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Pouzité zkratky

ABI pomér kotnik-paze (ankle-brachial index)

AGE  pokrocilé kone¢né produkty glykace (advanced glycation end products)
aPWV rychlost $ifeni pulzové viny na aorté (aortic pulse wave velocity)
baPWV rychlost Sifeni pulzové viny mezi pazi a kotnikem (brachial-ankle PWV)
C poddajnost (compliance)

CAVI  cévni index srdce-kotnik (cardio-ankle vascular index)

caPWV rychlost §ifeni pulzové viny mezi kréni tepnou a kotnikem
cfPWV rychlost $ifeni pulzové viny mezi karotickou a femoralni tepnou
CcO srde¢ni vydej (cardiac output)

CKD  chronické onemocnéni ledvin (chronic kidney disease)

D roztaznost (distensibility)

DTK diastolicky krevni tlak

ICHDK ischemicka choroba dolnich koncetin

LK leva komora

MAP  stfedni arterialni tlak (mean arterial pressure)

MMP  matrix metaloproteindza

NO oxid dusnaty

PP pulzni tlak (pulse pressure)

PR periferni rezistence

PWYV  rychlost ifeni pulzové viny (pulse wave velocity)

STK systolicky krevni tlak

c povrchové napéti (stress)

€ strain
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Abstrakt

Pomér systolického tlaku na kotniku k systolickému tlaku na pazi (pomér kotnik-paze
- ABI) je vyuzivan v diagnostice ischemické choroby dolnich koncetin. Jeho sniZzena hodnota
je zndmkou obstrukce lumina tepny, zatimco abnormalné zvySena hodnota je zplisobena
inkompresibilitou tepen dolnich koncetin. Zatimco zvySena tuhost aorty, métena jako rychlost
pulzové viny mezi karotickou a femoralni tepnou, je schopna predikovat kardiovaskularni
riziko, zvySend tuhost tepen dolnich koncetin, méfena jako rychlost pulzové viny, nema
nezavislou prediktivni hodnotu. Piesto je inkompresibilita tepen dolnich koncetin stanovena
pomoci ABI v nezavislém vztahu se zvySenym kardiovaskuladrnim rizikem. Cilem na$i prace
bylo zjistit vztah mezi vlastnostmi tepen dolnich koncetin a aortalni tuhosti a jejich vliv na
kardiovaskularni riziko. Zjistili jsme, ze vysledky oscilometrické a dopplerovské metody
méteni ABI nelze zaméiovat, protoze oscilometrickd metoda systematicky nadhodnocuje
nizké hodnoty ABI a podhodnocuje vysoké hodnoty ABI. Proto je pro diagnostiku
inkompresibility tepen dolnich koncetin vhodnéjsi dopplerovska metoda méfeni ABI. Déle
jsme ukazali, ze vék a kardiovaskularni rizikové faktory maji mensi vliv na tuhost tepen
dolnich koncetin nez na tuhost aorty. V nasi studii zvyseny ABI jako projev inkompresibility
tepen dolnich koncetin nebyl ve vztahu pouze se zvySenou tuhosti tepen dolnich koncetin, ale
i se zvySenou tuhosti aorty. To znamena, Ze jednim 2z mechanizmi zvySeného
kardiovaskularniho rizika osob s inkompresibilitou tepen dolnich koncetin mize byt zvySena
tuhost aorty, ktera prostfednictvim zvySené impedance aorty zvysuje systolicky tlak v aorté,
coz vede ke zvySeni afterloadu levé komory a rozvoji hypertrofie. Intervence zaméfené na

sniZeni aortalni tuhosti u osob s vysokym ABI by mohly snizit jejich kardiovaskularni riziko.



Abstract

The ratio of systolic blood pressure at the ankle to arm systolic pressure (ankle-
brachial index - ABI) is used in the diagnosis of peripheral vascular disease. While its reduced
value suggests obstruction of the arterial lumen, an abnormally elevated value is due to
incompressibility of lower extremity arteries. While increased stiffness of the aorta, measured
as carotid-femoral pulse wave velocity, is able to predict cardiovascular risk, increased pulse
wave velocity of the leg arteries has no independent predictive value. Despite that,
incompressibility of lower extremity arteries, diagnosed using ABI measurement, is
independently associated with increased cardiovascular risk. The aim of our study was to
determine the relationship between the characteristics of lower limb arteries and aortic
stiffness, and their impact on cardiovascular risk. Our study showed that the results of
oscillometric and Doppler ABI measurement methods are not interchangeable, because the
oscillometric method systematically overestimates low values and underestimates high ABI
values. Therefore, the diagnosis of lower limb arteries incompressibility should be based on
the Doppler method of ABI measurement. Furthermore, we showed that age and
cardiovascular risk factors have only a small effect on lower extremity arteries, but a major
effect on aortic stiffness. In our study, increased ABI as a sign of lower extremity arteries
incompressibility, was associated not only with increased lower extremity arterial stiffness
but, also, with increased aortic stiffness. This suggests that one of the mechanisms of
increased cardiovascular risk in people with lower extremity arteries incompressibility can be
increased rigidity of the aorta, which, by increased aortic impedance, increases systolic blood
pressure in the aorta resulting in increased left ventricular afterload and, subsequently, left
ventricular hypertrophy. Interventions aimed at reducing aortic stiffness in patients with high

ABI could possibly reduce their cardiovascular risk.



1. Uvod

Cévni systém méa dv¢ zékladni funkce - vést krev od srdce do periférie (vodiva funkce
— ,,conduit function®) a snizovat oscilace tlaku a prutoku zpisobené cyklickou praci srdce
(naraznikova funkce — ,,buffering function*) (Doobay, Anand, 2005). Naraznikova funkce
snizenim oscilaci tlaku a pratoku zabezpeCuje kontinualni perfuzi v periférii a zamezuje
poSkozeni mikrocirkulace pulzatilni energii (Mitchell, 2008). ZvySovani cévni tuhosti
narusuje naraznikovou funkci cévni stény, coz ma patologické dasledky jak pro myokard, tak
pro periferni cirkulaci.
Z funk¢niho hlediska lze tepenné fecisté rozdélit na centralni tepny elastického typu, periferni
tepny muskulérniho typu, které se postupné vétvi az na tepny drobného kalibru, a na
rezisten¢ni fecisté tvorené arteriolami. Centrélni tepny, tj. aorta, krkavice a koronarni tepny,
maji v cévni sténé velké mnozstvi elastinu a kolagenu, pifi¢emz celkovy obsah vaziva
ptevazuje nad hladkou svalovinou. Proto je néraznikova funkce typicka pro velké tepny
elastického typu. Sténa perifernich tepen je tvofena hladkou svalovinou, elastinem a
kolagenem. Tyto tepny zastavaji hlavné vodivou funkci. Ve sténé arteriol je velké mnozstvi
hladké svaloviny, coz spolu s jejich malym primérem ma za nasledek, ze mala zména
svalového tonu zplisobi velky vzestup periferni rezistence.
Rychlost siteni pulzové viny na aorté (aortic pulse wave velocity, aPWV) jako parametr
aortalni tuhosti je nezavislym prediktorem kardiovaskularni morbidity a mortality pacientd
sriznym kardiovaskularnim rizikem (Laurent, Boutouyrie, 2007). Tuhost ostatnich cév
elastického a muskularniho typu ma omezenou, nebo Zadnou hodnotu v predikci
kardiovaskularniho rizika. V fadé studii byla tuhost karotickych tepen schopna predikovat
kardiovaskularni riziko u osob s termindlnim renalnim onemocnénim (Blacher et al., 1998) i
po transplantaci ledvin (Barenbrock et al., 2002), ale nem¢la Zadnou aditivni prediktivni
hodnotu u 0sob s manifestnim kardiovaskularnim onemocnénim (Dijk et al., 2005). U osob
S terminalnim renalnim onemocnénim nebyly tuhost brachialni tepny a tepen dolnich koncetin
schopny predikovat kardiovaskularni riziko (Pannier et al., 2005).
Z omezeného mnozstvi dat o tuhosti tepen dolnich koncetin se zda, ze jejich zvySena tuhost
neni spojena s vyssim kardiovaskularnim rizikem. Na druhé strané je zvySena tuhost tepen

dolnich kongetin Uzce spojena se symptomy ischemické choroby dolnich konéetin (Taniwaki



et al., 2001). ZvysSena tuhost tepen dolnich koncetin, méfend mezi brachialni tepnou a
kotnikem, byla u diabetiku 2. typu spojena se snizenym prutokem v poplitealni tepné (Suzuki
et al., 2001). V jiné studii byla zvySena tuhost poplitealni tepny spojena s nizs$i hodnotou
transkutanniho kysliku méteného v oblasti nartu (Kizu et al., 2003). Z uvedeného vyplyva, ze
zvySena tuhost tepen dolnich konéetin ma vliv na pritok — tedy na vodivou funkci tepen.
Pfitom nelze vyloudit, Ze u daného pacienta zvySena tuhost tepen, tedy arteriosklerdza,
nekoinciduje s aterosklerotickym postizenim tepen.

Pomér kotnik-paze je pouzivan v diagnostice poruchy vodivé funkce tepen dolnich koncetin —
Vv diagnostice ischemické choroby dolnich koncetin. SniZzeny kotnikovy tlak ukazuje
s vysokou senzitivitou a specificitou na > 50% obstrukci lumina tepny (Fowkes, 1988, Lijmer
et al., 1996). Vzhledem ke generalizovanému aterosklerotickému postizeni u osob
s ischemickou chorobou dolnich koncetin (Clement et al., 2000) je nizky ABI souc¢asné spojen
se zvySenym kardiovaskularnim rizikem (Heald et al., 2006, Wautrecht et al., 2006).
V soucasné dobé¢ se ukazuje, ze i zvySeny kotnikovy tlak nad 175 mm Hg je spojen s vyssim
kardiovaskularnim rizikem, a to nezavisle na brachidlnim krevnim tlaku a jinych rizikovych
faktorech. V praci Hietanena a spol. byl zvySeny kotnikovy tlak nezavislym prediktorem
celkové a kardiovaskularni mortality u osob stfedniho véku (Hietanen et al., 2008). V jiné
praci kotnikovy tlak piispival ke zvySeni kardiovaskularniho rizika stanoveného pomoci
klasickych rizikovych faktora (mél aditivni prediktivni hodnotu) (Hietanen et al., 2011).
Zvysena tuhost tepen dolnich koncetin diagnostikovana pomoci rychlosti Sifeni pulzové viny
nebyla spojena se zvySenym kardiovaskularnim rizikem (Pannier et al., 2005). Paradoxné¢ je
ale zvySena tuhost tepen dolnich koncetin diagnostikovana pomoci zvyseného ABI (tedy
zvySeného kotnikového systolického tlaku) spojena se zvySenym kardiovaskularnim rizikem,
zvySenou hmotnosti levé komory, a s vyssim rizikem chronického renalniho onemocnéni (Ix
et al., Criqui et al., 2010, Liu et al., 2011). Fale$né zvyseny ABI je projevem inkompresibility
tepen dolnich koncetin a jejich zvySené tuhosti na podkladé mediokalcinozy (Micheletti et al.,
2008). Mediokalcin6za neboli Monckebergerova sklerdza je zptsobena depozici kalcia v
medii a vnitini elastické membrané muskularnich tepen (Micheletti et al., 2008) jako dasledek
dysregulace inhibice a stimulace kalcifikace (Johnson et al., 2006).

V soucasné dob& neni zndmo, pro¢ je zvyseni systolického kotnikového tlaku prediktorem
kardiovaskularniho rizika, a pro¢ samotna tuhost tepen dolnich koncetin nema vypovédni

hodnotu v predikci kardiovaskularniho rizika.
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2. Pirehled problematiky

2.1 Arterialni elasticita a tuhost

Teorie elasticity se zabyva vlivem aplikovane sily a vzniklé deformace.
Mechanické podnéty pro remodelaci cévni stény se oznacuji jako napéti (stres). Napéti
je definovano silou aplikovanou na jednotku plochy (o = F/A). Podle sméru aplikované
sily rozeznavame obvodové a longitudinalni napéti (Nichols et al., 2005). Distribuce
napéti v cévni sténé ma vyznamné dusledky na jeji funkci (Wang et al., 2009). Cévy
reaguji na zménu napéti adaptaci, coz stabilizuje pritok a obvodové napéti (Glagov,
1994). Obvodové napéti cévni stény, oznacované také jako tenzni stres, je zpisobeno
tlakovou vlnou a pusobi kolmo na cévni sténu. Podle Laplaceova zékona je ptimo
umérné krevnimu tlaku a poloméru cévy a nepiimo tmérné tloust'ce stény. Zvyseni
tenzniho stresu vede k hypertrofii medie, coZ snizuje tenzni stres. Longitudinalni napé&ti
neboli strizni stres (shear stress) pusobi podél cévni stény a je dano tieci silou
vyvolanou proudovou vinou. Je pfimo umérné rychlosti proudéni krve a jeji viskozité a
nepiimo umérné poloméru cévy. Vysoky stiizni stres je pti normalni funkci endotelu
stimulem pro produkci vazodilataénich substanci, coz zvySuje primér tepny a snizuje
stiizni stres (Li et al., 2005).

Obrazek 1. Smér sil zpisobujicich obvodové a longitudinalni napéti. Tenzni napéti je
zpusobeno transmuralnim tlakovym gradientem a ptisobi kolmo na cévni sténu. Longitudinalni
napéti je zpisobeno tienim a puisobi na endotelialni buniky v sméru toku krve. Upraveno podle
(Ballermann et al., 1998).

Obvodové napéti Longitudinalni napéti
(tenzni stres) (stfizni stres)
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Deformace télesa (g), oznacovana i jako ,,strain“, je zména tvaru vlivem pusobici sily.
Je definovana jako procentualni zména délky/poloméru vlivem aplikované sily. Pokud
téleso nabyde po odstranéni pusobici sily ptavodni tvar, je elasticke. Pokud si po
odstranéni puasobici sily pfedmét zachovava deformaci, je plasticky. Cévni sténa ma
vlastnosti elastické i plastické v zavislosti na pusobicim tlaku, proto mluvime o
viskoelastickych vlastnostech cévni stény (Cavalcante et al., 2011). Pomér napéti a
deformace je parametrem elasticity; je oznacovan jako elasticky modulus (Yangav
modulus) (London, Pannier, 2010). U vétSiny pfedméti je tento vztah nelinearni a sklon
ktivky zrcadli vnitini elastické vlastnosti cévni stény.

Arterialni  tuhost lze zjednodusené oznalit jako odpor proti deformaci.
V biomechanice rozliSujeme lokalni a regionalni parametry cévni tuhosti. Regionalnimi
parametry jsou poddajnost (compliance) a roztaznost (distensibility). Poddajnost je
definovéna jako zména objemu daného cévniho objemu (AV) pii zméné tlaku (AP). Za
predpokladu, Ze céva ma konstantni délku, 1ze objem nahradit primérem (A), tedy C=
AA/AP. Roztaznost (D) je relativni zména plochy zpisobena zménou tlaku [D= AA/(AP
X Ag)]. Vztah tlaku a objemu neni linearni. Za nizkého tlaku se uplatiuji predev§im
elastickd elastinova vlakna, zatimco za vysokého tlaku tuzsi kolagenova. Z toho
vyplyva, Ze poddajnost a roztaznost mohou byt definovany pouze v souvislosti
s konkrétni hodnotou tlaku (Caputo et al., 1992). Regionalnim parametrem tuhosti je

rychlost $ifeni pulzové viny (pulse wave velocity, PWV).

2.2 Bunééné a molekularni determinanty arterialni tuhosti

Medie arterialni stény je tvofena hladkymi svalovymi bunikami a extracelularni
matrix. Strukturalni integrita a elasticita stény velkych tepen elastického typu zavisi na
vzajemném poméru a prostorovém usporadani dvou hlavnich proteinti — kolagenu a
elastinu (Laurent et al., 2005). Elastin je odpovédny za pruznost cévni stény, pficemz
kolagen zarucuje pevnost (kolagen ma 5 000x vyssi elasticky modulus nez elastin (Lee,
Kamm, 1994)). Za normalnich podminek nejsou kolagenovéa vlakna elastickych tepen

.......
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dilataci cévy. Kvalitativni a kvantitativni zmény elastickych vlaken proto maji vliv na
rigiditu cévni stény.

Zakladem morfologickych zmén pii starnuti | pii hypertenzi je mechanické
opotiebovani elastickych artérii. To se projevuje desorganizaci pravidelné struktury
elastickych vlaken a lamel, jejich ztenCenim, $tépenim a fragmentaci (Lakatta, 1993).
Hypertenze vede K urychleni procesu starnuti tepen zvysenou tlakovou zatézi (Safar,
1994). Zmény zpusobené mechanickym opotifebovanim cév (arterioskler6za) je tieba
odlisit od ateroskler6zy. Rozdily mezi témito dvéma procesy jsou nasledujici:
ateroskler6za je nerovnomérny proces lokalizovany na urcity usek cévy, zatimco
mechanické opotiebovani vede Kk difuznim zménam, knimz dochazi piedevsim
v centralnich tepnéch elastického typu. Ateroskleréza vznikd a rozviji se hlavné
Vv intimné, arterioskler6za je primarné procesem cévni medie. Ateroskleroza vede ve
vétsing pripadi k zaZeni cévy a distalni ischémii, zatimco arterioskler6za vede k dilataci
cév a sniZeni jejich poddajnosti. Ve veéku nad 80 let je plocha aorty 3-4x vétsi nez u
20leteho jedince (Mitchell, Adams, 1977).

Degenerace elastickych vldken vlivem mechanického stresu vede ke zvySeni podilu
kolagenu v cévni sténé i k depozici kalcia. Casto dochazi i k infiltraci hladkych
svalovych bun¢k, makrofagi a mononukleart, které produkuji matrix metaloproteinazy
(MMP) a cytokinin (Zieman et al., 2005). Chronicky zanét zvySuje cévni tuhost
prostfednictvim endotelidlni dysfunkce (snizenim dostupnosti NO), uvolnénim
metaloproteindz (naptiklad MMP-9), kalcifikaci cévni medie, zménou zastoupeni
proteoglykanti, a infiltraci okoli vasa vasorum s naslednou ischémii cévni stény
(McEniery, Wilkinson, 2005).

Relativni zastoupeni kolagenu a elastinu v cévni sténé je fizeno dynamickym procesem
produkce a degradace. Deregulace této rovnovahy, napiiklad v dasledku zanétu, vede
k nadprodukci abnormalniho kolagenu a ke snizeni relativniho zastoupeni normalniho
elastinu, coz zvysuje aortalni tuhost (Johnson et al., 2001). Degradace kolagenu a
elastinu probiha prostiednictvim katabolickych MMP. Bunky cévni stény, makrofagy a
polymorfonuklary produkuji kolagenazy (MMP-1, MM-8, MMP-13), elastazy (MMP-7)
a gelatinazy (MMP2, MMP-9) (Jacob, 2003).

Jednim z mechanismi zvySeni cévni rigidity u diabetiki a pacientd s poruchou
glukdzové tolerance je cross-linking (zkiizena vazba) neenzymatickou glykaci.

Kolagenova vlakna spojend pokro¢ilymi koneénymi produkty glykace (advanced

13



glycation end products; AGE) jsou tuzsi a odolngjsi k hydrolyze, coz vede k akumulaci
strukturalné¢ abnormalnich molekul kolagenu (Verzijl et al., 2000). AGE vedou
k endotelialni dysfunkci, zvySuji produkci kyslikovych radikalt, prozanétlivych
cytokind, rastovych faktorti a adheznich molekul. U diabetikti a pacientti s chronickym
rendlnim onemocnénim dochazi k aktivaci systtmoveho a lokalniho systému renin-
angiotenzin. To vede k hypertrofii bun¢k hladké svaloviny, aktivaci zanétu a vzestupu
produkce kolagenu. U jedinci s onemocnénim ledvin zvysuji kalcifikace v medii tepen
vyznamné cevni tuhost.

Na rozdil od aorty maji vék, obezita, hypertenze a diabetes pouze maly vliv na pramér
brachialni a radialni tepny (Benjamin et al., 2004), ale vedou Kk nartstu jejich tloustky
(Hayoz et al., 1992). Hypertenze paradoxné snizuje nebo neméni tuhost brachiélni a
radiélni tepny (Laurent et al., 1994, Laurent, 1995, Mourad et al., 1998). To lze vysvétlit
hypertrofii relativné pruznych hladkych svalovych bungk, na které je pfenasen tah misto
tuzsich komponent cévni stény jako je kolagen (Laurent, 1995, Laurent et al., 2005).
Podobné¢ i veék a diabetes snizuji nebo neméni tuhost brachialni tepny (van der Heijden-
Spek et al., 2000, Cameron et al., 2003). Hypertrofie a remodelace perifernich
svalovych tepen muze kompenzovat celkové sniZzenou poddajnost tepenného systému

zpusobenou narustem aortalni tuhosti (Mitchell et al., 2001).

2.3 Vliv tuhosti aorty na myokard

Funkci srdce je Eerpat krev a zajistit tak dostate¢ny piisun Zivin. Cinnost srdce je
cyklicka, ale pozadavky tkani na dodavku zivin jsou kontinualni. Naraznikova funkce
velkych cév umoziuje pieménu pulzatilniho toku krve zplsobenou cyklickou srde¢ni
akci na kontinualni tok (Nemes et al., 2008). Z fyzik&lniho hlediska dochézi k pieméné
kinetické energie v energii potencialni (polohovou). Aorta tedy slouzi jako rezervoar
krve pro diastolu. Az polovina ztepového objemu b&hem systoly zlstava v aorté
(Bader, 1983). Po uzavieni aortalni chlopné v diastole klesa tlak v aorté, coz vede
k elastické retrakci aorty a vypuzeni krve do periférie. To zabezpecuje kontinuitu toku
v diastole. Elasticka aorta proto snizuje centralni systolicky tlak a zvySuje diastolicky
tlak (O'Rourke, 1990). ZvySeni tuhosti aorty je spojeno s dilataci aorty a zvySenim jeji

objemové kapacity aorty, coz snizuje schopnost aorty vypuzovat krev do periférie.
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V elastické aort¢ se vina odrazena z periférie vraci do ascendentni aorty v ¢asné
diastole, coz zvysuje diastolicky tlak. VySka diastolického tlaku ovliviiuje koronarni
perfuzi, kterd probiha ve fazi srde¢ni diastoly (O'Rourke, 1990). ZvySeni tuhosti aorty
vyznamné zvySuje centralni systolicky a pulzni tlak prostiednictvim zvySeni
charakteristické impedance a rychlosti navratu odrazené viny (Borlaug et al., 2007,
McEniery et al., 2008). Charakteristickd impedance ascendentni aorty ovliviiuje vysi
vzestupu tlaku v aorté zpusobeného vypuzenim krve z levé komory. V intervalu asi 100
ms v aorté mladého &loveka s charakteristickou impedanci 500 dyn.s.cm™ stoupne
krevni tlak 0 20 mm Hg, kdezto u star$iho jedince s charakteristickou impedanci aorty
1000 dyn.s.cm™ stoupne tlak v aort& o 40 mm Hg (Wilkinson et al., 2001). Casny navrat
odrazené viny z periférie vede k pozdnimu systolickému zvyseni tlaku asi o 30 mm Hg.
To znamend, Ze b&hem systoly se tlak v tuhé aorté¢ zvySuje 0 70 mm Hg, kdezto
Vv elastické aort¢ pouze o 20 mm Hg. Mén¢ nez dvojnasobné zvyseni brachidlniho
pulzniho tlaku s vékem podhodnocuje troj- az ¢tyinasobné zvySeni aortalniho pulzniho
tlaku (Franklin et al., 1997). To vysvétluje, pro¢ je centrélni tlak v tésnéjsim vztahu
s echokardiografickymi a EKG parametry hypertrofie LK nez tlak brachialni (Roman et
al., 2010, Wohlfahrt et al., 2011). ZvySeni centralniho systolického a pulzniho tlaku
s nartistem aortalni tuhosti vedou ke zvySeni afterloadu (dotizeni) levé komory
(Pasipoularides, 2007). To zpusobuje hypertrofii levé komory a zvySuje pozadavky
srdce na dodavku kysliku. Snizeni diastolického tlaku snizuje koronarni perfuzi, jejimz
dusledkem muze byt subendokardialni ischémie. Hypertrofie levé komory spolu
se snizenym  transmyokardialnim tlakovym gradientem  zpusobenym  nizkym
diastolickym tlakem snizuji koronarni rezervu. U osob se stfedné vyznamnou stendzou
koronarnich tepen je tuhost aorty jednou z hlavnich determinant ischemického prahu
(Eberhardt et al., 1990).

2.4 Vliv aortalni tuhosti na mikrocirkulaci

Funkci mikrocirkulace, tedy cév mensich nez 300 pum, je regulovat krevni tok
s cilem pokryt metabolické potieby tkani a snizit tlakovou zatéZz na fragilni kapilary
(Mourad et al.,, 1998, O'Rourke, Safar, 2005). Vysoka rezistence mikrocirkulace
zajistuje vyrazny pokles stfedniho arterialniho tlaku a kontinualni tok krve v
mikrocirkulaci (Koller, 2002, O'Rourke, Safar, 2005). Dysfunk¢éni mikrocirkulace

zpusobuje zvyseni kapilarniho tlaku s naslednou hyperfiltraci, Gnikem proteint, otoky, a
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poskozenim Kkapilar (Mitchell, 2008). Celkova rezistence mikrocirkulace spolu se
srdeénim vydejem ovliviiuji stéedni arterialni tlak. Z kratkodobého hlediska je napéti
hladkych svala v oblasti mikrocirkulace dilezité pro regulaci pratoku krve, coz ma
obzvlastni vyznam v organech s autoregulaci, jako je mozek nebo ledviny. Vzestup
pulzniho tlaku vede ke kontrakci svalovych bunék a ke zvySeni rezistence vuéi
proudéni, coz stabilizuje perfuzi. Na druhou stranu ale dlouhodobé zvySeni tonu
mikrocirkulace vede k remodelaci cév, coz snizuje napéti cévni stény a posouva tonus
na novou nominalni hodnotu za cenu zvySeni celkové rezistence mikrocirkulace
(Jacobsen et al., 2008, Kalaria, 2009). Malé proximalni cévy srelativné nizkym
svalovym tonem hypertrofuji a zmensuji sviij vnitini lumen (hypertroficka remodelace).
Malé distalni cévy s vyssi myogenni odpoveédi zmensuji sviij lumen, ale neméni tloustku
cévni stény (eutroficka remodelace). Jak hypertroficka, tak eutrofickd remodelace
zvySuji pomér mezi tloust’kou cévni medie a pruimérem tepny (pomér medie/lumen). To
snizuje pratokovou rezervu, protoze i pii maximalni vazodilataci ma remodelovana céva
mensi  lumen. ZvySeny pomér medie/lumen je nezavislym prediktorem

kardiovaskularniho rizika (Rizzoni et al., 2003).

Obréazek 2. Eutroficka a hypertroficka remodelace cévni stény
U hypertrofické remodelace dochédzi k zvySeni tloustky cévni medie a tim ke zmenSeni
vnitiniho lumenu cévy. U eutrofické remodelace se neméni plocha prufezu cévni stény, ale

zmensuje se vnitini pramér tepny. Upraveno podle (New et al., 2004).

O

hypertroficka remodelace

Bl

normalni céva

eutroficka remodelace
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Studie u zvifat i U lidi ukazaly, Ze svalové napéti (Mellander, Arvidsson, 1974,
Loutzenhiser et al.,, 2002), remodelace (Christensen, 1991, Baumbach, 1996)
a endotelialni funkce (Ceravolo et al., 2003) mikrocirkulace zavisi na pulznim tlaku vice
nez na stiednim arteridlnim tlaku. ZvySeni svalového napéti a remodelace chrani
mikrocirkulaci pied barotraumatem zpusobenym zvySenym systolickym a pulznim
tlakem (Loutzenhiser et al., 2006), které jsou disledkem zvySené aortalni tuhosti.
Hypotéza vztahu struktury a funkce mikrocirkulace s aortalni tuhosti byla potvrzena ve
velkych popula¢nich studiich (Liao et al., 2004, Mitchell et al., 2005, Cheung et al.,
2007). Rozdilnd tuhost aorty a perifernich muskularnich tepen zpasobuje vznik
odrazené vlny, coz chrani mikrocirkulaci pted pulzatilnim tokem. Narast aortalni tuhosti
vede Kk pulzatilnimu barotraumatu v organech s vysokym pritokem, jako jsou mozek a
ledviny (Vyas et al., 2007). To potvrzuji i nedavno publikované studie, ve kterych byly
zvySeny pulzni tlak (PP) a aortalni tuhost spojeny s poklesem kognitivnich funkci
(Hanon et al., 2005, Scuteri et al., 2007).

2.5 VySetieni aortalni tuhosti

2.5.1 Regionalni parametr cévni tuhosti

Rychlost siteni pulzové viny (PWV) je regionalnim parametrem cévni tuhosti.
Pro svou jednoduchost, neinvazivnost, pfesnost a reprodukovatelnost je povaZzovana za
zlaty standard vySetfeni cévni tuhosti (Lehmann et al., 1993, Asmar et al., 1995, Asmar
et al., 1997, Laurent et al., 2006). PWV charakterizuje miru rigidity pfislusného useku
tepenného fecisté: ¢im rychleji se tlakova vilna $ifi, tim tuz$i je vySetfovana céva.
Rychlost $ifeni pulzové viny se vypocitava jako podil doby Sifeni pulzové viny mezi
dvéma misty a vzdalenosti mezi t¢émito dvéma misty. K vypoctu rychlosti pulzové viny
lze vyuzit tlakovou (Asmar et al., 1995) a distenzni vinu (van der Heijden-Spek et al.,
2000) nebo dopplerovsky zaznam (Chiu et al., 1991). Vzhledem ktomu, ze na
naraznikové funkci cév se nejvice podileji hrudni a bfisni aorta (Latham et al., 1985,
Isnard et al., 1989), a v popula¢nich studiich byla tuhost aorty lep$im prediktorem
kardiovaskularniho rizika nez tuhost jinych tepen (Blacher et al., 1999, Laurent et al.,
2001, Cruickshank et al., 2002), ma vysetieni rychlosti pulzové viny na aorté nejvetsi
vyznam (Laurent et al., 2006). Rigidita je dana ptfedevsim stavem cévni medie, tj.

preaterosklerotickymi zménami a sStupném hypertrofie cévni stény. Tvorba
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sklerotickych plati ovlivituje PWV jiz malo. Pii méfeni je tieba vzit v Uvahu krevni

tlak: vysoky krevni tlak zvySuje rigiditu tepny.

2.5.2 Lokalni parametry cévni tuhosti

K vySetfeni lokalni cévni tuhosti se pouZzivaji povrchové ulozené tepny,
nejcastéji karotické tepny, a vySetieni se provadi pomoci ultrazvuku (Hoeks et al., 1990,
Tardy et al., 1991). Tuhost hluboko uloZenych tepen lze vySetiit pomoci magnetické
rezonance (Bolster et al., 1998). Poddajnost (C) tepen se vypocitava z tlakoveho rozdilu
mezi systolou a diastolou a ze zmény pruméru tepny v systole a diastole. Rychlost Sifeni
pulzové viny lze vypocist z poddajnosti pomoci Brawellova-Hillova vzorce. Poddajnost
je pfimo tmérna druhé mocniné PWV. Nevyhodou vySetieni lokalni cévni tuhosti je
nutnost technicky vyspélych pfistrojii a asova ndrocnost. Proto se tato metoda pouziva
hlavné k mechanistickym analyzdm v patofyziologii a farmakologii. K uréeni zmény
pruméru tepny lze vyuzit radiofrekvenéni analyzu ultrazvukového signélu, kterd ma
rozliSovaci schopnost 1 um (Hoeks et al., 1990). Standardni vySetieni ultrazvukem je
limitovano velikosti pixelu, kterd je 150 um (Girerd et al., 1998). Vysetienim pomoci
,»echotrackingu® 1ze uréit tlakovo-primérovou kiivku tepny, tedy urcit tuhost tepny pii
daném tlaku (Hayoz et al., 1992, Laurent et al., 1993, Laurent et al., 1994, Bussy et al.,
2000), a z ¢asového rozdilu tlakovych kiivek sousedicich boda lze uréit lokalni PWV
(Meinders et al., 2001). Vyhodou této metody je také moznost ur€it vztah mezi
geometrickymi zménami cévy a arteridlni tuhosti. Vzhledem k mozné chybé vlivem
amplifikace pulzniho a systolického tlaku v cévach je pfti stanoveni cévni tuhosti nutno
pouzit lokalni, a nikoliv brachidlni krevni tlak. Lokalni tlak lze odvodit pomoci
aplana¢ni tonometrie vySetfované cévy kalibraci na brachialni krevni tlak integraci
radialni pulzové viny (Kelly, Fitchett, 1992, Verbeke et al., 2005) nebo pomoci
prevodni funkce (transfer function) integrované v piistroji SphygmoCor (AtCor Medical
Ltd., West Ryde, New South Wales, Australia).

2.6 Kotnikovy krevni tlak a pomér kotnik-paze

Za normélnich okolnosti je kotnikovy krevni tlak méteny na a. dorsalis pedis
nebo na a. tibialis posterior vleze o 10 % vyss$i nez krevni tlak méfeny na pazi. Tento

rozdil je vysvétlovan amplifikaci pulzniho tlaku s narGstajici vzdalenosti od srdce
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(Nichols WW, 1991). Za normalni hodnotu poméru tlakt v oblasti kotniku a na pazi
(ankle/brachial index, ABI) se povazuje ABI v rozmezi 1-1,3. Vysetieni ABI se jiz 100
let pouziva k diagnostice vodivé poruchy cév dolnich koncetin. V préci Lijmera (Lijmer
et al., 1996) m¢l ABI < 0,91 senzitivitu 79 % a specificitu 96 % v detekci vice nez 50%
stenozy tepen dolnich koncetin pti angiografii. Podobné¢ Fowkes (Fowkes, 1988) nalezl
95% senzitivitu a 100% specificitu ABI < 0,9 v diagnostice vyznamné stendzy tepen
dolnich koncetin.

Aterosklerotické  postizeni tepen  dolnich  koncetin je obvykle spojeno
s ateroskler6zou i v ostatnich ¢astech tepenného fecisté (Clement et al., 2000). Nizky
ABI je proto znamkou vysokého kardiovaskularniho rizika. Piiblizn¢ 60-80 %
nemocnych s ischemickou chorobou dolnich kon¢etin mé pii koronarografii vyznamnou
sten6zu minimalné jedné koronarni tepny (Dormandy et al., 1989, Valentine et al.,
1994, Mendelson et al., 1998). Metaanalyza klinickych studii (Heald et al., 2006), do
které bylo zarazeno vice nez 45 000 pacienti z 11 populacnich studii, ukazala vyssi
riziko celkové mortality (RR 1,6; 95% CI 1,32-1,95), kardiovaskularni mortality (RR
1,96; 95% CIl 1,46-2,64), infarktu myokardu (RR 1,45; 95% CI 1,08-1,93) a cévni
mozkové pithody (RR 1,35; 95% CI 1,10-1,65) u pacienti s ABI < 0,9 po adjustaci na
vek, pohlavi, kardiovaskularni rizikové faktory a kardiovaskuldrni onemocnéni, ve
srovnani s pacienty snormalnim ABI. Ztoho vyplyva, ze ABI dokaze zpiesnit
stratifikaci kardiovaskularniho rizika zaloZenou na tradi¢nich rizikovych faktorech.
Zvyseny ABI (nad 1,3) ukazuje na zvySenou tuhost tepen dolnich koncetin, ktera je
zpusobena nestlacitelnosti tepen pii vySetieni kotnikovych tlaki. Inkompresibilita tepen
dolnich koncetin je nejéastéji zpusobena kalcifikaci medie — mediokalcindzou, ktera je

Casta u lidi s chronickym ledvinovym onemocnénim a diabetem.

2.7 Centrélni a brachiélni krevni tlak

V elastickych a velkych muskuléarnich tepnéch je stfedni arterialni krevni tlak
(MAP) téméi konstantni, coz je zptisobeno nizkym odporem toku velkych cév a jejich
relativné velkym prumérem. Hodnota MAP je ovlivnéna srde¢nim vydejem (CO) a
periferni rezistenci (PR) podle rovnice MAP = CO x PR. Periferni rezistence je
ovlivnéna vasomotorickym tonem perifernich cév malého kalibru. Vlivem cyklické

srde¢ni akce osciluje krevni tlak kolem MAP, pficemz maximem a minimem oscilaci je
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systolicky, resp. diastolicky krevni tlak. Velikost vychylky od MAP je ovlivnéna
vstupni impedanci. Vstupni impedance vyjadiuje miru odporu cirkulace proti
oscilaénimu proudéni krve a integruje parametry pusobici proti vypuzovani krve z levé
komory. Vstupni impedance je ovlivnéna periferni cévni rezistenci, viskolelastickymi
vlastnostmi a rozméry aorty i velkych cév, a intenzitou a naasovanim odrazené tlakové
viny (London, Pannier, 2010). Periferni systolicky a pulzni tlak je vyssi nez centralni
tlak. Tento fenomén se nazyvd amplifikace systolického a pulzniho tlaku. Pro
amplifikaci tlaku existuji dva davody (Schillaci, Grassi, 2010). Prvnim je progresivni
narast tuhosti tepen smérem od srdce do periférie, proto je amplituda dopiedné pulzové
viny vyssi v periférii nez v aorté¢. Druhym diivodem je Casnéjsi stiet s odrazenou vinou
vznikajici v periférii — v mistech vétveni a srozdilnou tepennou tuhosti. Vysi
centralniho tlaku neni mozno ptredvidat na zakladé periferniho tlaku (Camacho et al.,
2004). Je to zptisobeno mnozstvim faktort ovliviyjicich amplifikaci tlaku. Amplifikace
tlaku je ovlivnéna vékem (Wilkinson et al., 2001), polohou téla, srde¢ni frekvenci, a
krevnim tlakem (Wilkinson et al., 2000, Wilkinson et al., 2001). Rozdil mezi centralnim
a brachialnim krevnim tlakem se s vékem snizuje pfiblizné¢ do 50 az 60 let, nasledné
zastava rozdil ptiblizné konstantni. Pramérny rozdil mezi brachialnim a aortalnim
tlakem u muzi je 11 mmHg, a 8 mmHg u zen (McEniery et al., 2008). To vysvétluje,
pro¢ mé izolovand systolickd hypertenze v adolescenci a stafi uplné stejny periferni a
rozdilny centralni hemodynamicky profil (Hulsen et al., 2006, Wallace et al., 2007).
Centrélni (aortalni) krevni tlak piedstavuje skute¢nou tlakovou zatéz levé komory. To
potvrzuje i nedavno publikovana studie, ve které byla hmotnost levé komory stanovena
pomoci echokardiografie v tésn&jsim vztahu s centrdlnim neZz brachialnim tlakem
(Roman et al., 2010). V longitudinalnich studiich byl centralni tlak lep§im prediktorem
kardiovaskularniho rizika nez brachialni tlak (Safar et al., 2002, Chirinos et al., 2005,
Pini et al., 2008, Wang et al., 2009).
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3. Hypotéza

Vzhledem k rozdilné histologické struktuie tepen dolnich konéetin a aorty
predpokladame, ze se faktory ovliviiujici cévni tuhost v obou oblastech budou lisit. Lze
predpokladat, ze =zvySeni tuhosti tepen dolnich koncetin projevujici se jejich
inkompresibilitou pfi vySetieni poméru kotnik-paze bude souviset se zvySenim tuhosti
aorty. Je zndmo, Ze vyssi aortalni tuhost zvySuje vstupni aortalni impedanci, coz vede
K hypertrofii levé komory. Domnivame se tedy, Ze zvySeny kotnikovy systolicky tlak
souvisi s vyssi aortalni tuhosti, coz by vysvétlovalo jeho prediktivni hodnotu nezavislou
na brachidlnim tlaku. Lze predpokladat, Ze centralni tlak v ascendentni aorté,
determinovany mimo jiné aortalni tuhosti, bude mit vétsi vliv na hypertrofii levé

komory srde¢ni nez brachiélni krevni tlak.

4. Cil prace

1. Porovnat oscilometrickou a dopplerovskou metodu stanoveni poméru kotnik-

paze

2. Zjistit faktory ovliviiujici tuhost tepen dolnich koncetin a porovnat je s faktory

ovliviiujicimi tuhost aorty (zarovnat)
3. Zjistit vliv pfidani tuhosti tepen dolnich koncetin k tuhosti aorty na asociaci
s kardiovaskularnimi rizikovymi faktory a manifestnim kardiovaskularnim

onemocnénim

4. Navrhnout mozné mechanizmy spojujici zvySeny pomér kotnik-paze S

hypertrofii levé komory

5. Zjistit vztah mezi hypertrofii levé komory diagnostikované pomoci
elektrokardiografickych kritérii a centralnim i brachialnim krevnim tlakem
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5. Metodika

Pouzité metody a soubory pacientil jsou podrobné popsany v piilozenych publikacich.

Populace
Pro analyzy jsme pouzili ndhodné vybrany 1% vzorek ¢eské populace ve véku 25-75 let

vySetieny v rdmci studie Czech post-MONICA z okresu Plzeni mésto.

Pomér Kkotnik-paze

Me¢teni poméru kotnik-paze jsme provadéli pomoci pfistroje BOSO ABI (BOSO ABI
100, Bosch+Sohn, Jungingen, Némecko) a ru¢niho dopplerovského pfistroje (Dopplex
multi, Huntleigh, Cardiff, UK).

Rychlost §iieni pulzové viny

Pomoci pfistroje SphygmoCor (AtCor Medical Ltd, West Ryde, New South Wales,
Australia) jsme méfili karoticko-femoralni (aPWV) a femoro-tibialni (lePWV) rychlost
Sifeni pulzové viny. Princip vySetfeni spociva ve stanoveni Casového posunu (At)
zacatku tlakové viny mezi dvéma misty, které jsou od sebe ve vzdalenosti D. Rychlost
Sifeni pulzové viny se vypocitava jako pomér vzdalenosti (D) a Casu (At). Vysledna
hodnota je uvadéna v metrech za sekundu. Jednotlivé pulzové viny jsou snimany
transkutanné¢ pomoci sondy aplanacniho tonometru po dobu 20 vtefin. Méfeni se
provadi za soucasného monitorovani EKG. Pfi tomto sekvenénim méteni se casovy
posun jednotlivych pulzovych vin ur¢uje ve vztahu k R-kmitu na EKG z&znamu.
Parametr arteridlni tuhosti BETA jsme odvodili z PWV pomoci vzorce BETA = In

(systolicky / diastolicky tlak) x 2 viskozita krve / tlakova amplituda x PWV?2.

Ke statistické analyze dat jsme pouzili statisticky program SPSS verze 16 (Chicago, IL,

USA). Pouzité statické metody jsou podrobné popsany v jednotlivych publikacich.
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6. Vlastni vysledky vyzkumné préace

6.1 Srovnani oscilometrické a dopplerovské metody stanoveni poméru kotnik-paze

Stanoveni poméru kotnik-paze (ABI) pomoci dopplerovské metody se pouziva
Vv diagnostice  ischemické choroby dolnich koncetin (ICHDK). Vyhodou
dopplerovského vysetieni je vysoka senzitivita a specificita v diagnostice ICHDK
(Ouriel et al., 1982, Fowkes, 1988, Lijmer et al., 1996). V bézné klinické praxi se toto
vysetieni vyuzivd pouze sporadicky, ackoliv je soucasti doporuceni odbornych
spolecnosti (Mancia et al., 2013). Pouziti automatickych pfistroji pro méteni ABI by
mohlo zjednodusit vySetfeni a zlepsit dostupnost tyto metody. Cilem prace bylo
porovnat novy automaticky oscilometricky pfistroj pro méfeni ABI s tradi¢ni
dopplerovskou metodou.
Metodika Do studie bylo zafazeno 839 pacientd ze studie Czech post-MONICA
(ndhodn¢ vybrany reprezentativni vzorek ceské populace ve véku nad 25 let)
pramérného veéku 54,3 + 13,8 let, 47 % souboru tvorili muzi. Méfeni poméru kotnik-
paze jsme provadéli pomoci ptistroje BOSO ABI (BOSO ABI 100, Bosch+Sohn,
Jungingen, Némecko) a ru¢niho dopplerovského pfistroje (Dopplex multi, Huntleigh,
Cardiff, UK) v nahodném potadi. Vysledky jsme analyzovali pomoci testii dle Blanda a
Altmana (Bland, Altman, 1986).
Vysledky Primérny rozdil v ABI mezi metodami byl 0,1 £ 0,1 (95% CI -0,11-0,30).
Rozdil mezi dopplerovskou a oscilometrickou metodou méfeni ABI se zvySoval s
rostouci hodnotou ABI (r = 0,29, p <0,001). Pokud jsme pouzili dopplerovské vysSetfeni
jako zlaty standard diagnostiky ICHDK, mélo automatické oscilometrické méteni ABI
77% senzitivitu, 98% specificitu, 37% pozitivni a 99,6% negativni prediktivni hodnotu
pii diagnostice ABI <0,9 v obecné populaci.
Diskuse Z vysledki nasi prace provedené v nahodné vybraném vzorku ¢eské populace
vyplyva, ze hodnotu ABI stanovenou pomoci automatického oscilometrického zatizeni
BOSO ABI nelze zaménovat se standardnim dopplerovym méfenim poméru kotnik-
paze. Rozdil mezi dopplerovskou a oscilometrickou metodou méteni ABI se zvySuje s
rostouci hodnotou ABI, proto oscilometricka metoda neni vhodna pro diagnostiku
pacientd s inkompresibilitou tepen dolnich koncetin. Nicméné vysoka negativni
prediktivni hodnota umozZiuje pouziti oscilometrického pfistroje BOSO ABI jako

screeningového nastroje pro ICHDK, kde jednim z hlavnich cild je vyloucit
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onemocnéni. Minimalni dovednosti a mald ¢asova naro¢nost piedurcuji oscilometrickou
metodu méfeni ABI pro screening v klinické praxi.

Pozorovany rozdil mezi dopplerovskou a oscilometrickou metodou méteni ABI lze
Castecné vysvétlit rozdilnou metodikou pii  oscilometrickém méfeni tlaku.
Oscilometricka metoda pfimo neméii systolicky a diastolicky tlak, ale vypocitava je
pomoci vyrobcem dosazené rovnice z naméfeného stiedniho arterialniho tlaku. Stéedni
arterialni tlak se pfitom méfi na zéklad¢ oscilaci tepny, které jsou zavislé na rtiznych
al., 2000). Vliv tuhosti kotnikovych tepen na kotnikovy tlak méfeny oscilometricky
mize vysvétlit pozorované rozdily v kotnikovych tlacich mezi metodami. Vétsina studii
porovnavajicich oscilometrickou a dopplerovskou metodu méteni ABI popsala podobné
rozdily mezi metodami (Ramanathan et al., 2003, Nukumizu et al., 2007, Aboyans et
al., 2008). Jiné ukazaly dobrou shodu mezi metodami (Cortez-Cooper et al., 2003,
Beckman et al., 2006). Naproti tomu vétSina studii, podobné jako my, ukazala vysokou
negativni prediktivni hodnotu oscilometrické metody pii stanoveni nizkého ABI
(Beckman et al., 2006, MacDougall et al., 2008, Mehlsen et al., 2008), coz umoznuje
vyuzit tuto metodu pro screening ICHDK v Klinické praxi. Vzhledem k systematickému
podhodnocovani vysokeho ABI oscilometrickou metodou je pro diagnostiku

inkompresibility tepen dolnich koncetin vhodnéjsi dopplerovskd metoda méfeni ABI.

Clanek byl publikovan v ¢asopise International Angiology:
A novel oscillometric device for peripheral arterial disease screening in everyday
practice. The Czech-post MONICA study. Int Angiol. 2011 Jun;30(3):256-61. Peter

Kompletni znéni ¢lanku je priloZeno v anglickém jazyce.
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A novel oscillometric device for peripheral arterial
disease screening in everyday practice.

The Czech-post MONICA study
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Aim. Ankle brachial index (ABI) is a diagnostic tool for pe-
ripheral arterial disease (PAD) and a cardiovascular risk
stratification tool. Despite this evidence and guidelines re-
commending its use in everyday practice, ABI is not widely
used. Automatic ABI measurement may lower the barrier
to incorporate ABI measurement into everyday practice.
The aim of this study was to validate a novel automatic
oscillometric ABI device (BOSO ABI) against a gold stan-
dard-Doppler device in an epidemiological setting.
Methods. In 839 patients from the Czech post-MONICA stu-
dy (a randomly selected representative population sample
aged over 25 years), mean age 54.3213.8 vears (47% of men),
ABI measurement was performed using the BOSO ABI de-
vice and a handheld Doppler device in a random fashion.
The two techniques were carried out by different investi-
gators each blinded to the findings of the other. Analyses
were conducted as proposed by Bland and Altman,
Results. The mean ABI difference between the two methods
was 0.120.11, with 95% limits of agreement ranging from
<0.11 to 0.30. The difference between Doppler and oscil-
lometric ABI increased significantly with increasing mean
ABI (r=0.29; P<0.001). When considering Doppler the gold
standard, automated oscillometric measurement had a
76.9% sensitivity, 97.9% specificity, and 37% positive and
99.6% negative predictive values in diagnosing ABI <0.9.
Conclusion. The BOSO ABI device cannot be used inter-
changeably for standard Doppler ABI measurement in
diagnosing PAD. However, its high negative predictive va-
lue allows using it as a screening tool for PAD,

[Int Angiol 2011;30:256-61]

Key words: Peripheral arterial disease - Ankle-brachial in-
dex - Oscillometry - Ultrasonography, Doppler.
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ABI measurement has long been used by an-
giologists to diagnose peripheral arterial disease
(PAD). ABI <0.9 has a 79-95% sensitivity and 96-
100% specificity in establishing PAD in the lower
extremities.!-? Recently, there has been growing
evidence that PAD (even subclinical) is a strong
predictor of future cardiovascular events. In a
meta-analysis of 11 studies, ABI <0.9 was asso-
ciated with increased risk of total and cardio-
vascular mortality, coronary heart disease, and
stroke after adjustment for traditional risk fac-
tors.* In another meta-analysis, ABI improved
the accuracy of cardiovascular risk prediction
bevond the Framingham risk score.’ In the lat-
est European Society of Cardiology-European
Society of Hypertension guidelines, ABI meas-
urement is suggested for cardiovascular risk
stratification.¢ '

Despite this evidence and guidelines, ABI is
not commonly used in general practice. The most
common method used by general practitioners
to diagnose PAD is a history of claudication and
lower limb pulse palpation. Facts advocating
against this practice are that the asymptomatic
form of PAD is five times more common than
the symptomatic one and also the poor sensitiv-
ity of pulse palpation to detect PAD. Likewise,
the presence of pulse cannot definitely exclude
PAD.7-10

ABI has traditionally been measured using a
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sphygmomanometer and a handheld continu-
ous wave Doppler device. Time consumption
and required skill are the most common reasons
why ABI is underused in general practice. The
accuracy of ABI measurement in everyday prac-
tice is another issue. ABI measurement skills
significantly influence the reliability of Doppler
measurement.2. 11-13 The reproducibility of ABI
measurement was much better when performed
by an experienced observer than by a less expe-
rienced one. In everyday clinical practice, the
validity is decreased due to multiple sources of
error associated with the ABI measurement.!4
5 An automated oscillometric device may over-
come these problems and help introduce ABI
examination into evervday practice of general
practitioners,

To date, there has been only one study using the
automated oscillometric technique on a large scale
in an epidemiological setting.!s There has been
no study comparing the new automated oscillom-
etric device (BOSO ABI-system 100, Bosch+Sohn
GmbH & Co. KG, Jungingen, Germany) against
standard Doppler technique. The advantage of
this system, compared to others, is its ability to
measure blood pressure on all extremities at a
time, thus eliminating ABI measurement inac-
curacy due to blood pressure fluctuation. In this
paper, we evaluated the new automated oscillom-
etric device against standard Doppler technique
in a representative random population sample of
the Czech post-MONICA study.

Materials and methods

Study population

The Czech post-MONICA study is a population
survey studving trends and determinants of car-
diovascular risk factors in a 1% random popula-
tion sample of the Czech population in nine dis-
tricts. The selection was made from the General
Health Insurance company register keeping, by
law, a list of all those insured. Health insurance is
mandatory for all Czech citizens. Methods of the
Czech post-MONICA study are described in detail
elsewhere.!” Our study includes 839 individuals
aged over 25 years of the district of Plzei (Pilsen),
which represents 90.2% of all those examined in
that district. The response rate was 68%.
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Doppler ABI measurement

Appropriately sized cuffs of a mercury sphyg-
momanometer (Baumanometer, W.A.Baum Co.
Inc., New York, NY, USA) were placed proximal
to the malleolus and on the right arm. After a
five-minute resting period in the supine position,
systolic blood pressure was measured in the right
brachial artery, right dorsal pedal and posterior
tibial arteries, left dorsal pedal and tibial arteries
(in this order) with a pocket Doppler device with
an 8 MHz probe (Dopplex multi, Huntleigh, Car-
diff, UK). Next, systolic blood pressure measure-
ment was repeated on the right brachial artery
for a second time. If the difference between the
first and the second brachial systolic pressure
measurements was higher than 10 mmHg, all
measurements were repeated. All measurements
were performed by two experienced physicians.
The first audible signal was used to identify the
systolic blood pressure at each location. The ABI
was calculated for each leg by dividing the high-
est systolic ankle pressures by the first measured
brachial systolic blood pressure.

Automated oscillometric ABI measurement

An automated oscillometric device (BOSO
ABIl-system 100) was used. This system includes
four cuffs (2 leg and 2 arm cuffs each), allow-
ing concomitant blood pressure measurement
on all limbs. This prevents ABI measurement
inaccuracy due to blood pressure fluctuation.
Automated ABI readings for each leg were ob-
tained in a quiet room, after 5 minutes of rest in
the recumbent position. In 450 patients, another
reading was performed 2 minutes later without
changing the cuff position in order to calculate
intra-measurement variation.

Statistical analysis

Each leg was considered a separate measure.
Data are presented as mean and standard de-
viation, unless stated otherwise. Repeatability
of duplicate oscillometric ABI measurement
was evaluated using intraclass correlation coef-
ficient calculated from one-way random effect
model of ANOVA. Pearson’s correlation coef-
ficient was used to estimate association of the
two techniques. Agreement between Doppler
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TaBLE I.—Population characteristics.

Variables MeansSD
Age (v) 54.29=13.77
Height (cm) 170.40:9.28
Weight (kg) 81.20£17.48
Waist (cm) 95.30+14.42
Hip (cm) 108.74+10.01
Cholesterol (mmol/L) 5.15£1.02
HDL-cholesterol (mmol/L) 1.44+0.38
LDL-cholesterol (mmol/L) 3.05+0.91
Glucose {(mmol/L) 5.47+1.48
SBP (mmHg) 127.63+17.22
DBP (mmHg) 70.00£10.26
Heart rate (bpm) 80.30+9.38
Doppler ABI 1.1620.11
BOSO ABI 1.0610.09

chial index; Doppler ABL: ABI using a Doppler device; BOSO ABI: ABI
using an sutomatic oscillometric device,

TABLE I1.—Sex distribution and concomitant disease of the
examined population,

Variables Number (%)
Sex (male) 393 (46.8%)
CHD 47 (5.6%)
DM 78 (9.3%)
HT 383 (45.6%)
HLP 608 (72.5%)
Stroke or TIA 19 (2.3%)
Claudications 6 (0.75%)
Doppler PAD 14 (1.7%)
Oscillometric PAD 27 (3.2%)

CHD: coronary heart disease; DM: diabetes mellitus; HT: arterial hy-
wnsion: HLP: hyperlipoproteinemia; TIA: transient ischemic ar-

and oscillometric ABI measurements, ankle
and brachial systolic blood pressures, was as-
sessed as proposed by Bland-Altman.!® A cor-
relation analysis between the difference of the
two methods and mean ABI was performed to
assess the association between these two pa-
rameters. Sensitivity, specificity, positive and
negative predictive values of the BOSO ABI to
detect ABI <0.9 were determined by the usual
formula, taking the Doppler method as the gold
standard. Calculations were done using SPSS
16 (Chicago, 1L, USA). A P value of <0.05 was
considered significant.
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Difference between 1% and 2 BOSO
ABI messurement

0.4

06 0.8 1 12 14
Mean of 1* and 2% BOSO ABI measurement

Figure 1.—Bland-Altman plot of repeated oscillometric ABI
measurements. The plot is showing good reproducibility of
the BOSO ABI device.

Results

Of the 930 patients examined in the district of
Pilsen City, data on oscillometric ABI measure-
ments were unavailable in 72 patients, Doppler
ABI readings were lacking in four patients, and
both oscillometric and Doppler ABI measure-
ments were lacking in 15 patients, resulting in
a total of 839 patients with complete data. The
reason for lacking data was the high patient load
on a particular day, not allowing us to examine
everybody (N.=90), or venous ulcers in one pa-
tient. Characteristics of the study population are
presented in Tables I, II.

The mean difference between duplicate ABI
measurements for the BOSO ABI was not sig-
nificantly different from zero (-0.006), with 95%
limits of agreement ranging from -0.13 to 0.12
(Figure 1). The coefficient of repeatability was
0.12 and intraclass correlation coefficient of re-
peated measure 0.75 (95% confidence interval
0.72-0.78).

Mean difference between Doppler and oscil-
lometric right arm systolic blood pressure was
-5 mmHg, with 95% limits of agreement rang-
ing from -24.9 to 14.9 mmHg. The mean differ-
ence between Doppler and oscillometric right
leg systolic blood pressure was 4.8 mmHg (95%
limits of agreement from -20.2 to 29.87) and 5.5
(95% limits of agreement from -20.5 to 31.1) for
the left leg (data not shown).

There was an association between the two
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Figure 2.—Bland-Altman plot between oscillometric and
Doppler ABI measurement. The (rlot illustrates weak agree-
ment between oscillometric and Doppler methods of ABI

measurement, The difference between ngglcr and the
BOSO ABI increases with increasing mean :

0.6

methods of ABI measurement. A test of trends
revealed a correlation coefficient of 0.45,
P<0.001. The mean difference between Doppler
and oscillometric method was 0.1+0.11 (95%
limits of agreement from -0.11 to 0.30) (Figure
2). The difference between methods increased
significantly with increasing mean ABI (r=0.29,
P<0.001). Considering Doppler the gold stand-
ard, automated oscillometric measurement had
a 76.7% sensitivity, 97.6% specificity, and 33.3%
positive and 99.6% negative predictive values in
diagnosing ABI <0.9.

Discussion

Peripheral arterial disease is an underdiag-
nosed and undertreated condition associated
with high cardiovascular morbidity and mor-
tality. Screening for PAD in everyday practice
could identify asymptomatic individuals at high
cardiovascular risk. Experts have proposed that
ABI is the most effective, accurate, and practi-
cal method for diagnosing peripheral arterial
disease. However ankle brachial index measure-
ment using a handheld Doppler is not feasible
in general practice due to the technical skills re-
quired and time consumption. Recommendation
to measure ABI for cardiovascular risk stratifica-
tion will lead to increased utilization of this test
by less experienced observers, thus decreasing
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the reliability of measurement. These problems
have led to the development of automatic oscil-
lometric devices.

In our study we compared a novel oscillomet-
ric device to the standard Doppler device in an
epidemiological setting. The advantage of the
BOSO ABI compared with other oscillometric
devices is its capability to measure blood pres-
sure on all 4 limbs at a time, thus preventing
blood pressure fluctuation between measure-
ments.

Results of the present study demonstrate a weak
agreement between the BOSO ABI and Doppler
technique of ABI measurement. The width of the
95% confidence interval spans from low to nor-
mal ABI. Unequal distribution of the ABI differ-
ence on the Bland-Altman plot shows that the os-
cillometric method overestimates low ABI while
underestimates high ABL On the other hand, the
oscillometric technique had a very high nega-
tive predictive value in excluding patients with a
low ABI (ABI <0.9). That means that the BOSO
ABI can be used in primary care as a screening
tool for PAD with subsequent confirmation of the
diagnosis of PAD by an experienced angiologist
with Doppler or other techniques.

The difference observed between Doppler and
oscillometric ABI measurement could be partial-
lv explained by the mechanism underlying oscil-
lometric blood pressure measurement. Oscillom-
etric systolic blood pressure is calculated on the
basis of mean arterial pressure and oscillations
dependent upon other factors of which arterial
stiffness is the most important one.!® Thus dif-
ferent levels of ankle arterial stiffness could dif-
ferently influence oscillometric blood pressure.

In the literature, there are limited and incon-
sistent data on the agreement between Doppler
and oscillometric ABI measurement. Most stud-
ies in agreement with our results did not find
good agreement between oscillometric and Dop-
pler ABI measurement.?022 Some studies con-
cluded good accuracy of oscillometric ABI meas-
urement.?* 24 In other inappropriate statistical
methods, such as correlation analysis, were used
to examine agreement between methods, thus not
allowing us to draw any conclusions from them.?>
27 Similarly to our observation, a high negative
predictive value of oscillometric ABI method in
determining ABI<0.9 was reported.?3 28,29

Until now there was only one epidemiological
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study comparing oscillometric, Doppler, and aus-
cultatory techniques of ABI measurement.!¢ In
946 subjects, mean ABI values were significantly
higher on Doppler than auscultatory measure-
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6.2 Srovnani vliva kardiovaskularnich rizikovych faktora na tuhost aorty a tepen

dolnich konéetin

Zatimco faktory ovlivitujici rychlost pulzové viny v aort¢ (aPWV) jsou dobie
znamy, malo je znamo o faktorech ovliviujicich rychlost pulzové viny v tepnach
dolnich koncetin (IePWV). Na rozdil od zvysené tuhosti aorty neni zvysena tuhost tepen
dolnich koncetin spojena s vys$§im kardiovaskularnim rizikem (Pannier et al., 2005), ale
omezuje prutok krve v dolnich koncetinach (Suzuki et al., 2001, Taniwaki et al., 2001,
Tillin et al., 2007), a je spojena se zvySenou hmotnosti levé komory (Ix et al.). Cilem
této studie bylo porovnat vliv kardiovaskuldrnich rizikovych faktorGi na aPWV a

lePWV.

Metodika

Pomoci pfistroje SphygmoCor (AtCor Medical Ltd, West Ryde, New South Wales,
Australia) jsme zméfili karoticko-femoralni (aPWV) a femoro-tibialni (IlePWV) rychlost
Siteni pulzové viny ve skupiné 911 osob (primérny vék 54 £+ 13 let, 47 % muzl) ze

studie Czech post-MONICA z okresu Plzen.

Vysledky

Veék mél velky vliv na aPWV, ale pouze malo ovliviioval lePWV. Po adjustaci na dalsi
proménné byly hypertenze, diabetes, chronické onemocnéni ledvin a dyslipidemie
pozitivné a vyznamné spojeny s tuhosti aorty, avSak pouze hypertenze méla vyznamny
vliv na tuhost tepen dolnich koncetin. ZvySeny kotnikovy systolicky krevni tlak byl
asociovan se zvySenou aPWV nezavisle na brachidlnim krevnim tlaku. Kotnikovy
systolicky krevni tlak byl asociovan s aPWV vice nez s lePWV. Osoby s indexem
kotnik-paze pod 1,0 méli vy$si aPWV a nizs§i lePWV ve srovnani s jedinci s normalnim

indexem kotnik-paze.

Diskuse
V nasi praci jsme ukdzali, ze (1) ve€k a kardiovaskuldrni rizikové faktory jako
hypertenze, diabetes, dyslipidemie a chronické onemocnéni ledvin maji vyznamny vliv

na aortalni tuhost, pficemz pouze veék a hypertenze maji vyznamny vliv na tuhost tepen
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dolnich koncetin; (2) abdominalni obezita zvysuje aPWV, zatimco zvySeny obvod bokul
je asociovan se snizenou 1lePWV; (3) zvySeny kotnikovy systolicky tlak neni asociovan
pouze se zvysSenou tuhosti tepen dolnich koncetin, ale 1 se zvySenou tuhosti aorty; (3) u
0sob snizkym pomérem Kkotnik-paze je tuhost tepen dolnich koncetin fale$né

podhodnocena.

Clanek byl publikovan v ¢asopise Hypertension Research:

Lower extremity arterial stiffness versus aortic stiffness in the general population
Hypertension Res 2013;36:718-24.

Peter Wohlfahrt, Alena Krajcoviechova, Jitka Seidlerova, Markéta Galovcova, Jan
Bruthans, Jan Filipovsky, Stéphane Laurent, Renata Cifkova

Kompletni znéni clanku je priloZeno v anglickém jazyce.
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Lower-extremity arterial stiffness vs. aortic stiffness

in the general population

Peter Wohlfahrtb2, Alena ij'coviechm’:il, Jitka Seidlerova?, Markéta Galovcova?, Jan Bruthans?,
Jan Filipovsky®, Stéphane Laurent! and Renata Cifkoval>6

While determinants of aortic pulse wave velocity (aPWV) are well known, much less is known about factors affecting
lower-extremity pulse wave velocity (lePWV). Unlike aPWV, increased lePWV does not predict cardiovascular risk, but limits
lower-extremity blood flow and is associated with increased left ventricular mass. The aim of this study was te compare the
effect of cardiovascular risk factors on aPWV and lePWV. A total of 911 individuals from the Czech post-MONICA study

(a randomly selected 1% representative population sample, mean age 54 £ 13.5 years, 47% men) were examined. Pulse wave
velocity was measured using the SphygmoCor device. Aging had a large effect on aPWV, but only a small effect on lePWV. After
adjustment for covariates, we observed that hypertension, diabetes, chronic kidney disease and dyslipidemia were positively and
significantly associated with aPWV. However, only hypertension had a significant effect on lePWV. Increased ankle systolic blood
pressure was associated with increased aPWV independently of brachial blood pressure. Ankle systolic blood pressure was more
closely related to aPWV than lePWV. Subjects with an ankle-brachial index < 1.0 had higher aPWV and lower lePWV compared

with individuals with a normal ankle-brachial index. Lower-extremity arterial stiffness is affected by age and cardiovascular
risk factors to a lesser extent than aortic stiffness. Increased ankle systolic blood pressure is linked not only to increased
lower-extremity arterial stiffness, but also increased aortic stiffness. In subjects with a low ankle-brachial index, lower-extremity

arterial stiffness is spuriously decreased.

Hypertension Research (2013) 0, 000-000. doi:10.1038hr.2013.21

Keywords: ankle blood pressure; arterial stiffness; general population; peripheral arterial disease; pulse wave velocity

INTRODUCTION
Aortic pulse wave velocity (aPWV) as a measure of aortic stiffness is
an independent predictive factor for all-cause and cardiovascular
morbidity and mortality in patients with various levels of cardiovas-
cular risk.) In contrast, stiffness of other arterial territories has a
smaller or no ability to predict cardiovascular outcomes.” Indeed,
carotid stiffness has been shown to predict cardiovascular events in
patients with end-stage renal disease” and after renal transplantation.”
However, in patients with manifest cardiovascular disease, carotid
stiffness was not an independent risk factor for vascular events.*
Brachial and femoro-tibial PWV were not predictors of cardiovascular
mortality in patients with end-stage renal disease.” Furthermore, only
carotid-femoral PWV was independently associated with coronary
artery calcification, carotid and femoral plaques, whereas carotid-
radial and femoro-tibial PWV were not®

On the other hand, femoral artery stiffness was found to be closely
associated with symptoms of lower limb peripheral arterial disease

(PAD).” Furthermore, a negative correlation was shown between
brachial-ankle PWV and blood flow in the popliteal artery,® and
between femoral arterial stiffness and  foot  transcutancous
oxygen tension.® Lately, increased lower-extremity PWV (lePWV)
determined by a high ankle-brachial index (ABI) was found
to be linked to greater left ventricular (LV) mass through
nonatheosclerotic pathways.'?

Despite these findings suggesting the importance of lower-
extremity arterial stiffness in lower-extremity blood flow and its
association with LV hypertrophy, there have been only a few studies
identifying determinants of lower-extremity arterial stifiness. Most of
these studies determined lower-extremity arterial giffness from local
femoral arterial distensibility. Measurement of local vascular disten-
sibility is often confounded by pressure most often measured at the
brachial level and not locally, resulting in amplification-related errors.
In addition, previous studies have reported the effect of lower-
extremity peripheral arterial disease (PAD) on bradhial-ankle PWV,
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but no study has determined the effect of lower-extremity arterial
stenosis on lePWV.

The aim of the present study was to compare the effect of
cardiovascular risk factors on lower-extremity and aortic stiffness.
In order to determine the effect of lower-extremity peripheral arterial
disease on lower-extremity arterial stiffness, lePWV was compared
in patients with a low, normal and high ankle-brachial index.

METHODS

Study population

The Czech post-MONICA study is a population survey studying trends and
determinants of cardiovascular risk factors in a random sample of the Czech
population. Methods of the Czech post-MONICA study have been described
elsewhere.!! Our study included patients aged > 25 years, residing in Pilsen
district. The response rate in this district was 68%. A total of 911 patients
(98% of patients examined in Pilsen district) had complete data on ABI and
PWV. The study was approved by the local ethics committee of the Institute
for Clinical and Experimental Medicine and Thomayer University Hospital,
and was in accordance with the Declaraion of Helsinki.

Hypertension was defined as systolic blood pressure (SBP) = 140mmHg
and/or diastolic blood pressure (DBP) Z=%0mmHg, or current use of
antihypertensive medication. Diabetes was defined as fasting plasma glucose
=7.0mmol 17" or use of oral antidiabetic drugs and/or insulin. Dyslipidemia
was defined as total cholesterol Z=5mmoll~! or high density lipoprotein-
cholesterol <1 mmoll~! in men and < 1.2mmoll~! in women or use of
lipid-lowering drugs. Chronic kidney disease (CKD) was defined as estimated
glomerular filtration rate (eGFR) <60mlmin™' per 1.73 m’. Glomerular
filtration rate was estimated using the simplified CKD-EPI formula as
described by Levey.'?

Measurement of large artery properties

Large artery properties were measured using the SphygmoCor device (ArCor
Medical Lwd, West Ryde, New South Wales, Australia) in the recumbent
position as reported before.!® Aortic pulse wave velocity and 1ePWV were
assessed according to recommendations.!® Consecutive registrations of the
pulse waves are ECG-gated and thus, the time shift (Ar) between the foot of
wave at the first and second sites can be calculated. The distance between the
two sites was measured on the body surface. To determine aPW 'V, we measured
the distance from the jugular fossa to the pulsation of the femoral artery in the
groin and subtracted the distance from the jugular fossa to carotid pulsation in
order to obtain the traveled distance (D)), The distance between the femoral
artery and dorsal pedal/posterior tibial arteries was measured to calculate
1lePW V. PWV was calculated as D (m)JAf (s).

Doppler ABI measurement

Details of ABl measurement are described in our previous paper'® Briefly,
appropriately sized cuffs of a mercury sphygmomanometer (Baumanometer
TM™, WA Baum, New York, NY, USA) were placed proximal to the ankles and
on the right arm. After a 5min resting period, SBP was measured on the right
brachial artery, right dorsal pedal and posterior tibial arteries, left dorsal pedal
and tibial arteries (in this order) using a pocket Doppler device with an 8 MHz
probe (DopplexmultiT™, Huntleigh, Cardiff, UK). All measurements were
performed by two physicians experienced in ABl measurement. ABl was
calculated separately for each leg by dividing the highest of the ankle systolic
pressures by the brachial systolic pressure. The lower of the two leg ABI values
was used in further analysis. Systolic blood pressure measured on the right
posterior tibial artery was used for further analyses and is indicated as ankle
blood pressure (aSBP). A cutoff value of 175mmHg was used to identify
subjects with increased aSBP as reported earlier.!®

Statistical analysis

Descriptive statistics are given as mean t s.d., mean (95% CI) or frequency and
percent. In the figures, error bars represent s.em. In order to determine the
effect of age and gender on arterial stiffness, analysis of covariance with
adjustment for mean arterial pressure (MAP) was performed while subdividing
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individuals into quintiles of age. The effect of cardiovascular risk factors on
arterial stiffness was determined by analysis of covariance with adjustment for
age, gender and MAP. Partial eta-squared (%) is reported, indicating how
much varability of the dependent variable can be predicted by the indepen-
dent variable. The effect size was considered large for n, >0.30. To determine
the effect of PAD on arterial stiffness, participants were divided into three
groups on the basis of their ABI: low (ABI< 1.0), normal (ABl= 1-1.4), and
high (ABIZ1.4). Arterial properties between these groups were compared
using one-way analysis of variance with Turkeys post-hoc test. Differences
berween groups were reassessed afier adjustment for age, gender and MAP
Determinants of aPWV, lePWV and aSBP were assessed by multiple linear
regression analysis. Variables significantly associated with parameters of arterial
stiffness in univariate analyses were included into the multiple regression
analyses. Standardized wvalues of the mean and the systolic blood pressure were
used to decrease colinearity between parameters. We considered the stability of
the regression model to be disturbed by multi-colinearity if the tolerance
was < 0.1 Standardized beta is reported (8g). A 8¢ of 0.1 indicates that when
the independent variable increases by 1 s.d., the dependent variable increases
by 0.1 sd Al calculations were performed using 5PS5 16 software
(SPSS, Chicago, IL, USA). A two-sided P-value <0.05 was considered to be
statistically significant.

RESULTS

Study population characteristics

Characteristics of the study population of 911 individuals (430 male
and 481 female; mean age of 54111349 years), with complete
data, are provided in Table 1.

Effect of age and gender on aortic and lower-extremity pulse wave
velocities
Aortic pulse wave velocity increased with age (P<0.001) both in men
and women, with the mean aPWV higher in men (Figure 1). Partial
eta-squared representing explained wvariability was high for age
{n2P= 0.32), while there was only a minor effect of gender
{nzpz 0.01). No interaction between age and gender was found
(P=10.68).

Mean lower-extremity pulse wave velodty was higher in men than
in women and showed a significant increase with age. There was a

Table 1 Study population characteristics

SBP mmHg 127.70+ 17.15
DEP, mmHg 69.48+ 10.81
MAP, mm Hg 92.77 + 9.81
lePWY, ms—1 977+ 1.81
aPWV, ms~1 8424234
eFR, mimin ! per 1.73m? 75.08+ 12.46
Total cholesterol, mmal | 1 5.16+1.01
Triglycerides, mmol |1 1.51+1.03
HOL-cholesterol, mmal |1 143+ 0.42
LDL cholesteral, mmal | —1 292+ 1.28
Fasting plasma glucose, mmal | —* 539+ 1.23
CHD, n (%) 46 (5%)
Hypertension, a (%) 420 (46%)
Diabetes, n (%) 70 (8%)
Dyslipidemia, m (%) 640 (71%)
Current smokers, (%) 254 (28%)
Low ABI, n (%) 28 (3%)
High AEL, n (%) 23(2.5%)

Abbreviations: AEI, ankle- brachial index; aPWV, aortic pulse wave velocity; CHD, coronary heart
disaase; DBP, disstolic blood pressure; &GFR, estimated glomerular filtration rate; HOL, high
density lipoprotein; LDL, lowdensity lipoprotein; 1ePWV, lowerextremity pulse wave vwelocity;
MAF, mean arterial pressure; SBF, brachial systolic bleed pressure.

Values are presented as mean + standam deviation or frequency (percent).
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Figure 1 Effect of age and gender on aortic PYWW (aPWV). Data adjusted for
mean artenal pressure, height and weight.

12 -
10 - - m = m 0 Men
= Wl Women
— 8
]
E
g ]
! 4 -
2 -
1] T T T T T
25-39 40 - 49 50 -59 60 - 68 69-74
Age (years)
Age Gender  Age x Gender
F 12.31 2292 287
n'p 0.054 0.026 0.013
[ <0.0001 =000 0022

Figure 2 Effect of age and gender on lower-extremity PWV (lePWV). Data
adjusted for mean arterial pressure, height and weight.

significant age—gender interaction. While, in women, there was a
linear increase in lePWV with increasing age (P<<0.001 for linear
term), in men there was only a minor change afier 59 years of age.
Partial eta squared was higher for age {r,rlp—{}.{}Sri] than for gender
(4*,=0.026), with only a minor effect of age-gender interaction
{nlp_{).{}w] (Figure 2). When individuals with low ABI were
excluded from the analysis of age and gender effect on lePWV, the
age—gender interaction was no longer significant (P =0.12), while
the nlp for age and gender increased.

Effect of cardiovascular risk factors on aPWV and lePWV

Table 2 summarizes the effect of different cardiovascular risk factors
on aPWV and lePWV. In unadjusted analyses, subjects with hyperten-
sion, diabetes and dyslipidemia had higher aPWV. The effect of these
risk factors on aPWV remained unchanged afier adjustment for
covariates. Lower-extremity arterial stiffness was higher in individuals
with hypertension and dyslipidemia. However, after adjustment,
only hypertension remained associated with elevated lePWV

Lower-extremity vs. aortic stiffness
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The effect of cardiovascular risk factors on lePWV did not change
significantly after excluding individuals with low ABI.

Association of aPWV and lePWV with lower-extremity peripheral
arterial disease

Aortic pulse wave velocity was higher in subjects with low and high
ABI compared with the normal ABI group (high ABL 11.1£2.8 s,
§.3423, P=00001: low ABI, 10.842.5 ws. 83423, P<00001,
respectively). There was no difference in aPWV between patients with
low and high ABI (P= 0.86). The elevation of aPWV in both extreme
ABI groups remained unchanged afier adjustment for age, gender and
MAP (Figure 3a).

There was a linear increase in lePWV with increasing ABI
(P<0.001 for linear trend). Lower-extremity PWV was lowest in
individuals in the low ABI group (8.82+185), intermediate in
individuals with normal ABI (9.78+ 1.81) and highest in individuals
with high ABI (10.98 + 1.28). In a model adjusted for age, gender and
MAP, individuals with low ABI had lower 1ePWV compared with the
normal ABI group (8.23 (7.57-8.89) vs. 9.81 (9.70-9.92), P=<0.0001)
and the high ABI group (823 (7.57-8.89) vs. 10.24 (9.55-10.93,
P=0.0001), while there was no difference between the normal and
high ABI groups (Figure 3b).

Determinants of aPWV and lePWV

In univariate analyses, the following parameters were associated with
aPWV: age, MAP, SBF, DBF, serum cholesterol, waist circumference,
triglycerides, glucose, creatinine level, eGFR, waist circumference,
lePWV, heart rate and aSBPE. In a multivariate model of linear
regression (Table 3), age had the largest effect on aPWYV, explaining
36% of the total variance. Among the conventional cardiovascular risk
factors, MAPF, SBF, abdominal obesity and CKD were independently
associated with aortic stiffness. Lower-extremity SBP was also
associated with aPWV independently of brachial SBP and other
cardiovascular risk factors. Individuals with aSBP =175 mm Hg had
higher aPWV at all levels of brachial blood pressure (Figure 4}, which
suggests that ankle systolic blood pressure is associated with aortic
stiffness independently of brachial systolic blood pressure. In the
receiver  operating  characteristic  analysis  {area under the
curve = 0712002, P<0.001), after excluding individuals with low
ABI, aSBP = 175 mm Hg had a sensitivity of 58% and a specificity of
84% to detect subjects with aPWV >10ms—L

In univariate analyses, the following parameters were associated
with lePWV: SBP, DBF, MAP, aSBE, age, weight, hip circumference,
eGFR, serum creatinine, aPWV and glucose levels. In the multivariate
model of linear regression (Table 3), aSBP, age, gender, MAF, low ABI
and hip circumference were independent predictors of lePWV.

In multiple regression analyses, after excluding individuals with low
ABI, ankle blood pressure was determined by brachial SBE, MAP,
aPWV, height, age and lePWV. Aortic stiffness (fs =0.11, P=<0.001,
R*=0.02) had a larger effect on ankle blood pressure than lePWV
(Bs=0.06, P<0.001, R2 =0.004).

DISCUSSION

In this study, we compared the determinants of aortic stiffness with
those of lower-extremity arterial stiffness. We observed that the effect
of cardiovascular risk factors on arterial stiffness differed between
these two arterial territories. The principal findings of our study are as
follows: (1) age and cardiovascular risk factors such as hypertension,
diabetes, dyslipidemia and chronic kidney disease affect aortic
stiffness, while only age and hypertension have a significant effect
on lower-extremity stifiness, (2) abdominal obesity increases aortic

w
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Table 2 Effect of cardiovascular risk factors on aortic and lower-extremity PWV

Unadjusted le FWY Adjusted IaPWY

Unadjusted aPW¥ Adjusted aFWV

Hypertension?

Yes 9.70 (9.47-992) 899 (881-9.18)

Mo 732 (7.17-7.48) 791 (7.73-8.09)

P =0.001 =0.001

(o 0.253 0.071
Diabetest

Yes 10.43 (9.78-11.08) 9.18 (8.76-9.60)

Mo B8.24 (8.09-8.39) B.36 (8.25-8.48)

F =0.001 =0.001

qu 0.059 0.015
s i pidemid®

Yes B8.74 (8.56-8.91) 8.53 (B8.40-8.66)

Mo 761 (7.35-7.88) 8.03 (7.77-8.30)

P =0.001 = 0.001

w7, 0.05 0.003
Current smoking®

Yes 7.95 (7.68-8.22) 823 (799-847)

Mo 8.59 (B8.24-8.79) 8.49 (B.36-8.62)

P =0.001 0.06

e 0.014 —

Chronic kidney diseasé®

Yes 10.38 (9.56-10.77) 9.19 (8.79-9.58)
Mo 8.25 (B.09-8.39) B8.35 (B.23-8.47)
F =0.001 =0.001
qu 0.064 0.017

10.22 (10.04-10.41) 995 (9.77-10.13)
59.39 (9.24-9.54) 9.63 (9.47-9.79)
=0.001 0.018
0.05 0.006

10.0 (9.51-10.49) 9.38 (8.95-9.80)
9.75 (9.62-9.87) 9.79 (9.65-9.91)
0.30 o.08

9.89 (9.75-10.03) 9.87 (9.62-10.12)
9.47 (9.25-9.69) 9.87 (9.62-9.87)
=0.001 0.518
0.m2 —

9.74 (9.49-999) 9.83 (9.62-9.88)
9.77 (9.54-10.01) 9.75 (9.60-10.06)
0.98 0.53

997 (9.54-10.40) 9.556 (9.16-9.94)
9.75 (9.63-9.88) 9.79 (9.68-9.91)
0.35 0.23

Abbraviations: aPWV, aortic pulse wave welocity; |ePWV, lowar-extremity pulse wave welocity.
2Adjusted for age and gender.

“Adjusted for age, gender and mean arterial pressure.

Data are expressed as mean (35% CI).

stiffness, while a larger hip circumference is associated with lower-
extremity stiffness, (3) increased ankle systolic blood pressure is
associated with increased aortic stiffness independently of brachial
systolic pressure and other cardiovascular risk factors, (4) lower-
extremity arterial stiffness is spuriously decreased in individuals with
lower-extremity PAD,

In our study, age had a major effect on aortic stiffness, but only a
small effect on lower-extremity arterial stiffness. This may be due to
the different histological structure of these arteries and a different
effect of aging on these structures. In elastic arteries, aging leads to
fragmentation and alteration of the elastic fiber network responsible
for buffering function, while aging in the muscular arteries leads to
changes in the extracellular matrix involving mainly collagen fibers,
and to hypertrophy of vascular smooth muscle cells and the arterial
wall, acting in the opposite direction on arterial stiffness.!™® Indeed,
there is general agreement that aortic stiffness increases with age, but
there are discrepant data on aging of the lower-extremity arteries.
While, in some studies,'®? no increase in femoral artery stiffness with
age was found, there was some increase in femoral! and lower limb
arterial stiffness” 2! in others This discrepancy can be explained by
the small effect of age on lePWV and different methods of arterial
stiffness measurement,

We found hypertension to increase lower-extremity arterial stiff-
ness. However, in other studies, 22 hypertension had no effect or it
decreased brachial artery stiffness. Of note, the brachial artery is also
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less prone to atherosclerosis than major arteries in the lower
extremities. This suggests that differences in muscular arteries do
exist.

We found a significant gender difference in aPWV and lePWV that
was independent of anthropometric parameters and blood pressure.
The effect of gender on stifiness was small as evident from the small
1% We found a significant age-gender interaction on IePWV that
became non-significant after excluding individuals with PAD. This
was probably due to the higher prevalence of men with PAD. The
gender difference in lePWV observed in our study is in agreement
with previous reports 29272

In our study, abdominal obesity expressed as waist circumference
was associated with increased aPWV. Waist circumference is closely
associated with visceral fat mass. Increased intraabdominal fat is
known to contribute to hyperglycemia and hyperinsulinemia due to
increased secretion of free fatty acids. These factors are known to
affect aortic stiffness. The closer assodation of waist circumfierence
with visceral fat and cardiovascular risk factors than BMI® explains
why waist circumference was assodated with aPWV in multiple
regression analysis, while BMI was not. Qur finding is in agreement
with previous reports®®*! in which only waist circumference was
independently associated with aortic stiffness, while BMI, hip
circumference, fat mass, fat free mass and the waist/hip ratio were
not. While waist circumference was associated with increased aPWV,
we found increased hip circumference to be linked to lower 1ePWV.
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extremity pulse wave velocity; MAP, mean arterial pressure. A full color
version of this figure is available at the Hypertension Research journal
online.

This finding is in agreement with the results of the Hoorn study, in
which larger leg fat mass and leg lean mass were associated with lower
peripheral arterial stiffness. This may be one of the explanations why
increased hip circumference is assodated with lower cardiovascular
risk in population studies,*” and why the gynoid type of obesity is less
deleterious than the android one.

Another new finding is the association between aSBP and aPWV
that was independent of cardiovascular risk factors including brachial
SBP. Furthermore, we found aSBP to be more closely related to aortic
stifiness than to lePWV. This suggests that aSBP is more a parameter
of aortic stifiness than that of lower-extremity stifiness. Increased
transmission of pulsatile energy to the periphery due to increased
aortic stiffness may be the potential mechanism explaining association
between aSBP and aPWV.** Increased pulsatile stress to the peripheral
circulation due to aortic stiffening is caused by loss of buffering
function of aorta and impedance mismatch loss between aorta and
peripheral circulation. Normally, wave reflection occurs due to arterial
stiffness mismatch between the aorta and large muscular arteries.
Partial wave reflection protects microdrculation from the damaging
effect of pulsatile energy. As aortic stiffness meets the stiffness of large
muscular arteries, wave reflection is reduced and more pulsatile
energy is transmitted to the periphery. Our results suggest that
increased aSBP is linked to increased aortic stifiness and may be a
parameter of increased pulsatile energy transmission to the periphery.
To confirm this theory, energy waves in posterior tibial artery will
have to be assessed in the future. The association between aSBP and
aortic stiffness may explain the observed positive association between

Lower-extremity vs. aortic stiffness
P Wohlfahrt e al

Table 3 Multivariate stepwise analysis of the determinants of aPWV,
lePWV and aSBP

Standardized B e P

Aortic pulse wave velocity?, ré = 0.55

Age (years) 0.404 0.365 <0.001
MAP (mmHg) 0.109 0.108 <0.001
Heart rate (beats per min) 0.184 0.031 <0001
aSBP (mm Hg) 0.160 0.026 <0.001
Waist circumference (cm) 0.105 0.014 <0.001
bSBP (mmHg) 0.137 0.010 <0.001
CKD 0.081 0.006 <0.001
Lower-extremity pulse wave velociy®, = 0.21
aSBP (mm Hg) 0.172 0.128 <0.001
Age (years) 0.181 0.022 <0.001
Gender (female) 0.161 0.023 <0.001
MAP (mmHg) 0.144 0.010 <0.001
Low ABI 0.104 0.011 <0.01
Hip cicumference (cm) 0.081 0.006 =0.01
Ankle systolic blood pressure®®, = 0.62
bSEF (mmHg) 0.382 0.515 < 0.001
MAF (mmHg) 0.333 0.078 < 0.001
aPWV (ms 1) 0.114 0.018 < 0.001
Height (cmi) 0.071 0.003 < 0.001
Age (years) 0.092 0.004 < 0.001
lePWV (ms—1) 0.063 0.004 <0.01

Abbreviations: ABI, ankle-brachial index; aSBP, ankle systolic blood pressure; aPWV, aartic
pulsz wave velocity; bSEP, brachial systolic blood pressure; CKD, chronic kidney disease;
lePWV, lowar-extremity pulse wave velocity; MAP, mean arterial pressure.

*Adjusted for antihypartensive and lipid-lowering therapy.
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Figure 4 Effect of bSBP and aSBP on aotic pulse wave velocity. aSBP,
ankle systolic blood pressure; aPWV, aortic pulse wave velocity; bSBP,
brachial systolic blood pressure.

lower-extremity stiffness and IV mass, which is independent of
subdinical atherosclerosis.!”

The independent predictive role of the aSBP in cardiovascular
prediction was described previously. In a population study,'® aSBP
=>175mmHg was an independent predictor of total and

i
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cardiovascular mortality in asymptomatic individuals independenty
of all traditional cardiovascular risk factors. In another study, aSBP
improved the prediction of cardiovascular events independently of
classical risk factors.® Further studies will be needed to assess the
predictive role of ankle SBP in cardiovascular prediction. The
advantage of the aSBP examination is that it is fast, non-invasive,
feasible and widely available.

We found decreased 1ePWV in individuals with lower-extremity
PAD (low ABI group). We think that this is an artifact due to
significant stenosis. The explanation of this phenomenon can be the
blood pressure decrease behind stenosis. Distending pressure is one of
the major determinants of arterial stiffness. Moreover, pressure
waveform changes have been reported in patients with PAD. Among
other things, delay in the foot of the waveform has been reported in
patients with PAD compared with normal subjects.® It is the foot of
the pulse wave that is commonly used for time delay caleulation in
order to estimate PWV. Another explanation is the increase in the
distance traveled due to collateral cireulation. The effect of PAD on
brachial-ankle PWV (baPWV) was described previously. Yokoyama
et al®® reported baPWV reduction in a leg affected with PAD
compared with the non-affected leg Moreover, baPWV increased
following successful stenosis dilatation. In another study, an ABI of
0.95 was calculated to be the cutoff value for diminished accuracy of
baPWV.>7

In the current study, we estimated the aortic length by subtracting
the jugular fossa to the carotid pulsation distance from the jugular
fossa to the femoral artery pulsation side. This method is known to
underestimate the true aortic stiffness. The current consensus for
aortic stiffness measurement is to use 80% of the direct distance
between carotid and femoral measurement sides with the cutoff value
of 10ms~1!" However, this has no effect on the strength of
association with cardiovascular risk factors and the conclusions of
our study.

Our results suggest that conventional cardiovascular risk factors,
except for hypertension, have only a small effect on lower-extremity
arterial stiffness. The effea of aortic stiffness on peripheral vasculature
may be explained by increased pulsatile energy transmission to the
periphery due to increased aortic stiffness. Increased ankle systolic
blood pressure may be a parameter of increased pulsatile energy
transmission to the periphery. Further research is needed to evaluate
energy waves in lower-extremity arteries and to confirm the associa-
tion between increased ankle blood pressure and microcirculation
damage.

ACKNOWLEDGEMENTS
The study was supported by unrestricted research grants from Krka Czech
Republic and Servier Czech Republic.

1 Laurent 3, Boutouyrie P. Arterial stiffness: a new surrogate end point for cardiovascular
disease? J Nephrol 2007; 20 (Suppl 12), 545-550.

2 Blacher J, Pannier B, Guerin AP, Marchais 5J, Safar ME, London GM. Carotid arterial
stiffness as a predictor of cardiovascular and all-cause mortality in end-stage renal
disease. Hypertension 1998; 32: 570-574.

3 Barenbrock M, Kosch M, Joster E, Kisters K, Rahn KH, Hausberg M. Reduced arterial
distensibility is a predictor of cardiovascular disease in patients after renal transplan-
tation. J Hyperdens 2002; 20: 79-84.

4 Dijk IM, Algra A van der Graaf ¥, Grobbee DE, Bots ML Caratid stiffness and the risk
of new vascular events in patients with manifest cardiovascular disease. The SMART
study. Eur Hear? J 2005; 26: 1213-1220.

5 Pannier B, Guerin AP, Marchais 5, Safar ME, London GM. Stiffness of capacitive
and conduit arteries: prognostic significance for end-stage renal disease patients.
Hypertension 2005; 45: 592-596.

Hypertension Research

38

& Tillin T, Chambers 1, Malik |, Coady E, Byrd S, Mayet J, Wright AR, Kooner 1, Shore A,
Thom S, Chaturvedi N, Hughes A. Measurement of pulse wave velocity: site matters.
J Hypertens 2007; 25: 383-385.

7 Taniwaki H, Shaji T, Emata M, Kawagishi T, Ishimura E, Inaba M, Okuna Y, Nishizawa
Y. Fernaral artery wall thickness and stifiness in evaluation of peripheral vascular
disesse in type 2 diabetes mellitus. Athamselerosis 2001; 158: 207-214.

& Suzuki E, Kashiwagi A, Nishio ¥, Egawa K, Shimizu 5, Maegawa H, Haneda M, Yasuda
H, Maorikawa S, Inubushi T, Kikkawa R. Increased arterial wall stiffness limits flow
wolume in the lower extremities in type 2 diabetic patients. Disbefes Care 2001; 24:
2107-2114.

9 Kizu A, Koyama H, Tanaka 5, Maeno T, Komatsu M, Fukumoto S, Emato M,
Shoji T, Inaba M, Shioi A, Miki T, Mishizawa ¥. Arterial wall stiffness is associated
with peripheral circulation in patients with type 2 diabetes. Atherescleresis 2003;
170: 87-91.

10 Ix JH, Katz R, Peralta CA, e Boer IH, Allison MA, Bluembke DA, Siscovick DS, Lima JA,
Criqui MH. A high ankle brachial index is associated with greater left wentricular mass
MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll Cardied 2010; 55
342-348.

11 Cifkova R, Skodova Z, Bruthans J, Adamkova V, Jozifowa M, Galoveova M, Wohlfahrt P,
Krajcoviechova A, Poledne R, Stawk P, Lanska V. Longitudinal
trends in major cardiovascular risk factors in the Czech population between 1985
and 2007/8. Czech MONICA and Czech post-MONICA. Athemscleresis 2010; 211:
676-681.

12 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, Kusek JW,
Eggers P, Van Lente F, Greene T, Coresh J. A new equation to estimate glomerular
filtration rate. Ann infem Med 2009; 150: 604-612.

13 Waohlfahrt P, Palous D, Ingrischova M, Krajeoviechova A, Seidlerova ), Galoveova M,
Bruthans J, Jozifova M, Adamkova W, Filipowsky J, Cifkeva R. A high ankle-brachial
index is associated with increased sortic pulse wave velocity: the Czech post-MOMNICA
study. Ewr J Cardiovase Prev Rehabil 2011; 18: 790-796.

14 Van Bortel LM, Laurent 5, Boutouyrie P, Chowiencayk P, Cruickshank JK, De Backer T,
Filipovsky J, Huybrechts S, Mattace-Raso FU, Protogerou AD, Schillaci G, Segers F,
Vermeersch S, Weber T. Expert consensus document on the measurement of aoric
stiffness in daily practice using carotid-femoral pulse wave velocity Jf Hyperfens 2012;
30: 445448,

15 Wohlfahrt P, Ingrischova M, Krajooviechova A, Palous D, Dolejsova M, Seidlerova J,
Galovoova M, Bruthans J, Jazifova M, Adamkova V, Filipovsky J, Cifkova R. A nowel
ascillometric device for peripheral arterial disease screening in everyday practice. The
Czech-post MONICA study. Int Angial 2011; 30: 256-261.

16 Hietanen H, Paakkonen R, Salomaa V. Ankle blood pressure as a predictor of total and
cardiovascular maortality. BMC Cardiovase Disord 2008; 8: 3.

17 Laurent S. Arterial wall hypertrophy and stiffness in essential hypertensive patients.
Hyperfension 1995; 26: 366-362.

18 Laurent 5, Boutouyrie P, Lacolley P. Structural and genetic bases of arterial stiffness.
Hypertension 2005; 45: 1060-1085.

19 Boutouyrie P, Laurent S, Benetos A, Girerd XJ, Hoeks AP, Safar ME. Opposing eff ects of
ageing on distal and proximal large arteries in hypertensives. J Hyperfens Suppl 1002;
10: 587-891.

20 Benetos A, Laurent S, Hoeks AP, Boutouyrie PH, Safar ME. Arerial alterations with
aging and high blood pressure. A noninvasive study of carotid and femoral arteries.
Artevigseler Thromb 1993; 13: 90-97.

21 Emoto M, Nishizawa ¥, Kawagishi T, Mackawa K, Hiura ¥, Kanda H, lzumotani K, Shaji
T, Ishimura E, Inaba M, Okuno ¥, Morii H. Stiffness indexes beta of the commaon
carotid and femoral arteries are associated with insulin resistance in NIDDM. Diabefes
Cane 1998; 21: 1178-1182.

22 Lo CS, Reff IR, Myers KA, Wahlgvist ML Doppler ultrasound recognition of preclinical
changes in arterial wall in diabetic subjects: compliance and pulse-wave damping.
Diabetes Care 1986; 9: 27-31.

23 Blacher 1, Demuth K, Guerin AP, Safar ME, Moatti N, London GM. Influence of
biochemical alterations on arterial stiffness in patients with end-stage renal disease.
Artenioscler Thromb Vasc Biol 1998; 18: 535-541.

24 Kimoto E, Shoji T, Shinohara K, Inaba M, Okuno Y, Miki T, Koyama H, Emato M,
Mishizawa Y. Preferential stiffening of central over peripheral aneries in type 2
diabetes. Diabefes 2003; 52: 448452,

25 Laurent 5, Girerd X, Mourad 1), Lacolley P, Beck L, Boutouyrie P, Mignot JP, Safar M.
Elastic modulus of the radial artery wall material is not increased in patients with
essential hypertension. Arteroscler Thromb 1994 14: 12231231,

26 Mourad 1), Girerd X, Boutouyrie P, Safar M, Laurent 5. Opposite effects of
remodeling and hyperrophy on arterial compliance in hyperension. Hyperfension
1998; 31 (1 Pt 2), 525533,

27 Filipovsky J, Ticha M, Cifkova R, Lanska ¥, Stastna ¥, Roucka P. Large artery stiffness
and pulse wave reflection: results of a population-based study. Blood Press 2005; 14:
4552

28 Vermeersch 8J, Rietzschel ER, De Buyzere ML, De Bacquer D, De Backer G, Van Borte|
LM, Gillebert TC, Verdonck PR, Segers P. Age and gender related patterns in caratid-
femoral PWV and caratid and femoral stiffness in a large healthy, middle-aged
population. Jf Hyperfens 2008; 26: 1411-1419.

29 Janssen |, Katzmarzyk PT, Ross R. Waist circumference and not body mass index
explains obesity-related health risk. Am J Clin Nutr 2004, 79: 379-384.

30 Czemichow S, Bertrais S, Oppert M, Galan P, Blacher J, Ducimetiere P, Hercherg S,
Zureik M. Bady compasition and fat repartition in relation to structure and function of
large arteries in middle-aged adults (the SUNLMAX study). fnf J Obes (Lond) 2005;
29: B26-832.



31 Schillaci G, Pirro M, Vaudo G, Mannarino MR, Savarese G, Pucci G, Franklin S5,
Mannaring E. Metabolic syndrome is associated with aortic stiffness in untreated
essential hypertension. Hyperfension 2005; 45: 1078-1082.

32 Snijder MB, Dekker JM, Visser M, Yudkin JS, Stehouwer CD, Bouter LM, Heine RJ,
Nijpels G, Seidell JC. Larger thigh and hip circumferences are associated with better
glucose tolerance: the Hoom study. Obes Res 2003; 11: 104-111.

33 Mitchell GF. Effects of central arterial aging on the structure and function of the
peripheral vasculature: implications for end-organ damage. J Appl Physiol 2008; 105:
1652-1660.

34 Hietanen H), Paakkonen R, Salomaa V. Ankle blood pressure and pulse pressure as
predictors of cerebrovascular morbidity and martality in a prospective follow-up study.
Stroke Res Teaf 2011; 2010: 725391,

Lower-extremity vs. aortic stiffness
P Wohifahrt af al

35 Kempczinski RE Segmental  wolume plethysmography  in the diagnosis  of
lower extremity arerial occlusive disease. J Cardiovase Surg (Tovino) 1982, 23:
125-129.

36 Yokoyama H, Shoji T, Kimoto E, Shinchara K, Tanaka 5, Koyama H,
Emota M, Mishizawa Y. Pulse wave velocity in lowerlimb arteries among
diabetic patients with peripheral arterial disease. J Athersscler Thromb 2003; 10:
253-268,

37 Motobe K, Tomiyama H, Kaoji ¥, Yambe M, Gulinisa Z, Arai T, Ichihashi H, Magae T,
Ishimaru S, Yamashina A. Cut-off value of the ankle-brachial pressure index at which
the accuracy of brachial-ankle pulse wawe velocity measurement is diminished.
Cire J 2005; 69: 55-60.

7

Hypertension Research

39



6.3 Vliv pridani tuhosti tepen dolnich kon¢etin k tuhosti aorty na
asociaci se subklinickym organovym poskozenim

Aortalni tuhost je nezavislym prediktorem kardiovaskularni morbidity a mortality
(Laurent, Boutouyrie, 2007), zatimco tuhost ostatnich tepen ma malou nebo zadnou
schopnost predikovat kardiovaskuldrni riziko (Blacher et al., 1998, Barenbrock et al.,
2002, Dijk et al., 2005, Pannier et al., 2005, Tillin et al., 2007). Rozdilna prediktivni
hodnota ruznych arteridlnich oblasti mize byt podminéna rozdily v histologickém
slozeni (Laurent, 1995, Laurent et al., 2005). Zatimco v Evropé a USA se pouziva
parametr aortélni tuhosti stanoveny mezi karotickou a femoralni tepnou (karoticko-
femoralni rychlost $ifeni pulzové viny — cfPWV), v Japonsku a Asii stanovuji rychlost
Sifeni pulzové viny (pulse wave velocity - PWV) mezi brachialni tepnou a kotnikem
(brachiélno-kotnikova rychlost §iteni pulzové viny — baPWV). Tento parametr arterialni
tuhosti kombinuje aortélni tuhost s tuhosti perifernich muskularnich tepen, které maji
omezenou prediktivni hodnotu. V soucasné dobé existuji omezené poznatky o vlivu
pfidani arterialni tuhosti muskularnich tepen kaortalni tuhosti na vztah s
kardiovaskularnimi rizikovymi faktory a subklinickym orgdnovym poskozenim. Novym
parametrem arterialni tuhosti, jehoz vyhodou je nezavislost na krevnim tlaku (Shirai et
al., 2011), je parametr tuhosti BETA, ktery Ize odvodit z PWV [BETA = In (systolicky /
diastolicky tlak) x 2 viskozita krve / tlakova amplituda x PWV?). Cilem nasi studie bylo
porovnat rtizné parametry cévni tuhosti v obecné populaci.

Metodika Ve skupiné 809 osob ze studie Czech post-MONICA (nahodné vybrany 1%
reprezentativni vzorek populace ve véku 54 + 13 let, 47 % muzl) jsme porovnavali silu
asociace cfPWV, Kkaroticko-kotnikové PWV (caPWV) a parametru tuhosti BETA
odvozeného z PWV (cfBETA a caBETA) s kardiovaskularnimi rizikovymi faktory,
parametry subklinického organového poSkozeni a manifestnim kardiovaskularnim
onemocnénim. Arteridlni tuhost jsme stanovovali pomoci pfistroje SphygmoCor.

Vysledky Karoticko-femoralni PWV a caPWV byly podobné a vyznamné spojeny s
krevnim tlakem a hladinou glukézy, zatimco cfPWV byl silngji spojen s vékem,
hladinou cholesterolu a glomerularni filtraci a caPWV s hypertrofii levé komory
stanovené pomoci indexu Sokolow-Lyon. Parametr tuhosti BETA odvozeny z cfPWV i
caPWV byl méné zavisly na krevnim tlaku a vykazoval uz§i vztah k pfitomnosti

ischemické choroby srde¢ni ve srovnani s cfPWV a caPWV (cfBETA vs cfPWV 0,731
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+ 0,03 vs. 0,04 + 0,714, p <0,05; caBETA vs caPWV 0,740 + 0,03 vs. 0,04 £ 0,711, p
<0,05).

Diskuse Nase vysledky ukazuji, ze pfidani tuhosti tepen dolnich koncetin k aortalni
tuhosti mad vliv na vztah ke kardiovaskularnim rizikovym faktorim, zatimco
neovliviluje vztah k manifestnim kardiovaskularnim onemocnénim. Karoticko-
femoralni PWV je vice asociovana s renalnimi funkcemi, zatimco caPWV vykazuje
vy$8i asociaci s hypertrofii levé komory. Tento poznatek je v souladu s vysledkem
studie Yu et al (Yu et al., 2008), ktefi ukazali, ze baPWV je asociovana s hmotnosti levé
komory a jeji systolickou funkci vice nez aortalni PWV. To naznaluje, Ze periferni
muskuléarni tepny ovliviiuji interakci mezi levou komorou a cévnim systémem nezavisle
na velkych elastickych tepnach. Ve studii jsme déle ukazali, Ze BETA transformace
PWYV snizuje zavislost PWV na krevnim tlaku a mize zvysit jeho nezavislou prediktivni
schopnost. To naznacuje, ze zvySeni arterialni tuhosti vlivem strukturalnich zmén cévni
stény je spojeno s vyS$im rizikem nez zvySeni cévni tuhosti zplisobené zvySenym

krevnim tlakem.
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Background: Carotid-femoral pulse wave velodty (PWV), as a parameter of aortic stiffness, is an estab-
lished marker of cardiovascular risk. There has been increasing use of arterial stiffness parameters
combining aortic and muscular stiffness or a parameter derived from PWV — the stiffness index beta
(BETA = In(systolic/diastolic pressure) = 2 blood viscosity/pulse pressure = PWVZ]. The aim of this study
was to compare different arterial stiffness parameters in a general population random sample.
Methods and results: In 809 individuals from the Czech post-MOMNICA study (aged 54 + 13.5 years, 47%
men), we compared the assodation of carotid-fermoral PWV (clPWV), carotid-ankle PWV (caPWV), and
BETA with cardiovascular risk factors, parameters of subdinical organ damage, and presence of manifest
cardiovascular disease.
Both dfPWV and caPWV were similarly associated with blood pressure and glucose level, while clPWV
was more strongly associated with age, cholesterol level and glomerular filtration rate whereas caPWwv
with Sokolow-Lyon index. BETA derived from cfPWV and caPWV was less dependent on blood pressure,
while it showed a closer assodation with coronary heart disease presence, as compared to cfPWV and
caPWV.
Conclusions: Addition of lower extremity to aortic stiffness has an effect on the assodation with car-
diovascular risk factors while having no effect on the association with manifest cardiovascular disease.
Beta transformation of PWV decreases its dependence on blood pressure and may increase its power in
cardiovascular risk prediction.

@ 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

cohort of patients with manifest cardiovascular disease, carotid
stiffness was not an independent risk factor for vascular events [4].

Pulse wave velocity (PWV) measured between the carotid and
femoral arteries (cfPWV) as a measure of aortic stiffness has been
shown to be an independent predictive factor for all-cause and
cardiovascular morbidity and mortality in patients with various
levels of cardiovascular risk [1]. In contrast, stiffness of other
arterial territories has a smaller or no ability to predict cardiovas-
cular outcomes |2-6]. Indeed, carotid stiffness has been shown to
predict cardiovascular events in patients with end-stage renal
disease [2] and after renal transplantation [3], while in a large

* Corresponding author. Center for Cardiovascular Prevention, Thomayer Uni-
versity Hospital, Videnska 800, 140 59 Prague 4, Czech Republic. Tel.: +420 261 083
694; fax: +420 261 083 821
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Brachial and femoro-tibial PWV were not predictors of cardiovas-
cular mortality in patients with end-stage renal disease [5].
Furthermore, only carotid-femoral PWV was independently asso-
ciated with coronary artery calcification, carotid and femoral pla-
ques in men with and without coronary artery disease, whereas
carotid-radial and femoro-tibial PWV were not [G].

Difference in predictive value of these arterial territories may be
explained by different histological structure and different effect of
aging and risk factors on these structures. In elastic arteries, aging
and risk factors lead to fragmentation and alteration of the elastic
fiber network responsible for buffering function. On the other hand,
in the muscular arteries these risk factors lead to changes in the
extracellular matrix involving mainly collagen fibers, and to hy-
pertrophy of vascular smooth muscle cells and the arterial wall,
acting in the opposite direction on arterial stiffness [7,8].
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While the parameter commonly used in Europe and USA is the
carotid-femoral PWV (measured between carotid and femoral ar-
tery), in Japan and other East Asian countries, arterial stiffness has
been measured between the brachial artery and ankle—the so
called brachial-ankle PWV index (baPWV). This arterial stiffness
parameter reflects the properties of peripheral muscular arteries,
but it has been shown to be more influenced by aortic stiffness
[9,10]. The effect of addition of muscular arterial stiffness to aortic
stiffness on the association with cardiovascular risk factors, pa-
rameters of subclinical organ damage and in cardiovascular risk
prediction has not been fully evaluated. To date, there has been only
one large-scale study comparing baPWV and cfPWV [11]. In this
cross-sectional study, brachial-ankle pulse wave velocity was
shown to exhibit an extent of associations with cardiovascular
disease risk factors and clinical events similar to that of cfPWV.

Recently, a new parameter of regional arterial stiffness derived
from the arterial stiffness parameter BETA, called cardio-ankle
vascular index (CAVI) has been proposed. BETA can be calculated
from PWV using the equation BETA = In(SBP/DBP) = 2:/PP « PWV*
[12], where the (In) denotes natural logarithm, (SBP) systolic blood
pressure, (DBP) diastolic blood pressure, (PF) pulse pressure, (3)
blood viscosity and (FWV) pulse wave velocity. In order to match
BETA and PWV, CAVI was introduced using scale conversion con-
stants from BETA (CAVI = a[ In(SBP|DBP) = 2¢/PP « PWV*] + b) [13].
The proposed advantage of this new stiffness parameter over PWV is
its independence from blood pressure [14]. CAVI is suggested to
better reflect structural changes of the arterial wall independently of
distending blood pressure. However, the predictive role of this new
arterial stiffness parameter has never been tested against PWV.

The purpose of our study was (1) to assess the effect of addition
of muscular arterial stiffness to aortic stiffness on association with
cardiovascular risk factors and subclinical organ damage as
compared to aortic stiffness alone and (2) to compare the new
stiffness parameter BETA of the carotid-femoral and carotid-ankle
regions with the carotid-femoral and carotid-ankle PWV,
respectively.

2. Methods
21. Study population

The Czech post-MONICA study is a population survey studying
trends and determinants of cardiovascular risk factors in a random
sample of the Czech population. Methods of the Czech post-MONICA
study have been described elsewhere [15]. Our study included pa-
tientsaged over 25 years resident in Pilsen district. The response rate
inthis district was 68%. A total of 834 individuals had complete data
on carotid-femoral, femoral-ankle PWV and parameters of sub-
clinical organ damage. Based on previous reports | 16— 18] that lower
extremity peripheral arterial disease artificially decreases lower
extremity arterial stiffness, we excluded 25 subjects with an ankle-
brachial index (ABI) below 1.0. This left us with 809 patients. The
study was approved by the local ethics committee of the Institute for
Clinical and Experimental Medicine and Thomayer Hospital, Prague,
Czech Republic, and was in accordance with the Declaration of
Helsinki. All participants provided informed consent.

22 Laboratory analysis

All laboratory analyses were performed centrally in the Institute
for Clinical and Experimental Medicine, Prague, Czech Republic.
Lipid analyses were performed in the Lipid Laboratory of the
Institute for Clinical and Experimental Medicine using a fully
automated enzymatic method (Cobas MIRA S analyzer) with
enzymatic kits by the same manufacturer. Glycemia and serum

creatinine were also determined by enzymatic methods, and uri-
nary albumin excretion in the first moming spot wusing
immunoturbidimetry.

2.3. Definition of risk factors, target organ damage and manifest
cardio-renal disease

Hypertension was defined as SBF =140 mm Hg, diastolic blood
pressure DBP =90 mm Hg, or current use of antihypertensive medi-
cation. Diabetes was defined as fastin g plasma glucose = 7.0 mmol/l or
use of oral antidiabetic drugs andjor insulin. Dyslipidemia was
defined as any of the following: total cholesterol =5 mmol/l, LDL
cholesterol =3 mmol/l, triglycerides >1.7 mmol/l, HDL-cholesterol
<1 mmol/l in men and <12 mmol/l in women or use of lipid-
lowering drugs. Chronic kidney disease (CKD) was defined as esti-
mated glomerular filtration rate (eGFR) below 60 ml/min/1.73 m”.
Estimated glomerular filtration rate was determined by the simplified
CKD-EP! formula as described by Levey [19]. Microalbuminuria was
defined as an albumin/creatinine ratio >1.9 mg/mmol in men
and >2.8 mg/mmol in women. Resting ECG was acquired by a MAC
5500 device (GE Healthcare, Waukesha, W1, USA) and digitally pro-
cessed by purpose-written software. ECGs with complete leftor right
bundle branch block, atrial fibrillation, and paced rhythm or from
individuals with a myocardial infarction history were excluded from
further analysis. The Sokolow-Lyon index [SV; + RVsg] was calcu-
lated. A Sokolow-Lyon voltage over 35 mm was considered an ECG
signof left ventricular hypertrophy. The association of arterial stiffness
indices with parameters of subclinical organ damage was analyzed
only in individuals without a history of cardiovascular events. Coro-
nary artery disease was defined as a history of myocardial infarction or
revascularization (coronary artery bypass grafting or percutaneous
coronary intervention). We estimated the ten-year risk of fatal car-
diovascular disease in individuals between 40 and 65 years of age
without manifest cardiovascular disease and diabetes using equation
developed by the SCORE project [20] with country-specific
coefficients.

24. Measurement of large artery properties

Large artery properties were measured using the SphygmoCor
device (AtCor Medical Ltd, West Ryde, New South Wales, Australia)
in the recumbent position as described previously [21]. Carotid-
femoral (cfPWV) and femoral-ankle (faPWV) pulse wave velocity
were assessed separately according to recommendations [22].
Consecutive registrations of the pulse waves are ECG-gated and
thus the time shift (At) between the foot of wave at the first and
second sites can be calculated. The distance between the two sites
was measured on the body surface. To determine cfPWV, we
measured the distance from the jugular fossa to the pulsation of the
femoral artery in the groin and subtracted the distance from the
jugular fossa to carotid pulsation to obtain the traveled distance (D).
The distance between the femoral artery and dorsal pedal/posterior
tibial artery was measured to calculate faPWV. PWV was calculated
as D (meters)/At (seconds). Carotid-ankle PWV (caPWV) was
calculated as the sum of carotid-femoral and femoral-ankle trav-
eled distance divided by the sum of carotid-femoral and femoral-
ankle time shift. Stiffness index Beta derived from cfPWV and
caPWV (cfBETA and caBETA) was calculated by the equation ln(SBP/
DBP) = 2¢/PP = PWV?, where PWV is cfPWV and caPWV,
respectively.

2.5, Statistical analysis

Descriptive statistics is given as mean and standard deviaton
(SD), or as frequency and percent. The association of scale
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parameters in univariate analysis was evaluated using Pearson's or
Spearman's correlation, as appropriate. The correlation coefficient
(r) with the level of significance is provided in tables. Differences in
the strength of association were compared by calculating z statistics
for comparison of correlations within a single sample. Data in ta-
bles are not adjusted for multiple comparisons. Forward stepwise
multiple regression analyses were used to determine parameters
independently associated with arterial stiffness indices. Varables
associated with arterial stiffness parameters in univariate analysis
were included in the multivariate model. Sex was included into all
multivariate models. A standardized coefficient beta (:8) is re-
ported. A standardized beta of 0.1 indicates that each increase in the
independent varable by one 5D increases the dependent variable
by 0.1 SD. Associations of different arterial stiffness parameters
with manifest coronary heart disease (CHD) presence, chronic
kidney disease, left ventricular hy pertrophy and microalbuminuria
were compared by testing the difference in areas under the receiver
operating characteristic (ROC) curves using the method described
by Hanley and McNeil [23]. Calculations were done using SP55 19
(IBM Corpora -Somers, NY, USA) and MedCalc 9.2 (MedCalc Soft-
ware, Marakerke, Belgium). A two-sided p-value <0.05 was
considered statistically significant.

3. Results

In total, data from 809 individuals {mean age 54 + 13.5 years,
47% of men) were used for this analysis. Population descriptive
statistics is provided in Table 1.

3.1. Carotid-femoral vs. carotid-ankle PWV

There was a significant positive correlation between cfPWV and
caPWV (r = 0.77, p < 0.0001). In the univariate analysis, carotid-

Table 1
Popul ation descriptive statistics.

Variable Mean = SD/n (%)
Age (years) 5391 + 1155
Male sex i (%) 380(47%)
CHDn (%) IB(47%)
Stroke n (%) 17(2.1%)
MALI n (%) 23 (2.8%)

LVH n (%) 73 (9%)
CKDn (%) 68 (8.4%)
Hypertension n (%) 370 (46%)
Diabetes n (%) 52 (6.4%)
Obesity n (%) 230 (28.4%)
Systolic BP (mm Hg) 12734 + 1686
Diastolic BP {mm Hg) 954 + 1092
Body weight (kg) 8023 = 1624
‘Waist circumference {cm) 9398 + 1363
Hip circumference {cm) 10737 £ 916
Total cholesterol {mmol/l1) 517 =1
HDL cholesterol {mmolfl) 143 =042
LDL cholesterol {(mmol /1) 293 +1.29
Glucose level (mmolfl) 534 +1.12
Albumin creatinine {mg/mmol) 053 £4.56
eGFR (mljminf1.73 m*) 7503 +1222
CFPWV (m/s) 838 £2.32
caPWV (m/s) 914 1.6
ofBETA 1641 +9.03
caBETA 18.88 =586
Sokolow-Lyon index (mm) 2269 £7.59

femoral PWV was more strongly associated with age, cholesterol
level, waist circumference, height, and eGFR and less strongly
associated with left ventricular hypertrophy, as determined by
Sokolow-Lyon criteria, than was carotid-ankle PWV (Table 2). Both
cfPWV and caPWV were similarly and positively associated with
estimated risk of fatal cardiovascular events determined by SCORE
tables. In the stepwise multiple regression analysis (Table 3), de-
terminants of cfPWV were age, mean blood pressure, heart rate,
waist circumference, and eGFR, while carotid-ankle PWV was
associated with age, mean blood pressure, heart rate, sex, Sokolow-
Lyonindex, and waist circumference. We did not find any difference
in the strength of association with CHD presence between cfPWV
and caPWV as assessed by the area under ROC curve (Table 4). On
the other hand, carotid-femoral PWV was more closely associated
with chronic kidney disease (CKD) presence than carotid-ankle
PWV (Table 4).

3.2, Pulse wave velocity vs. stiffness parameter beta

In the univariate analysis, caBETA was less dependent on sys-
tolic, diastolic, mean blood pressure and heart rate than caPWv
(Table 2). Similarly, cfBETA was less dependent on systolic, diastolic,
mean blood pressure and heart rate than cfPWV. In the stepwise
multiple regression analysis, beta transformed cfPWV was less
dependent on mean blood pressure and heart rate than cfPWV as
evident from the explained variance (partial B> = 0.1 vs. 0.05,
Table 2). Similarly beta transformed caPWV was less dependent on
mean blood pressure and independent of heart rate as compared to
caPWV. When comparing the ROC AUC, cfBETA was more closely
associated with CHD presence than cfPWV (0.731 + 0.03 ws.
0.714 + 0.04, p < 0.05). Similarly, caBETA was more closely asso-
ciated with CHD presence than caPWV (0.740 + 003 wvs.
0.711 +=0.04, p < 0.05).

4. Discussion

Carotid-femoral pulse wave velocity is an established marker of
cardiovascular risk. In this study, we performed a comparative
analysis of stiffness indices of several segments of the arterial
system: carotid-femoral PWV, carotid-ankle PWV, carotid-femoral
BETA, and carotid-ankle BETA, in a large random population

Table 2
Correlations between different arterial stiffness parameters and cardiovascular risk
factors/parameters of subclinical organ damage.

cfPWV caPWV caBETA cfBETA p' p° p’
Age (years) 06677 0577 0557 066"
Height (cm) 0117 —003 001  —009” ¢
Weight (kg) 0257 02177 01977 0247
Waist circumference (cm) 04177 0367 030 03577 o
Systwlic BP {mm Hg) 06077 05777 0387 04977
Diastolic BP (mm Hg) 0157 01577 —0.044 0.04 o
MAP (mm Hg) 0447 0447 018977 02777
Heart rate (/min) 016" 0137 0.01 0.08
Total cholesterol (mmolfl) 02177 0137 0117 020 *
LDL cholesterol (mmel/l)  0.15™ 008 0.o7 0147
Serum glucose (mmolfl)  0.34™ 0307 024™ 0317
eCFR (mlfmin/173 m¥) 045 _034™ _0.327° _D45™ **
Albumin fcreatinine 0.02 005 0.05 0.02

(mg/mmol)

Sokolow-Lyon index (mm) 0.05° 017" 0157 0.06 e
SCORE 056 0557 0527 047" e s

CHD—coronary heart disease; MAU-microalbuminuria; LVH-left ventricular
hypertrophy: CKD—chronic kidney disease: BP—blood pressure; eGFR—estimated
glomerular filtration rate; cfPWV —carotid-femoral pulse wave velocity: caP'WWV
carotid-ankle pulse wave velocity; cfBETA— carotid-femoral stiffness index beta;
caBETA—carotid-ankl e stiffness index beta.
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Correlation coefficients are given, univariate analysis.

p' cfPWV ve. caPWV, p? cfPWV vs. cfBETA, p* caPWV vs. caBETA.

*p = 0,05 **p < 0.01;*"p < 0.001; BP-blood pressure; eGFR—estimated glomerular
filrarion rate; SCORE—estimated ten-year risk of fatal cardiovascular disease;
CfPWV-—carotid-femoral PWV; caPWV-carotid-ankle PWV.
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Table 3
Determinants of cPWV, cfBETA, caPWV, caBETA and faPWV inmultivariate stepwise
regression analysis.

[ <0 R P
cfPWV
Age (years) 0.070 0411 0369 0,001
Mean blood pressure (mm Hg) 0.051 0285 0105 <0.001
Heart rate (/min} 0,036 0155 0027 < 0,001
‘Waist circumference (cm) 0.030 0177 0022 <0.001
eGFR (mljminf1.73 m*) —0.014 —0072 0003 <0.05
R*=0.524
cfBETA
Age (age) 0240 0.363 0.296 < 0,001
Mean blood pressure (mm Hg) 0142 0206 0054 <0.001
‘W aist circumference (cm) 0112 0168 0020 =0.001
Heart rate | fmin) 0.075 0083 0007 <0.001
eGFR (ml/min(1.73 m*) —0u062 —0084 0004 <0.001
R*=0.380
caPWV
Age (years) 0.052 0450 0330 0,001
Mean blood pressure (mm Hg) 0.039 0324 0142 <0.001
Heart rate (/min) 0024 0.149 006 <0.001
Sex (female) —0263 —0082 0017 <0.01
Sokolow-Lyon index (mm) 0.020 0090 0006 <0.01
‘Waist circumference (cm) 0.008 0071 0009 <0.05
R*=0.517
caBETA
Age (years) 0.180 0416 0282 0,001
Mean blood pressure (mm Hg) 0.102 0225 0061 <0.001
Sex (female) -1.683 -0.139 0025 < 0,001
Sokolow-Lyon index (mm) 0.053 0063 0003 <0.05
R*=0.371

ofPWV—carotid-femoral pulse wave velocity; cfBETA—carotid-femoral stiffness in-
dex bet@; caPWV-carotid-ankle pulse wave velocity; caBETA—carotid-ankle stiff-
ness index beta; eGFR—estimated glomerular filtradon rate; Jf-standardized
coefficient beta.

sample. First, we have demonstrated that addition of femoral-ankle
PWV to carotid-femoral PWV has an effect on the strength of as-
sociation with some cardiovascular risk factors while having no
effect on association with coronary heart disease presence. Second,
we have shown that beta transformation of PWV may decrease the
effect of blood pressure and heart rate on arterial stiffness. Third,
we have found that beta transformed PWV is more closely associ-
ated with CHD presence that untransformed PWV. Fourth, cfPWV
seems to be more closely related to kidney function than caPWVv
while caPWV may be more closely related to parameters of left
ventricular hy pertrophy.

Wehave found a strong positive association (r =0.77,p < 0.001)
between cfPWV and caPWV suggesting that caPWV is mostly
dependent on central arterial stiffness. This finding is in line with
previous studies [10,11] in which baPWV was more dependent on
aortic stiffness than on lower extremity arterial stiffness. However,
our results also suggest that a large proportion of the total var-
ability of caPWV is explained by cfPWV. This means that caPWV is
not solely an index of central arterial stiffness, but a composite

index of central and muscular artery stiffness. We have also shown
that gender has no independent effect on aortic stiffness while
stiffness parameters including lower extremity stiffness such as
caPWV and caBETA are increased in men independently of other
cardiovascular risk factors. As a new finding, we have shown that
addition of femoral-ankle PWV to carotid-femoral PWV decreases
the association with age, cholesterol level, and eGFR. This can be
explained by only a small effect of these factors on arterial stiffness
of muscular arteries [18 . All these findings suggest that caPWV and
cfPWV are not interchangeable because muscular arterial stiffness
confounds the former, with a measurable effect on the association
with certain adverse cardiovascular and renal phenotypes.

rin our study, cfPWV was more closely associated with renal
function than caPWV. To our knowledge, this has not been re-
ported before. In the study by Tanaka [11], cfPWV correlated with
eGFR more closely than caPWV (r = —0.32 vs. —0.25), but the
strength of association was not compared. In our work, the closer
association of cfPWV with renal function in univariate analysis
was also confirmed by multiple linear regression, in which eGFR
was independently associated with cfPWV, but not with caPWV.
This means that addition of lower extremity arterial stiffness to
aortic stiffness decreases the strength of association with renal
function.

On the other hand, caPWV in our study was more strongly
associated with left ventricular hypertrophy as determined by the
Sokolow-Lyon index. This finding is in line with the study by Yu
|24], in which brachial-ankle PWV was more strongly related to left
ventricular mass and diastolic function as determined by echocar-
diography than carotid-femoral PWV. This may be because baPWV
and caPWV cover both the central and peripheral arterial territories
suggesting that peripheral muscular arteries may contribute to the
ventriculo—arterial interaction independently of central arteries.
We found a similar strength of association of cfPWV and caPWV
with central systolic blood pressure (r = 0.56 vs. 0.56, p = n.s.),
central pulse pressure(0.58 vs. 0.59, p = n.s.), central augmentation
pressure (0.39 vs. 0.38, p = n.s.), and central augmentation index
(0,19 vs. 0.23, p = n.s.) estimated using radial applanation tonom-
etry. This suggests that the different strength of association of
caPWV and dfPWV with left ventricular hypertrophy is not caused
by a stronger associaion with parameters of central
hemodynamics.

There are two possible mechanisms of the PWV increase. The
first one is due to structural, and the other one due to functional
changes of arterial wall. Structural stiffening of elastic arteries
caused by aging and other cardiovascular risk factors is explained
by fragmentation and alteration of the elastic fiber network
responsible for the buffering function of arteries [8] Functional
stiffening of arteries results from increased blood pressure. Under
normal blood pressure, elastic elastin fibers are recruited. Increased
blood pressure loads stiffer collagen fibers, thereby increasing
arterial stiffness. This explains the nonlinear relationship between
blood pressure and PWV [25]. Functional stiffening of arteries can
be reversed by blood pressure lowering [26]. In the presence of

Table 4
Comparison of association of different arterial stiffness parameters with cardiovascular events and parameters of subclinical organ damage using the area under receiver
operating curve
cfPWV caPWv caBETA fBETA P! ' ‘s
CHD 0.713 = 0,04 0.708 = 0.04 0.742 =0.03 0.731 =0.03 NS =0.05 =005
CKD 0.731 + 0,03 0.633 +0.03 0.645 = 0,04 0.741 +0.03 <0.001 NS NS
MAL 0.584 + 0.06 0.606 = 0.06 0.584 = 0.06 0.564 = 0.06 NS NS NS
LVH 0.650 = 0L.03 0.674 = 0.04 0.662 = 0,04 0.641 =0.03 NS NS NS

p' cfPWV vs, caPWV, p? cfPWV vs, cfBETA, p* caPWV vs. caBETA.

CHD—coronary heart disease; CKD-chronic Kdney disease: MAU-microalbuminuria; LVH-left ventricular hypertrophy.
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structural changes, the stiffening is less dependent on blood pres-
sure [27]. In the study by Guerin, survival of patients with end-
stage renal disease was significantly better for subjects whose
aortic PWV declined in response to blood pressure lowering
compared to individuals without a PWV decrease after blood
pressure decrease [28 ). In another study, individuals with increased
PWV before and after dialysis had increased risk of death compared
to subjects with increased PWV before and normal PWV after
dialysis [29]. This suggests that the PWV increase due to structural
changes is more deleterious than the functional PWV increase
caused by increased blood pressure. This led to the development of
the blood pressure-independent parameter of arterial stiffness
referred to as stiffness parameter Beta [30] or CAVI [31] In our
study, we have shown that Beta transformed PWV is less depen-
dent on blood pressure and heart rate than PWV. This finding is in
line with previous reports|14,31]. As a new finding, we have shown
that beta transformed PWV is more closely associated with CHD
presence than PWV. We speculate this is because stiffness param-
eter Beta better reflects structural changes of the arterial wall and is
less dependent on functional stiffening caused by increased blood
pressure, as compared with PWW.

In our study, cfPWV was more strongly related to age, choles-
terol level, and eGFR than caPWV while there was no difference in
the association with manifest cardiovascular disease. It can be
explained by the closer association of caPWV with left ventricular
hypertrophy. The similar predictive value of cfPWV and caPWV
reported in our study is in line with previously published papers
[11,24].

4.1 Study limitations

We have to acknowledge limitations of this work caused by the
cross-sectional design of our study and a small number of clinical
events in this randomly selected population sample at rather low
cardiovascular risk. However, with our sample size, we had a 99%
power to detect a 0.05 difference in the area under receiver—
operator curve, Thus, the similar association of caPWV and caPWVv
with CHD cannot be explained by the lack of statistical power. In
our study, we determined left ventricular mass by ECG criteria
known to have lower sensitivity as compared with echocardiog-
raphy or magnetic resonance imaging. However, the closer associ-
ation of caPWV than cfPWV with left ventricular mass as
determined by ECG criteria reported in our study is in line with the
previously reported closer association of baPWV than cfPWV with
left ventricular mass measured using echocardiography [24].
Obesity negatively influences quality of pressure waves recorded,
what might influence the strength of association of obesity-related
risk factors with PWV.

5. Conclusions

To conclude, our study has shown that all studied parameters of
central arterial stiffness are associated with manifest cardiovascu-
lar disease, parameters of subclinical organ damage, and cardio-
vascular risk factors; however, they slightly differ in the strength of
association. Addition of lower extremity arterial stiffness to aortic
stiffness decreases the strength of association with age, cholesterol
level, and glomerular filtration rate while increasing the strength of
association with left ventricular hypertrophy determined by the
Sokolow-Lyon index and increases gender differences. We have
found that beta transformed PWV is less dependent on blood
pressure and heart rate and is more closely associated with mani-
fest cardiovascular disease presence than PWV. In the future, pro-
spective studies with hard endpoints such as total and
cardiovascular mortality will be needed to confirm our findings.
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6.4 Vztah mezi vysokym ABI a aortalni tuhosti

Snizeny pomér kotnik-paze (ABI) je diagnosticky pro ischemickou chorobu
dolnich koncetin (Ouriel et al., 1982, Fowkes, 1988, Lijmer et al., 1996) a je nezavislym
prediktorem kardiovaskularni morbidity a mortality (Heald et al., 2006, Wautrecht et al.,
2006). Zatim nebyl jednozna¢né prokazan vztah mezi zvySenym ABI (ABI>1,4) a
kardiovaskularnim rizikem. Ve studii MESA byl zvyseny ABI spojen s hypertrofii levé
komory nezavisle na subklinické ateroskler6ze (Ix et al. rok?). To znamena, Ze na
hypertrofii levé komory u pacienti s inkompresibilitou tepen dolnich koncetin se
podileji jiné mechanizmy nez ateroskler6za. Jednim z téchto mechanizmi muize byt
zvySena aortalni tuhost. Cilem nasi studie bylo porovnat aortalni rigiditu jako nezavisly
marker kardiovaskularniho rizika u pacientt s nizkym (<1,0), normalnim (1,0-1,4) a
vysokym ABI (>1,4).

Metodika Do studie jsme zatadili 911 pacienti ze studie Czech post-MONICA
(ndhodné vybrany 1% populacni vzorek ceské populace pramérného veku 54 + 13,5 let,
47 % muzi). ABI jsme méfili ruénim dopplerem, PWV jako parametr aortalni tuhosti
pomoci piistroje SphygmoCor.

Vysledky Z celkového poétu 911 osob mélo 28 (3,1 %) nizky ABI a 23 (2,5 %) vysoky
ABI. Aortalni tuhost byla zvySena u osob s nizkym (11,1 + 2,8 vs. 8,3 + 2,3, p <0,001) i
vysokym ABI (10,8 + 2,5 vs. 8,3 £ 2,3, p < 0,001) ve srovnani s jedinci s normalnim
ABI. Po adjustaci na ve&k, pohlavi, systolicky, diastolicky a stfedni arterialni tlak zlistala
aortalni tuhost zvysena u osob s nizkym i vysokym ABI. V logistické regresni analyze
byly nezéavislymi prediktory zvySeného ABI zvySena aortalni tuhost, glykémie, muzské
pohlavi a anamnéza hluboké Zilni trombdzy.

Diskuse V nasi praci jsme jako prvni prokazali zvySenou aortalni tuhost u osob s
vysokym pomérem kotnik-paze. To ukazuje na zvySené kardiovaskularni riziko osob s
inkompresibilitou tepen dolnich koncetin. ZvySena aortalni rigidita mize vysvétlit vztah
mezi vysokym ABI a hypertrofii levé komory, ktery neni zprostitedkovan

aterosklerézou.
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Abstract

Background: Ankle brachial index (ABI) has been increasingly used in general practice to identify individuals with low
ABI at high cardiovascular risk. However, there has been no consensus on the clinical significance of high ABI. The aim of
our study was to compare aortic stiffness as a marker of cardiovascular risk in individuals with low (<1.0), normal
(1.0-1.4), and high ABI (=1.4).

Methods: A total of 911 individuals from the Czech post-MONICA study (a randomly selected 1% representative
population sample, aged 54 & 13.5 years, 47% of men) were examined. ABIl was measured using a handheld Doppler and
aortic pulse wave velocity (aPVWV) using the Sphygmocor device.

Results: Of the 911 individuals, 28 (3.1%) had low ABI and 23 (2.5%) high ABIl. There was a U-shaped association
between aPWV and ABI. aPWV was significantly higher in individuals with low and high ABI compared with the normal
ABlgroup (1.1 £2.8,83+23,p<0.001; 10.8+2.5,83£23m/s, p <0.00l, respectively). In a model adjusted for age,
sex, systolic, diastolic, mean blood pressure and examiner, aPVWV remained increased in both extreme ABI groups
compared with the normal ABI group. In logistic regression analysis, aPWV together with glucose level, male sex, and a
history of deep venous thrombosis were independent predictors of high ABI, while cholesterol was not.
Conclusion: This is the first study showing increased aortic stiffness in individuals with high ABI, presumably responsible
for increased left ventricular mass described previously in this group. These findings suggest increased cardiovascular risk
of high ABI individuals.

Keywords
Arterial stiffness, high ankle-brachial index, pulse wave velocity
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. mass was described in individuals with high ABL® We
Introduction . . : . -
hypothesized that increased aortic pulse wave velocity
Ankle brachial index (ABI) is the ratio of the higher of

ankle pressures to the higher of arm pressures. A low

ABI is diagnostic for peripheral arterial disease (PAD)
and is associated with increased risk of all-cause mor-
tality, cardiovascular mortality, and total mortality as
compared with normal ABL'?

In contrast with the strong evidence on low ABI, the
clinical significance of high ABI (ABI =14) is
unknown. Most epidemiological studies excluded indi-
viduals with high ABL Few studies comparing cardio-
vascular risk associated with high ABI have provided
discrepant data. Recently, increased left ventricular
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(aPWV) could be responsible for increased left ventric-
ular mass and increased cardiovascular risk in individ-
uals with high ABL

The aim of our study was to compare aPWV as an
independent predictive factor for all-cause and cardio-
vascular morbidity and mortality in individuals with
low (ABI =1.0). normal (ABI 1.0-1.4), and high ABI
(ABI =1.4)in a random population sample.

Methods
Study population

The Czech post-MONICA (MONItoring trends and
determinants in CArdiovascular disease) study is a pop-
ulation survey studying trends and determinants of car-
diovascular risk factors in a 1% random sample of the
Czech population in nine districts of the country.
Methods of the Czech post-MONICA study are
described elsewhere.* Our study includes individuals
aged =25 vears from the City of Pilsen. The overall
response rate in this district was 68.0%. A total of
911 patients had complete data on ABI and aPWYV,
which represents 98% of patients examined in the
district.

Doppler ABl measurement

Appropriately sized cuffs of the mercury sphygmoma-
nometer (Baumanometer; WA Baum, NY, USA) were
placed proximal to the ankles and on the right arm.
After at least 5 minutes’ resting period in the supine
position, systolic blood pressure was measured in the
right brachial artery, right dorsal pedal, posterior tibial
artery, left dorsal pedal. and tibial artery in this order,
using a pocket Doppler device with an 8 MHz probe
(Dopplex multiTM: Huntleigh, Cardiff, UK). Next,
systolic blood pressure was re-measured in the right
brachial artery for a second time. If the difference
between the first and the second brachial systolic pres-
sure measurements was higher than 10 mmHg, all mea-
surements were repeated. All measurements were
performed by two physicians experienced in ABI mea-
surement. ABI was calculated separately for each leg by
dividing the higher of the ankle systolic pressures by the
brachial systolic pressure. The lower of the two leg ABI
values was used in further analysis.

Large artery properties measurement

Measurements were done using a semi-automatic
Sphyvegmocor device (AtCor Medical, Australia) in the
recumbent position. The methods of measurement were
described in detail in our previous report.” aPWV was
calculated as the ratio of pulse wave time shift between

the carotid and femoral arteries and the distance
between the two sides. Consecutive registrations of
the pulse waves are electrocardiogram-gated and thus,
the time shift between the foot of wave at the first and
second sites can be calculated. The distance between the
two sites was calculated by subtracting the distance
from the jugular fossa to carotid pulsation from the
distance from the jugular fossa to the pulsation of the
femoral artery in the groin. The average of measure-
ments over a period of 8 s was calculated after the
exclusion of extreme values.

Statistical analysis

Descriptive statistics are given as mean and standard
deviation or frequency and percentage. Previous studies
have demonstrated that subjects with ABI <1.0 and
=1.4 or with incompressible arteries are at greater
risk for cardiovascular disease events and mortality
than subjects with normal ABI. Participants were
divided into three groups on the basis of ABI according
to these cut-points. Characteristics of these groups were
compared using the one-way ANOVA test with
Turkey's post-hoc test for continuous variables, and
the chi-squared test with Bonferroni correction for cat-
egorical variables. For continuous variables, when
equal variance was violated, the Kruskal-Wallis test
was used. The Fisher exact test was employed when
the expected number in any cell for a categorical vari-
able was less than 10. Variables significantly differing
between the ABI categories were included into binary
logistic regression analysis to evaluate factors associ-
ated with high ABI. To compare aPWV between the
different ABI groups, analysis of variance and a model
adjusted for age. sex. systolic, diastolic. mean blood
pressure, and observer were used. A two-sided p-value
<0.05 was considered to be statistically significant.

Results

Of the 911 individuals with complete data on arterial
indices, 28 (3.1%) had low ABI, 860 (94.4%) normal
ABI, and 23 (2.5%) high ABIL. Of the 23 individuals
with high ABIL five had incompressible vessels in one
leg and two in both legs. Tables 1 and 2 provide pop-
ulation characteristics by ABI groups.

Compared with individuals with normal ABI, those
with low ABI were significantly older, had higher body
weight, larger waist and hip circumferences, and higher
systolic blood pressure and glucose level. Prevalence of
hypertension, diabetes, hyperlipidaemia. and coronary
heart disease was higher in these participants compared
with the normal ABI group.

Similar to individuals with low ABI, those with high
ABI were older, had higher body weight, larger waist
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Table |. Descriptive statistics by ankle brachial index (ABI) groups: continuous variables
Low ABI Mormal ABI High ABI Total pvalue p-alue for  pvalue for  p-value for
n=218 n=860 n=23 n=21l for low v low vs. normal vs.
Characteristic 3% 94.4% 25% 100% ANOVA  normal ABI  high ABI high ABI
Age (years) 63.29+924 5345+ 1354 6274782 53.99+13.49 =00001 =00001 1.00 =001
Toal chelesterel (mmol/l) 499+ 1.0 5.17+1.02 5.03 £099% 5.16= 1.01 0.528
Triglycerides (mmeol/l) |.64£0.73 1.5£1.05 .65 £083 151+ 1.04 0.606
HDL-chol {mmaol/l) 1.33+£0.27 1.43 +043 1.32+029 .43+ 0.42 0.085
LDL-chol (mmal/T) 251091 292+13 295+079% 252+ 1.28 0.993
Plasma fasting 633+1.99 532+ 1.05 6.74+328 535+ 1.23 0.001 =001 1.00 =0.05
glucose (mmoll)
Height (cm) 167.39=8.17 170,63 £925 17404 £755 17062£9.21 =005 0.14 =0.05 013
Weight (kg) B657 1439 BOI5x1649 90571069 8061 xl64] <001 =001 0.97 <001
Waist circumference (em) 10404=11.36 93821366 10435+£927 944+ 137 =00001 <0.0001 0.92 =0.001
Hip circumference (cm) 11246=1024 107.73+937 110.00£549 10793+9.35 =005 =005 0314 0606
Systelic BP (mmHg) 38851692 127.08+ 1695 [13B55+1756 127.7+17.15 00001 <0001 1.00 =001
Diastolic BP (mmHg) 6777 £11.54 69481 10.78 7177 = 1087 69.48 £ 10.81 0441
Pulse pressure (mmHg) 71.08x£21.76 57.6£19.19 66.77 2345 5822 +19.53 <00001 -=0001 0723 <0.05
aPWV (mis) .13+283 8.3+2.28 1079 +£25 845+ 239 0.0001 =00001 0.86 =0.0001

Values are mean = 5D. aPWV, aortic pulse wave velocity; BR, blood pressure; HDL-chol, high-density lipoprotein cholesterol; LDL-chol, low-density

lipoprotein cholesteral.

Table 2. Descriptive statistics by ankle brachial index (ABI) groups: categorical variables

Low ABI Mormal ABI High ABI p-value for low p-value for low p-value for normal
Characteristic n=28, 3.1% n==860, 94.4% n=23, 2.5% vs. normal ABI vs. high ABI vs. high ABI
Male sex 16 (57.1) 393 (45.8) 20 (87) NS NS <0.001
CHD 7 (25) 38 (4.4) I (4.3) <0.001 NS NS
Stroke or TIA I (3.6) 18 (2.1) I (4.3) NS NS NS
DvVT 2(7.1) 38 (4.4) 521.7) NS NS <0.05
PE I (3.6) 7 (0.8) 2 (8.7) NS NS NS
Smokers 7 (25) 210 (24.6) I (4.3) NS NS NS
HT 22 (78.8) 380 (44.5) 16 (69.6) <0.01 NS <0.05
DM Il (39.3) 53 (6.2) 6 (26.1) <0.001 NS <001
HLP 26 (92.6) 598 (70) 16 (69.6) <0.05 NS NS

Values are n (%). CHD, corenary heart disease; DM, diabetes; DVT, deep venous thrembosis; HLP, hyperlipidaemia; HT, hypertension; NS5, not

significant; PE, pulmonary embeolism; TIA, transient ischaemic attack.

circumference, systolic blood pressure and higher gly-
caemia compared with participants with normal ABL
In the group with high ABI, the male sex was predom-
inant (87% of males). A higher cardiovascular risk pro-
file of individuals with high ABI was suggested by the
higher prevalence of hypertension, diabetes, and deep
venous thrombosis (DVT) as compared with those with
normal ABI.

Compared with the other two groups, individuals
with low ABI were more frequently treated with lipid-
lowering and antihypertensive drugs (Table 3). On the
other hand, the proportion of individuals with high ABI
and normal ABI on lipid-lowering drugs did not differ.

aPWV followed a U-shaped curve with regard to
ABI (Figure 1). It was significantly higher in partici-
pants with low and high ABI compared with the
normal ABI group (11.1£28 wvs. 83£23m/s,
p<00001; 10.8x£2.5 vs. 8.3x23m/s. p<0.0001,
respectively) and did not differ between individuals
with low and high ABI (11.1£+28m/s ws.
10.8 £2.5m/s, p=10.86). In a model adjusted for age.
sex, systolic, diastolic, mean blood pressure, and exam-
iner, aPWV remained increased in both extreme ABI
groups compared with the normal ABI group
[9.8+£03m/s (95% CI 9.15-10.46) vs. 8.4£0.1m/s
(95% CI 8.25-8.47). p = 0.001 for low vs. normal ABI
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Table 3. Lipid-lowering and antihypertensive drugs by ankle brachial index (ABI) groups

Low ABI Mormal ABI High ABI Total p-value for p-value for p-value for
n=28 n=860 n=23 n=911 low vs. low ws. normal vs.
Type of drug 3.1% 94.4% 25% 100% normal ABI high ABI high ABI
Lipid-lowering drugs 13 (46) 145 (17) 6 (23) 164 (18) <0.001 NS NS
Antihypertensive 21 (75) 284 (33) Il {48) 316 (35) <0.001 NS NS
medication
ACEIs/ARBs 19 (68) 199 (23) 10 (43) 228 (25) <0.001 NS <0.05
Caleium-channel Il (39) 103 (12) 5(22) 119 (13) <0.01 NS NS
blockers
Diuretics 7 (25) 90 (10) 4 (17) 101 (1) <001 NS NS
Beta-blockers 11 (40) 122 (14) I (4) 134 (15) <0.01 NS NS
Central I (4) 18 (2) 0(0) 19 (2) NS NS NS
antihypertensives
a-blockers 0 (0) 10 (1) I (4) I NS NS NS

Walues are n (%). ACEl, angiotensin-converting enzyme inhibicor; ARB, angiotensin receptor blocker.

20.004 p=D86
p=0.0001 g p0.0001
i i s,
15.004 l
E, n=za -
E 10.00
m =B850
= J_
5.004 -
0.00 T T T
Low ABI Mormal ABI High ABI

Figure 1. Aortic PWV by ankle brachial index (ABI) subgroups.
Patients in the low and high ABI groups had increased aPWV
compared with the normal ABI group. aPWV, aortic pulse wave
velocity.

group; 9.4+04m/s (95% CI 8.65-10.08) vs. 8.4 £0.1
m/s (95% CI 8.25-8.47), p=0.02 for high vs. normal
ABI group] and no difference was found between low
and high ABI groups (9.8+0.3 vs. 9.4+04m/s,
p=0.98). In the logistic regression analysis, aPWV
together with glucose level, male sex, and a history of
deep venous thrombosis were independent predictors of
high ABI (Table 4).

Discussion

ABI measurement has been increasingly used in general
practice to identify individuals with low ABI at high

cardiovascular risk. However, because of insufficient
evidence, there is no consensus on the clinical signifi-
cance of high ABI in regard to cardiovascular risk.
Most large epidemiological studies have excluded
these individuals. There are only a few studies showing
inconsistent evidence on cardiovascular risk associated
with high ABI. Increased risk of all-cause and cardio-
vascular mortality in individuals with ABI =1.4 was
described in the Strong Heart Study in American
Indians® and in the Cardiovascular Health Study.”
Similarly, increased risk of cardiovascular mortality at
ABI levels below 1.1 and above 1.3 was noted among
Japanese haemodialysis patients.® Contrary to these
findings, the cardiovascular event rates in the
Atherosclerosis Risk in Community (ARIC) study did
not differ between individuals with high and normal
ABI over a mean follow-up period of 12 years.” There
is also disagreement on the cardiovascular risk profile
associated with high ABIL. While the prevalence of dia-
betes was increased in the high ABI group in some
studies,>”'%!" there was no difference in others.'®'?
This discrepancy among studies could be explained by
the different methods of ABI measurement used. While
studies measuring ABI by Doppler showed increased
risk associated with high ABI (Strong Heart Study
and Cardiovascular Health Study). others measuring
ABI by the oscillometric method (ARIC study)" did
not find increased risk associated with high ABIL. As we
and others have shown,'? the difference between
Doppler and oscillometric ABI increases with increas-
ing ABI. Thus oscillometric devices underestimate high
ABI. Moreover, an oscillometric device is not able to
identify incompressible arteries. Thirty percent of indi-
viduals with high ABI had incompressible leg arteries in
our study.
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Table 4. Parameters associated with high ankle brachial index in logistic regression analysis

B OR (95% CI) SE VWald p-value
Plasma fasting glucose (mmol/l) 0.33 1.39 (1.05—1.86) 0.14 545 0.02
aPWV (m/s) 0.31 1.36 (1.16—1.64) 0.09 12.29 0.001
Sex (male) —-2.02 7.52 (1.76-36.9) 0.77 6.87 0.009
DvT 1.97 72 (23-224) 058 76 0.022
Age (years) 0.55 1.73 (0.78-3.82) 041 1.82 0.18
Weight (kg) 0.32 1.38 (0.48-3.98) 0.54 035 0.55
Waist circumnference (em) —0.07 0.94 (0.29-3.02) 0.6 0.0l 0.91
Systolic BP (mmHg) 0.04 1.18 (0.79-1.76) 0.2 0.68 0.41

r*=0.2, p < 0.001. aPWV, aortic pulse wave velocity, DVT, history of deep venous thrombesis; SE, standard error.

An ABI =09 is considered to be a sign of lower
extremity PAD. There is increasing evidence showing
that ABI values previously considered low normal are
associated with a poor outcome similar to patients
with ABI =09. In the Multi Ethnic Study of
Atherosclerosis, individuals with ABI 0.9-1.10 had
higher levels of subclinical atherosclerosis in the carotid
and coronary arteries than those with ABI 1.10-1.30."*
Similarly, in the Strong Heart Study. total and cardio-
vascular mortality risk increased at ABI =<1.10. These
findings and increased aPWV in individuals with ABI
0.9-1.0 compared with ABI 1.0-1.4 (10.52 £ 2.9m/s vs.
8.24+2.14m/s, p =0.0001) made us choose ABI= 1.0
as the cut-off for the low ABI group.

We used ABI =1.4 as the cut-off value for the high
ABI group. There were 59 individuals with an ABI
between 1.3 and 1.4. When setting the cut-off value
for high ABI to 1.3, the difference in aPWV between
the low and high ABI groups became significant
(I1.1+28m/s vs. 92+2.5m/s, p=0.001), while the
difference between the normal and high ABI groups
remained significant (8.3+2.3m/s vs. 9.2+2.5m/s,
p=0.01). After adjustment for age, sex. systolic, dia-
stolic, mean blood pressure, and examiner, the differ-
ence between normal and high ABI was no longer
significant [8.4x02m/s (95% CI 8.0-8.8) vs.
8.6 4+0.3m/s (95% CI 8-9.1)]. This means that in indi-
viduals with ABI between 1.3 and 1.4, aPWV is not
significantly increased.

The observed prevalence of high ABI in our popu-
lation sample was 2.5%. It is higher than the 1.15%
and 1.2% prevalence of ABI =14 in the
Cardiovascular Health Study and ARIC study, respec-
tively, but lower than the 9.2% prevalence reported in
the Strong Heart Study. An even higher prevalence was
reported in individuals with chronic renal failure
(23.7%) or on dialysis (41.7%)."° The prevalence of
high ABI observed in our random population sample
of the Czech population was comparable with that of

low ABI. This suggests that high ABI is not a rare
condition in the population.

An abnormally increased ABI is widely believed to
be associated with medial arterial calcification caused
by calcification of the arterial media and the internal
clastic membrane of muscular arteries.'® Vascular cal-
cification is the consequence of dysregulation between
promotion and inhibition of calcification often seen in
chronic kidney disease, diabetes mellitus, atherosclero-
sis and aging.'” Thus a high ABI is not exclusively asso-
ciated with diabetes as commonly believed. The
prevalence of diabetes in the high ABI group in our
study (25%) is similar to the 28% prevalence in the
Multi-Ethnic Study of Atherosclerosis and the 25%
prevalence in the Cardiovascular Health Study. The
lower prevalence of diabetes in our and other studies
may be due to the definition of diabetes based on use of
antidiabetic drugs and fasting glucose level. Definitions
based also on the oral glucose tolerance test or glycated
haemoglobin level may have resulted in an increased
prevalence of diabetes in the high ABI group.

Another important finding is that cholesterol level is
not associated with high ABL The prevalence of hyper-
lipidaemia was increased in the low ABI groupcompared
with the normal ABI group. and no difference was found
between the normal and high ABI groups. There was no
difference in cholesterol levels between the groups, which
was most likely due to the high rates of use of lipid-
lowering drugs in low ABI individuals (Table 3). This
might be vet another proof of the concept that high
ABI is linked to stiffness and not to atherosclerosis.

Increased aortic stiffness increases systolic and pulse
pressure while decreasing diastolic blood pressure. In
our and other studies,™ high ABI individuals had
slightly increased systolic and pulse pressure, while no
difference was seen in diastolic blood pressure com-
pared with the normal ABI group. This could be
caused by the frequent use of antihypertensive ther-
apy in the high and low ABI groups in our study.
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The increased aortic stiffness persisting elevated after
blood pressure control is a sign of intrinsic vasculopa-
thy as noted by Guerin et al.'® This suggests that the
increased aortic stiffness in high ABI is due to struc-
tural changes of the aorta, presumably calcifications,
seen in the muscular arteries of these individuals.

Lately, there has been increasing evidence on the
association between atherosclerosis and DVT."
Conventional cardiovascular risk factors have been
shown to increase the risk of DVT. The proposed
mechanism behind this association is arterial and
venous endothelial dysfunction. In our study, we have
shown increased prevalence of DVT in the high ABI
group compared with the normal ABI group. The
higher prevalence of hypertension, diabetes and obesity
in these individuals can cause endothelial dysfunction
leading to higher risk of DVT. The non-significant dif-
ference between the low and normal ABI groups is
probably caused by lack of power to detect this differ-
ence due to the small sample size. Another explanation
for the increased rates of DVT in high ABI individuals
may be increased lower extremity arterial stiffness due
to medial arterial calcification. Increased lower extrem-
ity arterial stiffness has been shown to decrease arterial
flow volume in the lower extremities of diabetic
patients.”® A decreased flow volume in the arterial
system presumably leads to blood stasis in the venous
system, an abnormality of Virchow's triad associated
with thrombus formation.

To the best of our knowledge, this is the first study
showing increased aPWV in individuals with ABI =1.4.
Increased arterial stiffness in patients with PAD has
been reported previously. In the Health ABC study,
the prevalence of ABI <0.9 increased with increasing
quartiles of aPWV ! In the Rotterdam study, the pres-
ence of PAD was associated with a significantly
increased aPWV.22 Matsumae reported higher aPWV
in non-diabetic haemodialysis patients with PAD com-
pared with non-diabetic haemodialysis individuals
without PAD.® In our study, we found a U-shaped
association between ABI and aPWV. In agreement
with other studies, we observed increased aPWV in
PAD individuals. Moreover, we observed increased
aPWV in the high ABI group which was comparable
with those with low ABI. Increased aPWYV has been
shown to be an independent predictive factor for all-
cause and cardiovascular mortality, cardiovascular dis-
ease, fatal and non-fatal coronary events and fatal
strokes in patients with various levels of cardiovascular
risk.** Increased aortic stiffness through increased left
ventricular afterload leads to left ventricular hypertro-
phy. Increased aPWV can explain the atherosclerosis-
independent increase in left ventricular mass recently
described in high ABI individuals in Multi-Ethnic
Study of Atherosclerosis.

To summarize, we have shown increased aortic pulse
wave velocity in individuals with high ABL The
increased aPWYV in these individuals indicates increased
cardiovascular risk. Prospective studies using the
Doppler method of ABI measurement are needed to
confirm the increased cardiovascular risk associated
with high ABL
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6.5 Vztah mezi centralnim a brachialnim krevnim tlakem a hypertrofii levé

komory

Hypertrofie levé komory je projevem subklinického organového poskozeni
(Mancia et al., 2013) a je spojena se zvySenym rizikem kardiovaskularni morbidity a
mortality (Levy et al., 1990, Levy et al., 1994). Arterialni hypertenze je nejcastéjsi
pti¢inou hypertrofie levé komory v obecné populaci (Ganau et al., 1990). Zatimco
stfedni arterialni tlak je konstantni ve velkych tepnach, systolicky a pulzni tlak se
zvySuji smérem od srdce do periférie. Tento fenomén zvany amplifikace systolického a
pulzniho tlaku je zpisoben odrazem tlakové viny v periférii a zavisi na viskoelastickych
vlastnostech cévni stény. Ve studiich byl centralni tlak v aorté lepSim prediktorem
kardiovaskularnich piihod nez brachialni krevni tlak (Wang et al., 2009, Vlachopoulos
et al., 2010). Centralni tlak vykazuje i lep$i asociaci s hypertrofii levé komory
detekované pomoci ultrazvuku nez brachialni krevni tlak. Cilem na$i prace bylo
porovnat silu asociace mezi centralnim a brachialnim tlakem s hypertrofii levé komory
detekované pomoci EKG kritérii.

Metodika Pro analyzu jsme pouzili data 728 pacientd ze studie Czech post-MONICA.
Centralni krevni tlak v aort¢ jsme stanovili pomoci aplanaéni tonometrie z radialni
pulzové vlny pomoci validované transformacni funkce pfistroje SphygmoCor. EKG
znamky hypertrofie LK byly diagnostikovany pomoci Sokolow-Lyonova indexu a
Cornellova produktu.

Vysledky Z 657 pacientii zafazenych do analyzy mélo 17 (9,4 %) osob mladSich 45 let
a 43 (9 %) osob starSich 45 let hypertrofii levé komory. V mnohocetné linearni regresni
analyze byl Sokolow-Lyoniv index u mladsich jedinc asociovan pouze s muzskym
pohlavim a nizkym BMI, pfi¢emz zadnou nezavislou asociaci s krevnim tlakem jsme
nenalezli. U starSich osob byla hypertrofie levé komory ve vztahu s vy$§im centralnim 1
brachialnim tlakem. V samostatnych binarnich logistickych regresnich analyzach
adjustovanych na klinické proménné byl centralni tlak vice asociovan s hypertrofii levé
komory nez brachilni krevni tlak.

Diskuse Neinvazivné stanoveny centralni tlak u osob nad 45 let je v t€snéj§im vztahu s
EKG znamkami hypertrofie levé komory nez brachialni tlak. To podporuje hypotézu
uz$iho vztahu centralniho tlaku se subklinickym organovym poskozenim. EKG kritéria

hypertrofie levé komory u mladSich pacientli nejsou asociovany s krevnim tlakem, coz
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naznacuje nizkou senzitivitu EKG pro detekci hypertrofie LK v této skupiné. Toto
zjisténi je v souladu s vysledky jinych studii, které ukazaly, ze EKG znamky hypertrofie
LK u mladsich osob nejsou podminény hypertrofii LK (Larsen et al., 2002, Sohaib et
al., 2009).

Clanek byl publikovan v &asopise Journal of Human Hypertension:

Relation of central and brachial blood pressure to left ventricular hypertrophy.
The Czech Post-MONICA Study.

Peter Wohlfahrt, Dan Wichterle, Jitka Seidlerové, Jan Filipovsky, Jan Bruthans, Véra
Adamkova, Renata Cifkova
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Central blood pressure (BP) has been shown to be a
better predictor of target organ damage and cardiovas-
cular events than brachial BP. Whether central BP is a
better predictor of left ventricular hypertrophy (LVH)
determined by electrocardiography (ECG) is not known.
Radial applanation tonometry and ECG were performed
in 728 subjects from the Czech Post-MONICA Study (a
randomly selected 1% population sample). LVH was
determined using the Sokolow—Lyon index and Comell
product; central pressure was derived from radial pulse.
Of 657 subjects included in the analysis, 17 (9.4%) below
45 years and 43 (9%) over 45 years had LVH. In multiple
linear regression analysis, the Sokolow-Lyon index in
younger individuals was only associated with male sex
and low BMI, with no association with BP found. In older

individuals, LVH was associated with higher central and
brachial BP. In separate binary logistic regression
analyses adjusted for covariates, the odds ratio for
central systolic pressure was higher than those for
brachial systolic and pulse pressure in LVH prediction.
Noninvasively determined central pressure in subjects
over 45 years is more strongly related to ECG LVH than
brachial pressure. This further supports a closer
association of central pressure with target organ
damage. Voltage criteria of LVH are not independently
associated with central or brachial BP in younger
individuals.

Journal of Human Hypertension (2012) 26, 14-19;
doi:10.1038/jhh.2011.78; published online 25 August 2011

Keywords: left ventricular hypertrophy; central blood pressure; electrocardiography; Cornell product; Sokolow—Lyon
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Introduction

Left ventricular hypertrophy (LVH) is a sign of
subclinical organ damage associated with increased
cardiovascular morbidity and mortality.* LVH is
characterized by an abnormal increase in left
ventricular myocardial mass due to increased after-
load (arterial hypertension, aortic stenosis] or
diastolic overload (aortic or mitral regurgitation,
dilated cardiomyopathy), which can be detected by
electrocardiography (ECG), echocardiography or
magnetic resonance imaging. ECG is the least
expensive and most widely used method of LVH
diagnosis in clinical practice. Many different ECG
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criteria of LVH have been proposed over the years.
A common feature of all ECG criteria is their high
specificity but low sensitivity compared with echo-
cardiographic LVH diagnosis." The most commonly
used ECG criteria for LVH proposed by the European
Society of Hypertension are the Cornell voltage
product and the Sokolow-Lyon index.®

Arterial hypertension is the main cause of LVH in
the general population.® The prevalence of LVH is
heavily dependent on the population studied, and
on the LVH diagnostic procedure and criteria
used. The prevalence of LVH determined by
echocardiography in hypertensive patients has been
estimated at 25% and 26% in males and females,
respectively. In the normotensive population, the
LVH prevalence is 14% and 20%, respectively.” The
prevalence of ECG LVH in the general population
ranges from 2.7-5.4%.%

Although mean blood pressure (BP) is constant in
the conduit arteries, the systolic and pulse pressures
vary from central to peripheral arteries due to wave



reflections and viscoelastic properties of the arterial
wall. Central BP indices have been shown to be
better predictors of cardiovascular events compared
with brachial BP."™"" Similarly, central BP has been
shown to be more closely related to left ventricular
mass, as detected by echocardiography,'* and car-
otid artery hypertrophy'® than brachial BP. Whether
central BP is more closely related to the ECG LVH
criteria than brachial BP has not been studied. The
present study was aimed at investigating the impact
of central and brachial BP on LVH assessed by ECG
criteria.

Methods

Study population

The Czech Post-MONICA (MONItoring trends and
determinants in CArdiovascular disease) Study is a
population survey studying trends and determi-
nants of cardiovascular risk factors in a random
sample of the Czech population in nine districts of
the country. The selection of subjects was made
from the registry of the General Health Insurance
company keeping. by law, a list of all those insured.
Health insurance is mandatory for all Czech citi-
zens. Methods of the Czech Post-MONICA Study
have been published elsewhere.” Qur study in-
cluded individuals aged over 25 years who were
examined between 2008 and 2009 in Pilsen (Plzer)
City district. The overall response rate in this
district was 68.0%. A total of 728 patients under-
went ECG and radial applanation tonometry on the
day of the study visit.

BP was measured in triplicate in the right arm
with the subject in the sitting position after at least
5min at rest. Standard mercury sphygmoman-
ometers and correctly sized cuffs were used. The
participant’s right arm was supported at heart level.
The maximum inflation level was determined before
the actual measurement. BP values were recorded to
the nearest 2 mm Hg. The mean value of the last two
readings was used for further analysis. Hypertension
was defined as systolic BP =140mm Hg, diastolic
BP z90mmHg or current use of antihypertensive
medication. Diabetes was defined as fasting plasma
glucose =7.0mmoll™* or use of oral antidiabetic
drugs and/or insulin. Dyslipidemia was defined as
total cholesterol =5mmoll™" or high-density lipo-
protein-cholesterol <1 mmoll™ in men and <1.2m
mol 17" in women or use of lipid-lowering drugs.

Applanation tonometry

Central pressure blood indices were measured using
a semi-automatic Sphygmocor device (AtCor Medi-
cal Ltd, West Ryde, Australia) in the recumbent
position after 5min at rest. The methods of mea-
surement were described in detail in our previous
reports.*™'® Briefly, radial artery pressure waveform
was recorded at the right radial artery. The corre-
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sponding central aortic pressure waveform was
derived using validated generalized transfer func-
tion. Calibration was done using brachial systolic
and diastolic BP obtained immediately before the
test using an oscillometric device (Omron MS5,
Omron, Kyoto, Japan). Central systolic, diastolic
and mean BPs were estimated using the validated
technique of pulse wave analysis.

Electrocardiography

Resting ECG was acquired by a MAC 5500 device
(GE Healthcare, Waukesha, WI, USA) and digitally
processed by purpose-written software. ECGs with
complete left or right bundle branch block, atrial
fibrillation, paced rhythm and from individuals
with coronary event history were excluded from
further analysis. The Cornell wvoltage product
(Rave. + Swa( +6 in women) x QRS duration) and
Sokolow-Lyon index (Syi + Ryss) were calculated.
A Cornell voltage product over 2440 mm » ms and
Sokolow—Lyon voltage over 35 mm were considered
ECG signs of LVH.

Statistical analysis

Descriptive statistics is given as mean and standard
deviation, or as frequency and percent. As previous
studies reported that ECG signs of LVH in younger
individuals were not associated with increased
cardiovascular risk,'” separate analyses were per-
formed for individuals below and over 45 years.
Characteristics of groups with and without LVH were
compared using the 2-tailed f-test for independent
samples for continuous variables, and by the 3* test
for categorical variables. Fisher's exact test was used
instead of the y* test, if the expected number in any
cell for categorical variable was <10. Because of
significant co-linearity of individual BP modalities,
separate multiple linear regression models were
composed to assess the association between the
Sokolow—Lyon index and BP in individuals below
45 years of age. Except for central and brachial BP,
variables significantly associated with the Sokolow—
Lyon index in univariate analyses were entered into
these models. A standardized coefficient beta (f.) is
reported. A standardized beta of 0.1 indicates that
when the independent wvariable increases by one
standard deviation, the dependent variable increases
by 0.1 standard deviation. In individuals over 45
years separate binary logistic regression analyses
adjusted for age, sex, body height, BMI, heart rate
and the use (type) of antihypertensive medication
were performed to compare central and brachial BP in
ECG-based LVH prediction (fulfilling Sokolow—Lyon
voltage criteria or Cornell product criteria). The
predictive power of central and brachial BP was also
compared by testing the difference between areas
under receiver operating characteristic curves using
the method described by Hanley and McNeil.'®
Calculations were done using SPSS 17 (IBM Corpora-
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tion, Somers, NY, USA) and MedCalc 9.2 (MedCalc
Software, Mariakerke, Belgium). A two-sided P-value
< 0.05 was considered statistically significant.

Results

A total of 728 participants who underwent applanation
tonometry and ECG were enrolled in the study. In all,
71 individuals with complete left (n=35) or right
(n=8) bundle branch block, atrial fibrillation (n=9),
paced rhythm (n=6) or history of coronary artery
disease (n=43) were excluded from further analysis.
In the age group below 45 years, there were 17 subjects
(9.49) with ECG LVH, of these, 16 with Sokolow-Lyon
voltage criteria and 1 with Cornell voltage product
criteria (Table 1). In separate linear regression analyses,
the Sckolow-Lyon index was only associated with
male sex and low BMI, while no association with
central or brachial BP was observed (Table 2).

There were 43 individuals (9%) over the age of 45
years with ECG signs of LVH; of these, 22 (4.6%)
fulfilled Sokolow—Lyon voltage criteria, 25 (5.3%)
Cornell product criteria and 4 (1%) had both voltage
criteria for LVH. Most of the participants over 45
years with ECG signs of LVH had hypertension.
Individuals with the Cornell voltage product LVH
criterion had higher BMI compared with individuals
without this criterion (30.9+4.6 vs 28.5+5.2kgm 7,
P<0.05), while Sokolow-Lyon index was associated
with lower BMI (26.6+3.4 vs 28.7+5.2kgm %,
P<=0.05). Both brachial and central BP indices were
higher in the LVH group (Table 3).

Relationship of central and brachial BP to ECG LVH

As ECG LVH (Cornell product or Sokolow-Lyon
voltage criteria) was associated with BP only in
individuals over 45 years, further analyses were

Table 1 Comparison of characteristics of patients below 45 years
of age with and without electrocardiographic left ventricular
hypertrophy

LVH Without P
m=17] LVH (n= 164)
Age (years) 3461589 35.2%5.3 NS
Sex (male), n (%) 15 (88.2) 69 (42.1) =0.001
BMI (kgm?) 24028 25.6+4.8 <0.05
Weight (kg) 7H1112.2 7741171 NS
Hypertension, n (%) 1(5.9) 14 (8.5) NS
Diabetes, n (%) 1(5.9) 3(1.8) NS
Brachial SBP (mmHg) 121.517.7 116.1+11.1 NS
Brachial DBP (mm Hg) 6.5 9.1 6O.3+12.4 NS
Brachial PP (mmHg) 53.6%10 46,8+ 15 NS
Central SBP (mm Hg) 113.4111.4 108.5£13.8 NS
Central DBP (mm Hg) 76.5T 89 76.419.5 NS
Central PP (mmHg) 36.92 1 6.4 34.117.9 NS
aPWV (ms') 5.6510.99 5.99%1.15 NS

Abbreviations: aPWV, acrtic pulse wave velocity: BMI, body mass
index: DBP, diastolic blood pressure; LVH, left ventricular hypertro-
phy; MNS. not significant; PP, pulse pressure; SBP, systolic blood
pressure,
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performed only in this group. In separate binary
logistic regression analyses adjusted for age, sex,
heart rate and the use (type) of antihypertensive
medication, the odds ratios (OR) for central systolic
(OR: 1.11; 95% CI: 1.08-1.15) and pulse pressure
(OR: 1.10; 95% CL 1.07-1.14) were higher than
those for brachial systolic (OR: 1.05; 95% CI: 1.03-
1.07) and pulse pressure (OR: 1.034; 95% CI: 1.02—
1.060) in LVH prediction (Table 4). Models includ-
ing central BP indices were able to explain the
higher proportion of wvariability as assessed by
Nagelkerke H® (0.46 and 0.36 vs 0.20 and 0.18 for
central systolic and pulse pressure vs brachial
systolic and pulse pressure, respectively).

A stronger association of central BP with ECG LVH
was also confirmed in the receiver operating
characteristic analysis (Figure 1). In this analysis,
central systolic BP was a better predictor of LVH
diagnosed by the Sokolow—Lyon criteria or Cornell
voltage product than brachial systolic BP (area
under the curve (AUC) of 0.90 2 0.02 vs 0.83 £0.03,
P<0.05) and brachial pulse pressure (AUC of
0.90+0.02 vs 0.81+£0.03, P<0.05). The difference
between central pulse pressure and brachial pulse
pressure (AUC of 0.87 £ 0.03 vs 0.81 £ 0.03, P=0.05),
and brachial systolic BP (AUC of 0.87+0.03 vs
0.83 £0.03, P>0.05) was not significant. Similarly,
we did not find any difference between central
systolic and pulse pressure (AUC of 0.9£0.02 vs
0.87 £0.03, P>0.05).

Discussion

In previous studies,'”* central BP was shown to be

more closely associated with LVH determined by
echocardiography. In the present study, we extended

Table 2 Separate multiple linear regression analyses comparing
association of sex, BMI, central and brachial blood pressure with
the Sokolow-Lyon index in individuals below 45 years of age

Variable B, P

Model 1 FF=0.24

Central SBF (mmHg) 0.10 0.15

Sex (female) —0.47 < 0.001

BMI (kgm ) —0.15 <0.05
Model 2 FF=0.22

Central PP (mm Hg) 0.09 0.20

Sex (female) —0.48 < 0.001

BMI (kgm) —0.14 <0.05
Model 3 FF=0.23

Brachial SBP (mm Hg) 0.04 0.56

Sex (female) —0.48 < 0.001

BMI (kgm-2) —0.14 < 0.05
Model 4 FF=0.24

Brachial PP (mm Hg) 0.09 0.23

Sex (female) —0.47 = 0.001

BMI (kgm =) —0.15 < 0.05

Abbreviations: BML body mass index: ps. standardized (; PP. pulse
pressure; SBF, systolic blood pressure.



Table 3 Comparison of characteristics of patients over 45 years of
age with and without electrocardiographic left ventricular
hypertrophy

LVH (n=43) Without LVH P
n=433)
Age (vears) 64.0% 6.5 61.0+7.9 <0.01
Sex (male) n (%) 25 (58.1) 200 (46.2) NS
BMI (kg m—?) 29.3+4.4 28.7%5.2 NS
Weight (kg) 82.9+ 14.5 82.0+16.8 NS
Height (m) 167.7 £ 8.4 168.119.4 NS
Hypertension, n (%) 39 (90.7) 242 (55.9) <0.001
ACEI or ARB, n (%) 21 (43.9) 123 (28.4) <0.01
Calcium blockers, n (%) 12 (27.9) 72 (16.6) 0.056
Diuretics, n (%) 13 (30.2) 58 (13.4) <0.01
Beta blockers, n (%) 12 (27.9) 66 (15.2) <0.05
Diabetes, n (%) 5 [11.8) 45 (10.4) NS
Stroke, n (%) 1(2.3) 9 (2.1) NS
Brachial SBP (mmHg) 151.5%18.3 130.8 % 16.0 =0.001
Brachial DBP (mmHg) 67.5+9.8 70.4+10.9 =0.05
Brachial PP (mmHg) 84,21 20.2 60.4+18.7 <0.001
Ceniral SBP (mmHg) 149.8+19.8 128.0+17.1 =0.001
Central DBP (mm Hg) 84.58111.8 80.9+9.4 <0.05
Central PP (mm Hg) 64,1+ 18.5 47.1+13.9 =0.001
Heart rate (bpm) 63.8%10.2 67.8+11.3 =0.05
aPWV (ms—) 9.7111.90 8.6312.29 <0.01

Abbreviations: aPWV, aortic pulse wave velocity: ACEL angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI,
body mass index: DBP, diastolic blood pressure; LVH, left ventricular
hypertrophy; PP, pulse pressure; SBP. systolic blood pressure.

Table 4 Association of blood pressure indices with left ventri-
cular hypertrophy in separate binary logistic regression analysis
adjusted for age, sex, heart rate and the use (type) of antihyper-
tensive medication in individuals over 45 years of age

OR 95% CI Nagelkerke B2 P
cSBP (mmHg) 1.113 1.076-1.152 0.46 <0.001
cPP (mmHg) 1.101  1.065-1.139 0.36 <0.001
bSBP (mmHg) 1.046 1.025-1.068 0.20 =0.001
bPP (mm Hg) 1.034 1.018-1.058 018 <0.001

Abbreviations: bPP, brachial pulse pressure; bSEP, brachial systolic
blood pressure; Cl. confidence interval; cPP. central pulse pressure;
cSBP, central systolic blood pressure; OR, odds ratios.

this finding to LVH determined by ECG. We found
that central systolic pressure is more closely related
to LVH detected by the Sokolow—Lyon index or
Cornell product than brachial systolic and pulse
pressure. A closer association of central pressure
with left ventricular mass was also found in the
population-based Strong Heart Study'® in which
central systolic BP was more strongly associated
with LVH determined by echocardiography than
central pulse pressure, brachial systolic and pulse
pressure. On the other hand, central pulse pressure
was more strongly related to vascular hypertrophy
and the extent of atherosclerosis than brachial BP in
this study.'® Similarly, in a Taiwanese cohort,"
central systolic BP was the best correlate for left

Central blood pressure and ECG LVH
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Figure 1 Receiver operating characteristic curves comparing age,
sex, heart rate and the use (type) of antihypertensive medication
adjusted central and brachial BP in LVH predication in indivi-
duals over 45 years of age.

veniricular mass and an independent predictor of
cardiovascular mortality, whereas both central sys-
tolic and pulse pressures were the best correlates for
intima-media thickness and estimated glomerular
filtration rate.

Both systolic and pulse pressures are mainly
determined by arterial compliance, whereas systolic
pressure is also determined by total peripheral
resistance. Recently, reduction of reflection magni-
tude that is mainly determined by total periph-
eral resistance was shown to be an independent
predictor of left ventricular mass reduction induced
by antihypertensive medication.'® The association
of systolic BP with total peripheral resistance can
explain its closer association with LVH than pulse
pressure.

In our study, we did not find any difference in BP
and the prevalence of arterial hypertension in young
participants below 45 years of age with or without
LVH. With the current sample size, we had a 94%
power to detect the systolic BP difference of
10mmHg in individuals <45 years. We also did
not find any difference in another parameter of
subclinical organ damage—aortic pulse wave velo-
city—between individuals with and without LVH in
the age group below 45 years, whereas there was a
significant difference in subjects over 45 years. Most
of the individuals with ILVH in this younger age
group were men fulfilling almost exclusively the
Sokolow—Lyon voltage criteria for LVH. In multiple
linear regression with the current sample size
(n=181), we had a 98% power to detect a medium
size effect of BP on the Sokolow-Lyon index, but we
found only the male sex and low BMI to be
associated with this index. These results suggest
that increased ECG voltage in young subjects is not
necessarily a sign of increased left ventricular mass.
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Several other factors like the heart proximity to the
chest wall, conduction properties of the tissue above
the heart, location of the heart within the thorax,
and intraventricular and transmural pressures de-
termine the voltage amplitude.®® The positive
predictive value of ECG LVH in this age group is
also decreased by the low prevalence of LVH in
young individuals. Our findings are in agreement
with the results of the Copenhagen Heart Study** in
which young subjects with voltage criteria of LVH
had the same cardiovascular risk as those with
normal ECG. Recently, no association between
Cornell product and left ventricular mass deter-
mined by magnetic resonance was found in healthy
young men, while there was only a weak association
between the Sokolow—Lyon index and left ventri-
cular mass.”” On the other hand, in older subjects, a
modest association between ECG parameters of
LVH and left ventricular mass detected by echocar-
diography was found.**** This indicates that the
amplitude criteria of LVH have little practical use in
detecting LVH in young subjects. Neither from
previous studies nor from ours is it clear at what
age ECG signs of LVH start to be associated with
BP and LVH determined by echocardiography or
magnetic resonance. In our study, moving the cut
off age to 50 years had no effect on results
(there were 50 subjects aged 46-50 years, but none
had ECG LVH). Future studies should address this
issue.

A limitation of the present study is that the effect
of pressure overload on LVH was assessed using
episodic BP measured at rest. Owing to the 24h
BP wvariability, this may not fully represent the
pressure load on the left ventricle during the whole
day. This can explain the observed weak-to-moderate
association between central BP and LVH. Furthermore,
in individuals with arterial hypertension, we did
not account for arterial hypertension duration.
Antihypertensive medication may have weakened
the association between BP and LVH. Also anti-
hypertensive medication may have different effects
on central and brachial BP. All these factors
significantly affect LVH development and magni-
tude. However, all these factors had a similar effect
on central and brachial BP, and thus should not
significantly influence the observed closer associa-
tion of central BP with LVH.

In conclusion, our study has shown for the
first time a closer association of central systolic BP
with electrocardiographic signs of LVH in indivi-
duals over 45 vyears of age compared with
brachial BP. This study provides another piece of
information about the association between hemo-
dynamic and target organ damage. We did not find
a significant difference in BP and arterial hyper-
tension prevalence in individuals with or with-
out electrocardiographic LVH and aged <45
years, suggesting that there are other factors
considerably influencing ECG voltage in this age

group.
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What is known about this topic
® Central blood pressure is a better predictor of target organ
damage and cardiovascular events than brachial blood
pressure.
® Central BP is a better predictor of left ventricular
hypertrophy determined by echocardiography than brachial
blood pressure.

What this study adds
o Noninvasively determined central pressure in subjects over
45 years is more strongly related to ECG IVH than brachial
pressure.
o \Volitage criteria of left ventricular hypertrophy are not
independently associated with central or brachial BP in
younger individuals.
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6. Diskuse

Vysledky piedkladané disertaéni prace jsou in extenso diskutovany v piiloZzenych a
recenzovanych ¢lancich; zde uvadim jejich souhrn.

V prvnim tematickém okruhu této prace jsme se vénovali srovnani bézné
pouzivané dopplerovské metody stanoveni poméru Kkotnik-paze snovou metodou
méfeni ABI zaloZzenou na oscilometrickém méfeni. Vyhodou nové metody je, ze
vyzaduje minimdlni zkuSenosti vySetfujiciho a provadi soucasné méteni na vSech 4
koncetinach, coZ snizuje variabilitu méfeného krevniho tlaku. Zjistili jsme vsak, ze
hodnoty ABI stanovené pomoci srovnavanych metod se vyznamné lisi. Proto hodnotu
ABI stanovenou pomoci automatického oscilometrického zatizeni BOSO ABI nelze
zaménovat se standardnim dopplerovym méfenim poméru kotnik-paze. Rozdil mezi
dopplerovskou a oscilometrickou metodou méfeni ABI se zvySuje s rostouci hodnotou
ABIL, proto oscilometrickhi metoda neni vhodnd pro diagnostiku pacientl
s inkompresibilitou tepen dolnich koncetin. Proto jsme v dalSich pracich zabyvajicich se
inkompresibilitou tepen dolnich koncéetin pouzivali dopplerovskou metodu méteni ABIL.
Nicméné vysokd negativni prediktivni hodnota umoziiuje pouziti oscilometrického
ptistroje BOSO ABI jako screeningového nastroje pro ischemickou chorobu dolnich
koncetin, kde jednim z hlavnich cilii je vyloucit onemocnéni. Minimalni dovednosti a
mala Casova narocnost predurcuji oscilometrickou metodu méteni ABI pro screening
v klinické praxi.

Zjistény rozdil mezi dopplerovym a oscilometrickym méteni ABI lze ¢astecné vysvétlit
oscilometrickou metodou méteni krevniho tlaku. Oscilometricky stanoveny systolicky
krevni tlak se vypocitava na zakladé hodnoty stfedniho arterialniho tlaku stanoveného z
oscilaci tepny, které jsou zavislé na ruznych faktorech, z nichz nejdulezitéjsi je arterialni
tuhost (van Popele et al., 2000). Proto uroven tuhosti kotnikovych tepen muze ovlivnit
tlak méfeny oscilometrickou metodou.

V literatuie existuji nekonzistentni daje o shodé mezi dopplerovym a oscilometrickym
zpusobem meéteni ABI. Nekteré studie v souladu s nasimi vysledky nenasly shodu mezi
metodami (Ramanathan et al., 2003, Nukumizu et al., 2007, Aboyans et al., 2008),
zatimco jiné popsaly dobrou shodu (Cortez-Cooper et al., 2003, Beckman et al., 2006).

Jiné studie pouzivaly nevhodné statistické metody, jako je korelaéni analyza
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(Adiseshiah et al., 1987, Mundt et al., 1992, MacDonald et al., 2008). V souladu
s vétSinou studii jsme ale zjistili vysokou negativni prediktivni hodnotu oscilometrické
metody pro stanoveni nizkého ABI (Beckman et al., 2006, Mehlsen et al., 2008).

V dalsi casti jsme se vénovali srovnani vlivu kardiovaskularnich rizikovych
faktori na tuhost aorty a tepen dolnich koncetin. V nasi praci jsme ukézali, ze vék a
kardiovaskularni rizikové faktory jako hypertenze, diabetes, dyslipidemie a chronické
onemocnéni ledvin maji vyznamny vliv na aortdlni tuhost, pfi¢emz pouze vék a
hypertenze maji vyznamny vliv na tuhost tepen dolnich koncetin. Rozdilny vliv véku a
kardiovaskularnich rizikovych faktoru na sledované tepny lze vysvétlit rozdily v jejich
histologické stavbé. Zatimco sledované faktory vedou ke fragmentaci elastickych lamel
v tepnach elastického typu, v muskularnich tepnach dolnich konéetin zptisobuji hlavné
zmény hladkosvalovych bunék a kolagenu. Dale jsme zjistili, ze zvySeny kotnikovy
systolicky tlak neni asociovan pouze se zvysenou tuhosti tepen dolnich koncetin, ale i se
zvySenou tuhosti aorty, a to nezavisle na ostatnich kardiovaskularnich rizikovych
faktorech véetné brachialniho tlaku. Pfitom hodnota systolického tlaku na noze byla
vice zavisla na aortdlni tuhosti nez na tuhosti tepen dolnich koncetin. ZvySeny ptenos
pulzatilni energie ze srdce do periférie, jako projev poruSené naraznikové funkce aorty a
ztrdty rozdilu impedanci mezi aortou a muskularnimi tepnami, mize vysvétlit
pozorovany vztah mezi tuhosti aorty a hodnotou kotnikového systolického tlaku. Za
normalnich okolnosti rozdil v impedancich mezi aortou a muskularnimi tepnami
zpusobuje odraz tlakovych vin, coz chrani mikrocirkulaci pfed pulzatilnim poskozenim.
Nase vysledky naznacuji, Ze zvySeny kotnikovy systolicky tlak mize byt parametrem
zvySeného pienosu pulzatilni energie do periférie. To muze vysvétlit nezavislou
prediktivni hodnotu kotnikového systolického tlaku v predikci kardiovaskularniho rizika
popsanou v nékterych studiich (Hietanen et al., 2008, Hietanen et al., 2011).

Déle jsme v nasi praci ukazali, ze u osob se snizenym pomérem kotnik-paze je
tuhost tepen dolnich koncetin faleSné¢ podhodnocena. Tento fenomén lze vysvétlit
poklesem tlaku za vyznamnou stenézou, coZz snizuje tuhost tepen dolnich koncetin,
kterd je kromé jiného zavisla na krevnim tlaku. Jinym zdGvodnénim miiZze byt zména
morfologie tlakoveé viny za stenézou s posunutim zacatku tlakové viny, ktera byla
v literatute u pacientt s ICHDK popsana (Kempczinski, 1982). Pfitom zacatek tlakové
viny se pouziva ke stanoveni arterialni tuhosti. Dal$im vysvétlenim poklesu tuhosti

tepen dolnich koncetin u pacientl s ICHDK muze byt prodlouzeni vzdalenosti, kterou
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projde tlakova vina vlivem kolaterdlni cirkulace. Z vysledku nasi prace vyplyva, Ze
metody stanovujici tuhost aorty spolu s tuhosti tepen dolnich konéetin (napf. brachialné-
kotnikova PWV nebo CAVI) by se u pacientii s ICHDK nem¢ély pouzivat, protoze jejich
hodnota muze byt falesné podhodnocena.

Vzhledem Kk nasemu zji$téni, ze vliv kardiovaskularnich rizikovych faktorti na
mechanické vlastnosti aorty a tepen dolnich koncetin se 1isi, vénovali jsme se v dalSim
tematickém okruhu vlivu pfidani tuhosti tepen dolnich koncetin k tuhosti aorty na
asociaci s kardiovaskularnimi  rizikovymi faktory a subklinickym organovym
poSkozenim. V praci jsme ukézali, Ze pfidani tuhosti tepen dolnich konéetin k aortalni
tuhosti snizuje silu asociace s vékem, hladinou lipidi a hodnotou glomerulérni filtrace.
Toto zjisténi lze vysvétlit menSim vlivem uvedenych kardiovaskuldrnich rizikovych
faktorti na tuhost muskularnich tepen nez na tuhost elastickych tepen. Na druhou stranu,
ptidani tuhosti tepen dolnich koncetin k aortalni tuhosti zvysilo silu asociace
s hypertrofii levé komory diagnostikované pomoci EKG kritérii. Z vysledku této studie
vyplyva, ze metody stanoveni arterialni tuhosti kombinujici tuhost aorty s tuhosti
muskularnich tepen nelze zaménovat za metody stanovujici tuhost centralnich
elastickych tepen. Na druhou stranu jsme mezi metodami nezjistili rozdil ve vztahu k
manifestnimu kardiovaskularnimu onemocnéni. Toto zjisténi je v souladu s nedavno
publikovanou praci (Tanaka et al., 2009), ve které baPWV méla srovnatelnou schopnost
predikovat kardiovaskularni riziko jako cfPWV. Blizsi asociace caPWV s hypertrofii
levé komory zjisténa v nas$i studii naznaCuje, Ze kromé tuhosti aorty ovliviuje
hypertrofii LK i tuhost tepen dolnich konéetin. To potvrzuje i jina studie (Yu et al.,
2008), ve které baPWV vykazovala vétsi miru asociace s diastolickou funkci a
hypertrofii levé komory (diagnostikované pomoci echokardiografie) nez cfPWV.

V nasi studii jsme dale ukézali, Ze BETA transformace PWYV sniZuje zavislost
PWV na krevnim tlaku a srde¢ni frekvenci. Proto Ize pfedpokladat, Ze parametr tuhosti
BETA je vic zavisly na strukturalnich zménach cévni stény zvySujicich cévni tuhost,
pfiCemz PWYV je zavisla jak na strukturdlnich zménach cévni stény, tak i na zvySené
tuhosti vlivem zvySeného tlaku. Zjisténi, ze BETA ma lepsi schopnost predikovat
manifestni kardiovaskularni onemocnéni nez PWV naznacuje, Ze zvySeni arterialni
zpiisobené zvySenym krevnim tlakem. To vysvétluje, pro¢ ve studii pacientl

s terminalni ledvinovym onemocnénim (Guerin et al., 2001) mély osoby reagujici na
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pokles tlaku poklesem PWV niz$i riziko mortality ve srovnani s jedinci, u kterych se
PWYV po poklesu tlaku nesnizila. Nase vysledky naznacuji, ze parametr tuhosti BETA
muze byt lepSim prediktorem kardiovaskuldrniho rizika nez bézné pouzivana rychlost
pulzové viny, protoze poukazuje na strukturalni zmény cévni stény. V budoucnu budou
potfebné studie srovnavajici pouziti parametru tuhosti BETA jako terapeutickéhocile a
standardnich terapeutickych cila.

Déle jsme v nasi praci jako prvni prokazali zvySenou aortalni tuhost u osob s
vysokym pomérem kotnik-paze (inkompresibilitou tepen dolnich koncetin). To
znamend, ze inkompresibilita tepen dolnich koncetin je markerem zvySené arteridlni
tuhosti i v jinych arteriadlnich oblastech. ZvySena tuhost aorty muzZe vysvétlit zvySenou
hmotnost levé komory, ktera byla popsana u osob s vysokym ABI (Wattanakit et al.,
2007). Zvysena aortalni tuhost, zvySenim centralniho systolického a pulzniho tlaku,
vede ke zvySeni afterloadu (dotizeni) levé komory. To zpusobuje hypertrofii LK a
zvySuje pozadavky srdce na dodavku kysliku. V nasi praci mély osoby se zvySenym
ABI vyssi vyskyt hypertenze, diabetu, obezity a anamnézy hluboké Zilni trombdzy ve
srovnani se skupinou s normalnim ABI. Vyssi vyskyt diabetu v této skupiné je ve shodé
s jinymi studiemi (Resnick et al., 2004, O'Hare et al., 2006, Aboyans et al., 2008,
Allison et al., 2008). Vyssi vyskyt hluboké Zilni trombdzy u pacienti s vysokym ABI
zatim nebyl v literatufe popsan. Domnivame se, Ze mechanizmus spojujici zvySenou
arterialni tuhost a hlubokou zilni insuficienci je endotelialni dysfunkce, ktera se
uplatiiuje v patogeneze obou onemocnéni (Gresele et al., 2010, van Bussel et al., 2011).
Horsi kardiovaskularni rizikovy profil u pacientt s vysokym ABI v nasi studii je ve
shodé sjinymi studiemi, které popsaly zvysené kardiovaskularni riziko osob
s inkompresibilitou tepen dolnich koncetin (Resnick et al., 2004, O'Hare et al., 2006).
Proto nejenom nizky ABI, ale i vysoky ABI se musi povazovat za znak vysokeho
kardiovaskularniho rizika.

V posledni ¢asti nasi prace jsme se zabyvali srovnanim sily asociace mezi
centralnim a brachidlnim tlakem s hypertrofii levé komory detekované pomoci EKG
kritérii. Zjistili jsme, Ze neinvazivné stanoveny centralni tlak u osob nad 45 let je v
tésnéjSim vztahu s EKG zndmkami hypertrofie levé komory nez brachialni tlak. Nase
zjisténi je vsouladu s jinymi pracemi, které stanovovaly zndmky hypertrofie levé
komory pomoci echokardiografickych parametri (Wang et al., 2009, Roman et al.,

2010). Blizsi vztah centralniho systolického tlaku (jehoz hodnota je ovlivnéna tuhosti a
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pramérem hrudni aorty i tepovym objemem) s hypertrofii levé komory lze vysvétlit tim,
ze centralni tlak predstavuje skute¢nou tlakovou zatéz levé komory. Na druhou stranu je
hodnota brachialniho systolického a pulzniho tlaku krom¢ faktorti ovliviujicich
centralni tlak ovlivnéna i takzvanym fenoménem amplifikace systolického a pulzniho
tlaku, ktery zvySuje hodnotu brachidlniho tlaku nad troven centrdlniho tlaku. Nase
zjisténi podporuje hypotézu uz§iho vztahu centralniho tlaku se subklinickym
organovym poskozenim.

V nasi praci nebyla EKG kritéria hypertrofie levé komory u mladsich pacienta
asociovdna s krevnim tlakem, coz naznacuje nizkou senzitivitu EKG pro detekci
hypertrofie LK v této skupiné. Toto zjisténi je v souladu s vysledky jinych studii, které
ukazaly, ze EKG znamky hypertrofie LK u mladsich osob nejsou podminény hypertrofii
LK (Larsen et al.,, 2002, Sohaib et al., 2009). Nizkou senzitivitu EKG Kritérii
hypertrofie LK lze vysvétlit tim, ze kromé hypertrofie levé LK i mnozstvi jinych faktori
ovliviiuje amplitudu vin na EKG. Mezi nejvyznamnéjsi faktory patii vzdalenost srdce
od hrudni stény, vodivé vlastnosti tkan€ nad srdcem a hodnota intraventrikularniho a
transmuralniho tlaku v srdci (Feldman et al., 1985). Senzitivita EKG kritérii hypertrofie
LK je u mladych osob dale sniZzena nizkou prevalenci osob s hypertrofii LK v této
skupiné. Nase a jiné prace ukazuji, ze EKG kritéria hypertrofie LK zalozené¢ na
amplitudé vin maji malou schopnost detekovat ptfitomnost hypertrofie LK u mladSich

osob.
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7. Zavéry

1. Vysledky oscilometrické a dopplerovské metody méfeni poméru kotnik-paze
nelze zaménovat. Oscilometrickd metoda systematicky nadhodnocuje nizké
hodnoty ABI a podhodnocuje vysoké hodnoty ABI. Piesto ji lze jeji pro vysokou
negativni prediktivni hodnotu pouzit pro screening ischemické choroby dolnich
koncetin.

2. Vék a kardiovaskularni rizikove faktory maji na tuhost tepen dolnich konéetin
mensi vliv neZ na tuhost aorty. ZvySeny pomét kotnik-paze jako projev
inkompresibility tepen dolnich koncetin neni asociovdn pouze se zvySenou
tuhosti tepen dolni koncetiny, ale i Se zvySenou tuhosti aorty. Osoby s
ischemickou chorobou dolnich koncetin maji faleSné snizenou tuhost tepen
dolnich koncetin métfenou jako rychlost Sifeni pulzové viny mezi femoralni
tepnou a kotnikovymi tepnami.

3. Ptidani tuhosti tepen dolnich koncetin k aortalni tuhosti ovliviiuje silu asociace
s nékterymi kardiovaskularnimi rizikovymi faktory, nema vsak vliv na asociaci
S manifestnim kardiovaskularnim onemocnénim. Beta transformace PWV
snizuje zavislost PWV na krevnim tlaku a mtze zlepsit prediktivni silu tohoto
parametru.

4. ZvySena tuhost aorty u osob s inkompresibilitou tepen dolnich koncetin
prostiednictvim zvySeni impedance aorty zvySuje systolicky tlak v aorté, coz
vede ke zvyseni afterloadu levé komory a jeji hypertrofii.

5. Neinvazivné stanoveny centralni krevni tlak v aorté je u osob nad 45 let lepsim
prediktorem hypertrofie levé komory detekované pomoci EKG kritérii nez
brachialni krevni tlak. EKG kritéria hypertrofie levé komory u osob pod 45 let
nejsou asociovana s brachialnim nebo centralni tlakem. To potvrzuje vysledky
jinych studii, Ze EKG znamky hypertrofie LK u mlad$ich osob nejsou
hypertrofii LK podminéné.
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8. Conclusions

1. The results of oscillometric and Doppler methods of ankle-brachial index
measurement cannot be interchangeably used in diagnosing peripheral arterial
disease. The oscillometric method systematically overestimates low ABI values
and underestimates high ABI values. However, its high negative predictive value
allows using it as a screening tool for peripheral arterial disease.

2. The effect of cardiovascular risk factors on arterial stiffness differed between
arterial territories. Age and cardiovascular risk factors such as hypertension,
diabetes, dyslipidemia, and chronic kidney disease affect aortic stiffness, while
only age and hypertension have a significant effect on lower extremity stiffness.
Increased ankle-brachial index is not only associated with increased lower
extremity arterial stiffness, but also with increased aortic stiffness. Lower
extremity arterial stiffness is spuriously decreased in individuals with lower
extremity peripheral arterial disease.

3. Addition of femoral-ankle PWV to carotid-femoral PWV has an effect on the
strength of association with some cardiovascular risk factors while having no
effect in predicting the presence of coronary heart disease. Beta transformation
of PWV decreases the effect of blood pressure and heart rate on arterial stiffness.
Furthermore, beta transformed PWYV is a better predictor of coronary heart
disease presence that untransformed PWV. Carotid-femoral PWV seems to be
more closely related to kidney function than caPWV while caPWV may be more

closely related to parameters of left ventricular hypertrophy.

4. Increased aortic stiffness in patients with lower extremity arteries
incompressibility increases aortic blood pressure through increased aortic
impedance, which may lead to left ventricular hypertrophy.

5. Non-invasively measured central systolic blood pressure in individuals over 45
years of age is more closely associated with electrocardiographic signs of left
ventricular hypertrophy as compared to brachial blood pressure. We did not find
a significant difference in blood pressure and arterial hypertension prevalence in
individuals with or without electrocardiographic LVH less than 45 years of age,
suggesting that there are other factors considerably influencing ECG voltage in

this age group.
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