucasné se zaznamem EKG. V dolni ¢asti je vysledek —
rychlost pulzni viny po aorté. BliZe viz text.



5. Méreni tloustky komplexu intima—media na krkavici - IMT (Intima-
Media Thickness) se provadi pomoci duplexni sonografie. Ta dnes poskytuje
spolehlivé informace nejen o zdvaznosti morfologickych zmén na cévach, ale
i o mozném hemodynamickém dopadu téchto zmén. Kromé zméieni tloustky
komplexu intima-médie ndm dava moZznost potvrzeni ¢i vyloueni pfitomnosti
platu a posouzeni Kkalcifikace a charakteru platu. V identifikaci casnych
aterosklerotickych zmén se uplatiuje piedevsim ultrasonografie Kkarotid.
Divodem je snadnd vySetfitelnost vzhledem k jejich povrchovému uloZeni.
Zasadni je déle fakt, Ze tyto tepny zasobuji centralni nervovy systém, jehoZ cévni
zasobeni hraje vyznamnou roli pro prognozu jedince. Opakované bylo
prokdzano, ze aterosklerotické zmény na karotiddch koreluji se zménami
na véncitych tepnach i na tepnach dolnich koncetin. Ateroskleroza je déj, ktery se
odehravé v piivodné nejtenéi vrstvé cévni stény — intimé.

Za prvni morfologicky projev aterosklerézy je povazovano rozsifeni intimo-
medidlni vrstvy. Méfeni tloustky komplexu intima - media se nejcastéji provadi
v useku 1 cm pod zacatkem bifurkace spolecné karotidy na strané vice vzdalené
od ultrazvukové sondy. IMT stoupéd s vékem a s pritomnosti rizikovych faktort
aterosklerozy. U hypertonikii koreluje s mirou hypertrofie levé komory. Ur¢itym
omezenim této metody je reprodukovatelnost, protoze velmi zaleZi
na zkugenostech vysetiujiciho. Jde napf. o to, v jakém misté je méfeni provadéno,
dale aby do méieni nebyl zavzat ateroskleroticky plat atd. Proto se jedna
o metodu, kterd neni pfili§ vhodna pro vétsi multicentrické studie (v takovém
pfipadé je nutné centrdlni odecCitani nalezi ze vSech center).

IMT u zdravych jedincii se pohybuje pod 0,75 mm, avSak neexistuje
jednoznaéné definovana norma. Hodnota nad 0.9 mm je podle nejnovéjsich
spole¢nych doporuceni Evropské hypertenzni a kardiologické spole¢nosti (ESH-
ESC Guidelines Committee, 2003) povazovana za specifickou organovou

komplikaci hypertenze.
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6. VySetieni mikrocirkulace a rezistenéniho Feci$té. Zlatym standardem je
invazivni vySetfeni — biopsie — ktera se provadi vétSinou z glutealni oblasti. To
umoziuje vySetieni tepének a kapilar tukové tkané. V kontextu s hypertenzi jsou
klasické prace skupiny prof. Heagertyho (1995). V jedné ze svych praci autofi
studovali rezisten¢ni fecisté u lidské hypertenze pomoci biopsii glutedlni tkang,
a to u 56 nemocnych s neléenou esencialni hypertenzi a u 56 normotenznich
kontrolnich jedinct. Zjistili, Ze hypertonici méli oproti normotonikiim silnéjsi
médii a men$i lumen arteriol, tj. pomér media/lumen byl zvySen (Korsgaard et
al., 1993). U hypertoniki koreloval s timto pomérem piedevSim stiedni a
diastolicky TK (p<0,01), slabé&ji systolicky TK (p<0,02). Tlakova amplituda a vék
nebyly v Zadné asociaci s pomérem media/lumen. U hypertonikii byl tedy hlavni
determinantou stavu rezistenéniho fecisté TK, zatimco v€k nebyl vyznamny.
U normotonikii tomu bylo naopak: Zadny z tlakovych parametrti nekoreloval
s pomérem media/lumen, ale vék byl jeho vyznamnou determinantou.

Pii hypertenzi se na zménach rezisten¢niho feci§té uplatiuji predevsim tfi
mechanismy: |

- hypertrofie bunék hladké svaloviny, kterd zplsobuje zesileni cévni médie a
zmenSeni lumina cév

- zvyS$ena citlivost hypertrofované stény na vazoaktivni substance

- fidnuti (rarefakce) arteriol a kapilar.

Dalsi metodou studia mikrocirkulace je kapilaroskopie, kdy kapilary jsou
piimo pozorovany, napi. v nehtovém lizku; je to stard metoda, kterd dnes nema
vyznamné vyuziti. NejnovéjSi neinvazivni metodou je laser-dopplerovska
flowmetrie (LDF). kdy je posuzovano prokrveni kiize v bazalnich podminkach
i napi. po aplikaci tepla k posouzeni schopnosti vazodilatace. Tato metoda se
zatim pouziva spise v klinické angiologii, ale je mozné, Ze najde své uplatnéni
i pfi studiu struktury a funkce ob&hu v kontextu s krevnim tlakem (naSe centrum

pfipravuje projekt zaméieny na tuto problematiku).
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IV. Vvznam arterialni rigidity mérené pomoci PWV

Jak jiz bylo uvedeno, rigiditu cévni stény lze méfit na riznych tepennych
segmentech. Byly provedeny studie s méfenim PWV mezi karotidou a radialni
tepnou nebo mezi radialni tepnou a a. tibialis posterior. Je tieba fici, Ze takova
méfeni maji jen omezeny vyznam, protoze v sob¢ zahrnuji tuhost zcela odlisnych
tepennych usekil, piedeviim usekld tepen elastického a muskularniho typu.
Z hlediska poznani etiologie kardiovaskularnich nemoci ma zdaleka nejvétsi
vyznam méfeni na aorté: jednak tuhost aorty pfimo ovliviluje srde¢ni funkce
prostfednictvim hemodynamickych zmén, jednak nam davé ur€ité informace
o rozsahu morfologického poSkozeni aorty a v jejich hlavnich vétvich se
odehréavaji kardiovaskularni piihody. Kromé aorty povaZujeme za pfinosné
studovat tuhost tepen dolnich koncetin (mezi a. femoralis a a. dorsalis
pedis/tibialis posterior): ziskavame tak informaci o viceméné homogennim tseku
muskularni tepny, kde je navic Casty vyskyt aterosklerozy. Toto vySetieni jsme
zavedli v ramci naSeho vyzkumu (bliZe viz oddil Vlastni vysledky) a podle naSich
znalosti nejsou o nich zadna piedchozi literarni data.

Bylo ukazano v né€kolika studiich, Ze aortalni rigidita méiena pomoci PWV
koreluje sriznymi dal§imi parametry cévniho postizeni, jako jsou index
systolického TK kotnik/paze, IMT méfend na karotidé nebo index aortalni
kalcifikace (Blacher et al., 2001, Oren et al., 2003, Zureik et al., 2002). Aortalni
tuhost ma také vztah ke klasickym rizikovym faktorim aterosklerdzy, jak bylo
napt. ukdzano u starSich jedincl v Rotterdamské studii (van Popele et al, 2001).
V praci Lehmanna et al. (1998) bylo zji§téno, Ze pacienti s nejvéts§im pocétem
faktorii kardiovaskularniho rizika a pfihod maji nejvyssi tuhost, méfenou pomoci
PWV. K poznéni téchto vztaht také vyznamné pfispély naSe vlastni vysledky (viz
dale). Dilezité interakce byly stanoveny také mezi PWV a tzv. malymi faktory
kardiovaskuldrniho rizika — pulzni tlak, srde¢ni frekvence, obvod pasu, pomér
pas/boky, hypertrofie levé komory srdecni, mikroalbuminurie, homocystein a

sedavé zaméstnani.
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Blacher et al. (1999) vysetioval skupinu pacientii s esencidlni hypertenzi
s aterosklerotickymi zménami nebo bez nich a analyzoval aortdlni PWV jako
prediktor kardiovaskuldrniho rizika. Vysledky potvrdily konstantni nérist aortalni
PWV se viemi fatalnimi a nefatalnimi pfihodami — infarkt myokardu, koronarni
onemocnéni, cévni mozkové prihody. Pro viechny typy kardiovaskularniho rizika
je aortalni PWV silngj§im prediktorem neZ plazmaticky kreatinin, hypertrofie
levé komory srde¢ni a pomér celkovy/HDL cholesterol. Navic je aortalni PWV
nejlep§im  prediktorem  kardiovaskularni mortality v jakémkoli véku.
Pro piedpovidani desetileté¢ kardiovaskularni mortality byla pfi tomto

diagnostickém testu stanovena optimélni hrani¢ni (cut-off) hodnota PWV 13 m/s.

Dalsi vyznamné prace studujici vyznam PWV u hypertenze je prace Laurenta
et al. (2001). V letech 1980 az 1996 sledovali 1980 pacientii s esencidlni
hypertenzi (primérny vék 50 +/- 13 let). Vstupné€ jim byla zméfena aortalni
PWYV. Pro odhad relativniho rizika celkové a kardiovaskuldrni mortality pouZili
model logistické regrese. Béhem primérného devitiletého sledovani zemielo 107
pacientii (z toho bylo 46 Gmrti kardiovaskularni etiologie). PWV byla vyznamné
spojena s celkovou i kardiovaskularni mortalitou, byla nezavisla na piedchozim
kardiovaskularnim onemocnéni, véku a diabetu. Naproti tomu pulzni tlak nebyl
s mortalitou signifikantné spojen. Tato studie poskytuje prvni piimy dikaz, Ze
aortalni tuhost je nezavislym prediktorem celkové a kardiovaskularni mortality

u hypertonikd.

Aortalni rigidita mé také vztah k rozvoji srdeéni hypertrofie u hypertenze. Ta
je kromé hodnoty krevniho tlaku zévisla také na vlastnostech centralnich tepen,
raznych neurohumoralnich faktorech a na piivodu soli. Bouthier et al. (1985)
analyzoval u normotonikli a hypertonikl vztah mezi karotido-femoralni PWV a
echokardiografickymi parametry — pomér masa/objem levé komory srdeCni a
end-systolické napéti levé komory srdec¢ni. Jeho vysledky ukdzaly vysoce

vyznamné korelace mezi PWV a vSemi sledovanymi echokardiografickymi

(&S]
957



parametry dokonce i po adjustaci na v€k. Na zdkladé téchto vysledku lze
konstatovat, Ze aortalni tuhost stanovena pomoci karotido-femoralni PWV hraje

dilezitou roli v plnéni levé komory srdeéni, jeji hypertrofii a hemodynamice.

Nékolik studii analyzovalo vztah mezi PWV a diabetickymi komplikacemi.
Takegoshi e al. (1991) zjistil vy§§si PWV u diabetikii s mikroalbuminurii nez
bez ni, a poukdzal na vyznamné korelace mezi PWV a albuminem v mo¢i.
Ze svych ndlezli vyvozuje, Ze PWV miuze byt spolehlivym indexem diabetické
mikroangiopatie vyjadifenym mikroalbuminurii. Taniwaki et al. (1998)
vySetiovali diabetiky 2. typu a oznacili arteridlni rigiditu nezavislym faktorem

souvisejicim s pomérem glomerularni filtrace.

Lehmann et al. (1998) ve své longitudinalni studii sledoval diabetiky 2. typu.
Pacienti, ktefi zemfeli méli signifikantné€ tuzsi aortu nez diabetici dosud Zijici, a
to 1 vzhledem k vé€ku, pohlavi, kouieni a terapii. Méfeni aortdlni PWV tak
dovolilo ¢asnou identifikaci pacienti diabetikii ohrozenych vysokym rizikem

vaskularnich komplikaci a nahlé smrti.

Pomoci aortdlni PWV byl stanoven i vliv aortalni rigidity na pieZiti
u nemocnych v kone¢ném stadiu renalniho selhani (Guerin et al., 2001). Hodnota
PWV se ukdazala jako nejsilngj$i prediktor mortality, nasledovand vékem a

pfedchozim kardiovaskularnim onemocnénim.

Existuje jen malo prospektivnich studii, kde je testovan vliv 1é¢by na aortalni
rigiditu. Nejvyznamnéj$i z nich je studie Complior (Asmar et al., 2001). Pacienti
s mirnou esencidlni hypertenzi byli po dobu 6 mésici léceni perindoprilem
v kombinaci s indapamidem. Arteridlni rigidita byla méfena pomoci aortalni
PWV 2 a 6 mésici po lécbé. Vysledky ukazaly signifikantni pokles TK a PWV
navozeného 1é€bou (obr. 8). Prestoze aktualni TK ovliviiluje PWYV a interpretace
vysledki neni jednoduchd, ukézalo se, Ze snizeni PWV bylo statisticky nezavislé

na snizeni TK. Antihypertenzni terapie ACE inhibitory tedy dokazala oddalit
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poskozeni tepen mechanismy, které jsou Castecné nezavislé na redukci TK.

Existuji také kratkodobé uspésné studie s blokatory receptort pro angiotenzin II.

Lze shrnout, Ze ur¢eni aortdlni PWV ma nasledujici vyznam pro praxi:

- PWV koreluje sdal§imi parametry cévniho poSkozeni, jako jsou index

systolického TK kotnik/paZe, aortalni kalcifikace, IMT a dalsi

- PWV ma vyznamny vztah k velkym i malym faktorim kardiovaskularniho
rizika v rGznych populacich

- PWV je v asociaci s hypertrofii levé srde¢ni komory; divodem je fakt, Ze

aortalni rigidita zvySuje afterload levého srdce

- PWV je také vySsi u diabetiki se znamkami mikrovaskuldrniho poSkozeni
zachyceného napt. mikroalbuminurii a pfedpovida u nich riziko umrti

- Hrani¢ni hodnota PWV, nad kterou je tieba ji povaZzovat za patologickou, byla
u hypertoniki stanovena na 13 m/s

-V pripadé hypertoniki byla PWV stanovena jako silny prediktor pro jakykoli
typ kardiovaskularniho rizika a jako nejlepsi prediktor kardiovaskuldrni mortality
v jakémkoli véku

-PWV je silnym a nezavislym prediktorem celkové a kardiovaskularni mortality

u hemodialyzovanych pacientti v konecném stadiu renalniho selhani

- Ovlivnéni aortalni rigidity lécbou, ktera je dnes k dispozici, je nedostatecné; zda

se, ze nejucinnéjsi jsou ACE inhibitory

36



V. Genetické aspekty arterialni hypertenze

Geneticka informace se podle soucasnych poznatki podili na variabilité
krevniho tlaku 30 — 60 %. Esencidlni arteridlni hypertenze je onemocnéni
polygenni: na vzestupu TK se podili cela fada gend, které interaguji navzajem
mezi sebou, ale i s vlivy Zivotniho prostfedi, a komplexné ovfivﬁuji humordlni a
strukturdlni mechanismy zasahujici do regulace TK. Vyvazeny krevni tlak odrazi
koordinované vzajemné putsobeni srde¢niho vydeje, periferni vaskularni
. rezistence, kontroly renalniho objemu a zapojeni CNS do odpovédi na kratkodobé
a dlouhodobé vnéjsi stimuly.

Nejziejmé;jsi ptiklady tohoto genetického podilu se objevuji u vzacnych forem
monogenni hypertenze, kde vzestup TK je disledkem zmény jediného genu
(glukokortikoidy  l€éCitelny-suprimovatelny —hyperaldosteronismus, Liddledv
syndrom, zdanlivy nadbytek mineralokortikoidi, hypertenzni  formy
adrenogenitalniho syndromu, pseudohyperaldosteronismus typ II s hyperkalémii
atd.).

Pti priikazu genetickych vlivii u esencidlni hypertenze jsou urcitym problémem
rozdily v jednotlivych rodovych, geografickych a etnickych skupinach, protoze
rizné geny mohou piispivat k rozvoji hypertenze rGznou mérou.
U experimentalni hypertenze, kde fenotyp studovaného zvifeciho modelu je
homogenni, jsou poznatky mnohem jednoznaénéjsi nez u lidské hypertenze.

Jednim z hlavnich smért souc¢asného vyzkumu jsou polymorfismy gent, které
se mohou podilet na aktivité regula¢nich mechanismti TK - tzv. kandidatni geny.
Mezi nejsledovanéjsi patii geny kodujici jednotlivé komponenty renin-
angiotenzinového systému (RAS), piedeviim geny pro angiotensinogen (AGT),
receptory angiotensinu Il (ATI1R), angiotensin-konvertujici enzym (ACE) a
aldosteron syntdzu, déle pak geny pro endotelidlni syntdzu oxidu dusnatého
(eNOS), geny pro adducin alfa, beta a gama, pro adrenergni nervovy systém
(predevsim G-protein betal-receptor(i), inzulinové receptory, natriuretické

peptidy a dalsi.

37



vvvvvv

souvisejicich s hypertenzi.

Gen pro ACE — inzeréné-delecni (I/D) polymorfismus

Z dosavadnich vysledki je gen pro ACE vyznamny zejména ve vztahu
k ischemické chorobé srde¢ni, srde¢nimu selhani, infarktu myokardu a hypertrofii
levé komory srdecni (Ludwig et al., 1995, Cambien et al., 1992, Samani et al.,
1996). DD polymorfismus genu pro ACE je spojen s vyssi sérovou hladinou ACE
a vyssi Cetnost D alely byla nalezena u pacientli s hypertrofickou kardiomyopatii
a s hypertrofii levé komory srde¢ni (Iwai N et al., 1994, Tesson et al., 1997,
Saeed et al., 2005), u diabetiki 1. typu ptedpovida piitomnost D alely rozvoj
diabetické nefropatie (Hadjadj et al., 2001, Vieming et al., 1999). Tento
polymorfismus by také mohl byt potencidlnim genetickym markerem
u hypertoniku s rizikem renalnich komplikaci.

Ve vztahu polymorfismu genu pro ACE Kk esencidlni hypertenzi nejsou
vysledky zcela jednotné. V roce 1997 proved] Staessen metanalyzu dat od téméi
50 000 probandi a nezavislou asociaci tohoto polymorfismu k hypertenzi nezjistil
(Staessen et al., 1997), podobné ve vétsiné dalSich praci nebyla pfima asociace
prokadzana (napr. Schmidt et al., 1993, Harrap et al., 1993, Morise et al., 1994).
Jachymova et al. (1998) studovali rozdily mezi syny hypertoniki a normotonik
— podle jejich vysledki genotyp DD (a AA polymorfismu genu
pro angiotensinogen) u potomk z hypertenznich rodin miZe ptedstavovat uréitou
rizikovou situaci pro vznik hypertenze, protoze tito jedinci méli vyssi plazmatické
koncentrace noradrenalinu a vy33i hodnoty imunoreaktivniho inzulinu po zatézi
glukézou. Ve shodé s vétSinou dostupnych publikaci vSak neprokazali statisticky
vyznamny vztah vysky TK k jednotlivym genotypim genu pro ACE, ani rozdil
ve frekvenci ¢i celkovém poctu jednotlivych alel.

Rozdil ve vztahu mezi masou levé komory srde¢ni (LKS) a ACE I/D
polymorfismem v zavislosti na piijmu soli byl hodnocen ve studii EPOGH u tfi

populaci (382 rodi€i a 436 potomki). Vysledky nebyly jednoznacné:
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homozygotni stav II v polské a ruské populaci byl jasné€ spojen s vy$§im indexem
masy LKS, naopak v italské populaci byl index masy LKS lehce vy$§i u DD
homozygoti. Index masy LKS rostl s vy$si exkreci sodiku do moce u potomki
s ACE II polymorfismem ve v3ech tfech populacich, avSak za piitomnosti D alely
byl narist indexu LKS pozorovan jen u slovanskych jedinci. (Kuznetsova et al.,
2004)

Spiering a spol. (2005) se nedavno vyjadrili v tom smyslu, Ze ke stanoveni
vazby I/D polymorfismu s hypertenzi je zdkladem casté méieni TK - ve své studii
pouzivali ABPM a zjistili pozitivni asociaci vyS8ky TK s timto polymorfismem
(vice vyjadieno u muzii nez u Zen).

Gen pro angiotensinogen

Bylo objeveno nékolik genetickych variant genu pro AG1, znichz jako
zvySenymi hladinami sérového angiotensinogenu u bélochii, piedpoklada se
spojitost s hypertenzi a koronarnim postiZenim.

Ve studii Winkelmanna et al. (1999) se hladina cirkulujiciho AGT ukazala jako
postupné zvySovaly v zavislosti na po¢tu pfitomnych T alel. Homozygoti s T235
méli zvySené riziko korondrniho postizeni a infarktu myokardu. Signifikantni
vztahy varianty M235T pro AGT tak poskytuji dikaz o mozZné roli zvySené
hladiny AGT v patogenezi koronarniho onemocnéni.

Nedavno vSak némecti autoti (Mondry et al., 2005) prezentovali zcela opacné
vysledky - TT genotyp vykazoval vyznamné niZz§i riziko vyvoje hypertenze u Zen
studované populace. Na zakladé téchto kontroverznich vysledk je nutné brat
v uvahu rozdil v genomu jednotlivych populaci.

Gen pro receptory angiotenzinu Il (AT1IR)

Vzhledem k tomu, Ze receptory typu | pro angiotensin II hraji klicovou roli
ve zprostiedkovani vasokonstrikce a ristového efektu angiotensinu II, vénuje se

polymorfismu jejich kodujiciho genu velka pozornost. Data z mnoha studii jsou
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v8ak ¢asto protichtidna. Castellano et al. (1996) ve své Vobarno studii shrnuje, Ze
A1166C polymorfismus je pravdépodobné s hypertenzi spojen, ale neprokazali
jeho spojitost s kardidlnim onemocnénim ¢i cévnimi zménami. U japonské
populace podle vysledkii rozsahlé studie Ohasama souvislost tohoto
polymorfismu s hypertenzi chybi (Sugimoto et al., 2004).

Mezi nejnovéjsi studie efektu kandidatnich genii na prevalenci a incidenci
hypertenze patii prospektivni studie skupiny -prof. Staessena, do které byla
zarazena i naSe data. Sledovali tzv. epistazi — supresi ¢i potlaéeni genu jinymi
non-alelickymi geny. V mnoha piipadech totiZ nelze popsat efekt jednoho ¢&i vice
genl pouhym souctem vlivu jednotlivych genli na vysledném fenotypu. Oproti
ostatnim pracim se v této studii zaméFili na sledovani jednotlivého ptsobeni, ale
i interakei t¥i polymorfismu (pro ACE, alfa-adducin a aldosteron syntazu), které
ovliviiuji krevni tlak pfes sodikovou homeostazu. Zjistili, Ze v piipad¢é kombinace
homozygocity ACE/DD, soucasné s aldosteron syntazou AS/CC a pfitomnosti
Trp alely pro alfa-adducin (ADD/Trp) je incidence hypertenze o 252 % vyssi nez
u ostatnich ACE genotypti. Incidence hypertenze je az o 30 % vyssi
u homozygoti pro D alelu genu pro ACE (Cwynar et al., 2005).

Geny pro adducin alfa, beta a gama

Adducin je proteinem bunécného skeletu ovlivitujici aktivitu sodiko-draslikové
pumpy a tim vylucovani sodiku ledvinami u experimentalni i u lidské hypertenze.
Podle vétSiny provedenych studii jsou hypertonici s polymorfismem Gly/Trp
pro alfa-adducin vyraznégji citlivi na restrikci soli a na Iécbu diuretiky
(Wojciechowska et al, 2004). Bliz§i tdaje jsou uvedeny v sekci vlastnich
vysledki. Tento polymorfismus je nad€jny z hlediska volby antihypertenzni lécby
podle genotypu.

G-protein beta-3-subunit je protein intracelularniho pienosu signélu. Jeho
polymorfismus C825T na exonu 10 byl popsan nedavno a bylo zji§téno, Ze
nositelé T alely maji vyznamné vy$§si riziko vzniku hypertenze (Schunkert et al.,

1998, Siffert et al, 1998). Pritomnost T alely je spojena se zvySenou perfuzi
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ledvin a je Cetn€jsi u osob s rodinnou anamnézou hypertenze (Benjafield et al.,
1998). V italské studii zjistili, Ze T alela zvySuje riziko nejen hypertenze, ale
i obezity, inzulinové rezistence a hypertrofie levé komory srde¢ni, a dale, ze
nositelé T alely vykazovali lep§i odezvu na terapii thiazidovymi diuretiky a

clonidinem (Sartori et al., 2004).

VL. Genetické faktory a vlastnosti velkych tepen

Vyse krevniho tlaku je ddna ptsobenim mnoha systémi a orgdni (mozek,
srdce, tepny, ledviny, intermedidrni metabolismus, sympatickd nervové aktivita
atd.). Proto je hypertenze heterogenni onemocnéni a v genetickém vyzkumu je
na tzv. intermediarni fenotypy. Jednim z téchto dulezitych fenotypd jsou
vlastnosti velkych tepen. .Dédiénost mizZe ovlivnit vulnerabilitu cévni stény
k rizikovym faktorim, jako je hypertenze, starnuti, cholesterol a koufeni.
Zvysena tepenna rigidita mize byt faktorem, ktery vyvolava hypertenzi, nebo
faktorem, ktery hypertenzi udrzuje, fixuje, a dale pfispiva k jeji progresi.
Identifikace genetickych markeri pro vysokou tepennou tuhost pak muze byt
na piednim misté v identifikaci vysoce rizikovych pacienti.

Polymorfismus NO syntazy

Diky mohutnému efektu oxidu dusnatého (NO) na krevni tlak a cévni sténu je
polymorfismus genu pro endotelidlni NO syntazu (eNOS) kandidatnim genem
pro hypertenzi a arteridlni rigiditu. Provedené studie jsou vSak viceméné
negativni. Lacolley et al. (1998) zhodnotil vztah arteridlni rigidity (PWV)
se dvéma nedavno popsanymi polymorfismy genu pro eNOS — G10T na intronu
23 a G298T na exonu 7 (Glu298Asp). Zjistili, Ze u hypertonikii je prevalence
alely 298G vy33i oproti normotonikiim, zatimco rozdily u polymorfismu G10T
nebyly mezi jednotlivymi skupinami pfitomny. Nezjistili Zadnou asociaci mezi

genotypy eNOS a TK nebo arterialni rigiditou.
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Genetické faktory a RAS

Ovlivnéni aortalni rigidity v souvislosti s I/D polymorfismem genu pro ACE
popsal Benetos et al. (1996). Jejich vysledky ukazaly, Ze tento polymorfismus je
spojen se vzestupem rigidity tim vice, ¢im je vét§i pocet piitomnych I alel.

Naopak ve Vobarno studii zjistil Castellano et al. (1996) vyssi tloustku karotické

intimy a medie za pfitomnosti D alely. Tyto kontroverzni vysledky poukazuji

na predpokladany rozdilny mechanismus rozvoje cévni hypertrofie a arterialni
rigidity. Bylo skute¢né zjiSténo, Ze zesilovani sté€ny velkych cév neni
bezpodminecné spojeno se vzestupem cévni rigidity. Vzhledem k nizké incidenci

I genotypu nelze jasné uzavfit piedchozi vysledky a je zapotiebi provést

rozsahlejsi studie. Stanoveni role polymorfismu genu pro ATIR ukézala, Ze

u normotonikl tento polymorfismus nemé vyznamny vztah k aortalni rigidité.

V)’félf:dky tykajici se polymorfismu ATIR lze shrnout tak, Ze

e arteridlni hypertenze a s ni spojené mechanické nebo strukturalni zmény
mohou zesilit vliv tohoto polymorfismu na aortalni rigiditu.

e asociace mezi ATIR genotypem a aortélni rigiditou byla sledovana u mladych
a starych hypertonikt, ale tento efekt byl vice vyjadien u starych pacientil.
Star§i s C alelou méli mnohem hor$i cévni rigiditu nez pacienti
bez C alely, a ptedpoklada se, ze tento polymorfismus muze modifikovat
efekty véku na cévni rigiditu.

e byly nalezeny interakce mezi ATIR genotypem a pomérem celkovy
cholesterol/HDL-cholesterol, piisobici na aortdlni rigiditu: hypertonici s C
alelou maji pozitivni korelace mezi timto pomérem a PWV. Naopak pacienti
bez C alely (AA homozygoti) nemaji asociaci mezi zvySenym pomérem
celkovy/HDL-cholesterol a vyssi rigiditou.

Tyto vysledky ukazuji, ze polymorfismus genu pro ATIR miZze byt dilezity
rizikovy faktor pro arteridlni rigiditu a mze modulovat efekty hypertenze,

starnuti a lipidi na velké cévy (Asmar, 1999).
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Polymorfismus genu pro aldosteron syntazu

Gen pro aldosteron syntazu (CYP11B2) a jeho vliv na hladiny plazmatického
reninu a aldosteronu, na krevni tlak a arterialni rigiditu byl studovan u pacienti
s esencialni hypertenzi (Pojoga et al., 1998). Autofi zjistili, Ze pfitomnost C alely
(-344C) je spojena se zvySenymi hladinami plazmatického aldosteronu a vys$si
PWYV. Tyto asociace nebyly pozorovany pro T4896C polymorfismus.

Stella et al. (2004) vesvé nejnovéj§i studii zjiStovali vztah mezi
polymorfismem CYP11B2 -344C/T a hodnotou masy levé komory srdecni
u pacienti esencidlni hypertenzi a jejich vysledky naznacuji, Ze s poctem
piitomnych T alel roste u mirné az stiedni hypertenze velikost a tloustka levé
komory srde¢ni.

Wojciechowska et al. (2004) nedavno prezentovala vysledky ze studie
EPOGH. Stejné jako autoii ve vy$e zminéné praci potvrdili, Ze oproti
homozygotim s -344T alelou zvySuje piitomnost C alely (CYP11B2 -344C)
arterialni rigiditu. Tento jev se v8ak projevil u osob svyssi nez primérnou
exkreci sodiku do moce, tzn. Ze pfivod soli ve stravé s velkou pravdépodobnosti

ovliviiuje tento geneticky efekt.

Lze shrnout, ze vysledky genetickych studii, v nichz je studovana role
polymorfismi kandidatnich genii pro hypertenzi, jsou Casto nejednoznacné.
Divodem je fakt, ze zde patrn€ hraje roli nikoli jeden izolovany polymorfismus,
ale vzajemnd interakce polymorfismii riznych geni. Kromé toho se
na vysledném efektu podileji dalsi faktory zivotniho stylu, jako jsou pfivod soli,
obezita, koufeni apod. Vysledky mohouhbyt také rozdilné u jedinch rozdilné rasy
nebo pohlavi. Genetické vySetfeni by v budoucnu mohlo pomoci identifikovat
nemocného s vysokym rizikem zhorSovani hypertenze nebo wzniku jejich
organovych komplikaci. Dtlezitym potencidlnim pfinosem genetického vyzkumu
hypertenze v budoucnosti je lep3i znalost odpovédi na antihypertenzni lécbu

daného pacienta suréitym typem polymorfismu (farmakogeneticky pfistup).
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Zatim neméame prakticky Zzadné ukazatele, podle kterych by bylo mozno zvolit
nejefektivngjsi 1ék u konkrétniho nemocného. Stanovenim genetického
polymorfismu pacienta bychom mohli identifikovat jak jeho riziko, tak by byla

snadnéjsi volba vhodné terapie.
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VLASTNI VYSLEDKY

Zkoumani vlastnosti velkych tepen ve vztahu ke krevnimu tlaku a
ke genetickému pozadi hypertenze jsme uplatnili pifedeviim ve dvou velkych

vyzkumnych mezinarodnich projektech:

e EPOGH

European Project On Genes in Hypertension

- evropsky projekt o dédi¢nosti hypertenze probihal v Ceské republice v roce
2000 - 2001 (pokracovani probéhlo na podzim roku 2006).

e MONICA

Multinational MO NI toring of Trends and Determinants in CArdiovascular

Diseases

- projekt Svétové zdravotnické organizace provadény ve 21 zemich
Evropy, Severni Ameriky, Asie a Austrilie v letech 1984 — 1993.

Ceska &ast projektu probihala v Sesti okresech Ceské republiky: Benesov,
Cheb, Chrudim, Jindfichiv Hradec, Pardubice, Praha-vychod. Ackoliv
celosvétové studie nepokraduje, v CR probiha jako Post-MONICA
podle stejného protokolu na zakladé narodnich grantii. K pivodnim Sesti
okrestiim byly do studie zapojeny dalsi tii okresy: Kroméfiz, Litoméfice a

Plzen-mésto.
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EPOGH a vlastnosti velkych tepen v rodinich hypertonikii a

normotoniki.

EPOGH = European Project On Genes in Hypertension.
Cile studie:

urcit, do jaké miry souvisi genetickd determinace krevniho tlaku a hypertenze
s naslednymi kardiovaskuldrnimi komplikacemi,
e identifikovat polymorfismy, které vyznamné souviseji s hypertenzi nebo

s kardiovaskularnim rizikem,

e vytvofit databazi, kterd popiSe genetické pozadi a kardiovaskularni fenotypy

u péti vychodoevropskych a dvou zapadoevropskych populaci,

e ziidit staly, okamZit€ dostupny fond genetického materidlu urceny
pro potieby nové se rozsiiujiciho genetického vyzkumu.

Metodika:

Do studie bylo zahrnuto cca 600 rodin (cca 2400 osob) ze 7 evropskych zemi
(Belgie, Bulharsko, Ceskéa republika, Italie, Polsko, Rumunsko, Rusko). Byly
vybirany jednak nahodnym vybérem 2z obecné populace a jednak
ze specializovanych klinickych pracovist’ zaméfenych na hypertenzi. Zatazeny
byly rodiny s minimalné dvéma potomky a v hypertenznich rodiniach byl alesporni
jeden rodi¢ hypertonik. Vékové omezeni vSech subjektii pro zatazeni do projektu
bylo 18 — 59 let. Krevni tlak byl méfen obvyklym zptisobem pii dvou domacich
navstévach (tj. dvakrat 5 méfeni) a pfi klinickém vySetieni, které mimo jiné
zahrnovalo spektralni analyzu variability srde¢ni frekvence a v nékterych
centrech vySetieni vlastnosti velkych tepen pomoci analyzy pulzni viny. Soucasti
bylo i 24-hodinové monitorovani krevniho tlaku, 24-hodinovy sbér moce a
vyplnéni validizovaného dotazniku zaméieného na osobni i rodinnou anamnézu a
dulezité faktory zivotniho stylu. V soucasné dobé jsou zpracovavéna data z druhé

faze projektu — kontrolni vySetieni po 5 - 6 letech.
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Komentaie k pfilozenym ¢lanktm

1. Kontrola kvality méteni kreniho tlaku ve studii EPOGH

2. Souvislost mezi odrazem pulzni viny s alelou CYPIIB2 -344C a
vylu€ovanim sodiku

3. Interakce mezi alfa- a gama-adducinem ovliviiuje periferni a centralni pulzni
tlak

4. Tepenné vlastnosti potomk normotenznich a hypertenznich rodic¢t

ad 1. Kontrola kvality méieni krevniho tlaku ve studii EPOGH

Pro stanoveni komplexnich fenotypt skladajicich se z TK v kombinaci
s ostatnimi znaky byly v projektu EPOGH pouzity standardizované
epidemiologické metody. V ¢lanku je prezentovana kvalita kontroly jednoho
z fenotypu TK. | |

V 7 evropskych statech (8 vyzkumnych pracovist — v CR Plzefi a Praha) byl
vybran ndhodny vzorek “celych” rodin. Vyskoleni pracovnici méfili TK
dle stavajicich doporuceni jednotlivym ¢lentiim rodiny pétkrat po sobé€, vsede,
pfi dvou domacich navstévach (v prubéhu 1 az 3 tydni).

Vysledky: Do 31. 8. 2001 byla k dipozici data od 2476 zméienych subjekta.
Meéné nez 5 planovanych méfeni TK pii doméci navstévé se vyskytlo v jednom
z osmi center, ale jen v 0.4 % domaécich navstév. Ve vech centrech se relativni
frekvence identickych po sobé jdoucich odec¢ti STK a DTK pohybovala od 0
do 6 %. Vyskyt lichych ¢isel v odectech TK se pohyboval od 0 do 0,1 %.
Z 49 488 ode¢td STK a DTK kon€ilo nulou 24 % (ptedpoklad byl 20 %).
Ve vétsiné centrech byl patrny postupny pokles hodnot TK béhem 1. a 2.
navstévy (pramérny pokles STK 2,36 mmHg a DTK 1,74 mmHg).

Z av ¢r . ZabezpeCeni kvality a kontroly by mélo byt planovéno ve fazi
navrhu projektu zahrnujiciho méfeni TK a uskute¢fiovano jiz od samého zacatku

az do konce studie. Postupy pro zabezpeceni kvality méteni TK v ramci projektu
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EPOGH mély za nasledek pfesné stanoveny fenotyp TK, ktery byl shodny

ve vSech centrech.

ad 2. Souvislost mezi odrazem pulzni viny s alelou CYP11B2 -344C a

vyluovanim sodiku

Angiotensin II a aldosteron vznikajici pomoci angiotensin konvertujiciho
enzymu (ACE) a aldosteron syntazy (CYP11B2), nejen reguluji sodikovou a
vodni homeostazu, ale pravdépodobné téz ovliviiuji vaskularni remodelaci jako
odpovéd’ na vysoky krevni tlak. V na$i praci jsme se zaméfili na zjisténi, zda
polymorfismy ACE I/D a CYP11B2 C-344T ovliviiuji odraz pulzni viny —
parametr tepenné rigidity.

Pomoci aplanaéni tonometrie jsme meéfili periferni a centralni augmentacni
index systolického tlaku u 622 jedincﬁ (160 rodin, a navic 64 osob
bez pfibuzenského vztahu), ktefi byli nahodné vybrani ze 3 evropskych zemi.
Primérny odpad sodiku do moce se v jednotlivych zemich pohyboval od 196
do 245 mmol/den.

Vysledky: periferni i centralni Al byly vyrazné vyssi u jedinct s CYP11B2 -
344C alelou nez u TT homozygotl. Tento efekt CYP11B2 polymorfismu se
objevil pouze u jedinci s vy$§im neZ stfednim odpadem sodiku do moce (210
mmol/l). Polymorfismus ACE I/D augmentacni index neovlivnil.

Z av &r: Polymorfismus CYP11B2 C-344T ovliviluje arterialni tuhost, piijem

natria tento efekt moduluje.

ad 3. Interakce mezi alfa- a gama-adducinem ovliviiuje periferni a centralni

pulzni tlak
V uvedené praci jsme zkoumali, zda polymorfismy gent kodujici alfa-

(Gly460Trp). beta- (C1797T) a gama-adducin (A386G) ovliviiuji vylucovani

sodiku, drasliku, a dale pulzni tlak, ktery odrazi rigiditu cévniho fecisté.
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Analyza byla provedena u 642 jedinct ze 3 evropskych populaci (Belgie,
Polsko, Ceska republika). Periferni pulzni tlak byl stanoven z béZného mérenti
TK tonometrem, centralni pulzni tlak byl odvozen z méfeni pulzni viny
piistrojem SphygmoCor. Polymorfismy byly stanoveny standardnim zptsobem
pomoci PCR metody.

Vysledky: Primérny periferni pulzni tlak byl 46,1 mmHg. primérny centralni
pulzni tlak byl 32,6 mmHg. Mezi jedinci, ktefi byli nositeli alely Trp pro alfa-
adducin, méli ti, ktefi zaroven byli homozygoty GG pro gama-adducin, periferni
pulzni tlak o 5.8 mmHg vy38i nez ti, ktefi byli homozygoty AA pro gama-
adducin. Zvyseni pulzniho tlaku bylo dino predev§im zvySenim systolického
tlaku, odvozeny centralni pulzni TK vykazoval obdobné vysledky. Tito jedinci
(nositelé alely Trp pro alfa-adducin a homozygoti GG pro gama-adducin) méli
také niz8§i pomér Na/K v moci, coz svéd¢i pro zvySenou aktivitu sodiko-
draslikové pumpy.

Zaveér : Vysledky svéd¢i pro vyznamnou interakci polymorfismi alfa- a
gama-adducinu ovliviiujici solné hospodarstvi v ledvinach a nasledné tepennou
rigiditu. U nositeld Trp alely genu pro alfa-adducin roste periferni i centralni

pulzni tlak v zavislosti na ptitomnost G alely genu pro gama-adducin.

ad 4. Tepenné vlastnosti potomkii normotenznich a hypertenznich rodict

Cilem prace bylo porovnat vlastnosti velkych tepen a hodnoty TK
normotenznich potomkt hypertenznich a normotenznich rodicu.

Do analyzy bylo zaifazeno 174 potomkt hypertonika (vék 17 - 40 let, alespon
jeden rodi¢ hypertonik) a 59 potomki normotenznich rodi¢a (16 - 34 let).
Vysetiili jsme centralni a periferni augmentacni indexy (CAI a PAI), centralni
pulzni tlak a PWV. Analyzovali jsme TK méfeny konvencéné i pomoci 24-
hodinového monitorovani TK.

Z av ér: Potomci hypertoniki méli vy$si hodnoty konvenéniho TK., periferni

pulzni tlak i1 24-hodinovy prumér TK. Mél téz vysSi centralni pulzni tlak, oba
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augmentaéni indexy a PWV. Po komplexni adjustaci, v¢etné adjustace na sttedni
arterialni tlak i na vek, rozdily vPAL CAI a PWV ztratily statistickou

vyznamnost. Diivodem miiZe byt maly pocet zatazenych jedinct.

Nase vysledky ze studie EPOGH ve struc¢nosti

Prestoze u hypertenznich rodi¢l byla arteridlni hypertenze v priméru dobie
kontrolovana (primérny TK 137/86 mmHg), méli systolicky TK signifikantné
vy38i nez kontrolni rodi¢e (137 vs. 117 mmHg). Vyznamny rozdil v hodnotach
STK jsme zjistili i mezi potomky vySetiovanych skupin (120 vs. 113 mmHg).

Diastolicky TK byl opét u hypertenznich rodi¢ti vyznamné vys§i oproti
kontrolnim rodi¢um (86 vs. 76 mmHg), u potomki se statisticky rozdil neprojevil
(76 vs. 70 mmHg).

Rychlost $ifeni aortalni pulzni viny byla statisticky vy3si u hypertoniki nez
u kontrolnich subjektd (7,5 vs. 6,44 m/s, p=0,0076), byla jednoznacné vySsi
u rodiét nez u jejich déti, ale mezi potomky obou skupin nebyl rozdil statisticky
vyznamny pii komplexni adjustaci.

Hodnoceni indexu odrazu na periferii (relativni parametr odrazu tlakové viny
v perifernich tepnach, v %) jsme provadéli po rozdéleni skupin podle pohlavi.
Statisticky vyznamny rozdil byl mezi hypertenznimi a kontrolnimi matkami —
u hypertonicek je odrazena vlna vyrazné vyssi (89.47 vs. 75,83 %, p=0.0175),
znaény rozdil byl téZ mezi dcerami obou skupin (58,2 vs. 42.8 %, p=0,0145).

U muzi jsme statisticky vyznamny rozdil neprokdzali (obr. 9, 10).
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Periferni augmentacni index (PAI)
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Adjustace zahrnuje pohlavi, vék, BMI, tepovou frekvenci, koufeni.

Obr. 9
Vysledky ze studie EPOGH. Rozdily mezi hodnotami periferniho augmenta¢niho
indexu (PAI) u jednotlivych skupin rozdélenych podle pohlavi. BliZe viz text.
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Adjustace zahrnuje pohlavi, vék, BMI, tepovou frekvenci, koufeni.

Obr. 10

Vysledky ze studie EPOGH. Rozdily mezi hodnotami $ifeni pulzni viny - aortalni
PWYV a PWV na dolni kon¢etin€ u jednotlivych skupin podle pohlavi. BliZe viz
text.

Vysvétlivky: PWV (Pulse Wave Velocity) — rychlost sifeni pulzni viny,
PWV-AO — aortalni rychlost Sifeni pulzni viny, PWV-DK — rychlost $ifeni pulzni viny po dolni
kondetiné.
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Mezinarodni projekt MONICA a vlastnosti cév v obecné populaci
MONICA = Multinational MONItoring of Trends and Determinants in

CArdiovascular Diseases.

Cile studie:

Mezindrodni projekt koordinovany Svétovou zdravotnickou organizaci byl
zaméien na zjisténi vyskytu kardiovaskularniho rizika a na 'ob_iasnéni hlavni
ptic¢iny snizeni imrtnosti na ICHS v mnoha zemich svéta.

U obyvatelstva na$i republiky bylo vySetieni systematicky provadéno od roku
1985 v tii- a Ctyiletych intervalech v Sesti okresech. Od roku 1997 se ptidaly dalsi
tii okresy a vySetfovani bylo souasti nového vyzkumného projektu
podporovaného z grantu Ministerstva zdravotnictvi Ceské republiky (Post-
MONICA) - cilem bylo pokra¢ovat v monitoraci Grovné rizika némoci obéhové
soustavy u ¢eské populace.

Metodika:

Vysetieni rizikovych faktorti bylo provedeno u osob ve véku 25 - 64 let, byli
zvani ti, ktefi se ucastnili jiz pfedeSlych vySetieni v ramci projektu MONICA a
vzdy byly vybrany i nové vzorky populace podle v€ku a pohlavi. VySetieni
v plzeniském centru (vyplilovani dotaznikt, méfeni TK, vysky a vahy, vypocet
BMI a odbér zilni krve) byla zajiStovana persondlem LF a FN Plzen spolu
s kolegy z Institutu klinické a experimentdlni mediciny v Praze.

Pii vySetfovani plzeniské populace v roce 2000 jsme k zdkladnimu protokolu
studie pfidali vySetfeni vlastnosti velkych cév analyzou pulzni viny a stanoveni

PWV (Tab. 2).
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¥S

Muzi Zeny
Vek —
Celkem Vys. cév Celkem Vys. cév

25-34 58 29 49 26

35-44 67 29 72 30

45-54 78 49 79 47

55-65 g1 36 89 45
Celkem 284 143 289 147

Tab. 2

Post-MONICA. VySetiena populace v plzefiském centru, rok 2000.




Komentaie k pfiloZzenym pracim ze studie Post-MONICA

5. Rigidita velkych tepen a odraz pulzni viny: vysledky z populaéni studie

6. Odpovida klasifikace podle brachidlniho systolického krevniho tlaku
kategoriim podle odhadnutého systolického tlaku v aort&?

7. Mirna hyperhomocysteinémie je v obecné populaci spojena se zvySenou
aortalni rigiditou

8. Vztah mezi hladinami volného tyroxinu, aortalni rigiditou a A1166C mutaci

genu pro AT1-receptor angiotensinu II v obecné populaci (pouze abstrakt)

ad 5. Rigidita velkvych tepen a odraz pulzni viny: vvsledky z populaéni studie

Ve vysSetiovaném vzorku populace jsme ve shodé s vysledky autord
publikovanych praci zjistili stoupajici hodnoty aortdlni PWV u obou pohlavi
s vékem. PWV na dolni kongetiné viak rostla pouze u Zen, i kdyZ primérna
hodnota byla vy$8§i u muzi. Také hodnota PAI se zvySovala u obou pohlavi
v zavislosti na véku, celkové byla vys§i u Zen ve vSech vékovych skupinéach.
U muzi kuidk se odrazend vlna vracela diive a jejich hodnota PAI vyrazné
prevy$ovala hodnoty nekufaki. Z uvedenych vysledki byla patrna zavislost PAI
zejména na veéku, kouieni, systolickém TK, celkovém cholesterolu a Zenském
pohlavi. Porovnanim korelaci jsme zjistili, Ze PAI korelovala s CAI mnohem vice
(0,94) nez s aortalni PWV (0,22). PAI se tak jevi jako nejtésnéjSi parametr
vlastnosti cév ve vztahu ke kardiovaskularnim rizikovym faktoriim a vzhledem
k tomu, Ze je méfen piimo nad a. radialis bez nutnosti dal§iho matematického
piepoctu, je vhodny k dal§imu studiu odrazu pulzni viny a mutze poskytnout

hodnotné tudaje o tomto fenomenu.

ad 6. Odpovida klasifikace podle brachidlniho systolického krevniho tlaku

kategoriim podle odhadnutého systolického tlaku v aorté?

Pfi zpracovavani a hodnoceni naSich dat jsme si polozili otazku, zda odpovida

klasifikace podle brachidlniho systolického krevniho tlaku kategoriim
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podle odhadnutého systolického tlaku v aorté. Pokusili jsme se osoby rozdélit
do tercilii podle hodnot jejich periferniho TK a podle vypocitanych centralnich
tlaka. Jako hrani¢ni hodnoty jednotlivych kategorii pro brachialni TK jsme zvolili
hodnotu optimélniho TK a hodnotu pro definici arteridlni hypertenze. Nasledné
z tohoto rozdéleni vyplynuly hranice pro kategorie centrdlniho TK, které byly
odlisné pro Zeny a muze (Tab. 3, 4).

Zavér: Je patmé, Ze urcité procento jedinct, ktefi podle hodnot periferniho
TK patii do skupiny normotonikli, mé jiz hodnoty centralniho TK v nejvyssi
kategorii. Naopak né¢které osoby v nejvys$si skupiné periferniho TK by podle

centralniho TK mohly patfit do kategorie niZsi.

ad 7. Mirna hyperhomocysteinémie je v obecné populaci spojena se zvvsenou

aortalni rigiditou

Homocystein (Hcy) je povazovan za silného a nezavislého ukazatele
kardiovaskularniho onemocnéni. Hledali jsme asociaci mezi Hey a mechanickymi
vlastnostmi velkych tepen ve vzorku obecné populace (251 osob, primérny vék
48 let). M¢éfili jsme aortdlni PWV a PWV na dolni konceting. Aortalni PWV
pozitivné korelovala s Hey (r=0,28, p<0.0001), vyznamné stoupajici trend
aortalni PWV byl zaznamenan v kvartilech hodnot Hey (p=0,0003, ANOVA).
Osoby s mirnou hyperhomocysteinémii (Hcy>=15 mikromol/l) méli vice nez 2,5
krat vy88i riziko aortilni PWV nad 842 m/s. Tyto vztahy se nepotvrdily
pro PWV na dolni kon€etin€ ani pro periferni augmentacni index.

Zavér:V nasem vzorku obecné populace jsme nasli silny a nezavisly vztah
mezi hladinou homocysteinu a rigiditou centrdlniho feciSt¢ méfenou pomoci

aortalni PWV.
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LS

centralni
\ <=1 07 1 08-1 25

>125 celkem
periferni
<120 14 (9.8%) 5 (3.5%) 0 19 (13.3%)
120-139 5 (3.5%) 45 (31.5%) 10 (7.0%) 60 (42.0%)
>=140 0 5 (3.5%) 59 (41.3%) 64 (44.7%)
celkem 19 (13.3%)  55(38.5%) 69 (48.2%) | 143 (100%)
Tab. 3

Rozd€leni populace podle STK (mmHg) — muZi.

15 (10.5%)

10 (7%)

Hranice centralniho STK 107 a 125 mmHg odpovidaji stejnym percentilam brachidlniho STK 120 a 140

mmHg.



8¢S

centralni

. <=108 109-130 >130 celkem
<120 36 (24.3%) 11 (7.4%) 0 47 (31.8%)
120139 | 8(54%)  50(33.8%)  3(2.0%) | 61(41.2%)
>=140 0 2(1.4%)  38(25.7%) | 40(27.0%)
celkem 44 (29.7%) 63 (42.6%) 41 (27.7%) | 148 (100%)
Tab. 4

Rozd€leni populace podle STK (mmHg) — Zeny.

14 (9.4%)

10 (6.8%)

Hranice centralniho STK 108 a 130 mmHg odpovidaji stejnym percentilam brachidlniho STK 120 a 140

mmHg.



ad 8. Vztah mezi hladinami volného tyroxinu. aortdlni rigiditou a A1166C

mutaci genu pro AT [-receptor angiotensinu II v obecné populaci (pouze abstrakt)

Hormony §titné Zlazy maji pfimy proliferacni ac¢inek na kardiovaskularni
systém, ovliviiuji i expresi sympatiku a renin-angiotensinového systému. Cilem
nasi analyzy bylo zjistit, zda i mirné zmény hladin volného tyroxinu (fT4) budou
spojeny se zménami aortalni rigidity (méfené pomoci PWV) a zda tento vztah
muze byt modifikovan polymorfismem genu pro AT1-receptor angiotensinu II.

Jako podvzorek plzeniského souboru studie post-MONICA bylo vybrano 249
osob (121 muzi, 128 Zen, primérny veék 48 let). Rychlost pulzni viny byla
méiena pomoci zatizeni SphygmoCor, mutace A1166C pomoci PCR. Sledované
parametry byly porovnany podle kvintila fT4: optimalni (IL.-IV. kvintil), nizky-
normalni (I. kvintil) a vysoky-normalni (V. kvintil).

U osob s homo- ¢i heterozygotni mutaci genu (A1166C) byl mezi skupinami
optimalniho, nizkého-normdlniho a vysokého-normalniho kvintilu zjistén -
statisticky vyznamny rozdil v hodnotach aortdlni PWV: 7,26+/-0,20 vs. 7,46+/-
0.42 (p=0,88), vs. 8,63+/-0,72 m/s (p<0,004). V ostatnich parametrech se skupiny
statisticky vyznamné neliSily.

Z 4 veér: VnaSem souboru relativné zdravych probandii jsme nalezli, ze
i mirn¢ zvySené hladiny fT4 jsou spojeny se zvySenou aortalni rigiditou, tento
vztah vSak dosdhl statistické vyznamnosti pouze u nositeli  homo- ¢i

heterozygotni A1166C mutace genu pro AT1-receptor angiotensinu II.
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Celkové shrnuti

V lidské spole¢nosti je jednim z hlavnich socidlnich faktori zdravi a
péce ong. Zaposlednich 100 let bylo ve zdravotnictvi dosazeno vyrazného
pokroku. Nejen diky tomu se primérna délka lidského Zivota ve vyspélych
zemich takika zdvojnésobila.

Hlavnim rysem zdravotnictvi budoucnosti - dle nazort a zkuSenosti piednich
odborniki uvedenych v ,,Medivizi 2000% - bude piedevsim preventivni a
osvétova Cinnost. V oblasti 1ééebné prevence a lé¢by sebudou stale
vice uplatiiovat pfistupy, kde zasadni roli sehraje znalost tGplné lidské genetické
informace.

Vezmeme-li v ivahu uvedené tvrzeni, pak by k prevenci a 1é¢bé méla sméfovat
a piispét téz naSe aktivni GCast na mezinarodnich ¢i narodnich projektech.
Konkrétni zavéry ze studii, na kterych jéme se ucastnili, jsou nasledujici:
ze studie EPOGH

- Hypertonici stiedniho véku méli vyssi rigiditu aorty'a v pfipadé Zen (matek
i dcer) signifikantné vy$8i odraZenou tlakovou vinu navzdory dobré
kontrole TK

- Déti hypertonikii mély signifikantné vyssi systolicky TK nez déti kontrol,
neliily se rigiditou aorty

ze studie Post-MONICA

- Periferni augmentacni index (PAI), ktery je pfimo méfenym parametrem,
se diky velmi tésné korelaci s centralnim augmentac¢nim indexem (CAI)
jevi jako nejvhodnéjsi parametr ke studiu reflekénich vlastnosti tepen

- Kufactvi zvySuje odraz tlakovych vin

- Pokud povazujeme hodnotu centrdlniho systolického krevniho tlaku
za jeden z nejdulezitéjsich hemodynamickych parametri, pak podle nasich
vysledkiit ma konvenéni klasifikace osob do jednotlivych skupin podle

brachialniho TK omezenou platnost

60



- Hyperhomocysteinémie je u obecné populace spojena se zvySenou aortélni
rigiditou, toto riziko se projevuje jiz u mimé zvySenych hodnot
homocysteinu

- Mirmné zvySené hladiny fT4 (v obecné populaci jest€ v mezich normalu)
zvySuji aortalni rigiditu; statistickd vyznamnost se projevila pii kombinaci

s mutaci genu pro AT1-receptor angiotensinu II

Doufam, Ze naSe prace na vySe uvedenych projektech bude pfispivat nejen
dal§imu teoretickému rozvoji, ale Ze dojde i k vétS§imu vyuZiti neinvazivnich
metodik pii vySetiovani kardiovaskularniho systému v klinické praxi. Chce se mi
véiit, Ze ziskané vysledky budou vyznamnym pfispévkem jak pro Iékate
edukujici své pacienty o zasadach spravného Zivotniho stylu, tak i pro vyvoj nové

Ié¢by v ramci farmakogenetického pristupu.
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CLINICAL METHODS AND PATHOPHYSIOLOGY

Juality control of the blood pressure phenotype in the
zuropean Project on Genes in Hypertension
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Jaszcz®, Speranta Babeanu®,
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-|I|povsky Choudomir Nachev Yuri Nikitin?, Jan Peleska"

ind Eoin OBrlen,

Jbjectives In the European Project on Genes in
{ypertension (EPOGH) standardized epidemiological
nethods were used to determine complex phenotypes
:onsisting of blood pressure (BP) in combination with
sther traits. In this report, we present the guality control
if one of the BP phenotypes.

Jdethods In seven European countries eight different
esearch groups recruited random samples of nuclear
amilies. Trained observers measured the BP five times
:onsecutively with the participants in the seated position
it each of two separate home visits, 1 to 3 weeks apart,
iccording to the guidelines of the British Hypertension
Society. Quality assurance and quality control of this BP
yhenotype were implemented according to detailed
nstructions defined in the protocol of the EPOGH study.

lesults On 31 August 2001, BP measurements of
476 subjects were available for analysis. Fewer BP
eadings than the five planned per visit occurred in one
f the eight centres, but only in 0.4% of the home visits.
\cross centres the relative frequency of identical
onsecutive readings for systalic or diastolic blood
ressure varied from 0 to 6%. The occurrence of odd
eadings ranged from 0 to 0.1%. Of the 49 488 systolic
ind diastolic BP readings, 24.0% ended on a zero
expected 20%). In most EPOGH centres there was a
rogressive decline in the BP from the first to the second
iome visit. Overall, these decreases averaged

.36 mmHg [95% confidence interval (Cl): 1.98-2.74,

? < 0.001] for systolic BP and 1.74 mmHg (95% CI:
.46-2.02, P < 0.001) for diastolic BP.

>onclusions Quality assurance and control should be
lanned at the design stage of a project involving BP
neasurement and implemented from its very beginnings
ntil the end. The procedures of quality assurance set
p in the EPOGH study for the BP measurements
esulted in a well-defined BP phenotype, which was
onsistent across centres. Blood Press Monit 7: 215—
24 © 2002 Lippincott Williams & Wilkins.
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Introduction

Accurate measurement of the blood pressure phenotype is
of paramount importance in studies on the genetic
determination of hypertension [1]. In most studies in
humans, the blood pressure phenotype is the mean of three
to five readings obrained in a single occasion. A number of
automated electronic devices have become available for
blood pressure measurement under static or ambulatory
conditions [2-4]. However, until now auscultatory blood
pressurc  measurcment using the Riva-Rocci/Korotkoff
technique remains the standard in clinical and epidemio-
logical research.

The  European Project on  Genes in  Hypertension
(EPOGH) involves eight centres in seven European
countries. lts main objective i1s to identify genetic
polvmorphisms thar are significantly associated with blood
pressure as a continuous or dichotomous traic. In addition
to ambulatory blood pressure monitoring and measurement
of the clinie blood pressure, the blood pressure phenotype



216 Blood Pressure Monitoring 2002, Vol 7 No 4

in the EPOGH study also consists of five consecutive blood
pressure readings obtained with the subjects seated at each
of two separate home visits. Intra- and inter-observer
variability in blood pressure measurements may already be
large in single-centre studies and may even further increase
in large-scale epidemiological projects, involving multiple
centres. In this article we present the initial progress of the
EPOGH study together with the results of the quality
control programme of the blood pressure phenotype
measured at the participants’ homes.

Methods

Fieldwork

Random samples of nuclear families were recruired in
Hechtel-Eksel [Belgium (B)], Sofia [Bulgaria (BU)], Pilsen
and Prague [Czech Republic (CZ)], Mirano [Padova, ltaly
(D], Cracow [Poland (PL)], Bucharest [Romania (RO)],
and Novosibirsk [Russian Federarion (RF)]. To increase
the number of hypertensive patients, four groups (those of
Padova, Cracow, Bucharest, and Novosibirsk) also recruited
approximately 30% of the required number of nuclear
families via specialized clinics for hypertensive patients.

Nuclear families had to include at least one parent and two
siblings. The minimum age for participation was 10 years.
Family members had to live within a distance of no more
than approximately 10km to make repeated home visits
feasible.

Trained observers measured blood pressure with a standard
mercury  sphygmomanometer five times consccutively
during each of two home visits. The guidelines of the
British Society of Hypertension [5] were applied. Standard
cuffs had a 12 x 24 cm inflatable bladder, but, if upper
arm circumference exceeded 3lcm, larger cuffs with
5 % 35¢m bladder were used. After at least 10 min rest,
five consecutive blood pressure readings were obtained in
the sitting position with an interval of 30 to 60 s berween
readings. The cuff was deflated at approximately 2 mmHg
per second, and systolic and phase V diastolic blood
pressure were recorded to the nearest Zmmlg. Lach
subject’s conventional blood pressure was the mean of the
10 readings obrained at home.

Quality assurance procedures

Quality assurance refers to the procedures ser up at all
centres to ensure high quality blood pressure measure-
ments throughout the project. At the start of the EPOGH
study (November 1998), we organized a [-week workshop
at the Coordinating Office in Leuven, Belgium. Subse-
quently, during the course of the study, investigators of four
centres requested further training and visited the Co-
ordinating Office, respectively, in June 1999, June 2000,
October 2000, and February 2001, On each occasion, the

investigators took a refresher course on the procedures of
blood pressure measurement.

At each field centre, quality assurance sessions were
organized at three to six monthly intervals to reinforce
the theoretical concepts and to rehearse the pracrical
pracedures of sphygmomanometric blood pressure mea-
surement. At each session the observers had to pass a test
requiring them to read blood pressures from videotape
featuring a falling mercury column with simultaneous
Korotkoff sounds (Measuring Blood Pressure; British
Medical Association, London, 1990). For each session a
specific standard was computed which reflected the
acoustic conditions under which the test had taken place,
and which was computed by averaging the film readings of
experienced senior clinical researchers. All readings from
each observer had to be within 3 mmHg of the standard. If
an observer failed to pass the rtest, she/he did not
participate in blood pressure measurement until re-tested
successfully at a later session. The intra-observer reprodu-
cibility was studied by comparing 10 pairs of identical video
simulations of blood pressure measurements and was
calculared as twice the standard deviation of the differ-
ences berween duplicate readings. Moreover, the reprodu-
cibility coefficient was expressed as a percentage of the
mean of the identical readings. Digic preference was not
evaluated at the training sessions, but computed from the
blood pressure measurements in study participants.

All observers involved in the study completed a ques-
tionnaire providing information on their gender, age, and
qualification (paramedic, nurse, or medical doctor). In
addition, in the same questionnaire, the observers provided
information on the technical characteristics of the sphyg-
momanometers used for blood pressure measurement art
subjects’ homes (aneroid versus mercury; cuff size).

Quality control

The present analysis includes the blood pressure readings
obtained at the participants’ homes and made available to
the Coordinating Office before 31 August 2001. From
published guidelines [3,6] and six previous studies [7-12]
we selected six criteria applicable to the design and the
multicentre character of the EPOGH study:

1. In each participant, the blood pressure measurements
were considered as complete if all five systolic and
diasrolic blood pressure readings at each of the two
separate home visits were available in the darabase.

2. Five consecutive blood pressure readings obtained in a
subject were considered as idenrical, if there was no
single difference berween anv of the svstolic or
diasrolic blood pressure values among the five read-
ings. The frequency of consecurtive five identical
readings was derermined.
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i. The proportion of odd blood pressure readings with as
terminal digic 1, 3, 5, 7, or 9 was determined for
systolic and diastolic measurements separately.

l. Digit preference, i.c., the distribution of the last digits
of all single systolic and diastolic blood pressure
readings was monitored at three-monthly intervals
throughout the EPOGH project.

5. To assess the consistency berween centres, we
evaluated the blood pressure changes from the first
to the second home visit and across the ten readings
obrained at the two home visits.

5. To investigate the pattern of variation between
observers, the mean for each individual observer’s
blood pressure readings was computed and compared
with the overall within-centre mean.

Statistical analysis

We used the SAS software package, version 6.12. (SAS
[nstiture, Cary, North Carolina, USA) for database manage-
ment and statistical analysis. Comparison of means and
aroportions were performed with the standard normal 2-
test and the y -statistic, respectively. To assess intra-
sbserver variability, Bland and Altman'’s technique [13] was
ipplied. We used analysis of covariance to compare blood
pressure measurements between observers with adjust-
ment for sex, age, body mass index, antihypertensive
rreatment, smoking, alcohol intake, and the use of oral
contraceptives. To compare trends in the consecutive blood
pressure measurements berween centres we used repeated
measures analysis of variance and we determined the
significance of the interaction terms berween centre and
the order of the blood pressure readings.

Results

Characteristics of the study population

I'he 2476 participants included 1173 men (47.4%) and 605
wpertensive  patients  (24.4%) of whom 328 were on
intihypertensive drug trearment (‘Table 1). The subjects

ranged in age from 10 to 84 years. Among the men, 32.5%
(n = 374) were current smokers, and 57.8% (v = 661)
reported intake of alcohol. In women, these proportions
were 21.4% (n = 273) and 36.1% (n = 460), respectively.
Among women, 20.0% (» = 261) used oral contraceptives.

Characteristics of the observers

The number of observers employed per centre ranged from
one to six (Table 2). The observers’ age ranged from 25 to
62 years. Most observers (84%) were female and/or medical
doctors (77%). Two centres employed only nurses for
measuring blood pressure during the study (Table 2). The
number of blood pressure readings per observer ranged
from 60 to 4560. All centres used standard mercury
sphygmomanomerers and adjusted cuff size according to
arm circumference.

Video test

Table 3 summarizes the results of all training sessions by
centre and gives for each centre the distribution of the
differences between the observers’ film readings and the
standard (20 differences per observer during one training
session) and cthe intra-observer reproducibility. Overall,
88% of the observers’ systolic pressure readings were within
+ 5mmHg of the standard. For diastolic pressure this
proportion was 87.4%. The repeatability cocfficient across
seven centres and 29 observers was 3.4% for systolic
pressure and 6.4% for diastolic pressure.

Quality control according to six predefined criteria

Fewer blood pressure readings than the five projected per
visit occurred in one of the eight centres, but only in (0.4%.
of the home visits (Table 4). The frequency of identical
consecutive readings for systolic or diastolic blood pressure
varied across the centres from 0 to 6%. The occurrence of
odd readings which represented a deviation from the study
protocol, ranged from 0 to 0.1%. Of 49 488 systolic and
diastolic blood pressure readings, 24.0% ended on a zero
(Fig. 1). The difference with the expected frequency of
20% was statistically significant (3° = 390.5; P < 0.001).

rable 1 Characteristics of the participants

“haracteristics Hechtel- Sofia Pilsen Prague Mirano Cracow Bucharest Novosibirsk Total
Eksel (B) (BU) (C2Z) (C2) (1) (PL) (RO) (RF)

Number® 1024 40 190 346 325 193 316 2476

“emale (%) 513 (50.1) 21 (52.5) 101 (53.2) 17 (40.5) 187 (54.0) 176 (54.2) 111 (57.5) 177 (56.0) 1303 (52.6)

Age (years)

30dy mass index (kg/m?) 246+45 237 +4.1

374+ 168 37.1 +14.5 374+ 135 39.2+13.8 41.1 + 140 355+ 13.9 394 + 16.0 389 + 150 38.1 + 155
262+49 243+42 253+43

255+49 248+55 253+50 250+48

Systolic pressure (mmHg)' 121.4 +14.4 123.7 + 17.6 123.5 + 155 116.9 + 10.9 126.5 + 16.1 129.3 + 18.1 1246 + 21.5124.6 + 17.6 123.9 + 16.5

Jiastolic pressure (mmHg)' 74.8 + 10.7 79.6 + 10.9 779+ 101 74.7+80 80.6+9.8

808+ 11.5 793+ 135 794 + 11.3 77.7+11.2

{eart rate (beats/min) 668+82 760+ 106 707+86 738+89 732+88 738+90 756+82 741+74 70.7+9.1
{ypertensive (%) 189 (18.5) 11 (27.5) 46 (24.2) 4(9.8) 106 (30.6) 112(34.5) 52(26.9) 85 (26.9) 605 (24.4)
raking antihypertensive 106 (56.1) 7 (63.6)  35(76.1)  2(50.0) 50(47.2) 63 (56.3) 20 (38.5) 45 (52.9) 328 (54.1)

irugs (%)

/alues are arithmelic means (SD). or number of subjects (%). ‘"Number of subjects with dala available at the Coordinating Office. 'Average of 10 readings at the

irst and second home visil.
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Table 2 Characteristics of observers

Centre Age group (years) Gender Qualification
25-35 > 35 Male Female Nurse Dactor
Hechtel-Eksel (B) n = 4 2 (50%) 2 (50%) = 4 (100%) 4 (100%) -
Sofia (BU) n = 2 2 (100%) - 1 (50%) 1 (50%) - 2 (100%)
Pilsen (CZ) n=3 2 (67%) 1 (33%) - 3 (100%) 1 (33%) 2 (67%)
Prague (CZ) n =1 - 1 - 1 1 =
Mirano (I) n =6 4 (67%) 2 (33%) 2 (33%) 4 (67%) - 6 (100%)
Cracow (PL)n=16 4 (67%) 2 (33%) 1 (17%) 5 (83%) 1 (17%) 5 (83%)
Bucharest (RO) n =6 2 (33%) 4 (67%) 1 (17%) 5 (B3%) - 6 (100%)
Novosibirsk (RF) n =3 2 (67%) 1 (33%) = 3 (100%) - 3 (100%)
Total n = 31 18 (58%) 13 (42%) 5 (16%) 26 (84%) 7 (23%) 24 (77%)
Table 3 Results of training sessions for observers
Centre Hechtel-Eksel Sofia Pilsen Prague Mirano Cracow Bucharest Novosibirsk
(B) (BU) (Cz) (CZ) () (PL) (RO) (RF)

Number of 5 1 1 1 7 5 2 5
sessions

SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP SBP DBP

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Deviation of observers' readings vs. reference
> 10 mmHg 1.5 0.5 0 0 0 0 0 0 3.3 33 1.3 3.0 1.9 4.4 0 0
8-10 mmHg 1.8 2.8 5.0 5.0 0 0 0 0 0 1.3 25 0 3.8 3.7 0 0
5-7mmHg 55 35 50 0 0 0 0 0 1.5 0.8 43 1.8 5.6 75 0 0
2-4mmHg 315 30.8 50 20.0 16.7 . 30.0 10.0 25.0 48 11.9 12.2 15.0 25.0 213 25,0 16.0
—1 to 1 mmHg 39.3 38.3 B0.0 650 533 450 350 450 627 458 512 50.7 475 35.0 65.0 68.0
—2 to —~4mmHg 14.8 21.3 50 100 300 250 500 300 208 271 237 232 118 131 100 14.0
—5 fo —7mmHg 0.8 0.8 0 0 0 0 5.0 0 5.0 8.1 1.8 4.0 1.9 4.4 0 2.0
—8 to —10mmHg 23 0.8 0 0 0 0 0 0 1.3 1.0 1.5 1.2 1.3 ad 0 0
< —10mmHg 28 1.5 0 0 0 0 0 0 0.6 0.6 1.5 12 1.2 5 0 0
FIe[:on:)duc:il:nilityI 52 6.8 4.0 95 2.7 36 2.8 2.8 B.8 66 137 57 9.4 109 2.2 3.0

(3.3) (6.3) (24) (87) (1.6) (34) (1.9) (2.6) (53) (6.0) (8.1) (53) (53) (104) (1.4) (2.9

Observers read 20 blood pressures per session from a video movie showing a falling mercury column with Korotkoff sounds. 'One observer's resull not yet
available at the Coordinating Olffice at the time of writing of this article. '2SD of the changes between identical blood pressures from a video movie. See Methods for
further explanations. SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 4 Qualitative indicators for control of blood pressure measurement

Hechtel-Eksel Sofia Pilsen Prague Mirano Cracow Bucharest  Novosibirsk

(B) (BU) (Cz) (CZ) U] (PL) (RO) (RF)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Number of home visits 2103 80 380 84 692 650 398 632
incomplete BP measurements’ 8 (0.4%) 0 0 0 0 0 0 0

Number of five consecutive BP readings' 4206 160 760 168 1384 1300 796 1264
Identical readings 66 (1.6%) 1 (0.6%) 0 10 (6.0%) 41 (3.0%) 1(0.1%) 1 (0.1%) 0

Total number of BP readings’ 21018 800 3800 840 6920 6500 3980 6320
Odd readings 7 (0.03%) 1 (0.1%) 0 1(0.1%) 6 (0.08%) 6 (0.09%) 0 0

“Less than five systolic or five diastolic measurements per home visit. ‘Systolic and diastolic readings were counled as separate measurements.

Among individual observers the proportion of blood
pressure readings with a terminal zero ranged from 15.5
to 47.6% (Table 5). Five observers in three centres were
found to record blood pressure values with a terminal zero
in excess of 30% (47.6, 32.9, 31.8, 31.5 and 31.4%).

In most EPOGH centres there was a significant and
progressive decline in the conventional blood pressure from
the first to the second home visit (Fig. 2). Across all
centres, blood pressure decreased by 2.36 mmHg (95%

confidence interval (Cl): 1.98-2.74, P < 0.001) systolic
and by L74mmHg (95% CI: 1.46-2.02, P <0.001)
diastolic. However, as illustrated in Figure 3, there were
significant trend differences between the EPOGH centres
in the blood pressure changes across the ten readings of
systolic (F = 5.32, P < 0.001) and diastolic blood pressure
(/= 3.71, P <0.001). Morcover, the decline of blood
pressure on repeat measurement depended on the level of
pressure (Figs 2 and 3). For instance, in comparison with
other EPOGH centres, we observed more  prominent
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ecreases in systolic (5.25; 95% Cl: 3.91-6.59) and diastolic
3.24; 95% CI: 2.32—4.16) blood pressures from the first to
1¢ second home visit in Cracow. In this centre blood

ig. 1
Digit preference
30 1 49 488 readings
(100%)
i 20.9%
E’! .:,3
T 201 5
o <
2 i
5 4
3 g
8 {
i
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0 2 4 6 8

Jigit preference ‘in the blood pressure readings across six
ZPOGH centres. The proportion of systolic or diastolic blood

pressure at initial home visit was higher then in all other
centres. ;

Figure 4 shows the deviations between the mean of each
individual observer’s blood pressure readings and the
overall within-centre mean for the eight EPOGH centres.
These deviations were adjusted for sex, age, body mass
index, antihypertensive treatment, smoking, alcohol intake,
and the use of oral contraceprives. For systolic blood
pressure, the deviations ranged from —1.48 rto
+2.07mmHg in Hechrel-Eksel (Belgium), from —0.50
o +0.50mmHg in Sofia (Bulgaria), from —1.17 to
+0.99mmHg in Pilsen (Czech Republic), from —4.86
to +7.33mmHg in Mirano (lwaaly), from —1.46
to +3.199mmHg in Cracow (Poland), from —1.80 to
+2.79mmHg in Bucharest (Romania), and from —2.86 to
+2.01 mmHg in Novosibirsk (Russia). For diastolic blood
pressure, the deviations ranged from —3.00 to
+2.90mmHg in Hechrel-Eksel (Belgium), from —0.33
to +0.33mmHg in Sofia (Bulgaria), from —1.45 to
+1.03mmHg in Pilsen (Czech Republic), from -2.04

yressure readings with an even terminal digit is presented. to +4.33mmHg in Mirano (lealy), from —L1.I1 to
+0.62mmHg in Cracow (Poland), from —4.80 to
rable 5 Digit preference
Jbserver 0 2 6 8 Total number of BP
A = readings
n % n % n % n % n %
Hechtel-Eksel (B)
1 743 47.6 162 104 261 16.7 197 12,6 197 12.6 1560
2 2687 31.8 1436 17.0 1107 13.1 1623 19.2 1595 189 8448
3 1416 1556 1667 18.3 1963 215 2021 222 2047 22.4 9120
4 415 22.0 342 18.1 344 18.2 353 18.7 431 23.0 1890
Pilsen (CZ)
1 420 20.8 414 20.5 428 21.2 368 18.2 390 19.3 2020
2 200 20.4 184 18.8 186 19.0 185 18.9 225 23.0 980
3 189 23.6 143 17.9 149 18.6 148 18.5 171 21.4 800
Prague (CZ)
1 246 31.4 166 19.8 119 14.2 105 125 185 22.0 840
Sofia (BU)
1 68 17.0 97 24.3 94 235 72 18.0 69 17.3 400
2 87 21.8 60 15.0 59 14.8 86 215 107 26.8 400
Mirano (I)
1 435 25.3 331 19.2 316 18.4 239 13.9 398 2341 1720
2 60 2713 42 191 40 18.2 29 13.2 48 218 220
3 666 18.8 768 21.7 719 20.3 732 20,7 652 18.4 3540
4 30 25.0 24 20.0 22 18.3 23 19.2 21 1725 120
5 100 17.9 134 239 109 19.5 93 16.6 123 22.0 560
6 134 191 116 16.6 157 224 146 20.9 147 21.0 700
Cracow (Poland)
1 288 24.8 213 18.4 202 17.4 188 16.2 268 23,1 1160
2 288 18.9 272 17.9 293 19.3 304 20.0 362 23.8 1520
3 200 29.4 101 14.9 146 215 89 1341 143 21.0 680
4 170 31.5 85 15.7 86 15.9 92 17.0 107 19.8 540
5 306 17.2 426 239 339 19.0 277 15.6 432 24.3 1780
6 270 329 129 15.7 130 15.9 98 12.0 190 23.2 820
Bucharest (RO)
1 40 28.6 34 24.3 25 17.9 20 14.3 21 15.0 140
2 201 22.3 187 20.8 142 15.8 148 16.4 222 24.7 3900
3 378 27.4 256 18.6 205 14.9 254 18.4 287 20.8 1380
4 338 21.7 307 19.7 266 17.1 309 19.8 340 21.8 1560
Novosibirsk (RF)
1 808 26.2 566 18.4 524 17.0 525 17.0 657 21.3 3080
2 36 22.5 34 21.3 36 225 31 19.4 23 14.4 160
3 827 26.9 602 19.5 514 16.7 508 16.5 629 204 3080
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Fig. 2
Hechtel-Eksel (B) Sofia (BU) Pilsen (CZ) Prague (CZ) Mirano (1) Cracow (PL) Bucharest (RO) Novosibirsk (RF)
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visits are given.

the first and second home visils

Visit

. I’ values for the differences between the two

+2.64 mmHg in Bucharest (Romania), and from —0.35 to
+0.22 mmHg in Novosibirsk (Russia). The significance of
these systolic and diastolic deviations increased with the
number of subjects examined by each obscrver, with the
amount that an observer’s readings deviated from the
overall within-centre population mean, and with the roral
number of subjects per centre.

Discussion

The main  objective of the EPOGH study
investigate a well-standardized blood pressure phenotype
in relation to genetic polymorphism. “This report focuses on
the quality assurance and quality control procedures, which
and inrricate part of the EPOGH

was (o

were an essential
protocol.

Accurate determination of the blood pressure levels in
large-scale survevs or multicentre studies requires ceneral
coordination and the implementation of a standardized
protocol. The measurement of blood pressure according to
Riva-Rocei/RorotkolT technique [14] is dependent on the
accurate  transmission  and interpretation of a signal
(Korotkoff sound or pulse wave) from a subject via a
deviee (the sphygmomanomerer) to an observer [15.16].

The successful ourcome of this complex interaction
requires that the observer is competent in performing
the technique of blood pressure measurement, that the
subject is examined in basal and standardized conditions,
that the equipment used for the measurement is well
maintained and calibrated, and that the blood pressure
readings are archived aceurately. "This procedure is fraught
with sources of potential error, which may arise in the
observer, the subject, the sphygmomanometer or in the
overall application of the technique [4,15,17,18]. The
quality assurance and the quality control in our study
focused on these porential sources of inaccuracy.

In our study, subjects were visited at home on two separate
occasions and trained observers, either doctors or nurses,
measured blood pressure in the relaxed home environment.
This procedure of blood pressure measurement tends to
increase the participation rate and has been validared in
several epidemiological studies in Belgium. Blood pressure,
measured chis way, shows the expecred associations with
gender, age, body mass index. social class, and physical
activiey 19,201,

Our quality assurance programme was based on published
guidelines [3.6]. lts objective was to ensure high quality
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ystolic and diastolic blood pressure values for five consecutive readings at two separate home visits. Values are mean with 95%

nfidence intervals.

lood  pressure measurements  throughout the  whole
roject, in which eight different researches groups and 27
sservers participated. Various training programmes have
sen developed to minimize observer error [5,6,21], most
" which use a film or a video showing a falling mercury
lumn with Korotkoff sounds as the main component of
aining and quality assessment. The film allows quantify-
o inter- and intra-observer variabilicy. In our study qualicty
surance was set up via repeated training sessions. The
wervers always received the resules of their tests, so that
ey remained aware of their performance and  were
wouraged to improve their measurement technique.

v our quality control programme we used sixo eriteria,
:cause they reflecr different problems thar may occur
aring blood pressure measurement. Some of these items
¢ conceived as qualitative rather than  quantitacive
dicators of the accuracy of blood pressure measurement.
he proportion of incomplere measurements Is a strong
dicator of vahidity problems in terms of population
presentativeness [7]. The oceurrence of odd digits is
ely to reflect forgerfulness of the protocol or a desire for
cora accuraey by the observer [10]. Te mighe also indicate a
ss of accuracy. The frequeney of identical blood pressure
adings in series of repeated blood  pressure readings
icht influence che overall shape of the blood pressure

distribution and the prevalence of diagnostic categories
based on blood pressure thresholds [10,22]. It is well
known from clinical and epidemiological studies [9,15,22
that repeated blood pressure measurements in the same
subject are in most instances non-identical. The degree, to
which the frequency of identcal readings can be con-
stidered normal or at least aceeprable, is not clearly defined.
All eight EPOGH cenrtres appeared to have complied well
with these predefined quality criteria (Table 4).

Owing to habitation and regression to the mean, blood
pressure usually falls when repeated measurements are
obtained during a single visit or ar consecutive visits over
the course of u study. In all centres we noticed a progressive
and significant decline in blood pressure when the readings
were repeated by the observer ar the subjects” homes. This
observation underscores the need for multiple assessments
of blood pressure over a time in order to avoid over-
diagnosis of hyperension among individuals with high
initial blood pressure values |2,23].

The maximal between-centre differences in blood pressure
were [ 24 mmlblg svstolic and 6.1 mmHg diastolic (Prague
centre versus Cracow centre). The maximal difference in
pulse rate was berween the Hecheel-Eksel and  Sofia
centres (9.2 bears per minute). These berween-centre
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Fig. 4

Measurement of systolic BP
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antihypertensive treatment, smoking, alcohol intake, and the use of oral contraceptives. Along with the observer identification nu
gender of the observer (§ it male) and the number of subjects examined by each observer are presented.

differences may be expected on the basis of random
variability, small sample size (for instance, in Sofia and
Prague), and inclusion of varying proportions of hyperten-
sive subjects.

Another common manifestation of measurement error in
epidemiological studies is digit preference for a terminal
zero [9,10,24-26]. Because this means that the precision of
the measurements is 10mmHg instead of 2mmHg, this
may result in considerable bias. Digit preference affects
the shape of the blood pressure distribution [24] and
reduces the power of statistical tests thereby making it
more difficult to assess associations between potential risk
factors and blood pressure [10,26]. In our report preference
for a terminal zero was statistically significant, but of minor
importance from a clinical point of view.

The present analysis not only focused on the centres as
units of observation, but also included an evaluation of the
performance of individual observers. Only a few studies
[6,8,10,21,27] have reported data on inter- or intra-
observer variability. In our study, we assessed inter-observer
variability using the blood pressure readings of expert
clinical observers as the standard. Overall, 88% of the
systolic readings  were  within

observers’ pressure

+ 5mmHg of the standard. For diastolic pressure,
proportion was 87.4%. To assess intra-observer varial
we used Bland and Altman’s technique. The repeata
coefficient across seven centres and 29 observers was
for systolic pressure and 6.4% for diastolic pressure. H
repeatability coefficients indicate worse reproducil
Furthermore, we also evaluated differences ben
observers, which could not be explained by confour
by gender, age, body mass index, antihypertensive t
ment, use of oral contraceptives, smoking, and drir
habits. Differences berween observers, over and be
confounding, might be due ro systematic error, preju
for or against certain blood pressure values, the subjes
and emotional interaction berween subject and obse
the white-coat effect, and/or random variability [4,8,1

As opposed, for instance, to biochemical measureny
external quality control cannot be casilv mounted for b
pressure readings. However, quality assurance and cor
should be planned at the design stage of a project invol
BP measurement and implemented from its very be
nings until the end. In our opinion, the procedure
quality assurance and control set up for the blood pres
measurement in the frame of the EPOGH study resu
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n a well-defined blood pressure phenotype, which was
>0NSISTENT across centres.
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Association of peripheral and central arterial wave
reflections with the CYP11B2 -344C allele and sodium

excretion
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Project on Genes in Hypertension (EPOGH) Investigators

Objective Angiotensin Il and aldosterone, generated by
the anglotensin-converting enzyme (ACE) and aldosterone
synthase (CYP11B2), respectively, not only regulate
sodium and water homeostasis, but also influence
vascular remodeling In response to high blood pressure. In
the European Project on Genes in Hypertension (EPOGH),
we therefore investigated whether the ACE I/D and
CYP11B2 C-344T polymorphisms influence early arterial
wave reflections, a measure of vascular stiffness.

Methods We measured the peripheral and central
augmentation index of systolic blood pressure by
applanation tonometry at the level of the radial artery in
622 subjects (160 families and 64 unrelated individuals)
randomly recruited from three European populations,
whose average urinary sodium excretion ranged from 196
to 245 mmol/day. In multivariate analyses, with sodium
excretion analyzed as a continuous variable, we explored
the phenotype-genotype associations by means of
generalized estimating equations and the quantitative
transmission disequilibrium test.

Results The peripheral and central augmentation indexes
were significantly higher in CYP11B2 -344C allele carriers
than in —344T homozygotes. In offspring, early wave
reflections increased with the transmission of the -344C
allele, This effect of the CYP11B2 polymorphism occurred
in subjects with a higher than median urinary sodium
excretion (210 mmol/day). The ACE I/D polymorphism did
not influence augmentation of systolic blood pressure.

Conclusions The CYP11B2 C-344T polymorphism affects
arterial stiffness. However, sodium intake seems to

Introduction

The arterial pulse wave consists of a forward and
reflected component. The amplitude and velocity of
the reflected wave increase with cardiac contractility, a
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modulate this genetic effect. J Hypertens 22:2311-2319©
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more proximal localization of the sites of reflection
along the arterial tree and arterial stiffness. The aug-
mentation index, derived from the pulse contour,
reflects the degree to which reflected waves enhance
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2312 Journal of Hypertension 2004, Vol 22 No 12

systolic pressure [1]. T'win studies recently demon-
strated that independent of blood pressure, heart rate,
height, and age, the heritability of the aortic augmenta-
tion index was 37% [2].

Angiotensin IT and aldosterone play key roles in the
regulation of sodium and water homeostasis. In sodium
deplete conditions, these hormones are upregulated,
whereas the opposite occurs in the presence of a high
salt intake. Circulating angiotensin II is produced by
cleavage of angiotensin I by the angiotensin-converting
enzyme (ACE) at the endothelial-luminal interface
throughout the vasculature, in particular in the pulmon-
ary circulation. Carriers of the ACE deletion polymorph-
ism have constitutively increased plasma and tissue
levels of ACE [3]. Aldosterone is generated in the
adrenal gland by aldosterone synthase (CYP11B2).
However, both angiotensin II and aldosterone are also
locally produced in the arterial wall, influence vascular
structure and function, and mediate vascular remodel-
ing in response to pathological stimuli, such as a high
blood pressure [4,5].

In the European Project on Genes in Hypertension
(EPOGII), we investigated whether the ACE IfD and
GYP11B2 (-344T polymorphisms impact on the periph-
eral and central augmentation indexes, as assessed by
applanation tonometry at the level of the radial artery.
Qur analyses accounted for salt intake, estimated from
the urinary excretion of sodium and for other host and
environmental determinants of cardiovascular function.

Methods

Study population

The European Project on Genes in Hypertension
(EPOGH) was conducted according to the principles
outlined in the Helsinki declaration for investigations
in human subjects. The Ethics Committee of each
institution approved the protocol. Participants gave
informed written consent.

Three EPOGH centers opted to take part in vascular
phenotyping. They randomly recruited nuclear families
of Caucasian extraction, including offspring with a
minimum age of 10 years in Belgium and 18 years in
the two other countries. Overall, the response rate was
82%. Of 870 participants recruited in Cracow (Poland,
n = 302), Hechtel-Eksel (Belgium, » = 380) and Pilsen
(Czech Republic, # = 188), we discarded 21 from analy-
sis because the recorded pulse wave was of insufficient
quality and 60 because of missing genotypes. In addi-
tion, we detected six cases of inconsistency in Mende-
lian segregarion. The Belgian sample included seven
extended families spanning more than two generations.
Because there is no generally agreed algorithm to
construct the variance—covariance matrix for correlated
data within extended pedigrees using gencralized esti-

mating equations (see below), we selected from each
complex family the most informative nuclear unic wich
the largest number of phenotypes and genotypes. This
procedure removed 161 Belgian subjects from our
analyses. Thus, the overall number of participants
analyzed statistically totaled 622.

Phenotypes and genotypes

After subjects had rested for 15 min, we recorded,
during an 8-s period, the radial arterial waveform at the
dominant arm_by applanation tonometry. We used a
high-fidelity SPC-301 micromanometer (Millar Instro-
ments, Inc., Houston, Texas, USA) interfaced with a
laptop computer running SphygmoCor software, version
6.31 (AtCor Medical Pey. Ltd., West Ryde, New South
Wales, Australia). We discarded recordings when the
systolic or diastolic variability of consecutive waveforms
exceeded 5% or when the amplitude of the pulse wave
signal was less than 80 mV. We calibrated the pulse
wave by measuring blood pressure at the contralateral
arm immediately before the recordings. From the radial
signal, the SphygmoCor software calculates the aortic
pulse wave by means of a validated and population-
based generalized transfer function [6]. The radial
augmentation index was defined as the ratio of the
second to the first peak of the pressure wave expressed
as a percentage. 'T'he aortic augmentation index was the
difference between the second and first systolic peak
given as a percentage of the aortic pulse pressure. For
statistical analysis, we used the average of the periph-
eral and central waveforms over the 8-s measurement
period.

The blood pressure phenotype was the average of five
consecutive readings obtained at one home visit. Per-
ipheral and central pulse pressures were defined as the
difference between systolic and diastolic blood pressure
derived from the brachial blood pressure measured at
the subjects homes and from the aortic pulse wave,
respectively. From the home readings, we calculated
mean arterial pressure as the diastolic pressure plus
one-third of peripheral pulse pressure. We administered
a standardized questionnaire to obtain information on
cach subject’s medical history, smoking and drinking
habits and use of medications. The participants col-
lected a 24-h urine sample in a wide-neck plastic
container for the measurement of sodium, potassium,
creatinine and aldosterone. For statistical analysis of
the urinary phenotypes, we excluded 18 subjects be-
cause according to previously published criteria [7] the
urine samples were judged to be under- or over-
collected. Genomic DNA from white blood cells was
amplified and genotyped for the ACE I/D and CYPIIB2
(-344T polymorphisms, as previously described [8.9].
For the ACE gene, all samples initially genotyped as
DD underwent a second polymerization chain reaction
with insertion-specific primers.

Copyright @ Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Statistical methods

Database management and most statistical analyses
were performed with SAS software version 8.1 (SAS
Institute Inc., Cary, North Carolina, USA). Population
means and proportions were compared by Tukey's
multiple means test and the y? statistic with Bonfer-
roni's adjustment for multiple comparisons, respectively.
If Shapiro-Wilk’s test showed significant departure from
normality, we analyzed logarithmically transformed vari-
ables, We searched for possible covariates of the aug-
mentation indexes using stepwise multiple regression
with the P value for independent variables to enter and
stay in the model set at 0.10. We used the methods
described by Kleinbaum & /. [10] to test the null
hypothesis of no differences berween the parameters of
regression equations.

We performed population-based as well as family-based
analyses. In the population-based approach, we tested
association of continuous traits with the genotypes of
interest by use of generalized estimaring equations
(GEE). This approach allows adjustment for covariates
as well as for the non-independence of observations
within families [11]. In GEE, we also tested for
heterogeneity between populations, using appropriate
interaction terms with the genotypes.

In the family-based analyses, we performed transmis-
sion disequilibrium tests for quantitative traits (QTDT)
using two different methods. First, we evaluated the
within- and between-family components of phenotypic
variance, using the orthogonal model as implemented
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by Abecasis ¢ al. in the QTDT software, version 2.3
(http://www.sph.umich.edu/csqg/abecasis/QTDT)  [12].
In addition, using the model proposed by Allison, we
regressed the quantitative phenotypes of informarive
offspring on their genotypes, while controlling for
parental genotypes [13]. To allow for residual correla-

tion among offspring, we implemented Allison’s model
using GEE.

Results

Characteristics of participants

Table 1 gives the characteristics of the participants by
country. Overall, the study population included 558
subjects from 160 nuclear families and 64 unrelated
individuals. Mean (+ SD) age of the 294 founders and
328 offspring was 51.7 £85 and 29.9 + 10.6 years,
respectively. The number of sibs per family amounted
to one in 34 families, two in 102 families, and ranged
from three rto eight in 24 families. The Belgian
participants were older than che subjects from the two
other countries. Compared with Polish participants,
fewer Belgians were on antihypertensive drug treat-
ment. Czechs more frequently reported regular alcohol
intake (=5 g/day) than Belgians and Polish. Urinary
sodium excretion was on average 50 and 36 mmol/day
higher in Poland than in Belgium and Czechia, respec-
tively. The urinary aldosterone excretion was lower in
Poland than in the other two countries. Figure 1 shows
the sex and age dependence of the peripheral and
central augmentation indexes, which in the whole study
population averaged 68.0 £23.1 and 164 £ 17.1%, re-
spectively. As shown in Figure 2, systolic pressure in

Table 1 Characteristics of the study participants by country
Belgium Czechia Poland
No. 181 147 204
Anthropometrical characteristics
Age (years) 468 + 14.6 37.9 + 13,6 37.2 +13.9*
Female gender (%) 576 B7.1 63.4
Height (cm) 167.4 £94 1711+ 09.1* 169.9 £8.7*
Weight (kg) 7224145 76.7 £ 16.1" 733+ 144
Hemodynamic measurements
Systolic pressure (mmHg)t 126.0 + 16.7*** 1238 + 16.6*** 1288+ 176
Diastolic pressure (mmHg)t 786+ 114 77.8+109 803 + 122
Peripheral augmentation index (36) 72,7 +21.9 63.7 +23.7* 67.3 +23.0°
Central augmentation index (%) 212+ 165 140+ 17.9* 146+ 17.1*
Pulse rate (beats/min) 62.8 £ 9.4 67.0+0.7* 733 4+ 11.4"
Questionnaire data
Antihypertensive treatment (35) 127 21.1 23.8*
Current smokers (3%) 28.2 25.8 27.6
Regular alcohol intake (%) 27.1 45.6* 19.1¢
Urinary excretion
Volume (//day) 1.64 £0.77** 1.93+0.67" 1.45 +0.63*
Sodium (mmol/day) 196 + 65" 210 + 83 245 + 87**
Potassium (mmol/day) 70 £ 27 62 + 29* 65 + 26
Aldosterone (nmol/day) 20.0 (17.4-22.9)*** 17.4 (15.8-19.1) 10.7 (8.8-11.7)**
Creatinine (mmol/day) 10.7 £ 3.6 133+ 4.1° 121 L 41

Values are arithmetic means =+ SD, geomelric means (95% confidence interval) or the percentage of subjects. P values for
between-counlry differences were adjusted for multiple comparisons by Tukey's test (means) or Bonferroni's method
(proportions); *P =< 0.05 versus Belgium; **P =5 0.05 versus Czechia; ***P = 0.05 versus Poland. tAverage of five readings
obtained at one home visit. #The number of subjects with 24 h collection was 181 in Belgium, 133 in Czechia and 280 in Poland.
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the brachial artery and aorta significantly (£ < 0.0001)
increased with the ratio of the second to the first
systolic peak. Furthermore, the slope of systolic blood
pressure on this ratio was significantly (P = 0.0002)
steeper in the aorra than in the radial artery,

Stepwise multiple regression demonstrated chat the
peripheral augmenration index significantly and inde-
pendently increased with female gender (regression
coefficient P £SE; 9.16 & 1.58%; P =0.0001), age
(0.81 4 0.04% per year;, P =0.0001), mean arterial pres-
sure (0.38 £ 0.05% per mmHg; P = 0.0001), current
smoking (5.20 &+ 1.20%; P =0.0001), whereas it de-
creased with body height (—0.52 +0.09% per cm;
P =0.0001) and pulse rate (—0.63 £+ 0.05% per beat;
P =0.0001). Similarly, the central augmentation index
increased with female gender (6.80 £1.17%; P=
0.0001), age (0.61 £ 0.03% per year; P = 0.0014), mean
arterial pressure (0.26 £ 0.04% per mmlg; £ = 0.0001),
current smoking (2,94 £ 0.92%; P = 0.0001), whereas it
decreased with body height (—0.38 & 0.07% per cm;
P =0.0001), pulse rate (—0.5040.04% per beat;
P =0.0001) and current antihypertensive treatment
(—=2.10 = 1.17%; P=0.07). We adjusted all furcher
analyses for the aforementioned covariates as well as
for observer (one in Belgium, onc in Czechia, and two
in Poland). Further analyses also accounted for sodium
intake estimated from the 24-h urinary excretion.

The within-country frequencies of genotypes (Table 2)
complied with Hardy-Weinberg equilibrium (0.36 <
P =<0.94). The genotype and allele frequencies were
similar across countries for the ACE gene. The
CYPIIB2 —344C allele was more prevalent in Poland
than Belgium.

Both before and after adjustment for urinary sodium
and potassium, the 24-h urinary aldosterone excretion
was not associated with the CYPI/B2 C-3441 poly-
morphism (P = 0.16). In all countries, aldosterone ex-
cretion adjusted for sex and age was closely correlated
with urinary sodium and potassium. With additional
adjustment for country, the overall parrial correlation
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coefficients were —0.11 for sodium, 0.30 for potassium
and —0.38 for the urinary sodium-to-potassium ratio
(P < 0.01, for all).

Population-based association study

Because across centers there was no heterogeneity in
the phenotype—genotype relations (0.07 = P < 0.82),
we combined all countries. Furthermore, for nonc of
the phenotype—genotype relations, we found significant
interactions with gender (0.54 = P = (.94) or genera-
tion (parents versus offspring; .39 < P =< 0.80).

GEE did not reveal any association between the
augmentation indexes and the ACE /D polymorphism.
In the whole study population as well as in offspring,
the peripheral and central augmentation indexes were
significantly higher in the CYPIIB2 -344C allele car-
riers than in the —34477 homozygotes with similar
trends in founders (T'able 3). Further analyses (Table
4) demonstrated that in founders central, bur not
peripheral, pulse pressure was also significantly higher
in CYP11B2-344C allele carriers than in =3447T homo-
zygotes. There was no interaction between the ACE
and CYPIIBZ genotypes (P > 0.22). However, in un-
treated subjects (# =483), we observed a significant
interaction between the CYP77B2 genotype and sodium
excretion, analyzed as a continuous variable, in relation
to the peripheral (P =0.029) and central (P =0.013)
augmentation indexes. Figure 3 illustrates these inter-
actions according to the country- and sex-specific
median of sodium excretion (approximately 210 mmol/
day).

Family-based association study

With the exception of the ACE gene in Czechia
(P < 0.01), Abccasis’ orchogonal model did not reveal
population stratification in any country (L19sP <
0.34). In 216 informative offspring, it confirmed signifi-
cant association between the peripheral augmentation
index and the transmission of the CYP/IB2 -344C
allele (effect size, + 3.09%; P =0.028) with a similar
trend for the central augmentation index (effect
size, + 2.2%:; P =0.092). Using Allison’s approach, the

Table2 Genotype and allele frequencies by country ordered according to the prevalence

of the major allele

Gene Counlry Allele Genotypes

ACE D I DD DI 1
Czechia 158 (63.7) 136 (46.3) 40(27.2) 78 (63.1) 29 (19.7)
Poland 302 (61.4) 286 (48.8) 72 (24.5) 168 (63.7) 64 (21.8)
Belgium 184 (50.8) 178 (49.2) 49 (27.1) 86 (47.6) 46 (25.4)

CYP11B2 T (& T TC cC
Belgium 216 (69.7) 146 (40.3) 63 (34.8) 00 (49.7) 28 (15.5)
Czechia 172 (68.6) 122 (41.5) 50 (34.0) 72 (49.0) 25 (17.0)
Poland 297 (50.5) 291 (49.5) 70 (23.8) 67 (22.8)

157 (63.4)

Values indicate number of alleles or genotypes (06). Braces join countries with similar allele frequencies. ACE,
angiotensin-converting enzyme.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



2316 Journal of Hypertension 2004, Vol 22 No 12

Table 3 Peripheral and central augmentation indexes by genotypes In nuclear families

Gene Augmentation index n Adjusted mean + SEt
ACE DD/DIAN | DD Di I P
Peripheral Al 161/322/139 684+ 1.0 68.1 £ 08 67913 0.79
Founders 79/166/59 B804+ 156 816+ 1.1 81.1£1.9 0.58
Offspring 82/166/80 673+1.3 56,2+ 1.1 556+ 15 0.39
Central All 161/322/139 17108 16.1 £ 0.6 16.6 + 1.0 0.35
Founders 79/166/69 259+ 1.0 26.7 0.7 266+ 1.3 . 085
Olfspring B2/166/80 83+1.2 7.6+£09 7.7+12 0.24
CYP11B2 TT/TCICC T TC cC P
Peripheral Al 183/319/120 66.1 £ 1.1 68,8+ 0.9 696+ 1.1 0.027
Founders B4/166/66 793+ 15 813112 833+ 14 0.16
Offspring 09/164/66 563.1 4+ 1.4 57.94+1.0 574+ 1.6 0.004
Central All 183/318/120 16.1+ 0.8 168106 176 £ 09 0.050
Founders B84/155/66 244 +1.0 268+ 0.7 278+ 1.1 0.12
Offspring 99/164/65 62+1.2 9.1+ 08 B4+15 0.049

tAdjustments included: observer, sex, age, body height, pulse rate, mean arterial pressure, current smoking and antihypertensive treatment. *P value for comparison
between ACE DD versus DI + II. **P value for comparison between CYP11B2 TT versus TC + CC. ACE, angiotensin-converting enzyme,

Table4 Peripheral and central pulse pressure in relation to the CYP11B2 genotype

n

Adjusled mean + SEt

Pulse pressure (Ccrmcm) T TC CcC P

Peripheral All 161/322/1389 47.9 476 46.8 0.53
Founders 79/166/69 49.6 49.4 488 0.84
Offspring B82/166/80 46.1 44.9 45.7 0.45

Central All 161/322/139 319 334 32,9 0.06
Founders 79/166/69 34.8 384 36.4 0.01
Offspring 82/166/80 29.2 288 29.5 0.756

1Pulse pressure was adjusted for sex, age, body height, pulse rate, current smoking and antihypertensive
treatment. Additional adjustments included observer and mean arterial pressure for the central pulse pressure
and counlry for the peripheral pulse pressure, *P value for comparison between CYP1182 TT versus

TC + CC.

number of informative offspring decreased to 135, but
the test statistic remained significant for the association
between the peripheral augmentation index and the
CYP11B2 polymorphism with a similar tendency for the
central augmentation index (Table 5). None of the
QTDT models provided any evidence for association
between the pulse wave phenotypes and transmission
of the ACE D allele.

Discussion

The main finding of our study was that in both
population-based and family-based analyses, early arter-
ial wave reflections increased with the presence or
transmission of the CYPIIB2 —344C allele. This genet-
ic effect was more pronounced in subjects whose
sodium excretion exceeded 210 mmol/day. The fre-
quency of the —3447 allele was higher in Belgians
(60%) than Polish (519). However, this difference in
allele frequency did not impact on our results, Indeed,
we neither observed heterogeneity in the phenotype-
genotype relation across countries nor stratification
within any population. Previous studies reported
CYPI1B2 3447 allele frequencies of 45% [14] in
Caucasians and 64% [15] in Japanese.

Aldosterone synthase is a cytochrome P450 enzyme and
catalyzes the terminal steps in aldosterone biosynth-
eses. Chromosome 8 harbors the human gene. The -
344T polymorphism is located in an enhancer element,
which is also present in the genes of other adrenal
hydroxylases [16] and interacts with the regulatory
protein steroidogenic factor (SF-1) [17]. Several in vitro
studies addressed the possible functional role of
GYPI11BZ [17-20]. Preliminary gel-shift experiments
suggested that on a molar basis the € compared with
the T containing element bound SF-1 about four times
more effectively [18]. Subsequent transfection studies
of human adrenocortical cells showed that the C-3447T
locus is not essential for basal or regulated expression
of human CYP7/B2, apparently because the human
gene contains an additional SF-1 binding site closer to
the start of transcription [17,19]. However, these ex-
periments do not exclude a functional role of the -
3447 polymorphism, because CYPIIB2 is expressed in
cardiac [21] and vascular [5,21] tissue and because its
expression might be differentially regulated in steroido-
genic and non-steroidogenic tissues [20].

Within and across populations, we did not find any
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Values are adjusted means + SE. The significance of the genotype-by-sodium interaction (Py) was derived from a generalized estimating equations
(GEE) model, which included sodium excretion as a continuous variable and which accounted for clustering within families and significant covariates

(Table 3).

Table 5 QTDT analyses of peripheral and central augmentation indexes

Paripheral augmentation index

Central augmentation index

Number of offspring

Gene informative/all fi (25) ¥ P f (3b) i P
ACE

Orthogonal mode! 212/328 +1.7 1.51 0.22 +18 221 0.14

Allison's model 137/328 +24 0.77 0.37 +3.0 1.70 0.19
CYP11B2

Orthogonal model 216/328 +3.0 4,84 0.028 + 2.2 2,83 0.092

Allison's model 135/328 + 7.2 4.61 0.031 443 2.94 0.086

The orthogonal model accounted for between- and within-family components of phenolypic variability. The parameter estimate (f})

for the within-family variability component indicates the direction and size of the association when the ACE D allele or the
CYP1182 —344C allele were transmitted. Adjustments were similar as in Table 3. ACE, angiotensin-converting enzyme.

relation berween the urinary aldosterone excretion and
the CYPI11B2 C-344T polymorphism. Other studies on
the putative association between plasma or urinary
aldosterone and genetic variation in the CYP//B2 gene
produced inconsistent results. Indeed, they showed
higher plasma levels of aldosterone associated with the
—344C [22] or =3447T allele [23], higher urinary aldo-
sterone excretion in the presence of the -3447" allele
[24,25] and divergent results for blood pressure ana-
lyzed as a binary or continuous phenotype
[14,15,22,24-26]. In the light of our present findings,
the contradiction in the literature is not surprising,

because few studies accounted for sodium intake,
which is an important determinant of aldostcrone
production. We noticed a major interaction between
the CYPI1B2 C-344T polymorphism and sodium excre-
rion in relation to a vascular phenotype.

Arterial stiffness and the velocity and amplitude of
reflected arterial waves are the main determinants of
the peripheral and central augmentation indexes. In
keeping with current physiological concepts [27], we
found that the augmentation of systolic pressure was
significantly higher in the aorra compared with the

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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brachial artery, Wave reflections occur at sites of
changes of arterial impedance along the arterial tree,
such as branching points or atherosclerotic plaques.
However, in the present study, we adjusted the aug-
mentation indexes for body height and pulse rate, so
that to a large extent these phenotypes probably
reflected vascular stiffness rather than changes in the
localization of the reflection points. In keeping with our
present ohservations, some researchers reported a posi-
tive association of the CYPI1/B2 -344C allele with
arterial stiffness [22] or with the prevalence [15] or
incidence [26] of hypertension. However, the physiolo-
gical and molecular pathways via which this polymorph-
ism might impact on vascular stiffness remain to be
clucidated.

Blacher and coworkers noticed in hypertensive patients
(r=-0.497; P <0.01), but not normotensive subjects,
a close and inverse correlation between systemic arter-
ial compliance and the plasma aldosterone concentra-
tion [28]. The absence of a direct relation between
vascular stiffness and plasma aldosterone in our study
(P > 0.25) and other reports [26,28] might be explained
by the local generation of aldosterone in the endothe-
lium or in vascular smooth muscle cells [5]. Indeed, in
rats, the concentration of aldosterone in cardiac tissue
was 17-fold higher than in plasma [21].

We observed a significant interaction between the
CYPIIB2Z €-3441 polymorphism and sodium excretion,
analyzed as a continuous variable, in relation to the
peripheral and central augmentation of systolic blood
pressure. Previous studies demonstrated that in humans
a high salt intake is associated with increased arterial
stiffness and vascular and cardiac hypertrophy [29].
Furthermore, in normotensive Wistar—Kyoto rats, a high
salt diet (0.9% NaCl) stimulated the expression of
mRNA for CYP11B2 in the myocardium [30]. Sodium
loading activated local aldosterone synthesis with ele-
vated tissue levels of rhe steroid and produced cardiac
hypertrophy in the absence of a noticeable increase in
blood pressure [30]. Similarly, stroke-prone sponta-
neously hypertensive rats fed 0.9% NaCl in drinking
water, compared with the control group given tap
water, had increased expression of mRNA for CYP11B2
in the arterial wall, but lower levels of circulating
aldosterone [31]. Thus, an excessive salt intake might
contribute to increased arterial stiffness by inappropri-
ately sustaining the expression of the CYPI/B2 gene in
the arterial wall, despite a decrease of the angiotensin
IT and aldosterone levels in the blood.

Because plasma and rtissue levels of ACE increase with
the number of copies of the ACE D allele [3] and
because angiotensin II is a potent vasoconstrictor and
stimulates vascular growth, the hypothesis that the ACE
deletion polymorphism might be associated with in-

creased vascular stiffness is plausible. However, in
keeping with the contradictory results of previous stud-
ies [32,33], we did not observe such a relation. Our null
findings with respect to the ACE I/D polymorphism
might be due to the plasticity of the renin-angiotensin
system, as exemplified by the multiple pathways via
which angiotensin I can be generated, or to the
activation by angiotensin II of counter-regulatory hor-
monal or paracrinec mechanisms [4].

The present study has to be interpreted within the
context of its limitations and strengths. Onc 24-h urine
collection is insufficient to characterize an individual's
habitual sodium intake, but it does accurately reflect
the average salt consumption of groups of subjects [34].
We investigated the interaction between the CYPI/BZ
polymorphism and sodium excretion in relation to
augmentation of systolic pressure only in untreated
subjects, because many antihypertensive drugs, in
particular diuretics, influence renal sodium handling.
There was consistency between the population-based
and family-based statistical approaches and between
the results involving the central and peripheral aug-
mentation indexes. The latter was obtained directly
from the radial pulse wave and did not involve extra-
polation based on the transfer function implemented in
the SphygmoCor software.

In conclusion, our study suggests that a common variant
of the CYP//B2 gene, located in the promoter area,
may be involved in the pathophysiology of arterial
stiffness. However, sodium intake seems to modulate
this genetic effect.
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Epistatic interaction between «- and y-adducin influences
peripheral and central pulse pressures in white Europeans
Marcin Cwynar?, Jan A. Staessen®, Milena Ticha®, Tim Nawrot®,

Lorena Citterio®, Tatiana Kuznetsova®, Wiktoria Wojciechowska®, Katarzyna
Stolarz®, Jan Filipovsky®, Kalina Kawecka-Jaszcz®, Tomasz Grodzicki?,

Harry A. Struijker-Boudier', Lutgarde Thijs®, Luc M. Van Bortel® and Giuseppe
Bianchi on behalf of the European Project On Genes in Hypertension

(EPOGH) Investigators

Background Adducin is a membrane skeleton protein
consisting of - and B- or a- and vy-subunits, Mutations in
«- and B-adducin are associated with hypertension. In
the European Project on Genes In Hypertension, we
investigated whether polymorphisms in the genes encoding
a-adducin (Gly460Trp), B-adducin (C1797T) and y-adducin
(A3B6G), alone or in combination, affected puise pressure
(PP), an index of vascular stiffness.

Methods We measured peripheral and central PP by
conventional sphygmomanometry and applanation
tonometry, respectively. We randomly recruited 642
subjects (162 nuclear families and 70 unrelated individuals)
from three European populations. In muiltivariate analyses,
we used generalized estimating equations and the
quantitative transmission disequilibrium test.

Results Peripheral and central PP averaged 46.1 and

32.6 mmHg, respectively. Among carriers of the
w«-adducin Trp allele, peripheral and central PP were 5.8 and
4.7 mmHg higher in y-adducin GG homozygotes than in
their AA counterparts, due to an increase in systolic
pressure. y-Adducin GG homozygosity was associated with
lower urinary Na*/K™ ratio among

o-adducin Trp allele carriers and with higher urinary
aldosterone excretion among «-adducin GlyGly
homozygotes. Sensitivity analyses in founders and
offspring separately, and tests based on the transmission
of the y-adducin G allele across families, confirmed the
interaction between the a- and y-adducin genes.

Conclusions In c-adducin Trp allele carriers, peripheral and
central PP increased with the y-adducin G allele. This
epistatic interaction is physiologically consistent with the
heterodimeric structure of the protein and its influence

Introduction

Adducin is an ubiquitously expressed membrane-
skeleton protein, which consists of either a- and B- or
a- and +y-subunits, which to a large extent are similar in
amino acid sequence and domain organization [1]. Point
mutations of the a- and B-adducin subunits account for
up to 50% of the blood pressurc difference between
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Milan normotensive (MNS) and hypertensive (MHS)
rats [2]. Enhanced Na*,K*-ATPase activity [3,4] and
increased renal tubular sodium reabsorption [5] explain
the rise in blood pressure in MHS rats.

In previous studies, we demonstrated that human carriers
of the mutated a-adducin 460Trp allele are characterized
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by an increased risk of hypertension [6] and slight
impairment of renal function [7]. Additional observations
in Belgian [8] and other European populations [9] gave
rise to the hypothesis that the B-adducin C1797T
polymorphism might also be associated with hyperten-
sion, especially in post-menopausal women. Further-
more, the Gly460Trp polymorphism in the e-adducin
gene seems to confer a genetic background favouring
thickening of the intima—media of the femoral artery [10]
and influencing the distensibility of the large arteries

[11].

Pulsc pressure is an age-related index reflecting vascular
stiffness, the amplitude and velocity of reflected waves
and cardiac stroke volume [12]. In view of the evidence
outlined above [6-11], we investigated, in randomly
recruited participants of the European Project on Genes
in Hypertension (EPOGH), whether genetic variation in
the three adducin subunits, alone or in combination,
impacted on peripheral and central pulse pressures.
Our analysis accounted for salt intake, estimated from
the urinary excretion of sodium, and for other host and
environmental determinants of cardiovascular function.
In the context of this paper, epistasis refers to non-
additive gene—gene interactions.

Methods

Study population

The European Project on Genes in Hypertension
(EPOGH) was conducted according to the principles
outlined in the Helsinki Declaration for investigation
of human subjects [13]. The Ethics Committee of each
institution approved the protocol. Participants gave
informed written consent.

Three EPOGH centres opted to take part in vascular
phenotyping. They randomly recruited nuclear families
of Caucasian extraction, including offspring with a mini-
mum age of 10 years in Belgium and 18 years in the two
other countries. Overall, the response rate was 82%. Of
870 participants recruited in Cracow (Poland, # = 302),
Hechtel-Eksel (Belgium, # = 380) and Pilsen (Czech
Republic, #»=188), we discarded 17 from analysis
because the recorded pulse wave was of insufficient
quality, and 26 because of missing genotypes. In addition,
we detected nine cases of inconsistency in Mendelian
segregation. The Belgian sample included seven
extended families spanning more than two generations.
Because there is no generally agreed algorithm to con-
struct the variance—covariance matrix for correlated data
within extended pedigrees using generalized estimating
equations (see below), we selected from each complex
family the most informative nuclear unit wich the largest
number of phenotypes and genotypes. This procedure
removed 176 Belgian subjects from our analyses. Thus,
the overall number of participants analysed statistically
toralled 642.

Phenotypes and genotypes

After subjects had rested for 15 min, four observers (one
in Belgium, onc in the Czech Republic and two in
Poland), recorded the radial arterial waveform at the
dominant arm by applanation tonometry for 8 s, We used
a high-fidelity SPC-301 micromanometer (Millar Instru-
ments, Inc,, Houston, Texas, USA) interfaced with a
laptop computer running the SphygmoCor software,
version 6.31 (AtCor Medical Pry Ltd, West Ryde, New
South Wales, Australia). We discarded recordings when
the systolic or diastolic variability of consecutive wave-
forms exceeded 5%, or when the amplitude of the pulse
wave signal was less than 80 mV. We calibrated the pulse
wave by measuring blood pressure in the contralateral
arm immediately before the recordings. From the radial
signal, the SphygmoCor software calculates the aortic
pulse wave by means of a population-based and validated
transfer function [14]. For statistical analysis, we used
the average of the central waveforms over the 8-s
measurement period. The blood pressure phenotype
was the average of five consecutive readings obtained
at one home visit. Peripheral and central pulse pressures
were defined as the differences berween systolic and
diastolic blood pressure, derived from the brachial
blood pressure measured at the subjects’ homes and
from the aortic pulse wave, respectively. From the home
readings, we calculated mean arterial pressure as diastolic
pressure plus one-third of pulse pressure. We defined
hypertension as a blood pressure of at least 140 mmHg
systolic or 90 mmHg diastolic, or as the use of anti-
hypertensive drugs. The observers involved in phenotyp-
ing were unaware of the subjects’ genotype.

We administered a standardized questionnaire to obrain
information on each subject’s medical history, smoking
and drinking habits and use of medications. The parti-
cipants collected a 24-h urine sample in a wide-neck
plastic container, for the mcasurement of sodium, potas-
sium, creatinine and aldosterone. The participants did
not receive any prior advice with regard to their salt
intake. One 24-h urine collection might be insuffi-
cient to characterize an individual’s habitual sodium
intake, but it does accurately reflect the average salt
consumption of groups of subjects [15]. For statistical
analysis of the urinary phenotypes, we excluded 23
subjects because, according to published criteria [16],
their urine samples were under- or overcollected or
because they were on antihypertensive treatment

(n =123).

Blood was sampled in ACD buffer and stored at —80°C.
DNA was cxtracted according to standard methods.
Genotyping was carried out on an ABI Prism 7700
Sequence Detection System (Applied Biosystems Inc.,
Foster City, California, USA) using a 5 nuclease dectec-
tion assay. Primers and probes for the o-adducin
Gly460Trp (rs4961 dbSNP) and the PB-adducin



C1797T (rs4984 dbSNP) polymorphisms have been
described previously [6,9].

For ~y-adducin (rs3731566 dbSNP), the forward and
reverse primers were 5-TGGAGGTGGGAATTGAAG-
AGA-3 and 5-CCCGAATCTGAATTGAAAAACAA-Y,
respectively. The A and G probes were S’FAM-TGTCA-
AATAGTAAGCTTTT-MGB-3' and 5'VIC-TGTCAA-
GTAGTAAGCTTT-MGB-3'. Each 25 p.l of polymerase
chain reaction (PCR) fluid contained: 50 ng genomic
DNA, 1200 nmol/l primers, 400 nmol/l FAM-probe and
120 nmol/l VIC-probe. The amplification conditions
were: 50°C for 2 min; 95°C for 10 min; followed by 42
cycles at 92°C for 15 s and at 60°C for 1 min.

Statistical methods

Database management and most statistical analyses were
performed with SAS software version 8.1 (SAS Institute
Inc., Cary, North Carolina, USA). Population means and
proportions were compared by Tukey’s multiple means
test and the x? statistic with Bonferroni’s adjustment for
multiple comparisons, respectively, If Shapiro-Wilk's
statistic showed significant departure from normality,
we analysed logarithmically transformed variables. We
searched for possible covariates of the pulse pressures,
using stepwise multiple regression with the P value for
independent variables to enter and to stay in the model
sct at 0.10.

In a population-based approach, we tested the association
of continuous traits with the genotypes of interest by use
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of generalized estimating equations (GEE). This
approach allows adjustment for covariates as well as for
the non-independence of observations within families
[17]. In GEE, we also tested for heterogeneity across
populations, using appropriate interaction terms with the
genotypes. Furthermore, in family-based analyses, we
performed a transmission disequilibrium test for quanti-
tative traits (QTDT). We cvaluated the within- and
between-family components of phenotypic variance,
using the orthogonal model as implemented by Abecasis
etal. [18] in the QTDT software, version 2.3 (htep:/fwww/
sph.umich.edu/cgs/abecasis/QTDT/download).

Results

Characteristics of the participants

Table 1 gives the characteristics of participants by coun-
try. Overall, the study population included 572 subjects
from 162 nuclear families and 70 unrelated individuals.
Mean (£SD) age of the 303 founders and 339 offspring
was 51,8 & 8.6 years and 30.0 & 10.7 years, respectively.
The number of sibs per nuclear family amounted to 1 in
30 families, 2 in 110 families, and ranged from 3 to 8 in 22
families. The Belgian participants were older than the
Slavic subjects. Compared to Polish subjects, fewer
Belgians were on antihypertensive drug treatment. Czechs
more frequently reported regular alcohol intake (>5 g/day)
than Belgians and Polish subjects. Urinary sodium
excretion was on average 48 mmol/day and 32 mmol/day
higher in Poland than in Belgium and the Czech
Republic, respectively. The urinary aldosterone excretion
was lowest in Poland. Figure 1 shows thc sex- and

Table 1 Characteristics of the study particlpants by country
Belgium Czech Republic Poland
Number 194 162 286
Anthropometric characlerist
Age (years) 46,7 + 146 38.0+ 136" 373+ 139"
Female gender (9b) 66.7 54.3 53.9
Body mass index (kgn'rn’) 268+ 41 2624+ 4.7 264+49
Peripheral pulse pressure (mmHg)* 46.7 +10.7 450+ 103 464 £ 8.4
Central pulse pressure (mmHg) 344 £03 203 +9,1° 334 £ 107"
Systolic pressure (mmHg)" 123.4 £ 16.2 122.6 + 16.8 126.7 + 163
Diastofic pressure (mmHg)* 76.7 £ 10,9 776 104 703+ 104"
Pulse rata (beats/min) 62.7+04 67.1 +9.8" 734 £ 114
Questionnaire dala
Hypertensives (36)® 20.4 20,0 300
Antihyperiensive treatment (%) 13.4 204 29.7*
Current smokera (%) 20.4 253 27.3
Alcohol intake > 6 g/day (%) 28.4 432" 18.9"
Urinary measurements®
Volume (I/day) 1.69 £ 0.74 1.92 £ 0.74" 1.47 + 0.65"
Sodium {mmol/day) 197 £ 66 213+89 245 + 89"
Potassium (mmol/day) 70+ 28 62 + 26" 64 + 23"
Na*/K* ratio {units) 30+ 1.0 36+ 14" 4.1 +14Y
Aldosterone (nmol/day) 21.0 (18,8 - 23.4) 18.0 (16.0 - 20.0) 10.4 (8.4 — 12.4)
Creatinine (mmo!/day) 108 + 3.6 14.0 £ 4.2" 12.0 +4.2%

Values are arithmetic means + SD, geometric means (85% confidence interval) or the percentage of subjects. P values for the between-country differences were adjusted
for multiple comparisons by Tukey's test (means) or Bonferroni's method (proportions). "P < 0.05 versus Belgium; ¥P < 0.05 versus the Czech Republic. *Average of five
measurements oblained at one home visit; "We defined hypertension as a blood pressure of at least 140 mmHg systolic or 80 mmHg diastofic or as the use of
antihypertensive drugs; “The number of subjects with a 24-h urine collection was 166 in Belgium, 112 in the Czech Republic and 218 in Poland.
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age-dependency of the peripheral and central pulse
pressures which, in the whole study population, averaged
46.1 £ 10.1 and 32.6 £ 10.1 mmHg, respectively.

Stepwise multiple regression demonstrated that periph-
eral pulse pressure significantly and independently
increased with male gender (regression coefficient
[B] = SE; 2.22 £ 0.84 mmHg; P = 0.008), mean arterial
pressure (0.17 £ 0.04 mmHg/mmHg; P =0.0001) and
that it was higher in patients on antihypertensive treat-
ment (3.25 £ 1.10 mmHg; P = 0.003). Peripheral pulse
pressure also tended to increase with current smoking
(1.54 £ 0.86 mmHg; P=0.08) and to decrease with
pulse rate (—0.07 & 0.04 mmHg/beat; P = 0.07). Central
pulse pressurc increased with age (0.25 & 0.03 mmHg/
year; P =0.0001), mean arterial pressure (0.23 +

0.03 mmHg/mmHg; P =0.0001) and current smoking
(1.78 £ 0.71 mmHg; P = 0.01), whereas it decreased with
male gender (—2.20 = 0.69 mmHg; P = 0.002), pulse rate
(—0.22 £ 0.03 mmHg/beat; P = 0.0001) and regular alco-
hol intake (—2.00 £ 0.79 mmHg; P = 0.01). We adjusted
the population-based and family-based analyses of pulsc
pressures for all aforementioned covariates as well as for
country (peripheral pulse pressure) or observer (central
pulse pressure).

In all countries, aldosterone excretion adjusted for sex
and age was closely correlated with urinary sodium and
potassium. With additional adjustment for country, the
overall partial correlation coefficients were —0.11 for
sodium, 0.28 for potassium and —0.37 for the Nat/K¥
ratio (P < 0.01, for all). In the population-based and

Table 2 Genotype and allele frequencles by country ordered according to the prevalence of the major allele

Gene Country Allele Genotype

a-Adducin Gly Trp GlyGly GlyTrp TrpTrp
Belgium 283 (72.0) 106 (27.1) 106 (54.6) 71 (36.6) 17 (8.8)
Czech Republic 268 (70.6) 66 (20.4) 102 (63.0) 54 (33.3) 6 (3.7)
Poland 481 (84.1) 01 (16.8) 199 (60.8) B3 (29.0) 4 (1.4)

B-Adducin c L} cC cT 1T
Czech Republic 271 (83.6) 63 (16.4) 112 (69.1) 47 (290.0) 3(1.9)
Belgium 347 (80.4) 41 (10.6) 166 (80.4) 36 (18.0) 3(1.8)
Poland 614 (80.9) 68 (10.1) 232 (81.1) 50 (17.5) 4(1.4)

y-Adducin A G AA AG GG
Czech Republic 174 (63.7) 160 (46.3) 60 (30.0) 74 (45.7) 38 (23.5)
Belgium 216 (66.7) 172 (44.3) 69 (35.6) 78 (40.2) 47 (24.2)
Poland 322 (66.3) 250 (43.7) 90 (31.6) 142 (49.7) 54 (18.9)

Values indicate number of alleles or genotypes (3b). Braces join countries with similar allels frequencies.
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Table 3 Peripheral and central pulse pr by genotypes
Polymorphism Pulss pressures Number Adjusted means + SE P
a-adducin Gly460Trp GlyGly/GlyTrp + TrpTrp GlyGly GlyTrp + TrpTrp
Peripheral 407/236 464+ 056 45.7 £ 0.7 0.407
Central 407/236 323+04 326+ 06 0.69%
P-adducin C1707T CCICT+TT cc CT+TT
Peripheral 600/142 4698+ 05 47.1 £ 0.9 0.24!
Central 600/142 322+ 04 332+ 0.7 0.24!
y-adducin A3B6G AAIAGIGG AA AG GG
Peripheral 209/284/138 458+ 0.7 46,0+ 06 471 £09 0.48'
Central 209/284/138 323406 323+04 33.0+ 06 0.34}

Pulse pressures were adjusted for sex, age, pulse rate, mean blood pressure, current smoking, alcohol intake, antihypertensive treatment and country (peripheral pulse
pressure) or observer (central pulse pressure). P values were derived by GEE. *, For comparison between GlyGly versus GlyTrp + TrpTrp; !, for comparison between CC

versus CT + TT; !, for comparison across the y-adducin genotypes.

family-based analyses involving urinary phenotypes in
untreated subjects (# = 496), we adjusted for country,
sex, age, body mass index, alcohol intake and, in women,
also for the use of oral contraceptives. The adjustment of
urinary aldosterone additionally accounted for sodium
and porassium excretion.

The within-country frequencies of the genotypes
(Table 2) complied with Hardy-Weinberg equilibrium
(0.07 < P £0.91). The genorype and allele frequencies
were similar across countries for the wy-adducin gene.
In Belgium and the Czech Republic, respectively, the
a-adducin Trp allele and the B-adducin T allele were
more prevalent than in the other countries.

Population-based association study

Because across centres there was no heterogeneity in the
phenotype-genotype relations (0.06 < P <0.99), we
combined all countries, Furthermore, for none of the
phenotype—genotype associations, did we find significant
interactions with gender (0.28 <P <096), age
(0.36 < P < 0.99) or generation (parents versus offspring;
0.52 < P <0.88).

In single-genc analyses involving all subjects (Table 3),
founders (0.29 < P < 0.86) or offspring (0.29 < P £ 0.92),
the GEE approach did not reveal any significant associa-

tion between peripheral or central pulse pressure and the
three adducin polymorphisms. This was also the case for
the urinary excretion of sodium, potassium and aldoster-
one (0.06 < P < 0.98). However, multiple-gene analyses
demonstrated significant interactions between the o-
and +y-adducin genotypes in relation to the peripheral
and central pulse pressures, the urinary Na*/K* ratio and
aldosterone excretion (Table 4). Among ai-adducin GlyGly
homozygotes, the aldosterone excretion decreased with
the number of y-adducin G alleles (Table 4). This trend
explained the overall borderline significant interaction
berween a- and y-adducin in relation to urinary aldoster-
one. Among carricrs of the a-adducin Trp allele, the
peripheral and central pulse pressures were 5.8 mmHg
[95% confidence interval (CI) 2.3-9.3; P = 0.001] and
4,7 mmHg (CI 2.0-7.4; P = 0.0002) higher in y-adducin
GG homozygotes than in their AA counterparts. These
genctic effects on pulse pressure were due to increases in
systolic pressure, averaging 5.0 mmHg (CI 2.9-7.1;
P=0,02) peripherally and 4.9 mmHg (CI 3.3-6.5;
P =0.002) centrally. Furthermore, among a-adducin
Trp carriers, the urinary Na®/K* ratio was 0.8 units
(CI 0.4-1.2; P=0.004) lower in y-adducin GG homo-
zygotes than in A-allele carriers. In a-adducin GlyGly
homozygotes, the y-adducin polymorphism influenced
neither peripheral nor central pulse pressures nor the

urinary Na™/K* ratio (Table 4).

Table 4 Pulse pressures and urinary phenotypes by a- and y-adducin genotypes

Pulse pressures Urinary phenotypes
Peripheral Central Na'/K" ratio Aldosterone excretion

aly-Adducin genotypes Number  Mean + SE Peu Mean + SE P Number  Mean + SE Pea Mean (85% Cl) Pry
GlyGly/AA 137 469+ 09 328+0.7 103 3601 18.1 (16.6-20.7)
GlyGl/AG 178 46.2 £ 0.7 324106 120 3.7+041 14.1 (12.3-16.1)
GlyGlyIGG 82 469 + 1.1 316+0.7 77 3.6+0.1 125 (10.4-14.9)

GlyTrp + TrpTrplAA 72 436+1.41 314409 65 4202 14.0 (11.,7-16.8)

GlyTip + TrpTiplAG 116 46.7 £ 08 321 +£07 92 34401 14.4 (12.6-16.5)

GlyTip + TrpTiplGG 47 494+ 14 0.02 361+ 1.1 0.004 40 34+ 01 0.004 16.2 (12.1-18.0) 0.06

Pulse pressures were adjusted as in Table 3. Unnary phenotypes in 486 untrealed subjects were adjusted for counlry, sex, age, body mass index, alcohal intake and, in

women, also for the use of oral contracep 1t of urinary ald:

additionally accounted for sodium and polassium excretion. Py, is the probability of the
interaction between a- and y-adducin. Braces join trios of means which are similar.
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Sensitivity analyses in founders and offspring separately,
confirmed the associations of peripheral and central pulse
pressures (Fig. 2) and the urinary Na*/K™ ratio (Fig. 2)
with the y-adducin polymorphism in the presence of the
mutated a-adducin Trp allele. There was no significant
interaction between a- and B-adducin in relation to any
of the aforementioned phenotypes (0.10 < P £ 0.99).
Furthermore, in all subjects combined, the results for
pulse pressure remained consistent if we additionally
adjusted for hypertension status, irrespective of whether
we kept mean arterial pressure in the model.

Family-based association study

Abccasis’ orthogonal model did not reveal population
stratification in any country (0.07 < P <0.95). In all
informative offspring, none of the aforementioned phe-
notypes was significantly associated with the transmission
of the a-adducin Trp allele (P > 0.22), the B-adducin T
allele (P > 0.14) or the y-adducin G allele (P > 0.07).

However, in offspring carrying the murated a-adducin
Trp allele, transmission of the +y-adducin G allele was
associated with significant increases in peripheral pulse
pressure (Table 5) and systolic pressure measured at the

Table 5 Assoclation between phenotypes and transmission of the
v-adducin G allele to offspring carrying the a-adducin Trp allele

Statistical parameters

Number of offspring

Phenotypes (informative/all) B Unils X P
Pulss pressures

Peripheral 83/128 +4.6 mmHg 8.76 0.006

Central 83/128 +2.2 mmHg 2.70 0.10
Urinary phenotypes

Na™/K™ ratio 75/115 -0.6 units 536 0.02

Aldosterone excretion 76/116 +9.6 9 change 033 056

The orthogonal medel accounted for between- and within-family components of
phenotypic variability. The parameter estimate (B) for the within-family variability
component indicates the direction and size of the association when the y-adducin
G allele was transmilted. For adjustments of the pulse pressures and the urinary
phenotypes, see Tables 3 and 4, respectively.



level of the brachial artery (effect size + 5.0 mmHg;
xz =09.23; P =0.002) with a similar, but non-significant
trend in central pulse pressure (Table 5). Furchermore,
among carriers of the a-adducin Trp allele, transmission
of the y-adducin G allele was associated with a decrease
in the urinary Na*/K* ratio (Table 5), while among
GlyGly homozygotes G allele transmission was associated
with a slight decrease in the aldosterone excretion (effect
size —17.4%; x* = 3.28; P = 0.07).

Discussion

The key finding of our study was an epistatic interaction
between the a- and y-adducin genes, which in three
European populations of Caucasian extraction impacted
on pulse pressure and the relative concentrations of
sodium and potassium in urine. Indeed, the y-adducin
G allele was associated with higher peripheral and central
pulse pressures and lower urinary Na*/K* ratio in a-
adducin Trp allele carriers, and with lower aldosterone
excretion in a-adducin GlyGly homozygotes. These find-
ings emerged from a population-based association study.
Sensitivity analyses in founders and offspring separately
and a family-based QTDT approach subsequently con-
firmed these relations.

Adducin is a heterodimeric cytoskeleton protein and
consists of subunits that share a similar structure, but
are translated from three different genes [1]. ADD1 (a),
ADD2 (B) and ADD3 (y) map to 4pl6.3, 2p13-pl4,
and 10q24.2—-q24.3, respectively [1,19]. The «- and
v-subunits are constituents of cell membranes at the
actin—spectrin junctions across all tissues, whereas
cxpression of the B-subunit occurs mainly in the brain
and erythropoietic organs [1]. Thus, our present findings
subscribe to what is known from a molecular point of view.

Previous studies in populations and patients demon-
strated that the a-adducin Gly460Trp polymorphism,
alone or in combination with variation in the genes
encoding B-adducin [8], angiotensin-converting enzyme
or aldosterone synthase, influences the prevalence and
incidence of hypertension [6], the serum creatinine con-
centration [7], proteinuria [7], intima—media thickness of
the femoral artery [10], distensibility of the large arteries
[11] and the risk of cardiovascular events [20]. On the
other hand, other researchers [21-24], mostly in single-
gene studies, failed to demonstrate an association
between blood pressure analysed as a continuous or
dichotomous trait and the a-adducin polymorphism.

The mechanisms underlying our present observations,
which link peripheral and central pulse pressures with
changes in the urinary Na™/K™ ratioand aldosterone excre-
tion, remain to be elucidated. However, based on current
knowledge, several pathophysiological pathways might be
implicated. First, investigations in rats [2], iz vitro transfec-
tion studies [3], dietary [25] and pharmacological [26]
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interventions in hypertensive patients, and epidemio-
logical studies [6—8] revealed a coherent sequence of
events leading from a point muration in the a-adducin
subunit to a cellular dysfunction characterized by higher
activity of the sodium pump [3], hence increased tubular
sodium reabsorption in the kidney [27], and ultimately
hypertension [6]. In keeping with this body of evidence,
we found that the increasc in pulse pressure was due to an
elevation in systolic pressure without decrease in diastolic
pressure. From a haemodynamic point of view, these
findings suggested that, in addition to systolic blood
pressure, also mean blood pressure was elevated, either
due to an increase in stroke volume, peripheral resistance
or both factors. Analysis of our darta confirmed the eleva-
tion of mean blood pressure (data not shown) with the -
adducin G allele in a-adducin Trp carricrs.

Furthermore, it is conceivable that the constitutive acti-
vation of the sodium pump in a-adducin Trp allele
carriers not only occurs in renal tubular cells, but that
it might also be present in vascular smooth muscle cells or
adrenal glomerulosa cells, The carboxy-terminal region
of the adducin subunits contains the binding site for
calmodulin and is required for the interaction with spee-
trin and actin [1]. In vascular myocytes, enhanced
Na*,K*-ATPase activity might reduce the sarcolemmal
Na*/Ca®* exchange and, through calcium-dependent
pathways, modulate exciration—contraction coupling
and the expression of growth-related genes [28]. A similar
mechanism mightalso apply to adrenal glomerulosa cells.
Indeed, potassium stimulates the secretion of aldosterone
via depolarization of the cell membrane, which activates
voltage-dependent calcium channels [29]. Via activation
of the Na*,K™-ATPasc activity, murations in the adducin
genes might influence the cytosolic calcium concentra-
tion in adrenal cells and interfere with the regulation of
the aldosterone biosynthesis [30].

Dependent on the a-adducin genotype, we noticed dis-
sociation between the urinary Na®/K* ratio and the
aldosterone excretion. Indeed, in wa-adducin GlyGly
homozygotes, the urinary Na*/K™ ratio was similar across
the y-adducin genotypes, whereas aldosterone excretion
was 31% lower in GG than AA homozygotes. Conversely,
with the murtated a-adducin Trp allele in the back-
ground, the urinary Na*/K* ratio was 19% lower in y-
adducin G allele carriers than in AA homozygotes, with
no significant differences in the aldosterone excretion.
The observation, that in young as well as older rats y-
adducin is expressed in the adrenal gland at higher
concentrations than in most other tissues, is likely to
be relevant to our present findings [31]. In addition to the
adrenal aldosterone biosynthesis, adducin might also
affect other regulators and hormones underlying the
urinary Na™/K* ratio. For instance, in renal tubular cells,
the serine—threonine kinase WNK4 acts as a molecular
switch of various ion transporters, which can vary the
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balance between NaCl reabsorption and K* secretion
[32]. Although in the distal nephron the electrogenic
epithelial sodium channel provides the driving force
for K* secretion [33], changes in Na* K*-ATPasc
activity duc to mutations in adducin might also impact
on transepithelial ion transport. Furthermore, we pre-
viously demonstrated that, in the population at large, the
plasma concentration of endogenous ouabain, a steroid
hormone released from the adrenal gland and possibly
from the hypothalamus [34], increases with the number
of mutated a-adducin Trp alleles [35]. At very low
concentrations within the nanomolar range, endogenous
ouabain may enlarge the membrane pool of active sodium
pumps [36] and activate mediators of cell growth [28,34].
To what extent the aforementioned pathways might
increase pulse pressure, either via renally mediated
effects on the circulating plasma volume and cardiac
output or via structural or functional alterations in the
vasculature, must be further clarified.

The present study has to be interpreted within the
context of its limitations and strengths. We measured
.only one single nucleotide polymorphism per gene and
we may therefore have underestimated the full functional
impact of the adducin genes on pulse pressures. We did
not measure the intermediate phenotypes, which might
link pulse pressure with changes in sodium and potas-
sium homeostasis, such as the plasma concentration of
endogenous ouabain. Because of this, our pathophysio-
logical interpretations should be considered as hypoth-
esis-generating and should withstand the test of
confirmatory evidence and experimental investigation.
Peripheral and central pulse pressures are quantitative
traits, which arise through complex interaction between
multiple genes and environmental factors and are prone
to measurement error. In the present study, only four
experienced observers performed all measurements of
central pulsc pressurc, with high intra-observer intra-
session reproducibility, We derived the peripheral pulse
pressure from five conventional blood pressure readings
at the subjects’ homes, for which a quality assurance and
quality control programme was implemented across all
EPOGH centres, with sarisfactory results [37]. More
importantly, the peripheral and central pulse pressures
were measured on different occasions with different
techniques, but nevertheless both phenotypes were con-
sistently influenced by the polymorphisms in the a- and
y-adducin genes. There was also a high degree of internal
consistency between the results of the population-based
and family-based analyses, which started from divergent
assumptions with implementation of different staristical
algorithms, and between the findings within each country
(data not shown) and in the whole study sample. The
QTDT approach is not sensitive to population stratifica-
tion or admixture. Our findings can also be readily gen-
eralized, because we recruited population samples
randomly in three different European countries.

In conclusion, in camiers of the murated a-adducin Trp
allele, peripheral and central pulse pressures increase with
the y-adducin G allele. This epistatic interaction is phy-
siologically consistent with the heterodimeric structure of
the cytoskeleton protein adducin. The underlying mole-
cular mechanisms remain to be elucidated, but might
involve dysregulation of transmembranous active sodium
transport [3,4] at cthe renal, adrenal or systemic level.
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Arterial Characteristics in
Normotensive Offspring of Parents
With or Without a History of Hypertension

Jitka KuCerova, Jan Filipovsky, Jan A. Staessen,

Marcin Cwynar, Wiktoria Wojciechowska, Katarzyna Stolarz,
Tatiana Kuznetsova, Jerzy Gasowski, Milena DolejSova,
Tomasz Grodzicki, Kalina Kawecka-Jaszcz, and Robert Fagard

Background: In this study we compared the arterial
characteristics and blood pressure (BP) of normotensive
offspring of two normotensive parents (OFF/NT) and nor-
motensive olfspring who had at least one hypertensive
parent (OFF/HT).

Methods: A total of 174 OFF/HT (17 to 40 years of
age) and 59 OFF/NT (16 to 34 years) were recruited in
Cracow, Poland (n = 138) and Pilsen, Czech Republic
(n = 95). Peripheral pulse pressure (PPp) was determined
from conventional and 24-h ambulatory BP. A Sphygmo-
Cor device was used to measure the central (CAIx) and
peripheral (PAlx) systolic augmentation indexes, central
pulse pressure (PPc), and the aortic pulse wave velocity
(PWV). In multivariate analyses family clusters and sig-
nificant covariates were accounted for.

Results: The OFF/HT had higher (.14 < P < .0007)
conventional BP and PPp on conventional BP measure-
ment (121/75 v 114/71 mm Hg and 46 v 42 mm Hg) as

well as on 24-h ambulatory monitoring (118/70 v 114/67
mm Hg and 48 v 47 mm Hg). OFF/HT, compared with
OFF/NT, also had higher (.05 < P < .0008) PPc (28 v 26
mm Hg), PAIx (54.7% v 44.9%), CAIx (108.8% v 99.8%),
and PWYV (7.4 v 6.6 m/sec). However, complex adjustment
including mean arterial pressure and age removed the
differences between the offspring in the PAIx, CAlx, and
PWV.

Conclusions: Large-artery properties are altered in
OFF/HT compared with OFF/NT. The findings from this
cross-sectional study suggest that the alterations in arterial
function in subjects with a family history of hypertension
are determined mainly by an increased BP and age-related
hemodynamic changes. Am J Hypertens 2006;19:
264-269 © 2006 American Journal of Hypertension, Ltd.

Key Words: Hypertension, augmentation index, pulse
wave velocity, offspring.

fispring of hypertensive parents have higher
0 blood pressure (BP) and increased stiffness of the

carotid artery compared with offspring of normo-
tensive parents.' Pulse wave analysis, as implemented by
O’Rourke and Gallagher using a SphygmoCor device,”
provides a simple and reproducible method to assess var-
ious indexes of arteriul stiffness, including the peripheral

and central augmentation indexes and aortic pulse wave
velocity. To our knowledge only one study based on the
SphygmoCor technique® reported an increased augmenta-
tion index, but not higher brachial pulse wave velocity, in
offspring of hypertensive compared with normotensive
parents. The goal of the present study was to compare the
above-mentioned indexes of arterial stiffness as well as
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conventional and ambulatory BP among offspring with a
different family history of hypertension.

Methods
Study Population

The European Project on Genes in Hypertension

(EPOGH) was ethically approved and conducted accord-

ing to the principles outlined in the Helsinki declaration

for investigations in human subjects.* Participants gave
_informed writlen consent.

Two EPOGH centers (Cracow, Poland, and Pilsen, the
Czech Republic) opted to take part in vascular phenotyp-
ing using the SphygmoCor device. They randomly re-
cruited nuclear families of white ethnicity, including
offspring with a minimum age of 16 years and parents with
a maximum age of 68 years. Overall, the response rate was
82%. Of the 482 participants recruited in Cracow (n =
299) or Pilsen (n = 183), we eliminated 80 subjects from
analysis because the recorded pulse wave was of insuffi-
cient quality (n = 15), because offspring were hyperten-
sive (n = 12), or because of missing information
concerning the hypertensive or normotensive status of
parents (n = 53). Among the offspring of hypertensive
parents, 25 subjects had both parents who were hyperten-
sive. In those families considered as normotensive, both
parents were required to have normal BP according to the
2003 criteria of the European Society of Hypertension.’
Thus the overall number of participants who were statis-
tically analyzed totaled 402, of whom 233 were offspring.
All measurements of BP and arterial parameters were
completed in all participants,

Measurements of BP

The conventional BP phenotype in parents and offspring
was the average of five consecutive readings obtained at
one home visit. Hypertension was defined as a conven-
tional systolic BP of =140 mm Hg, diastolic BP of >90
mm Hg, or use of antihypertensive medication.” We pro-
grammed oscillometric and properly validated 90202 or
90207 SpaceLabs monitors (Redmond, WA) to obtain BP
readings at intervals of 20 min from 8 am until 10 pm and
at 45 min from 10 pm to 8 am. We monitored the ambu-
latory BP within 1 week of the home visit. From unedited
recordings, we calculated the average over 24-h BP with
weights according to the time intervals between successive
readings. From the conventional and 24-h ambulatory BP,
we derived peripheral pulse pressure as the difference
between systolic and diastolic BP,

Measurements of Arterial Properties

All arterial measurements were performed in the clinic.
After the subjects had rested for 15 min we recorded,
during an 8-sec period, the radial arterial waveform at
the dominant arm by applanation tonometry. We used a
high-fidelity SPC-301 micromanometer (Millar Instru-

ARTERIAL CHARACTERISTICS AND PARENTAL HISTORY OF HYPERTENSION 265

ments, Inc., Houston, TX) interfaced with a laptop
computer running SphygmoCor software, version 6.31
(AtCor Medical Pty. Ltd., West Ryde, New South
Wales, Australia). We discarded recordings when the
systolic or diastolic variability of consecutive wave-
forms was >10% or when the amplitude of the pulse
wave signal was <80 mV. The pulse wave was cali-
brated by measuring BP at the contralateral arm imme-
diately before the recordings. From this BP reading, we
calculated mean arterial pressure as diastolic pressure
plus one third of pulse pressure.

From the radial signal the SphygmoCor software derives
the aortic pulse wave by means of a validated generalized
transfer function.®” The radial augmentation index was de-
fined as the ratio of the second to the first peak of the pressure
wave expressed as a percentage. The aortic augmentation
index was the difference between the second and first systolic
peak given as a percentage of the aortic pulse pressure. From
the aortic pulse wave we derived central pulse pressure. For
statistical analysis, the average of the peripheral and cen-
tral waveforms over the 8-sec measurement period was
used.

Aortic pulse wave velocity was measured by sequential
recordings of the arterial pressure wave at the carotid and
femoral arteries and by measurement of the distance from
the carotid sampling site to the suprasternal notch and
from the suprasternal notch to the femoral sampling site.
Aortic pulse wave velocity was calculated as the ratio of
the distance (in meters) to the transit time (in seconds).

Other Measurements

A standardized questionnaire was administered to obtain
information on each subject’s medical history, smoking
and drinking habits and use of medications. After the
subject had fasted overnight, a venous blood sample was
collected for measurement of blood glucose and serum
lipids by means of standardized automated methods.

Statistical Methods

For database management and statistical analysis SAS
software version 9.1 (SAS Institute Inc., Cary, NC) was
used. Means and proportions were compared by the Stu-
dent 1 test and the y” statistic, respectively. Possible co-
variates of the phenotypes were searched for with the use
of stepwise multiple regressions. Those covariates with P
values < .15 were used for further analysis. The PROC
MIXED procedure of the SAS package® was used to
account for the nonindependence of observation within
families while adjusting for covariates including study
center, sex, age, body height, pulse rate and mean arterial
pressure (taken immediately before arterial measure-
ments), current smoking, regular alcohol intake (>3
g/day), and serum total cholesterol, as appropriate.
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Table 1. General characteristics of offspring in study

Normotensive Hypertensive
Characteristic parents parents* P
Number of offspring 59 174
Anthropometrics
Age (y) 23.0 = 3.9 25.5 + 5.4 .001
Female gender (%) 32 (54.2) 87 (50) .58
Body height (cm) 172.0 + 7.7 172.0 = 9.3 .93
Body weight (kg) 66.1 = 11.0 70.5 + 14.8 .04
Body mass index (kg/m?) 222+29 23.7 £ 4.0 .01
Lifestyle
Current smoker, n (%) 15 (25.4) 41 (23.6) 27
Alcohol intake >5g/day, n (%) 32 (54.2) 79 (45.4) .24
Biochemistry
Blood glucose (mmol/L) 4.6 + 0.8 4.7 £ 0.8 .84
Serum total cholesterol (mmol/L) 4,6 + 1.0 4.7+ 1.0 .61
Serum HDL cholesterol (mmol/L) 1.6 £0,3 1.6 04 41

Values are arithmetic mean + SD or percentage of subjects. P values refer to the comparison of offspring of normotensive and hypertensive

parents. HDL = high-density lipoprotein.

* Hypertension was based on blood pressure measured at home (average of five readings) of =140 mm Hg systolic or =90 mm Hg

diastolic or use of antihypertensive drugs.

Results
Characteristics of Participants

The overall study population included 233 offspring from
123 nuclear fumilies. The number of siblings per family
was one sibling in 22 families, two in 94 families, three in
six families, and five in one family. Table 1 lists the
general characteristics of the offspring according to pres-
ence or absence of parental hypertension. Offspring of
hypertensive parents compared with offspring of normo-
tensive parents were on average 2.5 years older and 4.4 kg
heavier, with body mass index 1.5 kg/m? higher. Other-
wise there were no differences in lifestyle and biochemical
measurements between the two groups of offspring.
Hypertensive parents (n = 110; 60% women) com-
pared with normotensive parents (n = 59; 52.5% women)
were slightly older (51.9 v 48.7 years; P < .0001) and had
higher mean values of body mass index (29.6 v 26.5
kg/m*; P < .0001), systolic and diastolic BP (144 v 121
mm He and 90 v 78 mm Hg; P < .0001), peripheral and
central augmentation indexes (87.3 v 76.2% and 144.2 v
132.7%; P = .0009), and pulse wave velocity (9.6 v 8.0
m/sec; P < .0001). Otherwise the characteristics of the
hypertensive and normotensive parents were similar.

Hemodynamic Measurements

I unadjusted analyses most hemodynamic measurements,
including BP and peripheral pulse pressure at the subjects’
homes, the 24-h ambulatory BP, the central pulse pressure,
the central and peripheral augmentation indexes and aortic
pulse wave velocity were significantly higher in offspring
of hypertensive compared with normotensive parents
(Table 2). In contrast the 24-h peripheral pulse pressure
and pulse rate (71.6 v 72.4; P = .62) measured during the

vascular examination were similar in the two groups
(Table 2).

Based on the results of stepwise regression, we adjusted
all hemodynamic measurements for center, sex, age, pulse
rate, current smoking, alcohol intake, and serum total
cholesterol. In addition we adjusted BP for body mass
index and all vascular measurements for mean arterial
pressure. The systolic augmentation indexes were also
adjusted for body height.

In fully adjusted analyses (Table 3), systolic BP and
peripheral pulse pressures on conventional measurement
at home and the 24-h systolic and diastolic BP remained
significantly higher in offspring of hypertensive parents
compared with offspring of normotensive parents. In con-
trast, in fully adjusted analyses, the differences in the
arterial characteristics between the two groups of offspring
disappeared. As shown in Fig. 1, this was mainly caused
by the introduction in the regression model of age, mean
arterial pressure, or both covariates. These results were
consistent, when we ran separate analyses in offspring
with one (n = 149) or two (n = 25) hypertensive parents
(data not shown).

Discussion

The key finding of the present study was that in unadjusted
analyses systolic and diastolic BP on conventional as well
as 24-h ambulatory measurement, peripheral pulse pres-
sure on conventional BP measurement, the central and
peripheral systolic augmentation indexes and aortic pulse
wave velocity were significantly higher in normotensive
offspring with at least one hypertensive parent compared
with normotensive offspring of two normotensive parents.
Fully adjusted analyses confirmed these findings for sys-
tolic BP irrespective of the type of BP measurement, for
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Table 2. Unadjusted hemodynamic measurements in offspring

Normotensive

Hypertensive

Characteristic parents parents P
Number of offspring 59 174
Measurements at home*
Systolic BP (mm Hg) 114 + 2 121 %1 .0007
Diastolic BP (mm Hg) ZL#=d 751 .02
Peripheral pulse pressure (mm Hg) 42 + 1 46 = 8 .02
24-h Ambulatory measurements
Systolic BP (mm Hg) 114 = 1 118+ 1 .01
Diastolic BP (mm Hg) 671 0% 1 .05
Peripheral pulse pressure (mm Hg) 47 = 1 48 + 1 14
Arterial measurements
Central pulse pressure (mm Hg) 261 28% 1 .05
Peripheral augmentation index (%) 44,9 + 2.5 54.7 = 1.4 .0008
Central augmentation index (%) 99.8 = 2.6 108.8 = 1.5 .003
Aortic pulse wave velocity (m/s) 6:6 & 8.3 7.4 = 0.2 .03

Values are arithmetic mean + SE adjusted for family clusters. P values refer to the comparison of offspring of normotensive and hypertensive

parents. For further explanation, see Table 1. BP = blood pressure.
* Average of five measurements obtained at one home visit.

peripheral pulse pressure on conventional measurement,
"and for the 24-h diastolic BP. However, adjustment for
center, sex, age, mean arterial pressure, pulse rate, current
smoking, alcohol intake, and serum total cholesterol re-
moved the differences between the two groups of offspring
in the systolic augmentation indexes and aortic pulse wave
velocity.

To our knowledge only three studies dealt with large
artery properties in young subjects at risk of hypertension.
Meaney et al' studied 100 nonobese offspring aged 10 to
20 years who were descendants of hypertensive or normo-
tensive parents. By means of an ultrasound technique these
investigators studied the characteristics of the ascending

aorta and the common carotid artery. Carotid but not aortic
stiffness and maximum velocity flow in the aorta were
significantly higher in the offspring of the hypertensive
parents; the comparisons were, however, not adjusted for
BP which was already higher in this group.

Yasmin et al® recruited offspring of families with es-
sential hypertension (mean age 39 years) and normoten-
sive controls (mean age 43 years). They measured BP at
the brachial artery and applied the same SphygmoCor
technique as we used. They observed that offspring of
hypertensive compared with normotensive parents had
higher systolic/diastolic BP (123/75 v 118/71 mm Hg).
They also reported that offspring of hypertensive parents

Table 3. Adjusted hemodynamic measurements in offspring
Normotensive Hypertensive
Characteristic parents parents P
Number of offspring 59 174
Measurements at home*
Systolic BP (mm Hg) 115+ 2 120 =1 .009
Diastolic BP (mm Hg) 731 74 = 1 .24
Peripheral pulse pressure (mm Hg) 43 = 1 46 + 1 .02
24-h Ambulatory measurements
Systolic BP (mm Hg) 115+ 1 1181 .01
Diastolic BP (mm Hg) 67 = 1 70+ 1 .02
Peripheral pulse pressure (mm Hg) 47 =1 48 = 0 .24
Arterial measurements
Central pulse pressure (mm Hg) 27 3 28 1 .87
Peripheral augmentation index (%) 50.9 = 1.9 52.5%:1.1 .50
Central augmentation index (%) 105.8 1.9 106.6 = 1.1 72
Aortic pulse wave velocity (m/sec) 6.9 + 0.1 71 £0:1 23

Values are arithmetic mean * SE, adjusted for study center, sex, age, pulse rate, current smoking, alcohol intake, and serum total
cholesterol. Additional adjustments included: 1) for blood pressure; body mass index; 2) for the augmentation indexes: body height and
mean arterial pressure; 3) for aortic pulse wave velocity and central pulse pressure: mean arterial pressure. P values for the comparison of
offspring of normotensive and hypertensive parents also account for family clusters, BP = blood pressure.

* Average of five measurements obtained at one home visit.
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FIG. 1. Effect of cumulative adjustments on the differences in ar-
terial characteristics between offspring ef normotensive and hyper-
tensive parents. Mean differences with 95% confidence intervals
and corresponding P values are given (eg, APPc = 2.2 mm Hg
indicates that central pulse pressure (PPc) in offspring of hyperten-
sive parents was higher on average by 2.2 mm Hg than in offspring
of normotensive parents). Alc = central augmentation index; Alp =
peripheral augmentation index; PPc = central pulse pressure;
PWV = aortic pulse wave velocity, respectively. Adjustments: un-
adjusted (1); adjusted for center (2); center and sex (3); center,
sex, and age (4); center, sex, and mean arterial BP (5); center, sex,
and both age and mean arterial BP (6).

had higher peripheral pulse pressure (49 v 47 mm Hg; P <
.01), higher central pulse pressure (35 v 35; P < .01), and
higher central systolic augmentation index (19.1% v
17.8%; P<< .01), but similar brachial pulse wave velocity
(8.40 v 8.24 m/sec); aortic pulse wave velocity was not
studied. However when we tried to replicate the calcula-
tions reported in Table 1 in the paper by Yasmin et al, we
found nonsignificant P values for peripheral pulse pressure
(r = 1.82; P = .08), central pulse pressure (t = 0.23; P =
.78), and the systolic augmentation index (t = 0.85; P =
.30). The sample studied by Yasmin et al differed from
ours: the mean age was higher in the Yasmin et al study
and the offspring of hypertensive parents had higher HDL
cholesterol, creatinine, and blood glucose levels and
smoking prevalence, whereas in our study these parame-
ters were similar between the two groups.

Rajzer et al’ studied the effect of selected clinical and
biochemical measurements on the pulse wave velocity in
70 young normotensive individuals. The subjects were
subdivided into two groups: those with and without a
frmily history of arterial hypertension. They observed that
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pulse wave velocity did not differ between these two
groups (9.7 v9.3 m/sec; P = .52).

Other authors used the techniques which focus on the
functional abnormalities separately in small and large ar-
teries.'®!" The results showed that especially small artery
elasticity (the C2 component of the modified Windkessel
model of circulation) may correlate closely with BP'® and
predict future cardiovascular events. "'

The recently published study by Dernellis and Pana-
retou provided evidence that increased aortic stiffness pre-
cedes hypertension.'> The investigators examined 2512
subjects (aged 35 to 94 years) who were not hypertensive
at baseline and followed them for 4 years. Aortic stiffness
measured at baseline by means of echocardiographic tech-
nique predicted progression to hypertension in both sexes
and in younger as well as older subjects. The results were
consistent for all the three aortic stiffness indexes used and
for different BP parameters (increase in systolic, in dia-
stolic and in pulse pressure and hypertension incidence)
and remained significant after adjustment for baseline BP,
age, and all other classic cardiovascular risk factors. Thus
aortic wall properties are likely to play a role in the
pathogenesis of hypertension already in its early stages.
On the other hand, the relationship of BP and arterial
properties is reciprocal; it has been shown in the Bogalusa
Heart Study'* that childhood BP predicted arterial stiffness
assessed on the mean 26.5 years later by brachial-ankle
pulse wave velocity.

Our study was cross-sectional, and therefore the ques-
tion of cause and consequence cannot be answered on the
basis of our data. However it adds to the longitudinal
studies'*'* because it suggests that an increased BP and
increased arterial stiffness run in parallel in hypertensive
families. This might be caused by genetic factors, shared
environmental influences or their interaction. In a study of
225 monozygotic and 594 dizygotic female twin pairs,
aged 18 to 73 years Snieder et al'* noticed that the heri-
tability of the central augmentation index was 37% and
was largely independent of age, BP, heart rate and height.
In 950 Native Americans from 32 extended families,
North et al'® reported that the heritability of carotid stiff-
ness and the central augmentation index were 23% and
18%, respectively. These two studies underscore the im-
portance of genetic factors in pathogenesis of arterial
stiffness.

Our results have to be interpreted within the context of
its limitations. Our sample size was relatively small, al-
though still larger than in the three previously published
studies with similar design."*? This may be one of the
reasons why the differences in arterial parameters were no
more significant after the complex adjustment. On the
other hand we collected six measurements reflecting arte-
rial stiffness and found great consistency among these
measurements in the comparison between the two groups
of offspring.

In conclusion compared with normotensive offspring of
normotensive parents, normotensive offspring of hyperten-



AlH-March 2006-VOL. 19, NO. 3

sive parents have increased BP and impaired arterial prop-
erties, namely aortic stiffness and pulse wave reflection as
measured noninvasively by assessing aortic pulse wave
velocity and radial augmentation index. The present cross-
sectional findings, in keeping with the large prospective
study by Dernellis and Panaretou'” suggest that the alter-
ation in arterial function is present already in nonhyper-
tensive subjects at risk of hypertension and it may
contribute to the progression to hypertension in later life.
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stract

jective. To assess the determinants of large artery stiffness and pulse wave reflection in a population sample. Methods. A
» random population sample aged 25-65 years was selected in nine districts of the Czech Republic for a survey of
diovascular risk factors (Czech post-MONICA). Of 891 individuals screened in the Pilsen centre in the year 2000,
erial properties were studied in 291 (143 males and 148 females) using the Sphygmocor device. Pulse wave velocity
WV) in the aorta and in the lower limbs was measured to assess large artery stiffness. Wave reflection was assessed from
ial pulse wave analysis; the main estimated parameter was peripheral augmentaton index (PAI) defined as P2/P1=ratio
pulse pressures measured at the peaks of secondary and primary waves. Results. Aortic PWV increased with age
<0.001) and was similar in both sexes. Lower extremity PWV increased with age in women, but not in men, and its mean
ue was higher in men (p <0.01). PAI was higher in females in all age groups (p <0.001) and increased steeply with age in
h sexes (p<0.001). PAI was increased in current smokers (p <0.01 in both sexes) and in male smokers, the reflected
ve rerurned earlier than in male non-smokers (p<0.05). Correlation coefficient of PAIl with aortic PWV was 0.22
<0.01), and with central augmentation index (CAI), derived from PAI by mathematical transformatuon, was 0.94
20.001). Multiple regression analyses, where age, sex, systolic blood pressure (SBP), total cholesterol level, smoking,
cose level and body mass index were included as independent variables, were performed. PAI was berter predicted than
tc or lower exwemity PWV in these models (41%, 14% and 10% of vanance explained, respectvely). Age, female sex,
oking, SBP and total cholesterol predicted PAI level whereas age, SBP and glucose level were the main determinants of
tic PWV. Conclusions. Of the studied artenial parameters, PAI showed the closest association with cardiovascular risk
tors. The correlation berween PAI and aortic PWV was loose, and both parameters had parually different determinants.
I, which is obtained by direct measurement above radial artery, was practcally identical with the mathemaucally denived
1 in the studied population sample, and therefore, it is a suitable parameter for studving the phenomenon of wave
ection.
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sites, it is localized in the intima and leads usually to
the narrowing of the vessel lumen; therefore, the
conduit function is predominantly impaired. Besides
the stiffening of elastic-type large arteries, the pulse
waveform changes with age. The primary pressure
wave, generated by contraction of the left ventricle,
propagates towards the peripherv where, probably at
the level of smallest arteries, it is reflected and runs
back. The reflected wave interferes with the primary
one, and the definite pulse waveform is therefore
composed of primary and secondary wave (the
higher-order waves seem to play a minor role). In
yvoung individuals, the reflected wave falls typically
into early diastole and diminishes the diastolic BP
(DBP) drop. As age increases, the wave is higher and
tends to return earlier for complex reasons. It
produces a late systolic peak, which may be as high
as 30-40 mmHg. Arterial stiffness can be assessed
non-invasively by measuring the velocity of pulse
wave propagation between two sites (pulse wave
velocity, PWV), and wave reflection is estimated
from pulse waveform analysis using most often
augmentation index (AI).

Both large artery stffness and wave reflecnon
contribute to the increase of systolic BP (SBP) and
widening of pulse pressure with age (2). This type of
BP is associated with a high risk of cardiovascular
events, and SBP has been shown rto be associated
with risk of cardiovascular events more closely than
DBP (3). Therefore, it is important to study the
pathogenesis and the risk factors for the SBP
increase. Whereas atherosclerosis and its risk factors
have been explored in detail, little is known about
factors determining the mechanical properties of the
arteries. As their changes usually precede the
development of atherosclerosis, a derailed knowl-
edge of mechanisms could allow early prevention of
vascular changes. This paper presents an analysis of
several vascular indices showing arterial stiffness and
wave reflection, measured in healthy subjects
selected randomly from a general population.
Whereas there are some data about aortic stiffness
in epidemiological studies (4,5), data about stiffness
of peripheral arteries and about wave reflection in
normal subjects are rare (6,7). PWV and Al are
considered by some authors to give similar informa-
tion about large artery properties. This presumption
need not be correct, as wave reflection is a complex
phenomenon, depending not only on large artery
stiffness. Therefore, we focused in the present
analysis on the relatonships between the parameters
of stiffness and wave reflection. We further studied
the relationships of these parameters with age, sex
and classical cardiovascular nsk factors

Population and methods

The present study was performed as part of the
Czech post-MONICA study as an extension of the
WHO MONICA (Mulunational MONItoring of
trends and determinants in CArdiovascular disease)
study. In 2000/2001, a survey for cardiovascular risk
factors was conducted in nine districts of the Czech
Republic, involving a 1% population random sample
aged 25-65 vears in each district. Selection (strati-
fied by age, sex and community size) was made from
the General Health Insurance Registry keeping, by
law, a list of all those insured. The examination
included patient’s medical history, physical exam-
ination, three measurements of BP to the nearest 2
mmHg and taking a fasting blood sample.

In the Pilsen centre, the overall response rate was
67.5%. Besides the screening for cardiovascular risk
factors, vascular properties were examined in about
one half of the randomly chosen subjects (Table I)
using the Sphygmocor device (AtCor Medical Ltd.,
Australia). The first part of this examinadon was the
registration of radial pulse wave. Radial pulse wave
analysis (PWA) was used primarily to evaluate wave
reflection (Fig. 1). The parameter showing wave
reflection is Al, defined as the ratio of pulse pressure
at the peaks of secondary to primary wave (AI=P2/
P1). The radial waveform can be mathemaucally
transformed to the form in central circulation (8)
and thus, CAI and several other central haemody-
namic paramerters are estimated. The mathematical
transformation using the general transfer funcrion
was validated towards invasive measurements
by some authors (9); however, others cast doubts
on its precision (10). We focused therefore on
peripheral parameters, which are directly measured.
Immediately before the radial pulse wave registra-
tion, an additional BP reading was obtained using
the Omron 705CP oscillometric device, validated by
an independent centre (11) and recommended by
the European Society of Hypertension (12). The
probability of observer bias is minimized with this
type of device. The second part of the examination
was PWYV .measurement assessing arterial stiffness
(7,13). We used the same device and measured it
with the patient in supine position in the aorta, i.e.
between carotid and femoral arteries, and in the
lower extremity, i.e. between femoral and dorsalis
pedis/tibialis posterior arteries. Consecutive registra-
tions of the pulse waves are ECG gated and thus, the
time shift berween the appearance of wave at the first
and the second sites can be calculated. The distance
berween the nwo sites was measured on the body
surface; to determine aortic PWV, we measured the
distance from the jugular fossa to the pulsation of the
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Males Females P

subjects (n)

Age 25-34 29 26

Age 3544 29 30

Age 45-54 49 47

Age 55-65 36 45

Total number 143 148 0.768
ndices of vascular properties”

Aoruc PWV (m/s) 7.8+2.8 7.4+23 0.171

Lower extremity P\YV (m/s) i 13.0+5.2 11.2+3.6 <0.001

PAI (%) 66.2 +20.2 77.4420.1 <0.001

TPI (ms) 101.3+14.8 1025+17.9 0.546

TP2(ms) 227.0+23.0 222.2430.2 0.136

CAP (mmHg) 68+68 9.6+6.9 <0.001

CAI (%) 123.8+21.4 137.4+22.8 <0.001
~ardiovascular risk factors

Systolic biood pressure (mmHg) 128.34+15.5 1230+ 17.2 0.01

Diastolic blood pressure (mmHg) 82.84+9.8 78.049.0 <0.001

Hypertension (%)" 39.9 28.6 <0.05

Tortal cholesterol (mmoli) 59+41.2 5.8+1.1 0.339

HDL-cholesterol (mmol1) 1.34+0.4 1.6+0.3 <0.001

LDL-cholesterol (mmol/1) 3.7+0.9 3.5+1.0 0.19

Triglycerides (mmol/1) 20+1.2 1.5+0.7 <0.001

Hypercholesterolaemia (%)° 80.3 71.2 0.105

Glucose (mmol/l) 5.74+1.3 5.5+1.5 0.231

Diabetes (%)" 5.3 5.2 0.975

Current smoking (%) 40.6 28.6 ) 0.032
leight (cm) 177.3+7.0 163.6+6.8 <0.001
Ueight (kg) 85.8+13.3 70.0+11.5 <0.001
MI (kg/m?) 273440 26.244.4 0.027

‘eripheral parameters are those measured on radial artery, central ones are esumated by mathematical transformation in the aorta. *Mean
- SD is given. "Mean of three measurements =140/90 mmHg and’or on antihypertensive reatment. “total cholesterol level =5 mmol/
nd/or on antihyperlipidemic treatment. ®glucose level =7 mmol/l and/or on antidiabetic treatment. PWV, pulse wave velocity; PAI,
enipheral augmentation index; CAP, CAl, central augmentation pressure and augmentanon index, respectively; TP1, TP2, time to peaks
f primary and secondary wave, respectively, measured on radial artery; HDL, high-density lipoprotein; LDL, low-density lipoprotein;

iMI, body mass index.

=moral artery in the groin, subtracting from this
istance the distance from the jugular fossa to carotid
wulsation, since the pulse runs here in the direction
pposite to that in the aorta. The average of measure-
nents over a period of 8 s (9-10 cardiac cycles) was
alculated after the exclusion of extreme values. Both
"WA and PWYV were shown to have good reproduci-
ility (14,15). Wilkinson et al. found that within-
bserver varability was 0.4945.37% for Al and
.07+ 1.17 m/s for aoruc PWV (14). In our previous
tudy performed in healthy subjects, Al was found
:ss variable than BP values when several measure-
1ents of these paramerters were compared (15).
Staustical analysis was performed using Pearson’s
orreladon coefficients for normally distributed
ariables (normaliry was tested by 7® goodness-of-
t test), partial correlation coefficients for elimina-
on of the age effects and Spearman’s correlation
oefficients for highly skewed vanables. Analysis of

variance was applied to calculate age rends and sex
differences. The indices of vascular properties were
further correlated with the 10-year nisk of coronary
heart disease calculated according to the equation
denived from the Framingham Study; the method-
ology published by Anderson et al. was used (16).
All calculations were done by staristical SYSTAT 10
sofrware.

Results

Basic charactenstics of the sample are given in
Table [. Mean aoruc PWV was much lower than
lower extremity PWV (aortic PWV: 7.8 and 7.4 m/s
in males and females, respectively, lower extremity
PWV: 13.0 and 11.2 m/s in males and females,
respecuvely). Mean peripheral augmentation index
(PAI), showing wave reflection on the radial artery,
was 66% 1n males and 77% n females, 1.e. the
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Figure 1. Pulse waveform registered on radial artery (left) and derived by means of mathematical rransformation in the aorta (right). Radial
pulse wave is calibrated on blood pressure measured convendonally on brachial artery (penipheral systolic and diastolic blood pressure, PSP,
PDP). Aortc pulse wave is calibrated on mean pressure, obrained by integraton of radial pulse wave, assuming that mean pressure is
identical at the two sites. P1, P2, first and second pulse pressure peak, respectively; TP1, TP2, ume to the peak of primary and reflected
wave, respectively; ED, ejection duration; CSP, CDP, central systolic and diastolic pressure; CAP, central augmentaton pressure — increase
of pressure over Pl due to wave reflection. Augmentation index is defined as P2/P1 (peripheral, PAIL, or central, CAl, measured on the

radial or aortic pulse wave, respectively).

secondary wave did not exceed the primary wave in a
typical case, whereas, in the aorta, the mean values
were 123.8% in males and 137.4% in females
(=central augmentadon index, CAI). Compared to
females, males had significantly higher lower extre-
mity PWV, lower PAI, CAI and central augmenta-
tion pressure, higher SBP and DBP, body mass
index, triglycerides level and lower high-densiry
lipoprotein cholesterol level. Males were also more
often current smokers (40.6% vs 28.6% in females,
p<0.032).

In Fig. 2, the changes in vascular indices with age
are shown separately for males and females. Aortic
PWV (panel A) increased significantly with age
(p<0.001). Lower extremity PWV was found to
increase with age in females (p<0.01), but not in
males (panel B); except for the highest age group
(55-65 years), it was lower in females than in males.
PAI (panel C) increased with age (p<0.001) and
was consistently higher in women in all age groups
(p<0.001). The uming of waves on the radial artery
changed significantly with age (panel D): the
primary peak was reached later with increasing age
(p<0.001), whereas the reflected wave amved
earlier (p<0.05).

Table II shows associations of vascular indices
with age and cardiovascular nsk factors. Age

correlated most closely with PAI, and further with
aortic PWV and time to the primary pressure wave
peak. BP wvalues showed the closest age-adjusted
correlations with aortic PWV in both sexes. Body
height correlated inversely with PAI. Current smok-
ing was associated with higher PAI in both sexes
(p<0.01 for both sexes) whereas PWV, measured
either in the aorta or in lower extremity, was not
related to smoking status, and the reflected wave
occurred earlier in male, but not female, smokers
(p<0.05).

Table III shows murtual correlations of vascular
indices. PAIl and the derived CAI were closely
correlated (r=0.94, p<0.001): this indicates that
these two parameters were nearly identical in our
setting. On the contrary, the correlations of PWV
with parameters of wave reflection were fairly loose.

Mulriple linear regressions were further calculated
(Table IV). In order to increase startistical power,
both sexes were analysed together. Of the vascular
parameters tested as dependent vanables, PAI was
best predicted by the included independent variables
(41% of variance explained). PAI was significantly
associated with age, sex (higher in females), smoking
status, SBP and total cholesterol level and aoruc
PWYV was significantly associated with age, SBP and
glucose level.



10 7
A (#)
H //
e -
=45 e A [_‘—Mlkl
E % /‘n ---- =9 - Females
£s Z"'
6 v
55
s ~ v
<35 3645 555 >55 Age ean)
%0 =
g5 1) _a :
5 -
15 v = /7/
¥l
_’" _a® v A —a— Males
<65 g7 / =®=- Femnles
€0 =
L ]
o //
50 x
4
@ v
<=35 3645 4655 >55  Age (veans)

maee

Large artery propertics in healthy subjects 49
15
(b)
" s
13 // \
12 —— —a— Males
" e =2o Begal
L e="""""
10
’
s v
=35 3645 4655 >55 Age (yeam)
240
(d) sty
------ .
200
. —a— Males
-®- Females
120
TR R
&0 -
<35 3645 4655 >55 Age (an)

Figure 2. Analysis of vascular indices according to age and sex. Panel A: aortic pulse wave velocity. Age mend: p<0.001, sex difference: NS.
Panel B: Pulse wave velocity on arteries of lower extremiry. Age mend: NS (correlation cocfficient of PWV with age NS for males, 0.24 for
females, p<0.01). Sex difference: p<0.01. Panel C: Augmenuation index assessed on radial pulse waveform. Age trend: p<0.001, sex
difference: p<0.001. Panel D: Times to reach primary peak (lower curves) and secondary peak (upper curves) on radial pulse wave. Age
trends: p<0.001 for first peak and p<0.05 for sccond peak, sex difference: NS for both peaks.

Table II. The age-adjusted assodatons of vascular indices 1o cardiovascular nisk factors and anthropometric measurements.

Lower exmeminy

Aoric PWV(m/s) PWV(m/s) PAI(%) TPI(ms) TP2(ms)
Males Females  Males Females Males Females  Males  Females Males Females
1. Correladon analysis of continuous variables
Agc” 030°"" 0.38°** 0.06 0.24** 0.57*** 0.52°** 0.34°°** 040°** -0.12 -0.22°*
Systolic blood pressure” Q:2gees 0.27*** 0.12 0.14 0.16 0.16 0.16 0.13 008 -—0.17°
Diastolic blood pressure 0.28*=* 0.24°" Q.35%° 0.09 0.28** 011 0.05 0.01 -0.10 -0.17*
Total cholesterol =-0.12 0.11 0.10 -0.07 0.18 0.17 -0.02 -0.03 -0.21* -=0.03
HDIL~cholesterol —-0.04 —0.06 0.16 -0.20 0.19 -0.06 -0.09 -0.10 -0.10 0.14
L DI ~cholesterol -0.14 0.12 0.07 001 0.08 0.23* -0.03 -0.01 -0.10 -0.07
Tnglycendes -0.02 0.08 0.02 ¢ oz 4 -0.05 0.05 0.04 -0.15 -0.04
Glucosc 0.17 0.10 —0.%3 -0.09 0.14 =011 -0.02 0.02 -0.32"" -0.01
Height 0.05 -9.12 -0.13 -0.07 P gl 7 0.08 —0.15 0.10 0.08
Weight 0.08 0.06 0.02 -0.12 -0.18* -0.03 0.11 0.01 0.08 -0.11
Body mass index 0.07 0.13 0.09 -0 09 -0.04 0.07 0.08 0.08 004 -0.16
2. Analysis of smoking (yes/no)
Smokers© 7.8 7.8 12.5 11.7 7l.1** 84.0°" 101.5 103.4 220.8° 2193
Non-smokers 19 7.3 13.4 11.0 62.9 74.4 101.2 102.1 231.1 223.7

* p<0.05.** p<0.0l. *** p<0.00l "Pearson corclation cocfhcients are given. ®Age-adjusted parual corelation coeflicients are given. “Age-
adjusted means are given. PWV, pulse wave velocty; PAI, peripheral augmentation index; TP1, TP2, ume to peaks of primary and
sccondary wave, respectvely, measured on radial artery; HDL, high-density lipoprotein; LDL, low-density lipoprotcin.

The vascular indices were further related to the
10-year nisk of coronary heart disease as predicted by
the Framingham equation (Fig. 3). Mean nsk was

11.0%

(range 0.02-26 5%) in females

(range 0.35-36.1%) n males and 5.2%
Both aoruc

PR

(Panel A) and PAl (Panel C) were significandy
associated with the nsk; the closest relation-
ship was that of PAI in males (r=0.51, p<0.001).
The correlation of lower extremity PW/V with the
risk was not significant in males, and low in females.
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Table III. The interrelationships of pulse wave velocities and parameters of pulse wave reflection.

Lower extremity

Aortic PWV PV PAl
Aortic PWV
Lower extremity PWV 0.18**
PAL 022" 0.04
CAl 0.13* 0.02 0.94***

* p<0.05, ** p<00l. *** p<0.001 Spearman correlation coefficients
central augmentarion index. 2

Table IV. Multiple regression analvsis of vascular parameters.

are given. PWWV, pulse wave velocity; PAI, CAl, peripheral and

Aortic PWV Lower extremiry PWV PAI TP1 TP2
R* (%) 14 10 41 16 5
Age 0.20** 0.09 0.44** 0.3]** -0.06
Sex -0.06 =irg** 0.33*" 0.09 -0.12
Systolic blood pressure 0.16* 0.15 0.14* 0.11 -0.05
Total cholesterol -0.06 0.05 0.11* -0,05 -0.09
Glucose 0.14* =0.15* —-0.03 -0.01 —0.12
Smoking 0.06 0.06 0.18** 0.04 —0.06
Body mass index —0.01 -0.01 —0.03 0.10 0.01
R?, percentage of variance explained. Standardized regression coefficients are given; * p<0.05. ** p<0.01. Sex: 0 — male, 1 - female.
Smoking: 0 — nonsmoker, 1| — exsmoker (no smoking for a period of more than one vear), 2 — current smoker. Other variables are

continuous. PWV: pulse wave velocity, PAI: peripheral augmentation index; TP1, TP2, time to peaks of primary and secondary wave,

respecavely, measured on radial artery.

Discussion

In our study, we analysed the relationships of
parameters characterizing arterial properties with
age, sex and classical cardiovascular nsk factors in a
sample of general population. PAI was best pre-
dicted in muluple regression analysis where cardio-
vascular osk factors were included as independent
vaniables (41% of total variance explained;
Table IV), mainly through its association with age,
smoking and to lesser extent through BP and total
cholesterol level. Other vascular paramerers, includ-
ing aortic PWV, were much less predicted by the
independent variables. We further correlated the
arterial parameters with the Framingham score
separately in both sexes and the findings were
compatible with the previous ones: the score was
most closely associated with PAI in males (Fig. 3).
Smoking was significantly associated with higher
reflected wave in both sexes and with its earlier
return in males (Table II), whereas no association
with PWV, measured either above aorta or on lower
extremity, was found. The fact that the uming of
reflected wave berween female smokers and non-
smokers was not different (power of the test less than
20%), whereas it differed between male smokers and
non-smokers (power of the test 66%), could be
probably ascribed to the fact that females smokers

were less numerous in our sample and generally have
lower cigarette consumption than males.

Our results show, 1n accordance with the recently
published findings of Millasseau et al. (17), a very
close relatonship between the parameters of wave
reflection measured in peripheral circulation on the
radial artery and derived in central circulation
(correlation coefficient 0.94 berween PAI and
CAI). This indicates that penpheral, directly mea-
sured parameters can be used for studying the
phenomenon of wave reflection. Wave reflection is
influenced by several factors: (i) conrtractility of the
heart determines the magnitude and duration of the
primary wave; (ii) large artery stiffness determines
the velocity of primary as well as secondary wave
and, therefore, influences the timing of reflected
wave; (iii) the starus of resistance vessels determines
the degree of wave reflection because wave reflection
occurs there (with peripheral vasodilation, e.g. by
nitrates, there is less reflection); and (iv) the length
of the arterial bed from the heart to the reflection
sites influences tming - this is why smaller
individuals have higher reflected wave as it returns
carlier (see also our results in Table II). Wave
reflection 1s therefore a complex phenomenon
determined by heart function and the status of the
arterial tree as a whole rather than by local properties
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the vascular bed where reflection is measured. In
iition, we found rather low associations berween
ymentation indices and pulse wave velocities
able IIT). These findings confirm the fact that
ze artery stiffness is only one factor contributing
wave reflection.
>Al was significantly higher in females in all age
ups (see panel C of Fig. 2). The same applied for
I and absolute height of reflected wave -
smentation pressure (data not shown in derail,
also Table I). Similar findings were reported by
er authors and they were ascribed to the fact that
men have smaller body height. If this were indeed
reason then there would be a difference in timing
ween males and females, which was not the case
yur material (see panel D of Fig. 2). This issue
. studied in detail by Gatzka et al. (18) in 104
s of elderly males and females of idenucal height.
nales also had higher Al in this setting, and they
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Figure 3. The relationships of vascular indices 1o 10-year risk of
coronary heart disease estimated according to the Framingham
equation. Mean risk is 11.0% (range 0.35-36.1%) in males and
5.2% (range 0.02-26.5%) in females. Panel A: aortic pulsc wave
velocity. Panel B: Pulse wave velocity on lower exuemity. Panel C:
Augmentation index calculated from the radial pulse wave.

had a smaller aortic diamerter and longer duration of
systole. Both these phenomena are supposed rto
account for the gender differences in wave reflection.

Artenal stiffness as assessed by PWV is different in
the aorta and lower limb artenies. Mean values were
much higher on the lower limb in our material
(Table I): this reflects higher stiffiness due to the
higher content of collagen fibres. Stiffness of these
two arterial beds was not closely correlated (r=0.18;
Table III). Thus, stiffness of elastic-type and mus-
cular-type arteries is probably regulated by different
mechanisms and may have different risk factors. The
relationships with age and sex also differ (panels A
and B of Fig. 2): whereas aortic PWV increased with
age and there was no difference berween sexes, lower
exrremnity PWV was higher in men and did not
increase with age, though it did increase in women
and reached the same value as in men in the oldest
age group (35-65 vyears). The reason for the
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difference berween males and females is not known
and cannot be explained from our data; we can only
hypothesize that the change in hormonal status after
the menopause could increase the stiffness of distal
large arteries in women.

In conclusion, the parameters under study are
non-invasive and well reproducible. PAI gives
practically the same information about wave reflec-
tion as CAI. The phenomenon of wave reflection
should always be studied separately in males and
females, because it is systematically higher in the
latter, because of anatomic conditions and probably
related to different mechanic properties of arterial
system. The associations of pulse wave velocities and
indices of wave reflection are loose; this indicates
that the two sorts of parameters show different
aspects of arterial properties. Aortic stiffness was
shown to predict subsequent morbidity and mortal-
ity (19-21) and the same was found for wave
reflection in patients with end-stage renal disease
(22); these relauonships existed in most studies
independently of classical risk factors. Therefore,
aortic PWV and Al could be used for better
stratification of cardiovascular nisk, and interven-
tions that would be successful in influencing
posituively these parameters could represent a pro-
gress in cardiovascular disease prevention and
treatment.
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Mechanical properties of large arteries:
results of a population-based study

P. Roucka, ). Filipovsky, M. Ticha, R. Cifkova*, V. Lanska, V. Stastna
2nd Department of Internal Diseases, Medical Faculty Pilsen; * De-
partment of Preventive Cardiology, IKEM Prague, Czech Republic

Purpose of the Study: To assess the determinants of arterial stiffness
and pulse wave reflection in a general population.

Methads: We performed a population-based study according to
the protocol of the WHO-study “MONICA”. Of 891 subjects, aged
25-67 years, randomly chosen from a population register and
screened in our centre, 290 were examined with the Sphygmocor de-
vice. Aortic pulse wave velocity (PWV) and PWV on lower limbs were
measured. Wave reflection was assessed from radial pulse wave analy-
sis.

Results: Aortic PWV increased with age and was similar in both
sexes. PWV measured above lower extremity,i. e.above muscular type
arteries, was higher in males and did not increase with age. While
lower in younger females, it increased in the highest age group (55-67
years) where it reached the same value as in males. Al was higher in
females in all the age groups and increased steeply with age in both
sexes. Besides age, the relationship of factors of atherosclerosis to
both PWV and Al were weak or non-significant.

Coriclusion: The steep increase of both aortic PWV and Al with
age shows that these parameters reflect biological aging of arterial
system. The weak associations with cardiovascular risk factors reflect
the fact that the mechanisms of stiffening and of increased wave re-
flection are different from atherosclerosis.

Supported by the grants No. NG 6757-4 and CEZ: ]13/98:
111400001.

Noninvasive Measurement of Aortic Compliance as a Marker
of Increased Risk of Coronary Artery Disease

Richard L. Summers, MD, Alan E. Jones, MD, James C. Kolb, MD
Department of Emergency Medicine, University of Mississippi Med-
ical Center, Jackson, MS 39216

Purpose of the Study: Advanced atherosclerosis typically results in re-
ductions in aortic compliance (AC). This study examines the poten-
tial of using noninvasive measures of AC using impedance cardiogra-
phy as a marker of advanced coronary artery disease (CAD) in
patients presenting to the emergency department (ED) with acute
chest pain.

Methods: AC was calculated from noninvasive measurements of
stroke volume and pulse pressure using impedance cardiography and
sphygmomanometry in a convenience sample of patients presenting
with acute chest pain and in whom a recent cardiac catheterization
had been performed. The determined AC for each patient (corrected
for age and mean arterial pressure) was compared to the graded mea-
sure of the degree of coronary disease found by catheterization (mild,
moderate, severe). The sensitivity of the measured AC in predicting
CAD was calculated using a cutoff level comparable to the normal av-
erage AC found in patients without disease (1.5 ml/mmHg).

Results: In 42 patients studied, a stepwise correlation was found
between the graded degree of CAD and the determined compliance.
In those patients with minimal or moderate CAD, mean compliance
was 1.0 ml/mmHg as compared to a significantly lower value of
0.59 ml/mmHg found for patients with more severe disease
(p < 0.01).In all patients with CAD, 95 % of the AC values fell below
the 1.5 ml/mmHg cutoff.

Conclusion: Noninvasively determined AC measures might poten-
tially be useful as a marker of CAD in patients presenting to the ED
with acute chest pain.

Brachial and aortic blood pressure in a population sample:
should we classify the subjects according to their central
rather than peripheral pressure?

M. Ticha, ]. Filipovsky, *R. Cifkova, *V. Lanska, P. Roucka, V. Stastna
Department of Internal Medicine 11, Medical School, Pilsen; * Depart-
ment of Preventive Medicine, Institute of Clinical and Experimental
Medicine, Prague, Czech Republic

Purpose of the Study: To address the question if one should classify
hypertension according to brachial systolic BP (BSBP) or to aortic
systolic BP (ASBP).

Methods: Healthy subjects 25-65 yrs.of age were randomly se-
lected and examined within the framework of a population survey.In
290 subjects (143 males and 147 females), radial pulse wave analysis,
using the Sphygmocor system, was performed. This noninvasive
method allows an estimate of the ASBP; repeated validation studies
against invasive BP measurements showed good agreement.

Results: BSBP 120 mmHg (= upper limit of optimal BP) and
140 mmHg (= lower limit of hypertension) correspond to ASBP 107
and 125 mmHg, respectively, in males; and to 108 and 130 mmHg,
respectively, in females (with similar percentile distribution). The
subjects were divided into three groups according to BSBP (< 120,
120-139, > 140 mmHg) as well as into three groups according to the
corresponding limits of ASBP. 10.5 % of males were classified to a
lower category of BSBP than of ASBP, and 7 % to a higher category of
BSBP than of ASBP.In females, the values were 9.4 % and 6.8 %, re-
spectively. When the analysis was performed separately for younger
[25-45] and older subjects (46-65 years), the highest disagreement
between the two classes was found in younger females (a total of
21.8 %).

Conclusion: There exists a discrepancy between the classifications
according to the BSBP and estimated ASBP; the latter is probably
more closely related to the incidence of future cardiovascular events.
When classifying according to BSBP instead of ASBP, we may under-
estimate the vascular risk associated with hypertension.

Insulin-resistance is an independent predictor of subclinical
macrovascular invelvement in mild Type 2 diabetes

E. Vittone, C. Palombo, C. Morizzo, A. Natali, M. Kozakova, D. Baldas-
sarre, E. Toschi, E. Ferrannini
Department of Internal Medicine, University of Pisa, Italy; CNR In-
stitute of Clinical Physiology, Pisa, Italy; Institute of Pharmacological
Sciences, University of Milan

Purpose of the Study: In Type 2 Diabetes (DM), macrovascular com-
plications seemn to depend mainly on lipid abnormalities. Insulin-re-
sistance (IR) provides a unifying hypothesis accounting for the vari-
ous metabolic fingerprints. To assess the role of IR in the early stage
of large artery involvement in DM.

Methods: 19 non-obese non-hypertensive pts with DM under hy-
poglycemic therapy and 10 age- and sex-matched normal controls
(NL) were studied. BMI, BP and total cholesterol (TC) were similar in
both groups. Insulin sensitivity was assessed by a 2-hr euglycemic hy-
perinsulinemic clamp (40 mU/min/m2).Carotid artery (CA) compli-
ance was determined by continuous and simultaneous recording of
CA diameter (Wall Tracking) and finger arterial pressure,and was ex-
pressed as the area under the diameter/pressure curve (AUC) over a
given pressure range (70-130 mmHg).

Results: Insulin-stimulated glucose uptake (M: pmol/min/per kg
of free fatty mass) was 46 + 10 in NL,and 33 = 13 in DM (p < 0.005).
Within DM pts, 11 were insulin-sensitive (IS: M-value within 25D
of the mean of NL) and 8 were insulin-resistant (M in IS vs IR
pts: 41 + 9 vs 21 + 3, p < 0.001). IR pts had a lower AUC than 1S and
NL (0.315+0.104, 0481 +0.107 and 0.518+0.188 (mm2/
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Mild hyperhomocysteinaemia is
associated with increased aortic stiffness

in general population

O Mayer Jr', ] Filipovsky®, M Dolejsova?, R Cifkova?, ] Simon® and L Bolek?

1Second Department of Internal Medicine, Centre of Preventive Cardiology, Charles University, Pilsen, Czech
Republic; *Department of Preventive Cardiology, Institute for Clinical and Experimental Medicine, Prague,
Czech Republic and *Department of Biophysics, Charles University, Pilsen, Czech Republic

Total homocysteine (tHcy) level was identified as a
strong and independent predictor of cardiovascular
events. We investigated the association between tHey
and mechanical properties of large arteries in a random,
general population-based sample of 251 subjects (mean
age 48 years). Large artery properties, such as aortic
and peripheral (lower-limb) pulse wave velocity (PWV),
and augmentation index of radial artery were measured
using semi-automatic Sphygmocor® device. Aortic
PWV (APWV) positively correlated with tHey (r=0.28,
P<0.0001), and a significant increasing trend of APWV
was found by tHey quartiles (P=0.0003 by ANOVA). This
association remained significant after adjustment for
conventional cardiovascular risk factors (age, gender,

smoking, overweight, hypertension, dyslipidaemia and
impaired glucose metabolism) and for usual homocys-
teine confounders (folate, B,,, renal function). Subjects
with mild hyperhomocysteinaemia (i.e. with tHcy
=15 umol/l) had 2.74 times higher risk of having their
APWV over 8.42m/s (i.e. in the top quartile). No such
association was found either for PWV measured at lower
extremity or for radial augmentation index. In conclu-
sion, in our series of subjects from general population,
we found a strong and independent relationship
between homocysteine concentration and APWV, a
parameter of stiffness of central arteries.

Journal of Human Hypertension (2006) 20, 267-271.
doi:10.1038/sj.jhh.1001983; published online 26 January 2006

Keywords: homocysteine; pulse wave velocity; augmentation index; aortic; peripheral; vascular diseases

Introduction

Numerous prospective studies identified homocys-
teine as a strong predictor of vascular diseases.
Patients with plasma total homocysteine (tHcy) of
15-19.9 pmol/l had about 2.5 times higher mortality
and those with tHcy more than 20 pmol/l about six
times higher mortality than patients with tHey <
9 umol/1.* There are several potential vascular con-
sequences of elevated tHcy. Besides well-evident
effect on coagulation, oxidative status and endothe-
lial dysfunction,® several experimental studies re-
ported that elevated tHcy can induce smooth muscle
proliferation, collagen synthesis and deterioration
of the elastic structures of the vessel wall,*® a
phenomenon resulting in increased stiffness of
vessel wall.

Recent studies identified increased large artery
stiffness as independent predictor of cardiovascular
outcomes. Laurent et al” reported that a 5m/s
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increase of carotid-femoral pulse-wave velocity (a
marker of aortic stiffness) was associated in hyper-
tensive patients with 2.35 times higher risk of
cardiovascular death, Similar relationship between
aortic stiffness and mortality were found in subjects
older than 70 years® and in patients with end-stage
renal disease.’

The aim of our study was to establish whether or
not there exists an association between homo-
cysteine concentrations and arterial stiffness; we
further asked whether this association is indepen-
dent of other cardiovascular risk factors and para-
meters known to influence the homocysteine
concentrations.

Methods

Subjects

The study population consisted from random gen-
eral population sample. A survey of risk factors was
undertaken in 2000-2001 as a part of Czech post-
MONICA study.’ One per cent of residents of City
of Pilsen, aged 25-65 years, was selected (stratified
by age and sex) from the General Health Insurance
Registry. A total of 1009 subjects, 488 males and 522
females, mean age 48.1, responded to the survey.
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A random 25% subsample, in which arterial proper-
ties were examined, was evaluated in the present
study.

Examinations and materials

All study procedures were done according to Good
Clinical Practice regulation and were approved
by the Local Ethical Committee. The Informed
consent was obtained from all subjects and all
personal data were stored under the provisions of
the Czech Data Protection Act. All responders
were interviewed and examined by standardized
methods using WHO Monica standard manual,
Methods of interview were described in details
elsewhere.” Briefly, information on personal and
demographic characteristics, personal and family
history of coronary heart disease, lifestyle and
current pharmacotherapy were obtained at inter-
view. Following standardized examinations were
performed: height and weight in light indoor clothes
without shoes by DETECTO 20 (Webb City, USA)
scale and measuring stick. Blood pressure (BP) was
measured three times in the sitting position on the
right arm using standard mercury sphygmoman-
ometers to the nearest 2mmHg; appropriate cuff size
was used.

Large artery properties were measured using the
semi-automatic Sphygmocor device (AtCor Medical
Ltd, Australia); the methods of measurement were
described in detail in our previous report.’* The first
part of this examination was the registration of
radial pulse wave which was used to evaluate wave
reflection; the parameter showing wave reflection
is augmentation index (AIx), defined as the ratio of
pulse pressure at the peaks of secondary to primary
wave, Immediately before the radial pulse wave
registration, an additional BP reading was obtained
using the Omron 705CP oscillometric device. The
probability of observer bias is minimized with this
type of device. The second part of the examination
was pulse wave velocity (PWV) measurement asses-
sing arterial stiffness, We used the same device and
measured it with the patient in supine position
in the aorta, that is, between carotid and femoral
arteries (aortic PWV, APWV), and in the lower
extremity, that is, between femoral and dorsalis
pedis/tibialis posterior arteries (peripheral PWYV,
PWYV). Consecutive registrations of the pulse waves
are ECG gated and thus, the time shift between the
appearance of wave at the first and the second sites
can be calculated. The distance between the two
sites was measured on the body surface; to deter-
mine APWV, we measured the distance from the
jugular fossa to the pulsation of the femoral artery
in the groin subtracting, from this distance, the
distance from the jugular fossa to carotid pulsation
as the pulse runs here in the direction opposite
to that in the aorta. The average of measurements
over a period of 8s (nine to ten cardiac cycles)
was calculated after the exclusion of extreme values.
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The methods were shown to have good reprodu-
cibility,*?*

Venous blood samples were drawn in fasting state,
and frozen serum samples, stored at —80°C, were
used for biochemical laboratory analyses in the
series. The laboratory examinations, including
assessment of total (TCHOL) and HDL cholesterol
(HDL), triglycerides (TG) were provided by the
central laboratories of survey (Institute of Clinical
and Experimental Medicine, Prague) using Cobas
Mira analyser (Basel, Switzerland) and commer-
cially available kits of the same provenience.
Glucose levels (GLU) were analysed by enzymatic
method in the same laboratory using LACHEMA
(Brno, Czech Republic) standard kits. LDL choles-
terol (LDL) was calculated by Friedewald Equation
that is, LDL=TCHOL-HDL—(TG/5). Serum tHcy,
plasma folate and B,, vitamin (B,;) concentrations
were estimated from aliquots series, stored at —80°C,
by commercial FPIA kits and automatic analysers
(AxSYM, Abbott Laboratories, Wiesbaden, Germany,
for tHey, and ACCESS Beckman Coulter, Fullerton,
USA, for folate and B,;). Variation for all these
measurements was less than 1.5%.

Data analysis

The study was designed as a cross-sectional analy-
sis. Statistical analysis of the data was done using
STATA 6. Power calculation was done using
standard deviations, ascertained in our previous
studies. The minimal sample size, necessary to
detect the differences in measured variables at 5%
significance and 90% power, was 107 subjects. The
significance of differences among specific groups
was evaluated by Fishers y*test for categorical
variables and by analysis of variance (ANOVA) or
Mann-Whitney U test for continuous variables.
Multiple logistic regression was used to ascertain
the association between tHcy and large artery
properties after adjustment for potential confoun-
ders.

Resulis

A total of 251 subjects, aged 48.1+0.69 years
(mean+s.e.m.), 126 males and 125 females, were
evaluated in the present study. Baseline character-
istics of study sample as a whole and variables
sorted by tHcy quartiles are given in Table 1.
Statistically significant increasing trends were
found in age, systolic blood pressure, use of lipid-
lowering drugs and APWV across tHcy quartiles,
while there were decreasing trends in folate and B,,
vitamin concentrations. Similar statistical differ-
ences were found, when only lowest and highest
quartile were compared; moreover, there was a
higher BMI and lower proportion of females in the
highest quartile.
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Table 1 Basic characteristics of the study population and reported treatment in total sample and by total homocysteine (tHey) quartiles
(First: <8.9; second: 9-10.6; third 10.7-12.9 and fourth: >13.0 ymol/l)

Total sample

Homocysteine quartiles

First Second Third Fourth P for P for 1st versus
trend 4th quartile

n 251 64 69 56 62 —_ —_
Age (years) 48.14+0.69 43.6+1.27 48.7+1.20 504+1.49 49.3+153 <0.02 <0.005
Female gender (%) 49.8 57.8 49.3 53.6 38.7 0.17* <0.04*
Body mass index [kg/mZ) 26,5+0.25 26.9+0.54 26.31+042 26.71+047 27.51+0.58 0.26 <0.04
Current smoking (%) 33.1 28.1 31.9 28.6 42.9 0.26* 0.08*
Total homocysteine (umol/1) 11.540.27 7.89+0.09 9.894+0.06 11.61+0.00 16.9+0.64 <0.0001 <0.0001
Serum folate (ng/ml) 6.22+4+0.19 7.06+0.38 6.93+0.44 5934036 4.80+0.26 <0.0001 <0.0001
Serum B, (pg/ml) 323.6+9.52 373.9+19.8 339.9+18.1 302.24+23.3 271.6+11.5 <0.0001 <0.0001
Peripheral augmentation index 71.6+1.34 67.4+2.33 724+240 7524282 69.1+3.19 040 0.64
Peripheral pulse wave velocity (mfs)  13.3+0.57 11.21+0.41 14.0+119 14.5+1.62 13.4+1.21 0.96 0.40
Aortic pulse wave velocity (m/s) 7.56+0.15 6.81+0.18 7.194+0.20 7.51+0.29 8.714+044 <0.001 <0.0001
Systolic blood pressure (mmHg) 125.8+1.02 120.1+1.90 126,3+1.63 127.7+2.,17 128.8+2.33 <0.02 <0.009
Diastolic blood pressure (mmHg) 80.3+0.61 79.6+1.21 80.3+1.08 79.6+1.24 81.6+1.45 0.6 0.29
Heart rate (beats/min) 70.3+0.61 69.5+0.99 68.6+1.06 70.5+1.28 72.8+1.60 0.82 0.36
Pulse pressure (mmHg) 45540.75 41.1+1.26 45.6+1.22 47.2+1.69 47.2+1.66 <0.005 <0.002
Antihypertensive treatment (%) 18.3 10.9 17.4 23.2 22.6 0.26* 0.08*
Total cholesterol (mmol/l) 5.8840.07 5.74+0.15 6.06+0.15 5.85+0.16 5.86+0.15 073 0.41
Triglycerides (mmol/l) 1.724+0.06 1.63+0.12 1.67+0.12 1.80+0.12 1.80+0.13 0.4 0.27
HDL cholesterol (mmol/l) 1.4240.02 1.40+0.04 1.47+0.04 1.45+0.05 1.394£0.05 0.5 0.62
Lipid-lowering treatment 6.0 0.0 5.8 1.8 16.1 <0.02* <0.001*
Fasting glucose (mmol/]) 5.55+0.08 5.31+0.07 551+0.13 5.68+0.24 5.69+0.15 0.2 0.59
Antidiabetic treatment 1.2 0.0 2.9 1.8 0.0 0.34* —
*Kruskall-Wallis ANOVA or "Mann-Whitney U test for continuous variables, Pearson's *-test for categorical* ones.

The relation between APWV and tHcy in a 20.00
continuous manner is shown in Figure 1. A 18.00
statistically significant positive association was 16.00 g :
found between these two variables, Spearman’s 14.00 ¥ =0,26; p=0.0001
correlation coefficient was 0.28 (with P-value 2 12.00
0.000005). E 10,00

Associations between APWV and categorized 2 800
cardiovascular risk factors are given in Table 2. S

. . A ; it 6.00

Subjects with mild hyperhomaocysteinaemia (i.e. e
with tHcy =15 umol/l) had 2.74 times higher risk i

of having their APWV over 8.42 m/s. Out of other
cardiovascular risk factors, age =50 years, hyper-
tension and overweight significantly and indepen-
dently entered the regression (model A). The
association between increased APWV and homo-
cysteinaemia remained significant after adjustment
for factors known to influence the tHcy levels such
as age, gender, current smoking, folate, B,; concen-
trations and treatment with fibrates (Table 2, model
B). No significant relation was found between tHcy
concentrations and PPWV or radial Alx.

Discussion

We found in our study that elevated homocysteine
was significantly associated with increased central
arterial stiffness, measured by APWV. Relative risk
of increased APWV (over 8.42m/s, i.e., in the top
quartile) was nearly three times higher for subjects
with homocysteine >15pmol/l (i.e. with mild

0.00
500 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00
tHey [pmolA]
Figure 1 Correlation between total homocysteine concentration

and aortic pulse wave velocity (Spearman’s correlation coeffi-
cient).

hyperhomocysteinaemia according to usual defini-
tion); this association remained significant after
adjustment for other cardiovascular risk factors or
parameters, known to influence the homocysteine
concentrations. These findings are in agreement
with some already published data. Bortolotto et al.**
reported that homocysteine strongly and indepen-
dently correlate with APWV in patients with
hypertension. Sutton-Tyrrel et al’® reported an
independent relation between elevated homocys-
teine and isolated systolic hypertension, a clinical
manifestation of increased aortic stiffness, in older
adults,
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Table 2 Multivariate association between increased aortic stiffness (PWV over 8.42m/s as dependent variable), hyperhomocysteinaemia
and categorized conventional cardiovascular risk factors (model A) or usual homocysteine confounders (model B) as independent
variables (multiple logistic regression, odds ratios and 95% confidence intervals)

Independent variables

Model A

Model B

Mild hyperhomocysteinaemia®
Age =50 years

Male gender

Current smoking

Overweight or ohesity®
Hypertension®
Hypercholesterolaemia
Increased fasting glucose or diabetes®
Low folate'

Low vitamin B,; 2

Fibrate treatment"

2.74 (1,16-6.49)
5.05 (2.35-10.7)
1.05 (0.53-2.08)
1,76 (0.84-3.70)
2.16 (1.00-4.69)
2.39 (1.17-4.87)
0.83 (0.32—2.19)
2.31 (0.77—7.00)

3.14 (1.32-7.47)
8.72 (4.16-18.,27)
1.33 (0.68-2.61)
1.69 (0.82-3.49)

1.04 (0.50-2.16)
0.49 (0.24-1.02)

= 1.27 (0.56-2.85)

"Serum total homocysteine =15 ymol/l.
SBMI > 25 kg/m?,

“Systolic blood pressure 140 mmHg and/or diastolic blood pressure >»90mmHg, and/or treatment with antihypertensives.
“Total cholesterol 25 and/or LDL cholesterol 3 mmol/l and/or treatment with lipid-lowering drugs.

°Fasting glucose > 6.5 mmol/l and/or treatment with antidiabetic drugs.

Plasma folate <4.48ng/ml (i.e. bottom tertile).

2Plasma B, vitamin <248 pg/ml (i.e. bottom tertile).

hReported treatment with any fibrate, with exception of gemfibrozil.
Statistically significant association in bold.

It is evident, that aortic stiffness is strongly related
mainly to age, because of age-dependent changes
in elastin and collagen content in the vessel wall.
However, homocysteine may probably accelerate
this process. It was reported, that homocysteine
gradually increased collagen synthesis in vascular
smooth muscle cells culture (VSMC) and was
accompanied by an excessive accumulation of
insoluble collagen in the cell layer, indicating the
impaired collagen degradation,*® Charpiot et al.®
reported, that dietary-induced hyperhomocysteinae-
mia in minipig decreased, subsequently, the elastin
content and increased metalloproteinase-dependent
elastolysis in abdominal aorta and coronary arteries.
The link between collagen/elastin metabolism and
homocysteine could be a hypothetical explanation
of differential effect on central and peripheral artery
stiffness. Central arteries (such as aorta) contain
relatively more elastin and less collagen than peri-
pheral arteries. Thus, aorta could be more depen-
dent than the peripheral arteries on any imbalance
in elastin and collagen synthesis/degradation,
namely in subjects free of manifest vascular disease.

Two studies reported that aortic stiffness could
also be increased by acute rise in homocysteine
concentration. Nestel et al.*® found that oral methio-
nine load, causing a threefold increase in tHcy
concentration, caused increase of stiffness in the
central arterial system by about 22%; the stiffness
was measured at baseline and 5h after the methio-
nine load. Similarly, Davis ef al.'” reported that
acute tHcy elevation significantly increased pulse
pressure (as a marker of central arterial stiffness) by
about 4mmHg, measured 8 h after methionine load.
There is a hypothetical explanation of this acute
effect of homocysteine from experimental studies.
Neves et al.” found in an experimental study that

irnal of Human Hypertension

treatment with angiotensin-II increased arterial
stiffness of mesenteric artery significantly more in
hyperhomocysteinaemic ~ (methylenetetrahydrofo-
late reductase deficient), than in control normo-
homocysteinaemic  (wild-type) mice. Another
experimental study’® found in rats that elevated
homocysteine increased extremely the responsive-
ness of its aortic vascular smooth muscle cells to
angiontensin-II. Thus, homocysteine may probably
induce vascular reactivity in conjunction with other
vasoactive agents, such as angiotensin-IL

Various methods can be used for the evaluation of
arterial wall properties. In some studies, Doppler
ultasound technique is used for the measurement
of PWV: it is obtained by dividing the length of
a particular arterial segment by the ‘foot-to-foot’
transit time. It has been shown that APWV measured
with this method predicts strongly and indepen-
dently cardiovascular mortality in patients with
end-stage renal disease.*® Magnetic resonance ima-
ging is a method enabling to study biophysical
properties of aortic segments in details (distensi-
bility, pulse and flow wave velocities). This method
has been used for the studies in special diseases
where arterial function is likely to be altered, such
as juvenile arthritis®* or Marfan syndrome.** For the
purpose of a population-based study, however, our
sphygmometric method is the most suitable as it is
relatively simple, fast, well reproducible and in-
expensive. A large arterial segment, such as the aorta
or lower extremity arteries, is studied as a whole and
therefore, the result of a measurement is not much
influenced, for example, by the presence of a local
atherosclerotic lesion.

In conclusion, in our study we found a strong
and independent relationship between total serum
homocysteine concentrations and APWV, as a
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at is known about topic

Mild hyperhomocysteinaemia is associated with increased
risk of cardiovascular disease

The well-established mechanisms for this association are the
effects of homocysteine on coagulation, oxidative status and
endothelial function

Some data indicate that elevated homocysteine level may
induce smooth muscle cell proliferation, collagen synthesis
and deterioration of elastic structures of the arterial wall;
these changes could result in increased arterial stiffness

at this study adds

Total homocysteine level is positively associated with
stiffness of aortic wall in subjects selected from general
population aged 25-65 years

This association is independent of other risk factors for
cardiovascular disease

There is no relationship between homocysteine and stiffness
of peripheral large arteries

parameter of central arterial stiffness. On the other
hand, owing to cross-sectional design of our study,
we have no direct evidence for cause—effect inter-
action. The causality of elevated homocysteine in
increased aortic stiffness needs to be confirmed by
interventional prospective study with folate, which
represents a standard treatment approach in mild
hyperhomocysteinaemia.
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blood pressure, increased heart rate, normalized SS. and was associated
with the restoration of a paosilive relationship between FMDium and DSS
(P=0.010). but FMDum and FMDim/DSSPa10-1 were unchanged. Long-
term increase in WBV and SS induced by improvement of anemia was
associated with an increase in FMDum (P <0.01), as well as an increase
in FMDum and FMDum/DSSPa10-1 (p<0.01).

Conclusion: In ESRD, in response to local SS, the FMD is impaired but
improved by correction of anemia and increase in WBV, thereby implying
that in ESRD anemia-related low WBV can affect the endothelial-mediated
flow dilation.

9C.3| HYPERTENSIVE MEN WITH ERECTILE DYSFUNCTION
HAVE INCREASED AORTIC STIFFNESS COMPARED TO
HYPERTENSIVES WITH NORMAL ERECTILE FUNCTION

N. Alexopoulos, G. Vyssoulis, C. Vlachopoulos, A. Zervoudaki, P. Pietri,
G. Antonakoudis, A. Deligeorgis, C. Stefanadis. Athens Medical School,
Hippokration Hospital, Athens, Greece

Background and Aims: Ereclile dysfunction may be an early manifestation
of generalized vascular disease. The association of erectile dysfunclion with
aortic sliffness and wave refleclions in hypertensive patients without clinical
atherosclerosis has not been defined yel.

Methods: We studied 51 (aged 56 + 10 years) never trealed hyper-
tensive men with no clinical atherosclerosis who suffered from non-
psychogenic and non-hormenal erectile dysfunction. A contral group of 51
never lreated hypertensive men with normal ereclile function who were
matched for age, body mass index, syslolic and diastolic blood pressure,
heart rate and traditional risk factors for cardiovascular disease were en-
rolled. Ereclile dysfunclion diagnosis and score were evaluated according lo
the International Index of Ereclile Function questionnaire. Carotid-femoral
Pulse Wave Velocity was measured as an index of aorlic slifiness using
Complior® and Augmentation Index as a measure of wave reflections using
SphygmoCor®.

Results: Pulse Wave Velocily was higher in patients with ereclile dys-
function than in the control group (8.1+ 1.2 vs 7.6+ 1.1m/s, P<0.05);
Augmentation Index did nol differ (26.3 + 10.5 vs 26.7 + 7.7%, P=NS).

Conclusions: Aortic elaslic properlies but not wave reflections are
impaired in never lreated hypertensive men with erectile dysfunction com-
pared to hypertensives without erectile dysfunction. This finding suggests
that hypertensive palients with erectile dysfunction may be at grealer
cardiovascular risk.

9C.4| ASSOCIATION BETWEEN FREE THYROXINE, AORTIC
RIGIDITY AND GENETIC POLYMORHISM OF ANGIOTENSIN ||
TYPE 1 RECEPTOR IN A POPULATION SAMPLE

0. Mayer. J. Filipovsky, M. Pesta, M. Dolejsova. J. Hrbkova. 2nd Dept.
of Internal Medicine, Charles Universily. Medical Faculty, Plzen. Czech
Republic

Background: Thyroid hormones showed a direct proliferative effect on
cardiovascular syslem, beside others also by modulaling the expression of
renin-angiotensin axis. The aim of our study was to establish, whether even
mild changes in free thyroxine (fT4) may influence the aortic rigidity and
whether this relation could be modified by polymorphism of angiotensin I
lype 1 receptor (AGTR1). )

Methods: 249 subjects (m121, {128, mean age 48.03+0.70) was se-
lected from population-based postMONICA study. Acrlic pulse wave veloc-
ity (APWV). as a measure of aortic rigididy, was estimaled using Sphyg-
mocor device, AGTR1 polymorphism (A1166C mutation) by PCR. The
whole sample was stralified according to T4 quintiles inlo following strata:
oplimal (11.7-14.59 pmol/l, 2nd to 4th quintile), low-normal (9-11.6 pmal,
1st quintile) and high-normal (14.60-22 pmol/l, top quintile).

Results: see table.

T4 sirala Optimal Low-normal (p1) High-normal (p2)
wild type of AGTR1:

Age [years| 47711.29 490:2.17 (0.45) 51.34: 1.91 (0.10)
Syslohe BP [mmHg| 12264172 1284:34(012") 1306+3.21 (0.07°)
Diastobe BP{rmmHg] 79.2:1.06 81.4+1.93(043") B1.511.57 (050"
APWV [m/s] 7.3810.24 7 B7:0.41(040) B.06.£0.75 (0.57%)
homo- or heterozygote for A1166C:

Age 46.0:1.31 49611.98 (0.17) 49.4:2.68 (0.26)
Systohc BP 1235:182 128.7-3.19(0.33") 1335:4.27 (0.09°)
Diasiolc BP 793:1.14 B824:250(034%) B81.312.85(089)
APWY 7.26:020 7.46:042 (0.88") B63:0.72 (<0.04)

[mean : SEM. opbmal vs low-normal (p1) or high-normal (p2) fT4, “p value adusied for age and
gender]

Conclusion: In our sample of general population we found that high-
normal T4 was associated with increased APWV, however reached statis-
tical significance only in patient with A1166C mutation of AGTR1.

Study supperted by grant IGA-MZ 7534-3.
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