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Correlation between Arterial Stiffness and Physiological Parameters
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<Abstract>

Arterial stiffness(AS) is an important pathologic state of vascular injury. This study was carried out
to elucidate the effect of physiological variables on brachial-ankle pulse wave velocity(BAPWYV), index of
AS. Four hundred adults(volunteers) participated in this study. Body indices, biochemical, cardiac and
inflammatory markers, and right(Rt)- and left(Lt)-BAPWV were measured. Body mass index(BMI), Rt-
and Lt+-BAPWV, glucose, triglyceride, alkaline phosphatase(ALP), gamma-glutamyl transferase(GGT),
creatinine, uric acid, troponin-I(TNI), NT-proBNP and high sensitivity C-reactive protein(hs-CRP) levels
were higher than the reference value of each variable. Rt- and Lt-BAPWV were directly correlated with
age, body weight, BMI, glucose, ketone, aspartate aminotransferase, alanine aminotransferase, ALP, GGT,
total cholesterol, low density lipoprotein, lipoprotein(a), apolipoprotein-B, blood urea nitrogen, heart rate,
TNI, creatine kinase, CK-MB, lactic dehydrogenase, myoglobin, hs-CRP, lipase, reumatoid factor,
fibrinogen and D-dimer (P<0.05, P<0.01, P<0.001 or P<0.000, respectively), but inversely associated with
total bilirubin, uric acid, apolipoprotein-Al and GFR (P<0.05).

These observations suggest that a variety of physiological variables may influence BAPWV, resulting
in increased risk or prevention of cardiovascular and/or cerebrovascular attacks. Therefore, physiological

variables affecting BAPWV should be regularly controlled.

Key Words : Arterial Stiffness, BAPWV, Body Index, Biochemical Marker, Cardiac Marker, Inflammatory
Marker
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<Table 1> Demographic characteristics of study <Table 3> Biochemical markers of the study
population population
Variable Mean SD Reference Variable Mean%SD Reference
value value
Total number (n) 400 T-protein (mg/dL) 7.25£0.68 5.7-8.2
Gender (M : F) 236:164 Albumin (mg/dL) 4.21+0.64 3.2-4.8
Age (years) 57.82 12,57 Glucose (mg/dL) 133.36+54.50% 70-99
Body weight (kg) 66.90 15.74 Ketone (mmol/L) 0.2810.15 0-0.6
Height (Cm) 167.53 17.13 T-cholesterol (mg/dL) 180.50£42.61 98-199
BMI (kg/m2) 25 99 5.26 18.5-23 HDL (mg/dL) 50.15+16.62 40-99
b | LDL (mg/dL) 115.74147.50 <129
*, abnormal range. .
Abbreviation: BMI, body mass index. Triglyceride (mg/dl.) 149.43£65.11 <149
Lipoprotein(a) (mg/dL) 21.06£13.54 0-30
Apolipoprotein-A1 (mg/dL) 123.50423.65 108-225
Apolipoprotein-B (mg/dL) 78.19+16.35 60-117
2. AR} dWnis AST (IU/L) 28.85+19.05 0-33
ALT (IU/L) 30.6£23.85 0-38
ALP (IU/L) 158.80£98. 74 45-129
= 9 = AhhEzE W3S (BAPWY)E GGT (UL 56.35:£44,55+ 0-56
Xé)b]' ] E]- {—%,}ERT ble 2>. T-bilirubin (mg/dL) 0.86+0.60 0.3-1.7
BUN (mg/dL) 17.70£7.44 6.2-23.3
Creatinine (mg/dL) 1.3341.08* 0.6-1.2
<Table 2> Brachial-ankle pulse wave velocity and Uric acid (mg/dL) 8.86+5.29+ 21-1.7
blood pressure indices Cystatin C (mg/L) 0.8240.52 0.4-0.9
GFR (mL/min) 84.10£40.30 60-150
Variable Mean+SD Reference
value *, abnormal range.
Rt-BAPWV (cm/sec) 1,641+479.51%  1,100-1,450 Abbreviation: T, total; HDL, high density lipoprotein
Lt-BAPWV (cm/sec) 1,628+431.66%  1,100-1,450 cholesterol;  LDL, low density lipoprotein
36419, < cholesterol; AST, aspartate aminotransferase;
SBP (mmig) 133 36+19 14+ 120 ALT, alanine aminotransferase, ALP, alkine
DBP (mmHg) . 78.72%10.87 <80 phosphatase; GGT, gamma-glutamyl transferase;
Heart rate (beat/min) £9.95+13.37 60-100 BUN, blood urea nitrogen. GFR, glomerular

*abnormal range.
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<Table 4> Cardiac markers of the study population

Variable Mean+SD Reference
value
Troponin-I (ng/mL) 0314029«  0.01-0.06

NT-proBNP (pg/mL) 597.12+248.43% 0-153

CK (U/L) 133.36+54.50 33-211
CK-MB (U/L) 17.70+14.55 0-24
LDH (U/L) 344.57+£119.90 220-480
Myoglobin (ng/mL) 205.03171.45% 0-107
Homocystein (umol/L) 13.8746.06 5-14
*abnormal range.
Abbreviation:  NT-proBNP, N-terminal—probrain

natrieuretic peptide; CK,
creatinekinase; CK-MB, creatinekinase MB, LDH,
lactic dehydrogenase.

5. §FFAAE

THFE CHRg T YA ATk St v
A HEFEQ ofdeA|, oA, Frle)l2AA}, A
29, D-dimer ¥ 5E AW WAT<Table 5>.

<Table 5> Inflammatory markers of the study
population

Variable Mean+SD Reference
value
hsCRP (mg/dL) 0.63£0.48+ 0-0.3
Amylase (IU/L) 61.35+26.55 30-118
Lipase (U/L) 42.20+25.56 6-51
F (IlU/mL) 8.30+7.21 0-18
Fibrinogen (mg/dL)  411.254+107.65 230-520
D—dimer (ng/mlL) 226.70+176.41 0-243

*abnormal range.

Abbreviation:  hsCRP, high sensitivity C-reactive
protein;

RF, reumatoid factor.

6. AsA
&9 FBBA

5] g BAPWV 5 AAZ]

1) AAA ot FBA
uol, w77, AdZAS 25 BAPWVS #2

o

kel Aol AATHp<0.000)<Table 6>.

<Table 6> The association of BAPWV with body
indices

Variable Rt-BAPWV Lt-BAPWV
Age (r) 0.52+ 0.54+
Weight (r) 0.43+ 0.45+
BMI () 0.46+ 0.45+
+, p<0.000 (statistical significance); ns, no
significance;
r, correlation coefficient.
Abbreviation: BAPWV, bachial-ankle pulse wave
velocity.

Al
5 wmds SUe BAPWVE $ol A8
Aol figlont uulx WaEe 2RI, AR
BAPWVS} 9|3t Ook«]
il 55+ BAPWVS
T o el M‘Ri‘:}(p<0 05 p<0.01,
p<0.001, p<0.000)<Table 7>.

<Table 7> The association of BAPWV with diabetic
and liver function markers

Variable Rt-BAPWV Lt=-BAPWV
Glucose (1) 0.15% 0.21%*
Ketone (r) 0.21%%x 0.22%%x
T-Protein (r) ns ns
Albumin (1) ns ns
AST (1) 0.12* 0.18+
ALT (r) 0.12% ns
ALP (r) 0.21+ 0.24+
GGP (1) 0.11% 0.17*xx
T-bilirubin (r) -0.11+ -0.13«

*, p<0.05; ** p<0.01; *** p<0.001; +, p<0.000

(statistical significance); ns, no significance; r,
correlation coefficient.

Abbreviation: Rt=BAPWV, right brachial-ankle pulse
wave velocity;

Lt-BAPWV, left brachial-ankle pulse wave velocity; T,
total;

AST, aspartate aminotransferase; ALT,
aminotransferase,

ALP, alkine phosphatase; GGT, gamma—glutamyl
transferase.

alanine
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3) AdAre A ARG FRA

T FU2HE, AYEAGNZH 2HE, Apo-B,
BUN, cystatin CS} BAPWVE= o] & 4] 34
o] ANSY Apo-Al, L£4h  ARFAAFHEL
BAPWVSF o3k ¢ Adadol AATHp<0.05,
p<0.01, p<0.001, p<0.000)<Table 8>.

<Table 8> The association of BAPWV with lipid and
renal function markers

Variable Rt=BAPWV Lt-BAPWV
T—cholesterol (r) 0.11% 0.11%
HDL (r) ns ns
LDL (r) 0.18%*x 0.19+
Triglyceride (r) ns ns
LP(a) (1) 0.28+ 0.21+
Apo-A1 (r) —0.16%* —0.15%%*
Apo-B () 0.26+ 0.28+
BUN () 0.11+* 0.17%%*
Creatinine (1) ns ns
Uric acid (r) -0.11* -0.13*
Cystatin C (r) 0.13% 0.15%
GFR (1) -0.11+ —0.13+*

*, p<0.05; **, p<0.01; ***, p<0.001; +, p<0.000

(statistical  significance); ns, no significance; r,
correlation coefficient.

Abbreviation: Rt-BAPWV, right brachial-ankle pulse
wave velocity;

Lt-BAPWV, left brachial-ankle pulse wave velocity;
LP(a), lipoprotein(a);

Apo, apolipoprotein; BUN, blood urea nitrogen; GFR,
glomerular filtration rate.

9 A% 3 AFEAASL] JBY

A9 ti-Eel FAAE0] BAPWVSE ¥of &
Aol ARNO LK p<0.05,  p<0.01,  p<0.001,
p<0.000)<Table 9>, NT-proBNPH, homosystein,
Amylase=BAPWVSE #23 4#4E HolA &
SFTH(p>0.05).

<Table 9> The association of BAPWV indices with
cardiac and inflammatory markers

Variable Rt-BAPWV Lt-BAPWV

HR (1) 0.16%** 0.18+
Troponin-I (1) 0.12% 0.11%
NT-proBNP (r) ns ns

CK (r) 0.13* 0.12*
CK-MB (1) 0.18%xx 0.12*
LDH (r) 0.28+ 0.21+
Myoglobin (r) 0.47+ 0.52+
Homosystein (r) ns ns

hsCRP (r) ns ns

Amylase (r) ns ns

Lipase (r) 0.18%#x 0.15%*
RF (r) 0.13* 0.12*
Fibrinogen () 0.11% 0.13%
D—dimer (1) 0.15%* 0.26+

* p<0.05; ** p<0.01; *** p<0.001; +, p<0.000

(statistical significance); r, correlation coefficient.

Abbreviation: Rt-BAPWV, right brachial-ankle pulse
wave velocity;

Lt-BAPWV, left brachial-ankle pulse wave velocity;

NT-proBNP, N—terminal-probrain natrieuretic peptide;

CK, creatinekinase; CK-MB, creatinekinase MB, LDH,

lactic dehydrogenasehsCRP, high sensitivity
C-reactive protein;

RF, reumatoid factor.
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FHRRIANE 7] FadEge] gk A3 #Holgth Lipoxygenase®] EA] shol] ¥H-gA AkA
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AAQd GFRY F7HEG AFAEGCR A% T 497 gl W oo Aent A% 1=
GFR®] stdo] o Aujolgta & 4 3ot 12 ChgTdA e 2 Wl oA FUAst
1, WYY 24t olE T EHo] Tl o] F7Hd & oke A7 2a® bk o
dst gt At AS F Uee AARtE [21]. webA, olo] mE Ao B By A A
Aoy, FAtae] WA Y S st Ykl ¥ NS zhe dxwy] &3 A3 48 T
37 Q4 RN, wEeRlR Fo EAUAE Ho] AagS AArehE Hiolth S¢] £ dTellA
AA A AFHES Wofshed QoA 4T3l hs-CRPY| Bt =€ A4 WIS 2437 A&
8% 9% 3tk £223% DNAY RNAYF & of ol A FEAASY BT w7 S}
oA Fed W drle] FEoE T 7Y A A= #T JEJJ‘U} A
gAREQl 8ate LiFE JleHAE ARS 2 U3 AREH AF FAAE o A
Fote GAFAA B EfFol vig) g 1 A= NT-proBNPg} homocysteer A A
FEE A% ol e ZAF7F AuelAl ¥ TE3 HuatErote ol duAdel g w
EHICE AT & e ¥ 184 R3te 4% Aoy AR BAAES FH4E AxES 7
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olgt st glom A= Aok HHE FF Aol i} Al EA7F & A, 53] A
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of #fste FatsAlz A M9 ue 24k Ee dsshidd #A%4 § E=2xd-1, K
st axns o g9 Ve &4 3 g9 2% CK-MB LDH, no] @ FRHS HFEHOR o] 85
< ol HAFHOR Eo TANHZL Q A FAGEAAS 2] B A7 A=
slg A8H dde Qo] B Yok A7t EZ¥4-1, NT-proBNP, CK, LDH, vlo]Z=H]
3EE ATH19. ol dlEZ 2] g2 HEMS| o =7t ARARG Fo} AFHEA T LA
gARHEQl WEen =g aEEeSs 7L T AFEEC] o] o AoT ATEYo] B
len Ao}, 5ol plgoell b Rl & Al ol AR A2EEE 4o ¥
A RA FoF 4TS kA FTH0] g3 Fgors WENEsE, AEAE A
AENI FUAse] i FHPS oA A ZRAE dE £ F dou B dFddie
& vh YA B ATl Ao AFEAAED A R8-S} AFATe] 1 7 ddez HA
x el tEnh FriEls BEEd g o ey, A2 B ARREY] AR A B4
FAEH 2 ANASEEE0] TS A AHE21 homocysteine® NT-proBNP= £ Ao
A7b HYvhs Aok 53] Bejd sk Aol A FF AAE HoFA ESATh proBNPE
A FHAske dSRks 2He Aol AU ©] o)A HEgES E£49 N-terminal-proBNP
£ hs-CRP, TNF-q, [L-69} 2& A4 EHE9| (NT-proBNP)°} &43} £2<¢ BNPE £&|HH,
WA A AAHTL FHHUTE HEl o5 IAFAHY YEF olmE Wtk ¥F
Arehs g A% CHEdde] A wE & FE7F E®ob AHAAPE 8old NT-proBNP+
AFolA FHAskel Fold duAdol itk u cardiomyocyte stressoll et WO fE|HH
SAT, A2 dxd A7l oahd @8-S CRP7H Al 2% B gAY HEF, £94 ARA, #
BAFA WellA FAAS =T FAFAE FolA A ], #HAA ol B 571 78R, A
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271%% Ast 9 FAAIth. Homocysteine
methionine®| THARHES] ofr]ieite] @ FFHEA
+H88s 2 FYA AR AFHL
2ATH22]. Homocysteine2 723t 4tslA| 9 &-& 3}
= Fold BAE FE7F mokAW FH uio]
E4Hol FHASE FEstAY ABA R Baw
£ 323 ©] Homocysteines
methionine® 2 HEeE AN ofe] 44 &
2Rk ohye}, §atst wiEkl Berb Eashar, g
of o]50] AgH| o A= T FA= T
7FgHeH23]. Homocysteine> 7] E9743} %
oW fafg dd FA  FWAH.
homocysteine> 59 39| Wuhs F4A o,
elastic lamina disruption, collagen 42| 713}
A dBHIITAEY S TP WEAZ
% E3l(osteoblast-like differentiation)E %3
AF A o] ZESHcalcification) 5 ¥

>
a4

o7ty Alth7F homocysteine LDL¥} Zg}a}o]
59738t Zehd(atherosclerotic plagues) 402
AL FEAIE AFAZ(foam cell) S AAE

™ homocysteine® 48t FF 2] 7](free
radicals) & 24 st AZEFE FEIT
[24]. v, B dAFelA homocysteine ¥
N-terminal-proBNP(NT-proBNP)©] PWV$}  9]w]
A Aol Jleo=H o FEo tF A7}
&5 Hdad Aot

Dedimer= fibrin3}e] B2 714 Hajo] A

9

Bz b, Afadd dfrad dA7EEE

o) ¥ A 84& e $a4ol 7kHn 3
(ool & WA FEA L Fyol AE WY
59 A3 D2 A% A 8F $Eoh 37}

o5 B ATl %o AuBAS R
D-dimer23= dF9 A 433 #4 4o
AlREY, oz HF HA 3}e]

re
—LJ
g, 2
OHT
=)
o,

Ao o3t AT AFH Aust
7hey,

HA FHAIE Fbel tidh Ul 2
© Y5 H3gA 45 oFo FE] gt
Aol A AN FehdET Wuldzol T
gk A wigete] #Ae st Ui W
B el 712487 Hi volrt ol A
e weSo] FHAsle Udle]l HAY 7|E
o] HASE TS AAA A-HEH A 9
AL 2 F A& Ak Aok a8y o

bﬂ o3|y AgAAIE o
AU dAAZE & Qoe AHE FRIT

e

-

ek A, & AP SR W WF
458 245 9olA Frank WEET 0%

2 AT 5 g WEe gl
stk AEsE, FRRs o ol we
a9} 29147k ok TABE We Aelst
A Aool BasH ol Ao AW WA

719€ Beln Avel 8¢ £ Ao Az,
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