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• • 

cl 

tJ'VIfi'~ci€l.lll·en1v18 (Thai abstract) 

'V1~1 

iJ~~m~8~'Vll~hAoJ1hll(l~'It4(lel~l~el(?l5'U1 ~A'U'W'U~'U1'1t4:W (emer~in~ cardiovascular risk factors) 1v1'url nl'J 

(l(?l m 1lJ ~ ~ VI ti 'U'IJ B\I 'It4 (l el~ l~el (?l (arterial stiffness) fl1 llJ ~ ~ '\J n~ 'IJ el~ nl 'Jvll ~ 1 'U'IJ el~ l"ll(l ~ l B'U l(?lvh~ 8lJ• 
(endothelial dysfunction) ell 'il:W ~1 'U &11 A~1'U nl 'J lyj lJ m llJ l~ 8 ~~Bnl 'J l n(?l1 'J flVl (l e:J (?ll~B (?l?llJ el~ ~ 'U lv1' 

llPl ()'\J'J~?l~f1'IJ e:J~ n 1 'J Pin~l,j'l~ e:J Pi n~l A1 1lJ ll(i"\ n 'Ii 1~1 'U v1'1'U rll m ~ 8'IJel~ fldllJ1:W8 (?l Vlti'U 'lJel~'It4(l e:J~ l~ el~ ll(l ~m1lJ 

~~'\J n~'lJB\I nl'Jvll~l'U'lJel~ l"ll(l~ lel'Ul(?lvh~ 8lJ1'U~th 81'Vl8~:W'It4(l el~ l~el~?llJel~~'U l5t:J'U'W~'U l'\J~8'U lVit:J'U tl'U n ~lJ" , 
fl1'UfllJ, 

15n1'afim~1 


~U1 8V1(lel~ l~el~Cl~el~~'Uli58'U'W~'U~l-U1lJl-r'Unl'J-rn~11 'U1'J ~'Wm'Ul(l~VJ1(l~mru?l.ll1 m'IJ1~1'Vl8 ll(l~ n~lJfl 1'U AlJ~ 

\J " , 

:iJm ~ll(l~l'Wl"Il-Ultl'Ulv1'tl'U~U18 lv1'-r'U m'Jl(?lAl1lJ1:W~(?l'lt4~'U'lJeN'It4(lel~l~B(?llv181-u Sphy~moCor appar dtus ll (l ~ 

l(?lfldllJ~~'\Jn~,(Je:J.:Jm'Jvll~l'U'lJel~l"llmhel'Ul~Vil~ 8lJl~l~mA~el~jjel EndoPAT-2000 system 1'U'J~Wi1.:Jvh'~1-r'U 
m'J-rn~ldJ'U~U181'U bl(l~~ 6 l~el'U'It4~\I~lnnl'Jbn~bA 

" 

~anl'afin~l 


~U18 40 'J1ml(l~milJA1'UfllJ 36 'J18 'W'U rh~U18bfl'lt4(lel(?ll~el(?l?lJJel\l~'U li58'U'W~'U:iJrllfldllJl:W~~'It4ti'U'lJel.:J'It4(lel~ 

'\.I ", '" • ' 

l~el~?l\lfl'ilm=1lJfl1'UflJJ (CF-PIM/ 10.SO±2.96 m/s ll(l~ 8.24±1.77 m/s \Pl1JJ~l~'U, p = 0.000) 1'U'Vl1\l(i"\'J\ltl'U" , , 
.;rllJ'\I'l'Ul1~u18:iJm1JJ~~'\Jn~'lJel~m'Jvll~1'U'lJB\lb"ll(l~ lel'Ul~Vil~8JJUeWnl1n~JJm'UAJJ (RHI 2.30±0.650/0 bl'!;l~ 

. \J " 'I 

2.02±0.600/0 mJJ~l~'U, p = 0.056) lde:JlvlYhn1'JVl~1'JDJ1rl1fll1JJ~'Ub~lPl~lJJvl18'W'U11rllfl11JJ1im~VI~'U'lJel\l 
VI'!;lel~ b~ el~'lJB\I~U18 t1m1\1 nl1 n~JJm'U flJJ~ ~\I ll(l~ldB&l~(i"\ lJJ~U1 tJ'lie:J1'\J amU'Ul1'!;l1 6 l~e:J'U 'W'Ul1 rllmllJ1:w 

'\J \J " '\J 

rl1fld1JJ1:W~~Vlti'U'lJe:J~'Vmel~ l~B~'lJel~~U1tJ1'JA').1(l B~ b~el~?llJe:J~~'U?l\lnl1n~lJm'UflJJ ll'lil:W'W'Ufld1lJ~(?l'\J n~'lJel\ln1'J 
, '\J \J , , 

vll\11'U'lJe:J\Il"ll'!;l~le:J'Ul(?lvh~ tJlJhln~JJ~UltJ , " 
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Introduction 

Emer~in~ cardiovascular risk factors such as arterial stiffness and endothelial dysfunction may be 

important independent predictors of cerebrovascular disease. No study has evaluated arterial 
-

stiffness and endothelial dysfunction in Thai patients with acute ischemic stroke. 

Methods 
• We enrolled patients dia~nosed with acute ischemic stroke admitted to the Internal Medicine 

Department of the Kin~ Chulalon~korn Memorial Hospital. Aged- and ~ender-matched control 

subjects without cerebrovascular disease were also studied. Carotid-femoral pulse wave velocity 

(CF-PVW) was measured using Sphy~moCor apparatus. Endothelial function was evaluated by 

reactive hyperemia of peripheral arterial tonometry (RH-PAT) usin~ EndoPAT-2000 system. 

Results 

40 patients and 36 aged- and ~ender-matched controls were enrolled. Stroke patients had 

si~nificant increased in arterial stiffness compared to that of the controls (CF-PVW 10.S0±2.96 mls vs 

8.24± 1.77 mis, respectively, p = 0.000). In contrast, endothelial dysfunction was lower in stroke 

patients (RHI of the patients 2.30±0.6S% vs RHI of the controt 2.02±0.60%, p = 0.056). After adjusted 

for systolic blood pressure, CF-PVW was si~nificantly difference between the groups. The differences 

also presented at 6 months post stroke. 

Conclusion 

Our study shows that arterial stiffness increased in Thai patients with acute ischemic stroke 

compared to a~ed- and ~ender-matched controls while endothelial function was not altered. 
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'U'VIt.l1 (Introduction) 

bflVl61€l~b~€l~~lJ€l'l (stroke) l~mQ'Vn~n~lJ~dl~'.\llnml~~lJ€l'l'Vl~b~€l~ (ischemic stroke) dJ'W~lbVlli1, 	 . 
~G11rlru'V€l'l1';iflb~€lf,m61~~l bVI(?lm';ib~tI~1li1'V€l'l't.h~·IJ1m~~.:J€l1t1~1161mllJfi'lth~bVlli'l1vltJ (1, 2) bb61 ~~~';i€l~~lli1

v " '\J 'U '\ 	 \J 

'.\l1 n 	stroke €l1 '.\liif111lJ~ nl';iVl61.:J bVI~ €l€l~ 111hJ ~nl ';idJ'UJil ';i~ vi €l(?l'Wb€l.:J f1';i8'Ufifl bb61~ 61.:JfllJ 1:11 bVI(?l G11 rlru'V€l.:Jnl';i 
\J ~ 	 " v 

dl~ ischemic stroke f1€lmllJe:J~tJn&i1tJe.J'I1.:JVl61€l~b~€l~ 1~tI~lbVlV)G11rl~~~~f1€l degenerative vascular 

disease ;.:J €ll'.\l bU'W e.J 61 '.\l1 n ageing l~ tI (I1';i.:J VI ~ 8b U 'W e.J 61 '.\l1 n m ';iii ,h -:5'm~ tI .:JVll.:J1';i fI~lh bb61 ~Vl61B~ b~ €l~ 
(traditional cardiovascular disease risk factors) 5'W1 ~llJ~lt1 b'li'W atherosclerosis f111lJ\ii'tJlfj~li1"'.:J

" 
(hypertension) b'\J1V11TU (diabetes mellitus) bbfj~m';i~'\J~VI~ bU'U~'W (3) 'W€ln'.\llndij'.\l-:5'm~mVl1'1bfl~11'.\lbb61~ 
Vl61B~b~€l~5'U 'l ~A'U'w'\J~'W1V1~ (emerging cardiovascular risk factors) l~bbn m':ifj~fllllJ~~VI~'W'tJmVl(;l€l~ 
b~€l~ (arterial stiffness) (4) f111lJe:J~1Jn&i'V8.:Jb"ll61~~l:-JtT.:JVlfj€l~b~B~.ff'W1'W (endothelial dysfunction) (5) n e:n'.\lii 

~1'WG11rl~1'Wn1':ibvjlJf111lJb~tI'IviBn1';ibn~ ischemic stroke M 

, 	 v 

nl')liJ'.\lQmbfj~nl':ifm~l stroke iif111lJG11A~mh.:J8.:Jvim)li1';ilnl';i';i€l~~1li1 <tilt1fj~el(?l':ilf111lJ'Wn1'5';illJV1.:J 

nl':i bn~ml~bbVl';ini€l'W bbfj~~lm ':if:l(;l~elml n1 ':ibn~1':ifl~l ij '.\l'.\lu'UbblJl11'V1t11 nl':iVll.:J ~l'Unl';i'liJ '.\lUti bbfj~ ~ bb61fm~l 
'. , 	 \I 

~thtl acute ischemic stroke iin1';i'}r\1l.J'Ul1tJ€l~1'1mn ~.:Jm':i1Vltl1fj~fl1t1~m~B~;'1~Bl1btJ'Un1':ifn~lm(?l':i\Jl'W" 	 ~ 

'. ~l~e.Jfj~ B~l'1hn~iJ.:Jii~thmh'Ul'Wmn~l~(?l€l'U~'UB.:Jvi€ln1':i1'n~l bbfj~/ VI~€liiml~bbVl';iniB'Ubn~~'W ~.:JtT'Wn1';i
'\J 

A'WVll emer~ing cardiovascular disease risk factors ~e:n'.\lbU'W~lbVlV)bbfj~ij'.\l~(dllJ1un1';ibn~ ischemic 

stroke el'Ul~bbn arterial stiffness, endothelial dysfunction '.\l ~bvjlJflllm·ihhvi€l~l bVI V) nl';i bn~ ischemic 

stroke 'lilt11Vl~lm':if:l~\1l.J'Wln1':ifn~11~tl1i intervention 1Vl~ 'l 'lilt11'Wm';itJ';i~b:iJ'We.Jfjnl':i1'n~lbbfl~nl';itJ";i;;;b:iJ'U 

Jill ~ bbVl':iniB'U~ B1 '.\l bn~~'UVl~.:J n l'Hn~ ischemic stroke ':illJ (i.:J m':ill.:J bbe.J'U nl')tlB.:Jn'U hflbbfld U'.\lQV 

(prevention and early detection) 1'W~~iJ.:Jhjbn~ stroke MB~1.:JiitJ';i~~'V15m'Wbbfj~tJ':i~~Vl5I:-Jfl~~.:J~'U 

U'.\l~u'U'tTnl-:5'v~11fjn1VlfllllJ",'WhviBm':i~n~1f1l1lJ61lJ~'Ul5'VB.:J emer~ing cardiovascular risk factors 

el'Wl~bbn fI11lJl~~~Vl~'U'VB.:JVlfjB~b~B~ (arterial stiffness), f1l1lJt:l~tJ n&i'VeJ'I nl':ivll'11'W'V€l.:Jb"llmh€l'W l~Vlb~ tllJ• 
(endothelial dysfunction) 1'W~thtl ischemic stroke bvjlJ~'U€l~l.:Jvim~eJ.:J eJ~1.:Jhn~1'WtJ';i~bVlI"11VltJ~.:Jhjii 
nl';i~n~1~.:Jmlmb(?lnvi1.:J':i~wil.:J arterial stiffness, endothelial dysfunction ~.:J1'WtJ':i~'VlmlVltJ~i1~'Vm'v'I 
tJn&ibbfj~e:JthtJ ischemic stroke 

" 

Primary objectives 

• 	 b~B~n~1f1l1lJbbli1nvi1.:J1'Util1'UAlbQ~tJ'VB.:J arterial stiffness bbfj ~ endothelial dysfunct ion lw 
e:JthtJ acute ischemic stroke b'\J~tJ'UbVl tJ'Un'U'tJ ';i ~ ·tJ1mtJnivi 
'\J 

• 	 b~8~n~lrnllJbbli1nvil.:J1'U~1 'UAlbQ~tJ'V8.:J':i~Ii1'\J cardiovascular biomarkers l~bbn A[)MA, NO, 

Hcyt bbfj::: TAS 1'Wb~eJm~Vll1.:j~tJltJ acute ischemic strokE' bbfl~tJ';i~'VlmtJn&l 
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• 	 byjB~f),\~ln1,)bU~~'UbVt.J(l.:J'lJB.:J arterial stiffness, endothelial dysfunction bb(l~ 
cardiovascular biomarkers Hlbbn asymmetric dimethyl ar~inine (ADMA), nitric oxide 

(NO), homocysteine (Hcyt) bb(l~ total antioxidant staturs (TAS) ~.:Jbb\lll~lJbnVl acute 

ischemic stroke lb(l~~'U~.:Jllm 6 l~B'UVI~.:J~lnnl'Hn\?l acute ischemic stroke 

Secondary objectives 
~ d Q..I Q..I ~ 	 •• 	l~B~n't}lml:W"lJ~'U5'lJB.:J arterial stiffness, endothelial dysfunction lb(l~ cardiovascular 

biomarkers (ADMA, NO, Hcyt ll(l~ TAS) \IlB subtypes 'lJB.:J ischemic stroke 

mJ:W~~l'U (Hypothesis) 

• 	 rill0~~'lJB.:J arterial stiffness bl(l~ endothelial dysfunction 1'U~th~ acute ischemic stroke 

61.:J nllu ') ~'lJl mu n~Btl l.:J:iJUtJci'1r1ru 
~ 	 v 

• 	 ,)~~'IJ'lJB.:J cardiovascular biomarkers lti1lln ADMA, NO, Hcyt ll(l~ TAS 1'Ul~eJ\?l'lJB.:J~U1CJ 
'IJ 

acute ischemic stroke 61.:Jnllu,)~'lJlmUn~mh.:J:iJutJci'lr1ru
'IJ 	 . v 

• 	 rill0~tJ'lJm arterial stiffness, endothelial dys function ll(l~ ,)~~'lJril1'Ub~BVI'lJB.:J 

cardiova scular biomarkers lti1lln ADMA, NO, Hcyt ll(l~ TAS (lVl(l.:J~.f)11~un~.f)1~1'U 

')~~~nm 6 l~B'UVI~.:J~lnn1,)ln\?l acute ischemic stroke hwhi~'Ufl'IJl~~ BltJ, VI~€I blood 

pressure 'lJB.:J~thtJ 
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n'H)UR11lJ~~1'Un1~1~a (Conceptual framework) 

Figure 1 iJ'<il~tJ~i1t:-J(;1~€ln1~'IJ~~dJ'U arterial stiffness bb(;1~ endothelial dysfunction 1'Uerthtl acute 
" 

ischemic stroke 

Heart rate 

Ischemic stroke 
(1) large-artery atherosclerosis 

(2) Cardio-embolic Infarct 

(3) lacunar infarct 

(4) Stroke of other determined etiology 

(5) Stroke of undetermined etiology 
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'VItJ'VI1'U1';j'Hun';j';j1J~t~tl1"1i'B~ (Review of related literature) 

1. fl11:IJ~'U161~\9l1'UVl61B\9ltiiB~6b'Uml1~ (Central blood pressure) 

f1l ':J1~A1 1:W~'Ul{l~ \9l~ brachial artery ~Bll tU'U f1l ':Jl ~ A1 1 :w~'U li:l ~ 1?l1 'UVli:l B~ t~ B~~1 'W tJ 6'1': ,1 

(peripheral blood pressure, peripheral BP) B~1~bnI?l1:w1'W'VI1~i.'1~hl'VICn'WtJll'~~~mnl:IJ~'W1i:l~I?l~il(;.Ji:l (9]B 
m':Jvh~1'W'1JB~~1l'il bbi:l:;VI{l B~ b~ B~ n~'U bu'Wrnl:lJ~'Uli:l~1?l1 'WVli:l B~b~B~~1'Uni:ll~ (central blood pressure, 

a.i t.I Q/ V d 
central BP) (6) b'UB~~ln left ventricle I?lB~tJ'Umb'WmB1'1J'W~ central systolic blood pressure (central SBP) 

1'U'1Jru:;~'lh~~11~AmtJvl1 Fil'1JB~ central diastolic blood pressure (central DBP) ~~nlV1'W~m':J1V1i:lbltJ'Wb~B~ 
1'U coronary arteries (7) 

1~tJvi'd1tJ central BP VI:lJ1tJfi~Filrnl:lJ~'Wl{l~l?lbb~~ (arterial BP) ~l~'U~b1ru ascending aorta 1'W'1Jru :;n~ 
peripheral BP VI:WltJfi'lFilrnl:w~'Wli:l~l?lbb~~~1~'U~nruVli:lB~b~B~bb~~~1'UtJ{llt1 (b'li'U brachial VI~B femoral 

artery) 1'Wm1:;tJn&i'V'l'Ull ':J:;~'U DBP bbi:l:; mean blood pressure ':J~Vlll'l ascending aorta n'UVli:lB(il6~B (r)['b (il~ 

~d'UtJmmr'Ubb'Vl'U~:;11iilAdl:lJbbl?l n~h~n'UI?li:lB(il~~ arterial tree 1'W'1Jru:;~':J:;~'U SBP 1'UVli:lB~ b~B~bb~~~d'UtJmCJ 
~:;i.'1~nll aortic SBP mh~bi1'W1~i(ill~CJ':J:;~'U aortic SBP ~:;ilFi11n~bACJ~n'U SBP 1'UVl61B~b~B~bb(il~~1'WtJm Ej

" 
1?l1:lJB1CJ~b~:W;'W fldl:Wbbl?lnl9il~':J~Vlll'lfl'UlCJVlti:lJi.'111bbi:l~er?l~m CJ?l1:lJ1':Jt:1B5'Ul CJ 1~~l n pulse wave velocitl/ 

, , \J \J , ) 

bb~~ wave reflection V1bbl?lnl9il~n'W (6) 

1'U.f)l1~tJn&ib~BvhhiJ'Ub~B~BBn<il1n left ventricle b.rrl~ ascending aorta ~~bU'UVli:lB(ilb~i0(il ~'Vh 
VlUl~"lb~CJ~b~B(il8Bn1tJ~Vli:l8~b~B~~(il1tJ ~:;'Vh1'lXbfl(il pressure pulse ~bA~B'W(}h~ln ascending aorta 1tJf1~ 
VI~B(ilb~B(ilbb~~~d'UtJmCJ~1CJeJl?l':Jlb~1':J:;~'UVI~~b~CJnll pulse wave velocity (PWV) Yr,I't1Fil PWV ~~ilFil~l (3

5 m/s) 1'UA'UlCJVl~:Wi.'111~f1'1ilfldl:wEJ~VI~'U'UB~b~'Ub~B~be:lBB{tXl (aortic distensibility) ~~ 1'U'Vll~I?l':J~.rrl:wFi l 
PWV ~djFili.'1~1'W aorta '1JB~er?l~mtJ~~:Wf1l';j8~vld1m1i~ (aortic stiffness VI~B arterial stiffness) VI~BB1~n~ld 

'-l '\J'U' . 

1~11 PWV ~:;:wFilb~:lJ;'W1'Wmru~il arterial stiffness b~:W:lJ1n;'UVI~BVli:lB~b~B~bb~~il'1J'Ul~b~'U~l~'U~ni:ll 'l L~n 
" {l~ U"~U'UbU'W~CJB:W~'Ull PWV bU'U marker ~;;11Aruvtl.u;ffl~md:; arteriaL stiffness l~mQ'V'll:;~ aorta(6), v 

1'W'1Jru~~b~B(il~ln left ventricle t:1nu'U1tJ~ aorta ~:;'Vh1'lXbfl~m':J~~BBn'UB~(;.J-U~ aorta r1B1'lXbfl(yl nl 'J 
'IJ 'IJ 

btJ~CJ'UbbtJ{l~'lJB~ intra-arterial pressure 'Vh1'lXu'WVin1~\u'U forward pressure wave VI«~~ln~b~B~1V1mJln 
VI~B~ b~ B~bb~~~iJ'1J'Wl ~1VI~1tJ~VI ~ B~I.~ B~~il'1J'Wl~ I.~ ni,1~ b~B CJ"1 Filfl11:WtXl'U'Vll'U~btJ~CJ'WbbtJi,1~~l n'1J'U 1~'1J 8~ 
Vli:lB(ilb~B~~11ib'viln'W (impedance mismatch) ~:;~~(;.J~1'lXbfl~m':J?l:;VlB'Un~'U'lJB~ pressure wave ~~b1cJnl1 
reflected pressure wave VI~m~m~El~1V1m.h'W'U~nru arterial branching I.bi,1:; arterial-arterio lar 

junction s(S 10) n~:;'Vh1'lXLil(il reflected pressure wave ;'Wb'tl'Un'W ~~1i reflected pressure wave .Qi.'11:lJ1 ':J fJ 

i.'1:;VlB'Un~'U~lnVli:lB~b~B(rlbb~'l;;11'WtJmCJ:lJ1f1'1 ascending aorta 1~v11t1 PWV )~~'UVI'ct'l;'I amplitude '1JB~ 
reflected pressure wave ~n,}nnTv!'U~l~CJ impedance mismatch ':J~Vlll~Vli:lB~b~B(ill.b~~'1J'Wl(ilb~n (small 

artery) n'U arteriole bbVl~'lnlb'iJ~ reflected pressure wave ~;;11A~~~~~:;B~'U~nru arteriole (;~bU'W~lbbVlti 'l 
~iJ imperiance mismatch ~~:lJ1nl'W arterial tree) ~d'Wfldl:Wb~l'lJB~m)bA~B'W~'1JB'l wave (speed of 

11 v 

traveling wave) ''Il~'V'WB~n'llFil stiffness '1JB~ large cond\Jit arteries m'illAmll:W arterial stiffness :lnn;'W 

reflected pressure wave ~~i1Fil PWV ~'l 
~ 

'Vh1'lXbfl~B'Wvldn«U;;1 aorta 1v1b11 (;.Jml:lJ'1Jtl\l forward bl.Gl:; 
~ 
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reflected pressure wave ~ ascending aorta vh1VfbiivlbU'U resultant (aortic pressure wave VI~eJ central 

blood pressure wave) ;~u'UVin1~~ ascending aorta ~'UbeJ'I (9, 11) t-J(l"1JeJ'I reflected pressure wave ~ 
6'\~Y1eJ'Umi\JlncT'I ascending aorta l'U'1i1'1 diastole vll1Vffl11:lJ~'U1(li1~1'U'1i1'1d~'1~'U:lJ1J~~tJVI~'1 tJJl nn mJ ru 

~'1n~11LU'Ut-J(l~~eJ~1hL~eJ'I~lnneJ1VfdiVl coronary perfusion pressure 5'ULU'U~'VlJl'Un'U~11 coronary 

perfusion ~~lnVl~'U1'UJ~tJ~ diastole lvhJ'U 

m.h'lbnm:lJ Vllnll reflected pressure wave ?I~Y1eJ'Un~'UlncT'I ascending aorta b~1ln'U1tJ ~~ vh1Vf 

lnVlnlJJ1:lJ~1n'U forward pressure wave 1'WJ~tJ~ systole ~'1t:.mlVflilVl resultant wave 1'W ascending aorta 

~ijAl SBP 6'\'1~'W 1'W'1mJ~~Al DBP ~~(lVlfl~ ;'1m1~~'1n~11Vh1Vf~11~lii'eJ~'Yh~1'UVltTnlnn~'U1'UfilJ~~~~'U5Vl
'\J 	 '\J 

b~eJVleJeJn1tJcT'I ascending aorta b'V'lJl~lii'eJ'ILt-J'fiqJntJ aortic SBP ~ijAl~'1~'U l'U"1Jru~L~tJ1n'U fh aortic DBP ~ 
~Vlfl'lcT~neJ1VfbnVle..Jm~tJ~eJ coronary perfusion pressure 1~Bn'Vll'1V1~'1 ~~1tJnllJ'W 1'Umru~ reflected 

pressure wave 6'\~Y1eJ'Un~tJlncT'I ascending aorta 1~l~1~'W:lJln (b'1i'U 1'WJll1~~ij aortic stiffne ss ) n~~'Yh1Vf 
LnVlmJJ1:lJ~1 n'U forward pressure wave 1'W'1i1'1 early systole ;~~~~'1e..J(;11Vf aortic SBP ~'1L~:lJ ~'W ll (;1 ~l'W 
'lJru~l~tJ1n'Wfl~~vh1Vffil aortic DBP ~'1(;1Vl(;1-1m:lJhJ~1tJ l'Ui1~,!u'Wdijn1J'Lh central arterial pressure wave 

lnH1'Wm J r11'U1ruvIlAl parameter ~1-11l~eJtJJ~neJtJn1J~'iJ1Jrule..J(lmJ.:rmn tVlmQ'V'l1~eJ~1-1~-11'Um J~mn 
t-J(;1"1JeJ-1m(;1Vlfl11:lJ~'Ut(;1~~ 'UBmJ1ndcT~ijnlJ'lll Al parameter bVI~lffitJl.u'V'ltJlmrunlJv11l1J'U'lJB':] t WI 611Vl .:r'U Al 

Augmentation index (Alx) bU'U\ii''1JoU~U-1'UBn(Nt:.m"1JB':] wave reflection ~f) aortic pressure wave 8n~.:]cT~ 
btJ'U15mJ1VlmJvh:Jl'W'1Jf)~ left ventricle ~Iii'B~b~:lJ;ff'UL~B.:r'UijBntJ aortic SBP lL(;1~ pulse pressure ~~ .:]~'U5'W 
LU'Ut-J(;1~'Ub~B~~ln wave reflection (6) 

, .. 
• 	 ell tJ: f111:lJ ~Vl VI ~'U'1Jf)~VI(;1BVl L~BVl LLVl ~~~(l Vl(;1~(1\l:lJB1 tJVilnn;zj'U t-J(l ~'1 n~11lnVl~lnmJ'Vl'U 1~1'1J e:l~VI(;1 BVl" , 

L~f)VlLLVl ~ ;~LU'Ue..J(;1~tJb~B~ln~ln intimal hyperplasia Lb(;1~mJ~ elastin 1'Wi'W media flmL'Vl'U~~1 tJ 
'\J 

collaoen ~~dmJLtJ~tJ'ULLtJfl~~~n~111'U'Vl(;1f)VlL~f)Vl'1Jf)~~6'\~B1tJ~~e..J(;11Vf brachial BP, MAP J1:lJ~\I PWV 
') 	 \J'V 1 

, IV 	 , V I 

Lb(;1~ Alx b~:lJ;zj'U(12) proximal aortic stiffness ~~b~:lJ;zj'Ul'l1:lJB1~ bb(;1~mJV1 reflected pressure wave 

cJB'Un~'U:lJ1J1:lJ~1n'U forward pressure wave l'U'1i1~ systole lu'U'u~~tJ'Vl~n6'\B~tJJ~mJ~vll1Vf aortic 

SBP bL(;1~ PP ?I'I~'UL:dmVitJtJn'Uf1'UVI'Ll:lJ6'\11(13, 14) 'UBn'iJlndcT~~'~t-J(;11Vf aortic SBP ijAl~1mlbf1tJ-1 n'U 
'\J 	 , 

brachial SBP BnJi'1tJ 

• 	 5~'.ilf11'.iblii''U'Y.Jel,:j~dh: ijf111:lJ~:lJ~'ULhbtJtJbbtJ'.it-Jmr'Uf')tJAl Alx(15) ~'1dijmJPin~l~lb~ Vl \lll aortic 

augmentation ~~(;1Vl(;1~tJJ~:lJ1ru 4% ~B5~JlmJllii''U'1JB~~1h~b~:lJ~'U 10 f1f~/'U1Vi(1\(lBVl 'lh~~'Yh 
cardiac pacing(16) m J1.um beta-blockers 'Il~ije.J(;1(;1Vl5~JlmJblii''U'1Jf)~~11~J'U nijmlb~:lJ Al x M 
bsU'Wfl'U B ~l~b nm:lJ b ~eJ~~ 1ntJln~~,J'd6'\ llnJfl~Vl b1m1'U'1i1~~1hf1(;11 tJI'l1 ~~ ije.J(;1b~m~tJ~ b1(;1 1~ l~eJVl, 
1V16lb1tJ'Wl'W coronary artery (diastolic perfusion time) e..J(;1~~~n~11~~B1~(;1'UiKl~e..J(;1b~tJ'1J eJ~mJlYl:lJ 

Alx 1~(11) 

V IV , I 

• 	 r;1d'U6'I,:j·!Jel.:l~1.:l f11tJ: ijf111:lJ~:lJ~'W15bb 'U'U bb tJ Jt-J neY'Unu Alx(11, 15, 17) Vl\loUL~B--herViij~1'U61 ~ii'~w~ 
'U 	 \J " 

J~tJ~'Vll\lJ~VI'h:J~lh (~,Vl r11b 'W Vl'1J m waveform) n'U~Vl6'\~Y1B'Un~tJvrtniK, 	 n'U v'h1Vf reflected pressure 

AS & ED in stroke report 05 -06 -14 	 . Pa~e 12 o f 44 



wave tJ'El'Ufl6'i\J:lJ1J11l~ln'U forward pressure wave 1v'll'1'El'U.vl-:jb~1 (l'UflJru~ PWV fl-:j~) ~-:j'VhllX Alx 

b~1I~'U iJfI1J~ fI'\<Jl~bbM1,dl Alx ~b~1I~'Ul'Uer~:ih-11'U61-:j~vmr'U ~1I~tJ5n'Uflll11b~ 8-:j~v1Jfl~lhLL~~ 
" " Vl~'El~b~'El~~b~1I~'UbLiJl1 SBP lil~mi1'UJ~~'U'tJfI~(18, 19)'El~l-:jhnm1l ml11b~8-:j~b~1I~'U~-:jnr;111mlil

" 
1:u1v'ldJtJe-J~ ~'Ub~ 'El-:j:lJ1lill n Alx ~L~1I~'ULL~b~8~'El~1~ b~ (JJ ~-:jdiJJ18 ~1'U';i1er~iJm11161 ~~'El mJ~lJtJ~~85'U 

" " 
~nVl~lCJ't.JJ~f11J~b~1Iml11L~8~~'Elhf)'\ihhbb~~Vl~'El~b~'El~8n~1'El~l-:jb'll'U forced expiratory volume 

bb~~ peak expiratory flow ~~~~,IbU'UI'l'U(20) 

• 	 b'Wfl: b'II'W1Vlru~iJ wave reflection ~1Ilnnl1byj!l1"!J18 ~-:jdmlilb~'El-:j~lniJ611'U61-:j~~'El8nl1byjl"1"!J1CJ ~-:j'Vh1lX 
v 	 " 

iJJ~8~'Vll~J~Vll1~~11Iiln'U~~61~Vl'El'Un6'i''U~1n~n'U( 11) 'El~1~1 J n(91111'U 'El nlilintJlil~8~b~CJl n'U;;11'U61~ bb~l , 	 " 
b~e:J11 cJ-:jlJtJ Iil~85'U 1~ flVlm CJ't.JJ~fIl J (b'll'U flll11bb(91 n~l-:j'1J'El-:j1m'1611'1'1 bb~~ fIlJ'Vll 'I1'U'1J 'El-:j Vl~ 'El ~ b~ 'El~ bb~-:j 
J~"dl-:jLyjl"1Vlru-:j n'U"!J1CJ) ~-:jmIilLU'UbVl(911~Lyjl"1Vlru-:jiJ wave reflection ~mnfll1byjl"1"!J lCJ ~~tJlil~mVlr;11d

v 	 • v 

cJ-:jI'l'El-:jJ'Elf11 J~n'\<Jl'El~1~~~b5CJ~(})'ElhJ(21) 

• 	 ill1~fl1111~'Ul~~(91~'1"!JiJ~ systolic hypertension: l~CJm,1bu'U!;,m~'U b~'El~:lJ1lill n fi1J b~'El1l'1J'El'lVl(l'El~ 
b~'El~bb~-:j aorta (aorta degeneration) 1'U'1Jru~b~CJln'U md~flll11~'Ul(lVl(il~-:jn6'11mJfI;;1-:jb61~1IVI~'Eld-:j 

fll J b~ 'El1l'1J e.J~Vl~ 'El~ b~ 'El~ bb~~b 'll'U n'U 'U'El nlill ndilld~fll 111 ~'U1~Vl (9161'1 cJ-:jn 'EllVibn~nlJ btJ~ 8tJ bb tJ~~'1J'El-:j" . 

aortic pressure waveform 1m'U6'i'n'\<Jru~~fl~l 8A~-:jn'U1'Uer61-:jm8 b ~8-:jbblY1yj'UM~-:jbb~'lll'lmCJ~cJ-:j1:um n 
'U \J 't 	 'I 

un(15) 1~CJn~1f1~b~CJd.v'El~n'UfI1JbtJ~8'UbbtJ~~ aortic pressure waveform G1m~'U5n'UfIlJb~1I 
peripheral resistance fi1Jl~~ aortic stiffness bb~~ PWV J11l~~fIlJ61~Vl'El'U reflected pressure 

, 	 <

wave Vib~d~'U(6) 

I . 3. ArteriaL stiffness 

Arterial stiffness fi'Elml~~VI~'El~b~e.J~bb~-:j (artery) mCJ1'U11-:jWl8lJm1118~Vl~tJ~~~-:j b~'El~lillnf11J 
btJ~CJ'UbbtJ~-:j'1J'El-:jtJ~mrubb(l~l"lrumyj'1J'El~ collagen bb~~ elastin 1'Ue-Ju~ artery l~CJ~iJ eLastin ~~~-:j coLLagen 

b~1I~tJ bb~~b~'U1CJ elastin b~8~~d1:UbU'UJ~bU8'U ~-:jVl1l~dbn~~Willnml11b~'El1lm1l1CJvh~1I~'U (ageing) 'El~l-:jhn 
~.fl1d~ml11~'U1~Vl(il~-:jbb~~ml11~~tJn~'1Je.J-:j artery 'U1-:j't.JJ~fI1J611:lJ1Jm1~ml11~'UbbJ-:jbb~~er(ilJlf11J bn~ arterial 

stiffness 1Vi~~mn~tJ nl1tJ n~ fIlJbtJ~8'UbbtJ~~'1Je.J~ artery Iil~ bn~~'U:lJ1 n~~~1'UVl~ 'El(ilb~'El(il bb(il-:j1Vlqj~ltJn(ll-:j 
(central or elastic artery) l(ilmQyjl~Vl~'El~b~'El(il aorta (22) 

1tJ'El~(91fi1Jl~ central arterial pressure ~1il~u-:j'U'Elnii~ arterial stiffness bU'Ub~'El-:j~~-:jCJ1m~'El-:j"illn 
1'1'El-:jvl'1 WI J1~ bb 'U'U invas ive I'l'El~mf1mJ((il flfI1J~ ri'El'U 'ih~"1l'U~'El'U bb~~ 1'1mvll1'U lX'El-:j ~,h~~Vl ~'ElVf'El~ 6'1d'U~lhb'YilJtJ 

1~8mf1CJfI1Jl~6'l1861d'Ub'1h1tJ'Vll-:jVl~'El~b~'El~b~m'~~11tJ1~ arterial pressure ~'U~bdru ascending aorta ~d8 
6'llbVlII)~-:jfl~ldvl11~n l Jl(ilAl peripheral blood pressure l(il81i sphygmomanometer b~'Ell(il brachial 

arteriaL pressure bU'U~-U8111i'El~l-:jbbyj~Vl~18mnl1m~.:m(})'El~(il b~'El-:jlillf1btJ'U non-invasive measurement 

b b~~6'llmJC1t11m1.;rtJli'U~1~~181 tJfIlJ(ilJdlil1'11 a rteriaL blood pressure 1'UvmAli-un 
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nl'Jl~fh central arterial pressure 611lJl':i(I'Vh1~~tJ15 non-invasive VlmCJ15 VI~nm,)l~ central 

arterial pressure bbUU non-invasive J'U lim')uuVin pulse wave 'IJ 'Ub~'Ub~B~bb~.:J;;11'UtJ~ltJ b'li'U radial Vl1B 

carotid artery bb~1ml'1CJ computer software l'Um,)bbtJ~.:Jrll'1JB.:J peripheral pulse wave ~u'UVin1~VfbU'U 
pulse wave '1JB.:J ascending aorta ~'UbB.:J l~tJVI~nnl'Jl'Unl'Ju'UVin pulse pressure wave i1b~CJnl1 
applanation tonometry VI~nm,)'1JB.:J applanation tonometry 1'Unl')u'UVin pulse pressure wave B1l'1tJ 

bfl~B.:JiiB~b~tJml tonometer ;.:JbU'U pressure sensor (transducer) ~iimllJb~.:J:Ulnl'UmJu'UVin pulse 

pressure wave (;.:Jbfl~B.:JiiBi1~~fl~lCJfl~.:Jn'IJ tonometer ~lil'Um ')u'UVinmllJ~'Ul'U~nm) ~.:Ji1b1ml~ 
pressure wave J'U arterial tonometer '<il~~ml.:JB~'IJ'UVI~B~b~B~bb~ .:J~l'UtJmCJ(b'li'U radial artery) l~tJ~ 
~ml~'<il~11.:J tonometer lVfn~~.:J'IJ'UVI~B~b~B~ ~.:J'~\.J radial a"rtery ~~f1nn~~ln~.:J tonometer ~11.:JB~'U'U 
'V 'V 'V 

ibVl'u.:Jbb~~~lnlflJ.:J61~1.:J~BtJ1~ radial artery (;.:J~~lr1runAB nJ~~n radius) C-J~~.:Jn~Tl~~'VhlVf intra-arterial 
'V v 'V 

pressure 1'U radial artery J'U ~n~.:J~l'U~'UlJ1iT.:J tonometer bb~~"il~~nu'UVimb~~bb61~.:J1Vfb~'UbU'U pressure 

wave 'UtI~B'1JB.:Jcomputer ;.:J~n~ru~'1JB.:J signal ~utlVin1~1illn15 applanation tonometry i11il~ln~bfiEJ.:Jn'U 
pulse wave ~u'UVin1~[l1tJ1t1V1~ B~ b~ B~l~EJm.:J (1) 1t1tl1il~U'Ui1iibfl~ B .:Jii B"ill nVlm tJ'IJ ~~'Vn~n -ilb 'VlflUfl 'lJ B\l 

applanation tonometry 1'UmJl~ aortic blood pressure bb'IJ'IJ non-invasive v11B~1.:Jb'liti bfl~€J.:Jb'li'U 
sphygmoCor (AtCor Medical, Australia), bfl~B.:J Jentow (Colin Medical Technology,Japan) bb~~bfl~€J\ll~ 
'1JB.:J Omron (Omron Healthcare, Japan) bU'U~t1 (6) 

15~~Bl1bU'UlJ1m3il 'U (gold standard) l'Um ,) l~rll arterial stiffness bb'IJ'U non-invasive A€JnlJl~ 
Pulse Wave Velocity (PWV)(23, 24) 1~EJiiVl~nmJA€Jl~rllmllJl~1'1JB.:JmJbfl~€J'U~'1J€J.:J pulseVl~.:Jv111tJ~llJ 
arterial segment " b'li'U "illn(1\'lbbVIU~~'U'Vll.:JAB carotid artery hJ~tJmtJ'Vll.:JAB femoral artery (carotid

femoral pulse wave velocity; CF-PWV)bfl~€J.:JiiB~UtJlJ1iA€J SphygmoCor apparatus (Figure 2) ~llJn'UmJ 
H tonometer u'UVin arterial pulse waveform ~(1\'lbbVlti.:J carotid bb~~ femoral (Figure 3) 

Figure 2 SphymoCor apparatus and tonometer 
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Figure 3 mJ1Vl pulse wave ~~lLLVl'i1'l carotid artery 

Vl~nmJ'1JeJ'l non-invasive measurement '1JeJ'l central arterial pressure J'l..ImPltJmJ1Vl peripheral 

arterial pressure wave ~u'UVin1~~ln15 applanation tonometry LL~lH15nlJLLU6'1'l (derivation) waveform 

~u'UVin1~ffiVfLU'l..l central arterial pressure waveform ~'l15mJ\il'lmiTJ6nlJ1J')'vh1mVltJmf1tJVl~nmJ1Vlqjl 
3 151~LLn (25) 

• 	 Generalized (mathematical) transfer function: mJLLU6'1-:JAl aortic pressure wave ~ln 

peripheral pressure wave lVltJB1PltJ generalized transfer function J'U 1'1lVl~n'1JeJ'l Fourier analysis 

~'lLu'UmJ~~1'lfl11:W~:W~'Ulj'Vll'lflru(il1"11&'1~~'1JeJ'l~lLLUJ 2 ~1 tJn~deJ~l'lL'li'U Al radial pressure wave 

flU aortic pressure wave LU'U~'U \il'lJ'Udj8'VlJ1Ufl11:W~:W~'UlhL6'1~V1J1UA1'1JeJ'l 1 1'U 2 ~lLLUJifLL~d~::: 
&'11mJt1Vllfl'1~dLLUJ~LVl~eJ1~ lVl tJ~:::~eJl1~lVl~'lLU'U~lLLUJ~V1J1UAl (input signal) \il'lJ'UL~eJ1~Al 
radial pressure waveform ~1~U'UV1n~ln applanation tonometer ~'l~eJl1LU'U input parameter n 
'-\J:::&'11:lJ1Jt1VllAl output parameter AeJ aortic pressure waveform eJeJnm1~ 15mJVllAl aortic 

pressure wave ~lnmJl'1lL'VlflUfl generalized transfer function if 1~:iJmJPin~lLL~111:iJA11n~LAtJ'l 
fluAl~lVl1Vll~tJ(ilJ-:J~ln aorta fi'lLL:iJl1~::::iJnlJLU~tJ'ULLU6'1'l'1JeJ-:J8(ilJl mJL~'l..I'1JeJ'l'IXd1~ '<S''lVll::: mJL~'l..I"tj'tl -:J 
'lXdh Vl~eJ~:::Lu'UmJ1'1ltJl vasoactive druos ~1-:J'l Vl~mL:iJLL~L~fl'l'1JeJ'l81tJ'1Jfl'lcrt1n(ilJd~lVl Jl:W~'l'-\Jln 

::> I 	 '\ '\I '" 

mJVh valsalva ~ltJ(26-30) ~-:JifLfl~eJ-:J:iJe)'vn'lllVlAl aortic pressure wave '1l'W~ non-invasive t~tJl'1l 
L'Vlfl'Wfl generalized transfer function if ih~u'U1~e.h'UmJ~uJeJ'l'-\Jln Food and Drug 

Administration (FDA) '1JmUJ:::L'VlI"1&'1Vl-r1im:w~m l11VfAl~L'VltJUL'VhflUn1Jl~Al aortic pressure wave 

~ aorta l~tJ('lJ.:J ~leJ~l.:J'1JeJ-:JLfl~eJ.:JjjeJ~Hl~ central arterial pressure bLUU non-invasive 1~tJ1'Il 
VlrrnmJ'1JeJ.:J Generalized transfer function 1~LLnLfl~eJ'l sphygmoCor (AtCor Medical, Sydney, 

Australia) LL6'1:::Lfl~eJ-:J Jcntow (Colin Medical Technology,Komaki, Japan) LU'l..I~'l..Il'l..1i1'-\J~u'Uif1~:iJ 
mJ111L 'Vlfl'ilflifml.ut 'l..Inl')lVlAl central arterial pressure 1'Unl')An~l'Vl1.:Jfl~'Wn~vh nl'iAmn 

LU1C.iUL-VltJUnl')HtJ1Tn~:fl11:W;'Ut6'1Vi(il~-:J
lJ 
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• 	 Method based on equivaLence of centraL and peripheraL mean and diastolic pressures: 

151imf1CJVl~nnl':i~11 fl1frl1:JJvl'U diastoLic llG'1~ mean arterial pressure :lJA1Ae:J'Uil'lA'lvfl'U arterial 
v 

trees vl'ltT'U~'lmf1tJnl':i'rVl pressure wave -:Uln 2 ~Vl ~e:J carotid fllJ radial (Vl~e:J brachial) artery 

~'l.nAl mean nu diastolic pressure -:U~~f1fhVl'UVlfl1 pressure ~1vl-:UlnVlG'1e:JVll~e:JVlllVl'l6'il'UumCJ 
-:UlntX'Ufi1vl'ln6'111-:u~~nt11hJnlVl'UVlAl'1Je:J'l diastolic llG'1~ mean arterial pressure '1Je:J'l central arterial 

waveform -:UlntX'Ufil syst~lic pressure '1Je:J'l central pressure wave n-:u~1vl-:Ulnnl':iAl'Ulru'Yll'l 
Aru(>H'll?1(9l~ (extrapolation) ;'l15nl':i.nn1vlm'llll'Y'j~Vlmm-d'Un'U (26, 28, 29, 31, 32) 

• 	 Method based on identity of broad rounded reflected wave in centraL and peripheraL 

arteries: 1'U peripheral arterial pressure wave tX'U Al late systolic peak ~'tJ''Lj'Vin1Jllln-:U~lu'Ufil~ 
ll?1Vl'l(i'lfil'1Je:J'l systolic peak pressure 1'U ascending aorta llG'1~1'U left ventricle 1'U'1Jru~~ sharp 

primary pea" 1'U pressure wave '1Je:J'lVlG'1e:JVll~e:JVlllVl'l~1'UtJG'11tJ -:u~1:J~m~''U5nufil peak '1Jm systolic 

pressure 1'U ascending aorta ;'lVl~nnl'~.a\Jl~n8'Utl'U1VlCJie:J~G'1-:Ulnnl':i1'll Transfer function process 

;'lbl?1Vl'l1~li1'Ul1Al~1'UU':i~ne:JU'1Je:J'lA~'U~iJA11:JJ~~lnl1 2 Hz -:u~~n'1JtJ1tJ (amplified) ':i~Vll1'l aorta 

nU~ll'1J'UUtlCJ:JJ1n 1'U'1Jru~~~1'UU':i~ne:JU'1Je:J'lA~'U~iJA11:JJ~~'lnl1 (3-6 Hz) ;'llU'U sharper spikes U'U 

pressure wave -:U:t:fln'1JtJ1CJ (amplified) tl~1'l:JJ1n(26, 29) lVltJVl~nnl':idVlln peak '1Je:J'l secondary. 	 " 
wave ~m:t:~ (identify) 1Jl'iTVll'iJ'U1'U radial Vl~e:J brachial pressure wave n-:u:t:?11:JJ1':iflllUG'1'llU'UA1'IJtl'l 

peak aortic pressure M (28) 

l~e:J~1'Unl':iAl'Ul'Uvl'l~1Jln6'111:JJ1il'lJ1'Ull~1-:U~':ilCJ'l1'U~mfil CF-PVW lU'U m/s Vllnfil CF-PVW 	 ?1'l 
" 

ll?1Vl'l11iJml:t: arterial stiffness :JJ1n (23) u-:u~'tJ''U'l-~Ul1ml:t: arterial stiffness lU'U indepe~dent marker 

(Vl~e:J predictor) ~~lr1qJ'lJe:J'l cardiovascular morbidity llG'1~ mortality 1'UU':i~'1JlmYi'11u (33)llG'1~1'U~U1CJ 
hypertension, diabetes mellitus, coronary artery disease llG'1~ end stage renal disease (34-36)~ 
'l.h?1'Uhe:J~l'l~'l~tl Guerin llG'1:t:Aru~ (37) vllnl':i~mn1'U~ulCJ end staoe renal disease 'Y'jUl1 ~ulCJn6'1:JJ non'U::, 	 'U 1 

survival oroup tX'U lU'U n6'1:JJ~(i'l ll:lJ-:u:t:M{lJ nl':if11UA:JJf111:JJvl'UlG'1~\9l1~e:J tJ1'U':i:t:vluun~ll-d'Ul~m nlJ n6'1:JJ survival
::> 1 1 '\J 	 't 

group llvl~U1CJ non-survival group -:U:t:iJfil CF-PVW ~1:J(9le:JU?l'Ue:J'lvle:Jnl':iA1Ufl:JJAll:JJvl'U1G'1~(9l (Figure 4) 

nl ':i~mn.n-dl CJ8'UcJ'U(i'lAl1:JJ~1r1qJ'lJe:J'lnl ':if11Ufl:JJVl~mtJ~CJ'UllUG'1'lJll1:t: arterial stiffness vle:J mortality 'lJe:J'l 

~U1CJ 
" 

Figure 4 CF-PVW in end stage renal disease- response in non-survivors(38) 
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4. 	 Endothelial dysfunction 

Endothelial dysfunction ?lBnl'l'Vhn'U~iJVlun~'VB\l endothelial cell ~B~ ru ~'Ul'U~Vl'VB\le.JtY\l" , 
Vl!;lBVlb~BVl1VltJVl~\l1'Uml:lJiJVlun~~~lrl~?lBnl'H;lVlf11':iU!;lVlu6'imJ Nitric oxide (NO) (39) 'lln vascular 

endothelium ~'lJ11 endothelial dysfunction i1flll:lJ~:lJ~'Ulhb!;l~b'U'U~lbVl(9lVl-d\l'VB\lf11':ibnVlml~ arterial, 
stiffness(40) f11'llVl endothelial function bbUU non-invasive ~l:w1':if:)'Vhl~VltJf11':ilVlf11':i(9lBU~'UB\lbbUU'VtJltJ 

'VB\lVl!;lBVlb~BVlbbVl\l (vasodilatation) I?1Bf11'lU!;lVlU6'iBtJ NO 'lln endothelial cell 15f11':ilVl endothelial 

function ~1:lJ1'lfl'VhlJ1Vlmn'\ili;:ntJ15~\l Table 1 (41) 

TabLe 115r11':ilVl endothelial function (41) 
Method Characteristic Advantages Disadvantages 

ET-l Proinflammatory Blood draw Not widely available 

ADMA Competitive inhibitor of NOS Some prospective clinical data Not widely available 

IL-6, TNF-a Inflammatory markers Not widely available 

ICAM-l,VCAM-, E-selectin Cellular adhesion markers Expensive, not widely available 

vWF , PAI-i Thromboembolic markers vWF is widely available Not a lot of data in ED 

Cellular markers 

cEPCs 

Circulatin~ endothelial pro~enitor 

cells promotin ~ vasculo~enesis 

Increasin~ly ~ood clin ical data on 

correlation with CAD and ED 

Expensive, not yet widely 

available 

Ima ~in~ 

IMT 

Depicts pre-a therosclerotic 

intimal 

hyperplasi a 

Good lon~itudinal clinical data 

from lar~e studies 

Operator dependent, needs 

referral 

to radiolo~ist or vascular lab 

LDF Describes small-ves sel 

endothelial 

Function 

Noninvasive Not a lot of clinical data with ED, 

not widely available 

FMD React ive hyperemia of brachial 

artery 

Gold standard of measurin~ 

endothelial function, lar~e 

clinical studies correlatin~ 

results with CAD risk, noninvasive 

Operdtor dependent, usually 

needs 

referral to vascular lab or 

radiolo~ist 

PAT Reactive hyperemia of arterioles Very easy to perform in office, 

less 

operator dependent, mountin~ 

clinical data with ED and CAD 

Not as much data as FMD 

Abbreviations ADMA, asymmetrical dimethylarg,<)lne; CAD, coronary artery disease; CRP, C-reactive protein; cEPCs; Circulating endothelial progenitor 

cells ; ED, erectlie dysfunction; ET-1, endothelln -1, FMD, flow-mediated dilation; ICAM-1, Intercellular adheSion molecule-1, IL-6, interleukln-6; IMT, 

intima-media th ickness; LDF, laser Doppler flux lmetry; NOS, nitrtc oxide synthase; PAI-1 ,plasminogen-activator Inhibitor type-1, PAT, pertphera arterial 

tonometry, TNF-a, tumor necrosIS factor-a; vWf-, von Wiliebrand factor, 

l'Uf11'lPim~l'd~1~cJ'~di15 PAT (Peripheral Arterial Tonometry) 1VltJi1f11'l'Vhl~bnVlml~ reactive 

hyperemia (RH-PAT Reactive Hyperemia -Peripheral Arterial Tonometry) bl~Tvhf11':ilVlr11nl'Hu~mJbbU!;l\l 
'VeJ\l di~ital pulse volume amplitude h.l,Ul\l reactive hyperemia bVltJUtlUr11 baseline 'VeJ\l~UltJ 1VltJril~lJ1 
'<\l~ti\lueJnfi\l nitric oxide bioavailability ~\l~:lJ~'U5nu endothelial function tT'UbeJ\l 

15n1T-J'l'1?leJ~J:lJ~umrul'Uf11':ilVl~dJiJeJ'VeJ,:'J~urw (fln~er probe) ~1:lJtluvhl~bnVlml~ reactive 

hyperemia 1(91 (j n1 'l1~ 1"11 1:lJ~'Uhj'M(9lvi~'Ubb'VU'VeJ\l~U1CJ bvieJU 'l~ b:iJUnl 'l bU~ tJUbb U!;l\l'VeJ\lr11 di~ital volume 

lVl[:..J!;leJeJn:lJ'ib'Uu pulse wave U'l l ni,)u'UVltrT~ eJfleJ:lJY;1b(9leJ~~b ~e.l:lJ tlU~D mrunl':il(91 ~,:'JAln1'lbD~CJUbbD!;l\l 
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.1 

dig'ital pulse volume amplitude (PVA-RH) m~d~~~:lJvr'U5n'U endotheliaL function 1'U:IJ'4~8(42) bfl~B'lijB 
vhil'UnT~1~AB Endo-PAT 2000 ~~btJ'U non invasive assessment ~vhllil.fl1CJ1'U 15 'U1Vl bb~~vhllil.fl1EJ1'UtXB'l 
19I'jl~ (office setting )(42) ~1'Um'j1~15'V11'l physiologic ~'U11Iilbbrl FMD ~'l1'Ul9Il'jl'l ~'l~WJlb'\J'U Gold 

standard 1'Um'j1(9nT'U 'W,ty:hbi1Bvhm'jbtJ1EJ'UbVlEJUnU nl'j1~IilJCJ PAT bb~lijf11l:IJfl~1CJfl~'ln'U1 'Unl'j 1tX.vB:IJ~'1JB'l 
v '\J 

.fl1J~ endothelial function (42) bb~~15 RH-PAT vhllil~lCJn':hl:J~B'lm'jm'jrJn:lJ1n 'jJ~.J'v('ll:JbtJ'U operator 

dependent method BnlillCJ (42) 

5. Arterial stiffness, endotheliaL dysfunction in ischemic stroke 

U~~u'U:lJ~(;'f'Uhfin~l arteriaL stiffness bb~~ endothelial dysfunction l'U ischemic stroke b~:IJ:IJ1n 
;'U De Silva bb~~flru~(38) 'Vhnl'j~n~11tlertJ1CJ~1'Ul'U 268 fl'U~:lJ acute ischemic stroke 'W'UllerUJCJn~:IJ~:lJ 

'\J '\J , 

intracranial Large artery disease :lJ CF-PWV ~'lnlln~:IJ~l:Jij intracranial large artery disease (11.7 vs 

11.0 mis, p = 0.015) ~l'Um'jfin~lt~CJ Kim bb~~f1ru~ (43) 'WUll1'U~U1CJ hypertension Bl~:IJ1nnll 50 tJ~ :lJ 
small vessel disease Vl1B subcortical infarction ~~:lJ PWV ~~'lnll control B~l'l:lJumh-lqJ (symptomatic 

small vessel disease 19.76 mis, asymptomatic small vessel disease 18.73 mls bb~~ control 16.77 

mi s, p < 0.001) 1'Uvll'UB'lb~EJln'U Tuttolomondo bb~~flru~ (4) 'W'Ull~U1CJ acute ischemic stroke '1JiJ~ 

lacunar infarction ~dJrh PWV ~(;'f'lnll subtype ~'U11'U'VI1'ln~Untl Choi bb~~f1ru~ (44) fim~lerU1EJ acute 
_, ' '\) . 'U 

ischemic stroke ~lm'U 223 fl'U 'W'UllertJlmw~ control :lJrh PWV l:Jbbl9ln!?ll'ln'U bb~~l:J'W'Uflll:IJbbl9ln!?ll'l'1JB-:J" . 

PWV l'Ubb!?l~~ subtype '1JB'l stroke 

V ~I 

m'jfin~l'v('lVl:IJ~Vln~11:lJ1bb(;'f~-:J~-:JU'VI'U1'V1'IJB'l arterial stiffness bb~~ endothelial dysfunction 'VI 

ci'lAqJ!?lBm'jbn~ ischemic stroke mll-:Jh n~ m'jfin~l~ n~11:IJ1 ~-:J1tX~~~bbl9ln!?ll -:In'U:iJvY'l~'W'\.m~d:J'W'Uflll:IJ 
bbl9lnvll-:J'1JB'l PWV 'UBn~lndnl'jl~mVl~1,rtll:JlIilA~b~Bn~tJ1CJ~iJ diabetes bb~~ possible cardiovascular 

disease modifying factors ~'U1 BBnltJ I?l-:JJ'Unl'jbbu~~~m'jl~CJm~~-:J:lJ confounding factor u~u'UB~llil b~B 
~'UcJ'U~'lflll:IJ~:lJvr'U5bb~~'U'VIU1'V1't1B'l arteriaL stiffness m1~ endotheliaL dysfunction !?lBm'jbn~ ischemic 

stroke erl~CJ~~vllm'jfin~11tln~:lJerU1CJ acute ischemic stroke ~1:J:lJ diabetes VI~B.fl11~~tl" ~m~:lJ~~vlB
'U , 'U I 

m'jbU~EJ'UbbU~'l'1JB-:J arterial stiffness bb~~ endotheliaL dysfunction b~B~~ confounding factor 1tX:IJ1n~~~ 

J-\ S & ED in stroke report 05-06-14 Pa~e 18 of 44 



th::"!l1ncam-b"l:un1caAn~1 (Study population) 

lutJbbJn'U€J\lnlJ~mn~i~m~€Jn~"il~~m~l~thtJVI~B~b~€J~?llJ€J\I&iubQtJU'W~'U (acute ischemic stroke) 
" " 

~b.ullJl~U nlJ~mn1'Ut J\I'WtJ1Ul~':\lWl~\lmcl?lmnl'IJ1\>l1VltJ bb~~ m1lJfl1UfllJ~:iJ €J1tJ bb~~ b'W~b.ul fl'U1~nu~ultJ ~\I 
" , " '\J 

tJ ~ Vd! i.lQ..I q <V"""" 
b'lJl bnru"VlnlJfI\>l b~Bm 'lJ1J'U n1J~n~l~\I'U 

11 v" "ubnru"Vl 'Un1AfI\>lb0€Jn~ :;W (Inclusion criteria of the patients) 

b'W~'lJltJVI~eJVlru\l €J1tJ 45-75 tJ v , 

1~~'Un1JliJ"il5mu'U acute ischemic stroke (45) t~tJ:iJ onset 'lJ€J\lnlJbn\>l stroke €Jt!mtJ1'U'lil\1 7 l'U 
' " " 

JdlJG\lbU'UmJbn~ stroke f1~\lbbIn'U€J\I~Ulmb~~b'ih~'UnlJ~n~lbU'U~UltJ1'U'lJeJ\llJ\I'WtJ1'Ul~"ilWl~\lmru" " , 
?lmnl'lll~lVltJ 


{c;11~ VlltJh l~b€J\I ?lllJ1Jm-rrlhbb~drJlJ:iJ€J1'U.ff'Um:)'unl')(91Jl"ill~~

'\J 

bnru'Vl1'UmAA\>lb~eJn~D:WereJn'5JlnmA~mn (Exclusion criteria of the patients)
" 

Diabetes mellitus, atrial fibrillation, autoimmune disease b'li'U systemic lupus erythematosus, 

rheumatoid arthritis~ serum creatinine ~ 2mg/dl 

Previous intracerebral hemorrhage 

uJ~lli)mJHtJl'Ul\l'lliJ\>l~:iJ(:.J~Ii1€JnlJ~n~l l~bbri steroid, bronchodilator used, nitrate used d\m~ 
:;ill~VI~~tJlJ'UllJlbn'Unll 5 half life 'UB\ltJlJ'U1 

, d &:I0 

Active infection ru b1mVlVllmJf1m~l 

bnru"VI1'UmAA\>lb~€Jn ControLs (Inclusion criteria of the controls) 

b'Wf1'lJltJVI~€JVlru\l €J1tJ 45-75 tJ l~tJ:iJ€J1mb~~b'Wf1 match n'\Jn~lJ~udtJ 
v , q q '\J 

Vlln:iJ hypertension VI~Bl'lJ~'U1'Ub~c)~~\I (dyslipidemia) l~~unlJ~mn~~mlB\1 fl1'Uf)lJ blood 

pressure bb~~J~~'\Jl'lJ:u'U1'Ub~€J~bU'Ub1~1€Jt!l\1t!€JtJ 2 b~eJ'U 

~'UtJ eJlJb.ul~llJ1I'lJ\lnlJi~tJ~ltJl'llllJ?l~I'lJh 

bmIJ6YJlwnlJA\>lb~eJn Controls €J€Jn"illnmJ~m:n (Exclusion criteria of the controls) 

Diabetes mellitus, atrial fibrillation, autoimmune disease b'1l'U systemic lupus erythematosus, 

rheumatoid arthritis, serum creatinine ~ 2mg/d l 
dOd 

Active infect ion ru blmVlVllnlJf1n~l 

nlJfh'U1ru'U'U1\>lc;11eJ~1\1 (SampLe size caLcuLation) 

r\'l'Ulru'lJ'\.J l ~'lJB\I sample size (9lllJ15'lJB-:J Machin, et al., 1997 (46) 1~m)l\l8--lAl'~lln Tutto lomondr) 

A , et al ., 2010 (4) 
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m = 2(za l2 + zfJ f + Z;'2 

/12 4 


/1 = 	1,il2 - ,ill I 
(T 

S 2 = (n, - 1)s ,2 + (n2- I)si 
P n, + n2 - 2 

l"w~ 	 m = sample size per group 'lJeJ\ltJ~~'lJlm~lPleJ\lfl1~Pifl'tn 
lJ = mean 

Sp2 = a = pool variance 

S =variance 

o = significant level (Type I error) (0 = 0.05) 


1-~ = power of test (~ = 0.01) 


tJ. = differences in mean 


hl'lJ:U}~'Lh~'lJlmm.h\ltJmJ 24.7 Vl~eJtJ~~:IJ1ru 25 fl'UvleJ group l'Unl~l~tJ vr'llm\lnl~erl~tJ"Il~ 
'U 

vhfl1~Pim~nl'UtJ~~'lJlm"ill'Ul'UeJrJl\ltfeJtJ 35 fl'Ulun~:IJ control LL~ ~ 40 fl'Ul'Um'l:IJerthtJ acute ischemic 
, 	 , 'U 

stroke 

~'U~mJl'Un1~~lbihm1'a1~fJ 
(1\'lLiJ'\..Ifl1~l~tJ~l'U clinic ru (;11'lJll'lJltJ~~(;11VllVltJl .fIlfll'lJleJ1tJ~Y'11?l~4 flru~bbVf}1tJY'11?1~4 "ilVSli;1\lmru, , 

:lJVlllVltJl~tJ bb~~(1\'lbiJ'Ufl1~l..ijtJVll\ltXeJ\ltJBU~fl1~b~eJVllril cardiovascular biomarkers l~bbn AOMA, . NO, 

Hcyt bb~~ TAS ru tXeJ\ltJBuli1fl1~ ' .fIlfll'lJlb.f1~'lJ1VltJl flru~bb'V1VltJY'11M14 ~VS1 ~ \lmru:IJVnlVltJl~tJ l~tJ:iJ.rrtl~eJ'Ufl1~ 
" 

l~tJ~\lU 

• 	 erthtJ1VltJ~i1.f1l1~ acute ischemic stroke ~boUl'rU fl1 ~~mmtJ'Uer':h tJ1tl'lJ eJ \ll ~'1'V1 tJ1Ul~"ilVS1(;1 \lm ru 
'U 	 'U, 

(;1.f1lfl1'lJl~lVltJ~i1flru?l:IJuli1boUll~nu inclusion bb~~ exclusion criteria oUl\lIPl'U "Il~l~~Ufl1~C11:IJtJ~ ~l~, 
ml"1l~l\lfl1tJ bb~~~~l"1lVll\ltXeJ\ltJBU~fl1~ l~bb n' complete blood count, fasting plasma glucose, 

kidney function (blood urea nitrogen (BUN) bbi;1~ serum creatinine (SCr)), lipid profile (total 

cholesterol, triglyceride, low-density lipoprotein (LOU, high density lipoprotein (Hnl)) bb~~ 

erythrocyte sedimentation rate (ESR) bbf1~bnU(;]leJcJl\lb~eJ~6'llVl~U fl1~mT'Ill(?1 cardiovascular 

biomarkers l~bbn' AOMA, NO, Hcyt bb~~ TAS ~thtJ"ild~~Ufl1~l(?1 arterial stiffness bb~~ endothelial 

function 1~tJl~fl'lvll\l1 ~~Vl'il\ll'Uvi 5 -7 Vl~\lfl1~bil~ acute ischemic ~t ro ke L~eJVl~m~tJ\l.flll~ brain 

herniation bbf1~ increased intracranial pressure bbf1~M~ufl1~ l(?1 arterial stiffness bbf1 ~ endothelial 
" , 


function Bnfl~':l'Vib'"lm 6 b~eJ'UVl~..:Jlillnd:)(p1 acute ischemic stroke 


• 	 m(;11?1iJmn~:lJmUfl:IJ"Il~M~ufl1~m:IJtJ~d'&1 ~~l"1l~l\lfl1tJ bbf1 ~(91~T'Il Vl l \ltXv \ltJB1J~fl1~vll..:J1 bVl~ Eltl n~:IJ 

~'\lw LLf1 ::;l~~ufl1~l(?1 arterial stiffness Lbf1~ endothelial function ~ltJ15fl1~ b~ t,l nU~th tJ 
'U 	 'U 

• 	 fl1 ~ l(1) arterial stiffness 1tl n~:lJtJ~::;'lJl m~Pimnl(1) 1(?1 tJ carotid-femoral pul se wave velocity (CF 

P\fN) LtJ'U gold stand ard 'lJEl\lfl1~l~ arterial s tiffne s~ i1m l m~eJ~eJ1~:IJ1n ?I ~ (?11f1 bbf1~1oliblmtfmJl'U 
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fl1dl~ (23) LLc\~fl1dl~ endothelial dysfunction 1-015 PAT (Peripheral Arterial Tonometry) l~vij 

fl1dvh1V1Lil~Jlld~ reactive hyperemia (RH-PAT Reactive Hyperemia-Peripheral Arterial 

Tonometry) LtJ'LI15fl1dl~ endothelial dysfunction 1'LI~thtJ~?I~~dn LfI~B.:JijB~H1'L1fl1dl~AB Endo

PAT 2000 1-onc\1~'LI LbC\~1~-r'\Jnl'";jVl~?lB'\JLLr;1TJ1?11jJ1d(l1-o1~ endothelial function 1~~1'l (42) 

nl':i·~hYl~1~~.umm (Data analysis) 
'U 

iB~G1~.:JVI:W(iILn'\J'n'\J1d:Wl~tJ program Microsoft Excel LLc\~fl111Lfl11~'lAVl1.:J?I ~&1Al'L1drul~v program 

SPSS version 20.0 l~v descriptive statistic 11V.:Jl'L1e.JmtJ'LI mean ± standard deviation fl11LtJ~V'\JLViv'\J 

ml:WLb(91n~l'l'IJB\jrll~l.:J1 1~VI'il.:J?lB.:Jn~:wtJ';i~'lJlm~~1i independent sample t test 611V1-r'\J continuous 

data ml:WbL(91n~l.:J'lJB.:Jrll parameter ~ baseline LbC\~ 6 L~B'UVl«.:J~lmn~ stroke lU~thVA1'L1drul~tJ pair-t 

test fldl:w~:w~'U5d~VI'Jl.:J parameter ~1.:J1 'VB.:! arterial stiffness LLG1~ endothelial dysfunction ~B«n~ru~ 

'VmtJd~'111m Al'Udru~.:JLL'\J'\J univariate analysis (Pearson correlations) LLG1~ multivariate analysis (linear 

regression) LLG1~ binary logistic regression 1~v1V1 significant level AB p ~ 0.05 
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c.J6'lfl1'a1~fJ (Results) 

~b~1~1:W1f1'J..:J f11'Jl~m~..:Jv!:W~ 76 'J1CJ lvlbbri~tJ,:)CJ1'Jflv!~eJ~b~eJ~?lm)..:J~hJ'lJ'Ul~b~muCJuy.j~'Uvr..:Jv!:W~ 40 
~ ~ 

'J1CJ bb6'l::;n~:wm'tJf):lJVi:ijm~bb6'l::;b'Wf1b~ln'Ufl'tJ~tJ1CJ (aged- and gender-matched controls) ~ltll'U 36 'J1CJ 

~eJ:W6'l~'U\il'U'lJeJ..:J~Ulmb6'l::;n":Wfll'tJfI:W (baseline characteristics) bb?l~..:J~l:W Table 2 
\J ~ '\J ,,, 

ml:W~~v!~'U'lJeJ..:Jv!6'leJ~b~eJ~ (CF-PV'N, Augmentation index) f11'Jv\'1..:Jl'U'lJeJ..:Jb"ll~~beJ'U1~Vib~CJ:W (RHI) 

bb6'l::; cardiovascular biomarkers vll..:J 6l bb6'1~..:Jm:w Table 3 bb6'l::; Fioures 5-6 n,,:w~ulCJ:ijfh CF-PV'N ?l..:Jn':i1n":w
I ~ q " \J" 

m'Uf):WeJ~1..:J:ijtTm11A~ OO.50±2.96 vs 8.24±1.77 mis, p = 0000) bb~::;:ijf11 nitric oxide {phn11n~:WA1'Uf):W 

eJ~l..:J:ijtTmh·l~ (34.12±25.09 vs 56.43±42.37 umoVL, p == 0.007) 

b~eJ~~~l:W n,,:w~tJl CJvl eJhJ dJ'Unm 6 b~ eJ'Uv!~..:J'\ll mn~ stroke l'~'U11A11:W~~v!~'U'lJeJ..:Jv!6'leJ~b~eJ~ (CF
" ~ . ' 

PV'N, Augmentation index) f11'Jv\'1..:jltl'lJeJ..:Jb"ll6'l~beJ'U1~Vib~CJ:W (RHI) bb6'l:; cardiovascular biomarkers vll.:J1 :ij 

f11'JbtJ~CJtlbbtJ6'l..:JltJeJ~l..:J:ijtTCJ~lA~~l:W\Pll'Jl..:J~ 4 hlbbrif11 CF-PV'N ~~~.:J OO.50±2.96 vs 9.09±2.85 mis, p == 

O.OOO)augmentation press ure6'l~6'l..:J(17 . 19±11.09 vs 12.35±5.19 mmHg, p == 0.011) RHlb~:W~'U 
(2.30±9.80 vs 4.85±18.19 %, p ::: 0.006), ADMA ~..:J~tl (9.40±2.75 vs 12.27±3.45 umoVL, p == 0.001) 

v v 

homocysteine ~..:J~'U (8.67±5.98 vs 10.24±6.65 umolll, p =:: 0.001) bb6'l::; nitric oxide ~..:J~'U (34.12±25.09 

vs 73.31 ±53.53 umolll, p == 0.000) 

Univariate analysis b~eJPimn11 CF-PV'N, augmentation index, RHI bb6'l:; acute ischemic stroke 

~:w~'U5n'U'u'\l~CJ1~Ul..:J (Table 5) 'W'U11f11 CF-PV'N iJflll:w~m~'U5n'U'tJl..:JU'\l~CJeJcJl..:JihrCJ~lAf\Jlvlbbri age· (r = 

0.293, P == 0.000), waist circumFerence (r == 0.286, P == 0.015), body mass index (r == 0.236, P == 0.043), 

aortic systolic blood pressure (r == 0.461; P == 0.000) bb6'l:; brachial systolic blood pressure (r == 0.477, P 

== 0.000), brachial diastolic blood pressure (r == 0.296, P == 0.010), C-reactive protein (r =:: -0.297, p == 

0.013) homocysteine (r == -0.235, P == 0.047), total antioxidant status (r == -0.253, P == 0.032) bb6'l::;f11'Jbn~ 

acute ischemic stroke (r== 0.419, p == 0.000) 

~1'U augmentation index (Table 5) ~:W~'U5n'tJ age (r == 0.252, P == 0.028), gender (r == 0.305, P = 

0.007), aortic systolic blood pressure (r 0.563, p = 0.000), brachial systolic blood pressure (r ==0: 

0.388, P = 0:001) bb6'l:; hematocrit (r == -0.349, P = 0.002) 

RHI (Table 5) ~:W~'U5n'U smoking as pack year (r 0.: 0.254, P ::c: 0.028), aortic systolic blood 

pressure (r = 0.358 , P 0.002), brachial systolic blood pressure (r 0.350, p =:: 0.002), white blood 

cell (r -= 0.304, P :-: 0.009), platelets (r == -0.239, P :- 0.042), bb(1:; high density lipoprotein cholesterol (r 

== -0.249, P '- 0.034) 

Acute ischemic stroke (Table 5) ~:W~'U5n'U waist circumference (r == 0.234, P == 0.044), smokin~ 

as pack year (r == 0. 267, p == 0.020), underlying hypertension (r == 0.236, P 0.040), aortic systolic c' 

blood pressure (r == 0.547, P == 0.000), aortic diastolic blood pressure (r =:: 0.393, p == 0.000), brachial 
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. 

systoliC blood pressure (r = 0.578, P = 0.000), brachial diastolic blood pressure (r = 0.497, P = 0.000), 

white blood cell (r = 0.541, P = 0.000), total cholesterol (r = -0.394, P = 0.001), high density 

lipoprotein cholesterol (r = -0.546, P = 0.000), erythrocyte sedimentation rate (r = 0.314, P = 0.006), 

CF-PWV (r= 0.419, p = 0.000) bb~::: nitric oxide (r = -0.312, P = 0.007) 

b~tl':)~lnnci:WrrJLJfI:W bl~:::nci:w~th tJijrh CF-PWV ~bb(>l n~ 1.:)tl'Utl~1.:):W11CJ611rlru ~1~CJ~':)v1'1 MuLtivariate 
, , , '\.I v '\J 

analysis b~m~~~Ul1f111:Wbb(i)n~1.:)J'Uhj1~bn~~ln influence 'Utl.:) age bb~::: blood pressure bb~:::U~~CJ~'U1 v1':) 

m'l~.:)1'U Table 6 Vf\Jl1f1l1:Wbb(i)n~1':)'Utl,:j CF-PWV 'Utl':)~':)61tl.:)n~:w independent ~ln age, blood pressure, 

waist circumference, body mass index, c-reactive protein, homocysteine lb~::: total antioxidant status 

'Utln~lnd~1~mJ.:)1~v1'1n1':ilbA':il:::1-hb'lJ'lJ binary logistic regression ~tlhJ11 n1':iln~ acute ischemic stroke 

~:W~'U5tl'lJ CF-PWV ~61':)~'U~~':) v1':)ll61~.:)1'U 1able 7 1~CJ'W'lJl1ril odd ratio Atl 2.14 ~tln1':ib~lJ~'U'Utl':) PWV 
d , " 

VI'U':)VI'U1CJ 

I 
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" 
TabLe 2 -iJ€llJ61Yl'W\il'W"lJtl-:Jn~lJ~thmL61~n~lJfr"J'ufUJ 

"c:'JI " 'U "" 

Parameters Acute ischemic Controls p vaLue 

stroke (n=40) (n=36) 

Age (years) 63.20±7.36 63.06± 7.20 0.931 

Malel female (n (%)) 25 (62.5)/15 (37.5) 22 (61.1)/14 (38.9) -

Waist circumference (em) 89.23± 10.40 84.12±11.04 0.400 
. 2

Body mass Index (kg/m ) 24.80±3.92 24.05±3.71 0.401 

History of smoke (n (%)) 21 (52.5) 11 (30.6) 

Smoking (pack-year) 11.95±15.22 5.03±8.97 ').020 

Underlying hypertension 25 (62.5) 14 (38.9) 

Underlying dyslipidemia 14 (35) 16 (44.4) 

Medication (n (%) 

Angiotensin converting enzyme inhibitorl 6 (15) 1 (2.8) 

angiotensin receptor blocker 

Alpha blocker 1 (2.5) 1 (2.8) 

Beta blocker 4 (0) 5 (13.9) 

Calcium channel blocker 10 (25) 6 (16.7) 

I Diuretics 4 (10) 0(0) 
I 

Statins 7 (17.5) 7 09.4) 

Blood pressure (mmHg) 

Aortic systolic bLood pressure 142±20 117±19 0.000 

Aortic diastolic blood pressure 86±13 76±11 0.000 

Brachial systolic blood pressure 153±18 127±20 0.000 

Brachial diastolic blood pressure 87±11 75±10 0.000 

Hematology and biochemistry 

Hematocrit (%) 40.99±4.01 41.93±2.95 0.265 

White blood cells (x10/\3/ul) 8.17±2.16 5.85±1.31 0.000 

Platelets (x 1 0/\ 3/ ul) 256±64 245±46 0.387 

Fasting plasma glucose (mg/dl) 94±17 92±9 0.72~ 

Serum creatinine (mg/dl) 0.84±0.27 0.88±0.18 0.506 

Total cholesterol (mg/dll 193±37 224±39 0.001 

Triglyceride (mg/dL) 120±57 125±73 0.735 

Low density lipoprotein cholesterol (mg/dL) 124±38 138±36 0.118 

High density lipoprotein cholesterol (mg/dl) 45±12 61±12 0.000 

Erythrocyte sedimentation rate (mm/ hr) 21.93±16.22 13.29±8.22 0.006 

Creactive protein (mg/ dl) 4.29±5.67 2.64±1.95 0.124 
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Table 3 ml:lJ~\9lVi~'U'lJmViGu)\9lb~eJ\9l (CF-PWV, augmentation index) fI1wh"l'U'lJeJ"b'll~~leJiJl\9lVib~tJ:lJ 

(reactive hyperemia index) bb~~'i~v1'U cardiovascular biomarkers v11"'" ~~Vi'il"ml:lJ~h}wbL~~nri:lJm'Ufl:lJI 'I \J 'I 'I 

Parameters Acute ischemic stroke Controls p value 

(n=40) (n=36) 

Arterial stiffness 

Carotid-femoral pulse wave velocity (m/s) 10.S0±2.96 8.24±1.77 0.000 

Augmentation pressure (mmHg) 17.19±11.09 10.92±6.S2 0.004 

Augmentation index (%) 28.21±10.97 2S.32±10.11 0.237 

Augmentation index at heart rate of 75 bpm (%) 2S.01±9.80 22.13±8.S6 0.177 

Endothelial function 

Reactive hyperemia index (%) 2.30±0.6S 2.02±0.60 O.O~6 

Cardiovascular biomarkers 
3 

Arginine (x 10 ) (umol/L) 1.78±0.S4 2.04±4.72 0.134 

Asymmetric dimethylarginine (umol/L) 9.40±2.7S 9.77±1.S2 0.616 

Homocysteine (umol/U 8.67±S.98 9.3S±S.17 0.605 
. 3 

Total antioxidant status (x 10 ) (umol/U 9.S1±12.20 12.24±11.19 0.321 

Nitric oxide (umol/U 34.12±2S.09 S6.43±42.37 0.007 
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Table 4 nl'~l'IJ~CJ'UlltJ(;1~'Yl1~~I'Ufl11lJ~~Vi~'U'Ue:J~Vi(;1e:Jm~tlV1 (CF-PWV, au~mentation index) n11'Vh~1'U'Um 
l'Ij(;1~htl'Ut~Vll~mJ (reactive hyperemia index) ll(;1~';j~\il'U cardiovascular biomarkers \?il~611'Un~lJerU1CJ 

I ''Ii 

1~Vi':h~ day 5-7 post stroke ll(;1~ 6 months post stroke 

Parameters day 5-7 post 6 months post p value 

stroke stroke 

(n = 40) (n = 40) 

Arterial stiffness 

Carotid-femoral pulse wave velocity (m/s) 10.SO±2.96 9.09±2.8S 0.000 

Au~mentation pressure (mmH~) 17.19±11.09 12.3S±S. 19 0.011 

Au~mentation index (%) 28.21±10.97 27 .S3± 7.28 0.577 

Au~mentation index at heart rate of 75 bpm (%) 2S.01±9.80 2S.19±6.99 0.850 

Endothelial function 

Reactive hyperemia index (%) 2.30±0.6S 4.8S±18.19 0006 

.Cardiovascular biomarkers 
3 

Ar~inine (x 10 ) (umollL) 1. 78±0.S4 1.64±0.31 0.306 

Asymmetric dimethylar~inine (umol/U 9.40±2.7S 12.27±3.4S ..". 0.001 

Homocysteine (umoVL) 8.67±S.98 10.24±6:6S 0.001 
3

Total antioxidant status (x 10 ) (umol/L) 9.S1±12.20 10.S3± 14.07 0.294 

Nitric oxide (umoVU 34.12±2S.09 73.31±S3.S3 0.000 

Blood pressure (mmHg) 

Aortic systolic blood pressure 142±20 12S±13 0.000 

Aortic diastolic blood pressure 86±13 82±11 0.013 

Brachial systolic blood pressure lS3±18 13S±lS 0.000 

Brachial diastolic blood pressure 87±11 81±1O 0.003 

f\S & ED in stroke report 05·06- 11 Page 26 of 44 



I 

LeJfl~l~ LL 'U'UVl1tJ«qjqj17 

Table 5 Univariate analysis (*p< 0.05) 

Acute ischemic Carotid femoral Augmentation Reactive 

Parameters stroke pulse wave index hyperemia 

velocity index 

A~e 0.010 0.293* 0.252* -0.090 

Gender -0.0 14 0.015 0.305* -0.149 

Waist circumference 0.234* 0.286* -0.068 0.014 
", 

" 	 Body mass index 0.098 0.236* -0.026 0.008 

History of smokin~ 0.222 0.132 0.013 0.224 

Smokin~ as pack year 0.267* 0.111 0.091 0.254* 

Underlying hypertension 0.236* 0.131 0.110 -0.032 

Underlying dyslipidemia -0096 -0.101 -0.1 41 -0.190 

Aortic systolic blood pressure 0.547* 0.461 * 0.563* 0.358* 

Aortic diastolic blood pressure 0.393* 0.214 0.122 0.201 

Brachial systolic blood pressure 0.578* 0.477" 0.388* 0.350* 

Brachial diastolic blood pressure 0.497* 0.296* 0.122 0182 

Hematocrit -0.131 -0047 -0.349* 0.014 

White blood cells count 0.541 * 0.107 0.108 0.304* 

Platelets 0.102 -0 097 -0.132 -0.239* 

Fasting plasma glucose 0.042 0.188 0.030 -0.141 

Serum creatinine -0.079 -0.168 -0.080 0.099 

Total cholesterol -0.394* -0.029 0.029 0.004 

Triglyceride -0.040 0095. -0.200 0.040 

Low density lipoprotein cholesterol -0.183 0.002 0.011 0.023 

High density lipoprotein cholesterol -0.546* -0.191 0.149 -0.249* 

Erythrocyte sedimentation rate 0.314* 0.118 0.183 -0.028 

C -reactive protein 0184 -0.297* 0.119 0.053 

Carotid femoral pulse wave velocity 0.419* n/a 0.194 0.228 

Augmentation index 0.137 0.194 n/a 0.219 

Reactive hyperemia index 0.222 0.228 0.219 n/a 

Ar~inine -0.248 -0.076 -0.246 0.258 

Asymmetric dimethylarginine -0084 0.019 -0.019 -0.280 

Homocysteine -0.061 -0.235* -0.017 0.082 

Total antioxidant status -0.117 0.253* -0021 0.042 

Nitric oxide -0.312* -0.028 0.003 -0085 


Acu te ischemic stroke n/a 0.419* 0.137 0.222 


AS & ED in stroke report 05-06-14 	 Page 27 of 44 



Table 6 Linear model of predictors of carotid~femoral pulse wave velocity, with 95% bias corrected 

and accelerated confidence interval reported in brackets. Confidence inteNals and standard errors 

(SE) based on 1000 bootstrap samples 
2 2 

R = 0.55, adjusted R = 0.49 

B SE B P p value 

Constant -4.99 2.94 0.094 

(-12.31,0.91) 

Age 0.09 0.04 0.23 0.018 

(002! 0 17) 

Waist circumference 0.01 0.05 0.03 0.875 

(-0.09,0.09) 

Body mass index 0.17 0.17 0.23 0.294 

(-0 15, 057) 

Brachial systolic blood pressure 0.03 0.02 0.21 0.156 

(-001, 006) 

C -reactive protein -0. 24 0.10 -0.41 0.002 

(-0.40, 020) 

Homocysteine 0.01 0.16 0.Q1 0.963 

(-0.32,0.36) 

Total antioxidant status 8.38E-007 7.29E-005 0.004 0.989 

(-0.000, 0000) 

Acute ischemic stroke 2.26 0.81 0.41 0.010 

(-070,3.86) 

I. 
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2 

Table 7 Coefficients of the binary losistic model predictins whether individual had acute ischemic 

stroke (95% bootstrap confidence intervals based on 1000 samples) 

R = 0.68 (Hosmer & Lemeshow), 0.65 (Cox & Snell), 0.87 (Naselkerke). 
2 

Model X (9) = 72.04, p =0.000 

B 95% CI for odd ratio p vaLue 

Lower Odds Upper 

Constant 4.84 0.260 

(-106010, 1796.20) 

Waist circumference -0.18 0.67 0.83 1.04 0.020 

(-2803, 0.84) 

Smoking as pack year 0.14 0.96 1.16 1.39 0.008 

(-1.70,32.03) 

Underlying hyperten sion 0.79 0.12 2.20 40.16 0.271 

(50.49, 454.60) 

Brachial systolic blood pressure 0.11 1.01 1.11 1.22 0.001 

(006,3 1.57) 

White blood cell 0.001 1.000 1.001 1.002 0.004 

(-0.02,0 12) 

Total cholesterol -0.04 0.92 0.96 1.01 0.005 

(-1407,0.03) 

High density lipoprotein cholesterol -0.10 0.81 0.91 1.02 0.011 

(23.20, 120) 

Carotid-femoral pulse wave velocity 0.76 0.82 2.14 5.59 0.023 

(-3.64, 153.75) 

Nitric oxide -0.10 0.83 0.91 1.00 0.020 

(-11.80,0. 12) 
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Fi'Sure 5 CF-PWv, auomentation index ll~~ reactive hyperemia index 'lJeJ-:!mi:U~\}Jtm~~n~:Ufn1Jf1:U
~ " \J q" 

A p = 0.000 B p = 0.237 

Q 

- -,.. 
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p ~ 0.056 
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Fioure 6 ADMA, homocyteine, total antioxidant status bb6'l ~ nitric oxide 'lJeJ-:Jfl~~~tJlmb6'l~ml~fl1'tJfI~ 
::, , '\J " 

A p = 0.616 B p = 0.605 
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~qtl ~6ln111;ijt:J eJ.ntlc.i1V~6l bb6l::.um~'Umb'U::ci'1Wr'U n1 c.i1;ijv1'U-rr'Ut'leJ'U lOiel1tl 

(Conclusions, discussions and future works) 

dJ'U~CJB~-r'Un'Ul~ !:n~i'd11.Jl1 fl'lc.ib ~~~'U'lJmfldl~hi~~Vlcj'U'lJB-:JVl~ €l~1 b~€l~ (arterial stiffness) 'lhmJ-:Ju€ln, 
n1c.ibn~hflVll-:J cerebrovascular diseases (47, 48) bb~~ri1 PVN 'lidCJu'-:JU€lnnl'Hn~ fatal stroke 1'U~thmnl~ 

" ~'Ulfli1(9J?i-:J (essential hypertension) (49) -u€l~~~lnf)1c.i~mnd'Wul1~thCJ1V1CJ~ii.fl1d~1';iflVl~€l~ b~€l~?i~B-:J&l'U 
" "" 

b5CJu'W~'U (acute ischemic stroke) vlliiii.fl1d~bU1Vldl'U iifldl~hm~VltJ'U'lJ€J\lVl~€l~b~€l~ (arterial stiffness) ~-:J, 
1~l~CJ CF-PVN ?i\lnl1 n~~fldUfl~€l ~1-:Jihrm=11 AruVll\1?i~&i bbvll:Wfld 1~~~tln&i'lJmnl'~v\'l\11'U'IJ€l\l b"ll~~hB'Ul~Vi b~CJ~ 

\J 'I' v 

(endothelial dysfunction) ~-:Jl~l~CJ RHI b~mll€l1~ blfl~ SSP ~-:JbtJ'Uu~~CJ~ii8Vl5'W~vlBf)1';jl~ arterial 

stiffness mVl~l'HU1~dlJv1dCJ'WU11ril CF-PVN iiml~bb(9Jnvll-:Jn'U';j::;Vl'jl\1n~~~thmbfl::;milJfldUfl~ bb~::; CF-PVN 
'I '\J 'I, 

dJ'U independent predictor 'lJB-:Jf)1';jbn~ acute ischemic stroke l~CJiiril odd ratio AB 2.14 

~flfl'l';j~n~11'U'u';j::;'lJlmlV1CJdi~bbtJ-:Jnu Choi bbfl::;f1ru::; (44) ~'WU11~thmbfl~mi~mUfI~iiAl PVN l:1.i 
" " 

bb(9Jnvll-:Jn'U bb~::;llJ'W'UmllJbb(9Jn~l\1'IJ€l-:J PVVV 1'Ubbvlfl::; subtype 'IJ€l-:J stroke bb(9J1Vf~flhJ1'UVll'lb~mnUVlfl1CJ 

n1';j~n~lMbbri De Silva bbfl::;f1ru::; (38) ~'W'Ul1~tJdCJmi~~ii intracranial large artery disease ii CF-PVN ?\-:J 
"U , " 

nl1n~lJ~1:Jii intracranial large artery disease (11.7 vs 11.0 mis, p = 0.015) bbfl::;1'Ufl'l';j~n~1~bbtJ-:J~tJdCJ 
(9Jl~ TOAST diagnostic subtype 'WU11 lacunar subtype iiril PVVV bbfl~ Alx ~-:Jnll stroke n~~~'U1 (4) l~bbri 
Large-Artery Atherosclerosis, Cardio-Embolic infarcts, Stroke of Other Determined Etiology 'UBmllnd 

Bnvnj'lnl';j~n~11'U~tJdCJ hypertension €l1~mnnl1 SO tJ~ii small vessel disease Vl~B subcortical 

infarction 'Wujlii PVVV Vi?i\lnll control .B tJl-:JiitrCJ~lAru (43) 
" v 

€l1 CJVl~€l SSP ~bvilJ?i-:J~'Uii€lVl5'Wflv\'11Vfril CF-PVW ?i-:J~'U ~1~CJm~VltrnC1'l-umll n~d bbfl::;1~v\'1 Wi ';j
II '\J 'U 'U 

f1dUfl~b~B-:JmCJ l~CJA~b~Bnn~~fldufl~~btJ'U a~ed bbfl::; oender-matched nun~~~tJdCJ ~d'U~l'Ufldl~~'Ulfli1(9J", 'I,:::>::' , 'U 

SSP 'Wul1iif)1';jmUfllJ1Vfbvll n'U';j::;Vll1.:Jn~~ertJd mbfl::;n~~fldufI~1~CJ1 n b ~€l-:J~l nerthCJ€lCJlWlld~1';jflVlflB~b~B~
, 'I \J , 'I '\J '\J " 

?i~B-:J&l'U';j~CJ::; l5CJu'W~'U~'liiril sSP ?i.:Jnlltln&il~(9Jl~ nfl1nVll-:J'WCJ15?i~';j1VlCJ1 b\'~~ ::;v\'1 f)1';j(9J ';jd~ b~mn'Uu'UVl n 
" 

-U€l~fl1'U'lid-:Jl'U~ 5-7 Vlr;1-:J~lmn~€l1fl'l';j'lJB-:JhmmB~b~B~?\~B-:J&lull~dn(9JllJrilfldl~~'Ulfli1(9J SSP 'IJ€l.:J~tJdCJncJ-:J 
"U " 

B~1 'Ubnrusvl?\-:J nll'u n~ bbfl ::;b~Bm bViCJunu n~~mu f1~ril~1~';j~Vll1-:J-vY'l?i €l-:Jn~lJ~.:J bb(9J nvll-:Jn'U bb~ b~B1~v\'1 f)1 ';j
\J \J , , , 

Vl~l';jrulril SSP ~d~~dCJEJ-:J~'UEJ'U1~11 ril arterial stiffness (CF-PVVV) 'IJ€l-:J-vY-:J~thmb(;l~n~~fldUfllJEJ'lfl-:Jbb(?ln~l':)
" " 

n'UBtJl-:JiiutJ~lAruVll':)?\~~ bbfl~l~B~~(9JllJ~tJdCJ11.J Bn 6 b~B'U 'WU11lb~rilfldl~~'Ubi1(?lfl~ fl.:J~';j::;~U'un~ bl~rilV" "U 

~"1Vl-r'Ufldl~~~tJ n~'lJmnl';iv\'1-:Jl'U'lJeJ-:Jl'1JG'lG'1l8'Ul~Vil~CJ~ (endothelium dys fun ction) ~1~lJ1~l nril RH I 

'Wul11'U~thCJhflVlfl8~ l~8~?\~eJ-:J&lul5CJ'U'Wr;1'U (acute ischemic stroke) iiril RHI ?\-:Jnl1n~'lJfldUfI~mh-:Jii 
'\J 'U , q 

UCJ~lAruVll~?\~~ ~~ril RHI ~?\-:JVl~lCJC1-:JiirrJl~~~tl n&i'IJeJ-:J nl';iv\'l-:Jl'U'lJeJ-:Jl'1Jfl~leJ'UlVlVi l~CJ~UmJ 'U eJn~l n'l1'WU11 
v "U 

l~eJ~~(9Jl~~thCJltJltJ'Ubdfll 6 l~eJ'U'\Il~~~lmn~ ischemic stroke ~tJ1CJiJfl'l';ibtJ~CJ'UbbtJfl-:JAl RHI1tJ1'U'Vll-:J~~~'U 
~ "U 

-vY-:Jt1 eJ5U1tJM ~l nfl'l';i~fl'"Jl:W~'Ulfl{j(?l'(JB-:J~tJl CJ l~fl~fl~~ ';i~~utJ n&i ll~l m';j~n~l'd1~e.J;;'1?\ eJ~f1~u\lf1U nl ';i ~n~l 
"U u 

do Q v IV ~ I ~ L:!,I 0 (f

'lJeJ.:J Tsao CW bbfl~f1tw~ (50) V1Vllnl';jf'ln~lVllfllllJ6UJ'Wtl5';j~Vlll-:JfllllJll'IJ ~'(JeJ-:JVl;;'1B ~lfleJ~ fl'l';jV11-:Jl'U'lJeJ.:Jl"ll G'l61 

L~BUe.JU-:JVl(;l8~l~8~llfl~nl';jln~ vascular bra in aoino 1 'U nfi~ertJl tJ hflVl(;l8~ l~eJVl?\~B':) llfl~~th tJ?i~ml~ll~ l VlCJ 
'1 :>:> 1 'U '\I 
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nl'~~ white matter hyperintensity volume 'llnm'l"l MRI 6/j-:J'I"lUll fl1llJll~-:J'UeJ-:JVli.leJ(ill~eJ(il«:w~'U5fl'IJnl'~lf)(il 
, i.I 	 , , 

white matter hyperintensity Vl:w1n~hj~1'Un11vll-:Jl'U'UeJW1fi.l~l~eJL!e.JtJ-:JVli.'leJ(ill~eJ(ilVi1(il~lc.ml brachial artery 

flow-mediated dilatation (FMD) 111'l"lUl1i1flll:W«:W~'U5flUn11lf)(il white matter hyperintensity mn~'U 
ll~(il-:J1~l~'Ul1'1"lCJ15~~11'VlI'JI'UeJ-:Jn11iJeJ'UeJ-:Jb-dm':WeJ-:J~'U111Ji'~h;uJmVl~eJnl1lf)(il white matter hyperintensity 

1'UL1flVli.leJ(il l~ eJ(il ?llJeJ-:J'U'Ul(il l~ n&1 'IJl11l~bU'Ue.Ji.l'l1 n nl1vll-:J l'U~ (il Un~'UeJw(li.l~b~ eJU e.JtJ-:JVli.l eJ(il l~eJ (il m~:i1u~~I'J~'U, 
~~-:Je.Ji.l1~lil(il1eJl'JL1flvl-:J n~11 b'1l'U n11i1fl1l:Wvl'ULi.lVl\9l~-:JlU'U1~I'J~b1m'Ul'U~-:Je.Ji.l1V!\f)(il[)11~ hypoperfusion ~ bdeJ 

~:WeJ-:J1eJ'lJVli.'leJ(il l~eJ(iltT'U vll1~ldm':wmu~b1 fl.nT'Ubf)(iln11iJ mbi.l~ bf)(ilbU'U'1leJ-:Jl1 -:J lbi.l~flmbVl'U~~ll'J'UeJ-:JbVll.llm I'J'U eJ n 
" 

b6/fi.'l~vll1~bf)(ilfllllJ~(ilU n~1'Um'l"l d):wmiVl~eJ1'Um'l"l~-:J~~l'U~(ilm Y'l1'J fleJ:w,~h ll?1 eJi~'U (51) V1~mn(il~1 nu~~CJ~'U 1~ 
~-:JhJ'Vl11'IJ1~ 

nl1 bf)(il nl1 b U ~ CJ'U bbUi.l-:J'U eJ -:JVli.l eJ (il l~eJ (illJ ?I 1 l VI \9l1~V1 i.'l1 CJU 1 ~ n 1 J~-:J b~eJ-:Jfll1lJ ~(il U n ~'UeJ -:J n11vll -:J l'U'U eJ ~ 
< 	 1 .... 

, 
b6/fi.li.lleJ'U (il'Vlli.lCJlJ, ml~ oxidative stress, inflammation, atherosclerosis bbi.l~ vascular calcifi cation 

'IJ'VlUl'Vl~bbYl~~-:J'UeJ-:Jnl1bU~CJ'UbbUi.l~'Vll~~lbfli1 (biochemical changes) ~vll1~bf)(il arterial stiffness lW'1l1~ 
V1i.l eJ(il b~ eJ (il~ :WeJ~ &1 U b~ CJU 'I"liK'U~-:J111 b U 'U ~'Vl11Ui(il bb\9l' «'U 11 ~~I'Ul l'th ~ ~ bn (il ~ 1 n nJ ~U 1 'U nl':i'Vll~ imm une

inflammatory activation (52, 53) ml~ endothelial dysfunction bli.l:::nlJbf)(il toxic effects ~'U 'l eJ l ~ ~ ~ 
b~CJ1-rreJ-:J flU nlJ b~lJn1 1bf)(il arterial stiffness VliK~~1 n~i1V1i.l eJ(il b~ eJ(il?l:W eJ-:J&1u 1~ n1Jfin'l!ndl~'Vh nl ':i1(il Al 

cardiovascular biomarker ~1~11'Ub~eJ(ilVlmCJ~11~lbn ADMA, homocysteine, total antioxidant statu s

bbi.'l~ nitric oxide 'I"lUlIAI cardiovascular biomarker vl-:Jn~ 1 1111lJflll:Wbbl?1n~l.:Jfl'UJ~Vll1.:Jn~:w~thmbi.l~ n~:w , " , 
fllUfl:WeJ~l~i(il b~'U1'U'1l1~ bl1n'lJeJ-:Jfl1':i bf)(il stroke lbi.l~b~eJ~ (il \9l1:w~th CJ~ eJ 1 U fi-:J 6 b~eJ'U~-:Jl~'U ml:Wbu~CJ'I.muGj -:J , " 

'lJeJ~ marker bV1~lffi~i(ilb~'U~'Ulu1'U'Vll-:J~?ltJm11i'U damage 'UeJ-:J endothelial cell 


-rrmh fl(il bli.l~eJU?I ':i':ifl'lJ eJ~-:Jl'Ul~CJ-dfleJn1':iVll ~t'h·CJ~i1fl ru?l:WD~l-rr1MnD n1 ':ifi n~llU'U1UMAeJ'U-rrl -:J CJ1 n , " , 
b~eJ-:J~1 nU':i~'U1 nJ~l'U1V1tli~bf)(il stroke ~~i1[)11~ btJ1V111'U11lJ~1 CJ 'U eJn~ 1nif~l~CJ 111?l1:w11flrl(il bbCJ n~t'hCJ~lJ 

v 	 "" 

ml~ml:wvl'Uli.lVll?1?1-:J~-:JlU'U~~ cardiovascular risk factor lbi.l~ cerebrovascular risk factor 5-'UG'11rlru~~ ~ ~e.J i.'l 
" 	 v 

~eJn1':iU':i~b:il'UAI arterial stiffness bbi.l:5 endothelial function eJeJnlul~ bbi.l~-rreJG'11r1t1J~fl1':il~~'lJn11~~I':irul 
L~:Wb~:w1'Un1':ifin~ldfleJn~:W~UltJ~1'UVli!-:Jl~~'lJE.J1n~:w calcium channel blocker lbi.l~ statins ~.:JbU'Umvjm~, " 	 ,I 

I 
I 	

vll1~L~'Ub~eJ(ili1 vasomotor reactivity V1~eJ vascular elasticity b~lJ~'U n11bU~CJUbVltJUAl arterial stiffness 

bbi.l~ endothelial dysfunction l(ilCJ~~I':irulu~~m~eJ-:J calcium channel blocker 11:W~lCJ~~lJ-rreJ~l fl(il 
b~eJ-:J~1 nU':i~'U1 nJ~fin~Ii1~1'U1'UUeJCJ111?l1:w11flvll subgrou p analysis 1~ 'UeJn~1 n-dn~:wmu ~:W~vll n1 ':i fin~1 
bbJJll~:5 bU'U n~:w eJ 1?11 6'llJfl':i?l'Um 'I"l ~ bb~ eJ ~1~1':in ~ nl J ~n~l-dl11l~'Vh n 1 ':i\9l':i1'l'Vll ~ ~-:J ~111 ~ UCJ'Vl n ':i l CJ n e:l'U~~ ~ , , , 
vii n1 ':ifi n~lvl-:JtT'U ~~hj e:ll ~ 'IJ eJ n1~11 n~:w ~vll fl1J fi n~1J'U ~ ~ i1 [) 11 ~1 ':i fl V1 i.l e:l (il b~ eJ(il?l:W e:l -:J l1'e:ll fl1 'H1 e:l 'U ~ ~ ~ , 

~1'Ul~tJ-dl~bb?l(il~1~ l ~'U11m1:W bb ~-:J'UeJ-:JVli.l tl(il l~ eJ(il bb(il ~i1 fllllJ «:W~'U5nu fl11 bf)(illJ flVli.l eJ(il b~ eJ (il";:W eJ.:) &1u 

b~ CJ'IJ'I"liK'Ul(il CJ111'l"l Url1l:W«:W~'U 51:5V111 ~fl11:W bb ~ ~'lJ eJ-:JVli.l 8 (il b~ 8(il bb(il -:J fl'IJ n1 ':ivll-:J1 'U'lJ 8~ b'1fi.l ~b~8U e.JtJ~V1{;18 (il b~ 8 (il, 

~ l n nl':il brlJl:5~-rreJ~i.l b~:W b~:Wl(il CJVll rl1l:W «:W~'U lh~V111~ n1 ':i bf)(ill ':i rlVli.l eJ(il b~ eJ (i1?1:W eJ.:J &1u bQCJU 'I"l~'U flU u ~~CJ ~I.:J 1 

~l CJ n1Jlbml~~nlJfl(ilfl8mbUUli.l~6'l&1mu'U~til6'l'Uh l 1 Al CF-PVW ~:W l n.ff'U«:w~'U5n'IJ nl ':ibn(il1 JrlVl i.'l 8(ilL~ tl!?) 
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