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[ ABSTRACT ] Aim To evaluate the association of the central retinal arteriolar equivalent (CRAE) that reflects mi-
crocirculation, with brachial-ankle pulse wave velocity (baPWV) that reflects aortic stiffness. Methods In this cross-

sectional study, we identified the cardiovascular risk factors in 2169 subjects with an age of 30 + years using a health ques-
tionnaire, physical examinations and laboratory examinations. ~ We evaluated the aortic stiffness using non-invasive baPWV
and assessed the microcirculatory alterations with CRAE, which were measured using fundus photography and semi-auto-
matic quantitative software, respectively. Results The baPWV gradually increased with the increase in mean age,
systolic blood pressure, diastolic blood pressure, arterial blood pressure, pulse pressure, BMI, LDLC. The baPWVs in
the diabetic and hypertensive subjects were higher than those in the non-diabetic or non-hypertensive subjects. ~ The in-
crease in baPWV was correlated with an increased likelihood of the central retinal artery narrowing. Conclusions  Ele-
vated baPWV correlates with reduced CRAE.  Such a finding supports macrocirculation- and microcirculation-associated

hypotheses.
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ORI B 10 A A A AR PHE — BB B 43 WL 1) L 38
PRI o B Jik B AR B E S 50 22 0 1 4 1 T
FOAHIC, R e e Bl RO 2 5 RO | e LR
AHSC, BRI SZ B 6 4F PO I 48 5 0 B A o 3 ok i
FELOL BRI AL 1 SR R R K Bl Wk s
TS v g ik g AR 8 46 5 — R 80 L 4 A
B PR B AH 2 L S Ay o A o B 2 4 T
FET- 2RI A0 ST FE W P 221 TE R i R R ke Uk
1% 5 3% ¥ ( brachial-ankle pulse wave velocity, baP-
WV J7 82 8 T 5 W K Bl Jok s Al 2 R) LA 1 ik
P AL SR ) #4007 AT A 1 7 451
0 A SO I KU PP o ASBIF S8 AE — A 6
TR 81 A 18 e ) AR v R R ) e e Bl ik AR
WA SO R 3 55 baPWV S BIE 14 JK 3 Jk f 1 F3E
K&, B BRI 5 MR KR

1 X&MAE

1.1 HRHR

2011 47 A ZE 2011 4 11 A XEEREH
REFEREG S FEFRUEFHFE AL, %
B A M X P AT 30 H 0L E ABER 947 A
WEHR NS BEWMI 4616 AL SN HES,
EA 3343 AS il d, RPN L&A
PR TE A2 A, S AR R
G (CRP>10 mg/L) 49 A, B Eish 14 A, BRE 4
HKEAIK(ABLI<0.6)15 A, B KB F A E K
RKB R TFEH BRI ER 675 A, £2169 A
HFELBIERNRELH—F 2NN, T
HRENEEZRERES,
1.2 &ErllE

PLIE &0 R IR AR SF % RO AR AR KR
(BfE Brm SR 28 FEH#ELL.
Ve AR LB SRR E ) BRIk S,

iR B B SRR AR L ROK R A L R i, &
L, EV#KE 10 08, MEA B RS R
EHKE, EEZR, BRIERS 2%, BTHME,

L EAE ERREE S N AR TN .
¥ H W =ZE(TC) KEEE(TC) mEEEEA
JE[E B (HDLC) K % E fg & & JE B B (LDLC) | &
JE ¥ Bk 21 & & (HbAle) i % & & C-K M
% H (hs-CRP) i & 8 ,
1.3 BEREEESEERE

BlE M P42 BRI TEAREE, S
H 2 FIKE 10 2% & i L2 (Colin VP-1000, £ A

E¥EHANE, HAR)IDEKS 24 8 30 ik i % #,
B 3 AT $r B baPWV #1 ABI, #r ABI <0.6 # & 7%
FESN B M TR, B R AR vE iz A R A
% B A M baPWV 34T B 48 4T,
1.4 RERFRERANMELESHEEHH

ot f Bk B Ok R R PR A R IR R DA R
DL B 56 B o 45° 8 8 4 3% IR R B8 A8 AL ( Topcon
NW-8, H 74 ; Nikon D90, H 74 ) 4 51 % CHE DL AL 4 4
FORERDHE, WHE AL X T LI NRAE
HTRE 2T, THELARNE, RE A ER
Ry — MR R AR F AT, 15 A B 33 4 SIVA
(Singapore 1 Vessel Assessment, version 3.0, #7 fin 3%
B L RFRHFMFEBRAFOHATL)HTEES
MrAE BE AT #5 34 % 0.5-1DD 3% B % ML % B Knudtson-
Parr-Hubbard A &' 4 & 42 Il & CRAE,
1.5 HEEX

BHE.ERANBLEGEFERLT, K4EE=
140 mmHg F1/ 2 47 % & =90 mmHg; B 1 & & L &
YL EMEAEAAELEZ

B E 4T B HbAle=6.5% ; B 1E
B4 W R B BT IR R R PR 2 40

baPWV =1400 em/s & X A 51 B 5 fik & 460
P EE (mmHg) = 1/3 K% E +2/3 4% &,
B AL 44 (Q1 ~ Q4) ; Bk E 2 (mmHg) = K 4%
JE - S E B L 4 (Q1 ~ Q4) 5 1R i 48 3t
(BMI) (kg/m*) =R E/ 5 &* ,BMI 4% E# 3 & *
TR (<25 kg/m*) B E KR (=25 kg/m*) ; %
HbAlc K-F 4 % HbAlc IE % ( <6.5% ) # HbAlc
FH(=6.5% )2 4 ;%% LDLC K-F 4 % LDLC I %
( <3.3 mmol/L) 2 LDLC & % ( =3.3 mmol/L) 2
g i BEEEREEBEHF TN ERRABT
5% =R E ko Nl E¥ 4 (LDLC < 3.3
mmol/L,, HDLC = 1.0 mmol/L, TC <5.2 mmol/L,
and TG < 1.7 mmol/L) Fain fig 7% 41,
1.6 ZitZEHiE

Bt A o A BRI AL SPSS %k #F ( SPSS,
verl7. 0. 1;SPSS Inc; Chicago, IL) ¥t 4T 4 1t 2 247,
P<0.05 A=A AT FE N, % baPWV 2 E 7
B AR A R L TR, Ur +s R EARAME
AOTHERR BB LRANEZ R, LE
WAHRIR, RA X R A £ R, BT E SN
ZMR FEHIEEE baPWV #1 CRAE 5 —p £ % &
(MR FAERR) DB EMES T E(WwEH,
BMI % SBP) 3k % fE h 2 B &K B &0 e &
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%, K ANCOVA # ¥ CRAE 5 I 2 fr 2 41 &y
baPWV B 2, ¥4 2 E 8 baPWV L A ST &
HATHNA £ TEEE FHATE RO L, FA 3 %
34 2 05 RO B R K, B F % TC logistic B U3 47
8 baPWV 3 A (Q1 ~ Q4) , ¥ W JE o 3k 3h Jik gk % 1By
A k%, BL CRAE T34 0 B & &, &A1&
TR AR 1 A F RO RE R
R A 1 FRE + 4 RF. 5 MmE BMI,
fig 5% \hs-CRP /K-F i R B8 & AT, B baPWV | £
BB ARE KRR B R R L e R iR 4
TEMM  EU T EAXAEERELTE, LT
ER MR EWR A4 T CRAE:93.1 ~ 126. 7
pm=1,126.8 ~134.0 wm =2,134. 1 ~140. 8 pum =
3,140.9 ~195. 1 pm=4; 7. F =0, & =1; %,
T=0,H=1;%B.L=0,H=1;ALERF: L =
0, H=1;ALEmmER: £ =0,H =1;iFF%
LDLC < 3.3 mmol/L.,, HDLC = 1.0 mmol/L, TC <
5.2 mmol/L, and TG < 1.7 mmol/L =0, it =1;

F 1. KL baPWV S AHEMARTREL TN

baPWV.:770 ~1169 ecm/s =1,1170 ~ 1346 cm/s =2,
1347 ~ 1599 cm/s =3,1600 ~3746 cm/s =4,

2 # B

2.1 E&HER

F1 BIRT 2169 4N AWFFT RS JeFi baP-
WV SR G BEL TT L, AT G
AR N 51,92 £11.91 %, Hih B 812 A, &
1357 N, AR baPWV YI{EH N 1417.72 +
338.07 ecm/s,CRAE ¥J{H 4 134.10 £ 11. 13 wm, %
baPWV 7KF-43 Sk 1E 5 F 80 KA A6 95 241, 50 ik sk 1k 21
BYAFI i e B 5K R S 3 kO Bk R 22 (TG |
LDLC 25 Ji§ Ifi 4  hs-CRP | Ifil JREZ . baPWV ¥IME & T
EHA, %rfftbfﬂ W AR 8 ERO OB DR R R
= TIEH A ., ShlkiE{b 45 CRAE ${H (132. 68 +
11.73 pm)/] TFIEH 4 (135.06 +10. 61 wm)

Table 1. Characteristics of the study population by baPWYV status

1 1k 4

A WFFEx 5 (haPWVﬂiTﬁ;OEO cm/s) (bdpggggj?ﬁi(;%m/ s) P
NEL(HT) 2 169 1296 873 0.028
AR (%) 51.92 +11.91 46.54 +£9.52 59.91 +10. 54 <0.001
W45 R (mmHg) 126.94 +21. 94 116. 16 = 14. 68 142.94 +21. 15 <0.001
#F3K )% (mmHg) 78.55 +11. 85 74.50 £10. 05 84.58 +11.77 <0.001
S35 8k (mmHg ) 94. 67 +14. 10 88.36 +10. 82 104.04 £13. 17 <0.001
Jik 2% (mmHg) 48.39 +15. 88 41.66 £10. 13 58.37 +17. 54 <0.001
DF(K/GT) 71.22 £9.28 70.78 +8.71 71.87 £10. 03 <0.001
BMI(kg/m?) 23.83 +3.42 23.32 £3.38 24.58 £3.33 0.418
TG ( mmol/L) 0.86 +0. 50 0.92 +0. 64 0.76 +0.01 <0.001
TC(mmol/L) 5.03 £1.05 4.88 £1.02 5.24 £1.06 0.11
HDLC ( mmol/L) 1.23 +0.33 1.23 +0.32 1.22 +0. 34 0.527
LDLC ( mmol/L) 2.79 +0. 88 2.65 +0. 82 2.99 +0. 94 0. 008
25 M6 1F% ( mmol /L) 5.31 £1.50 5.17 +1. 10 5.53+£1.93 <0.001
HbAlc(% ) 5.72% +0.68% 5.59% +0.49% 5.90% +0.87% 0.978
hs-CRP(mg/L) 1.38 +3.38 1.09 +2.95 1.82 +3.89 <0.001
1ML PR R ( umol /1) 315.04 +84. 82 306. 98 +83. 84 327.00 +84.91 <0.001
baPWV (cm/s) 1417.72 £338. 07 1202. 81 £120. 12 1736. 76 +303. 60 0.025
CRAE(pm) 134.10 +11. 13 135. 06 = 10. 61 132.68 =11.73 0. 001
BE(% ) 812(37.4% ) 419(32.3% ) 393(45.0% ) <0. 001
MR (% ) 415(19.1%) 213(16.4% ) 202(23.1% ) <0. 001
R (% ) 341(15.7% ) 164(12.7% ) 176(20.2% ) <0.001
WEIRAGE (% ) 272(12.5% ) 99(7.6% ) 173(19.8% ) <0.001
2.2 baPWV #l CRAE 54 BEMOMERKEEZR WV RHH K, CRAE Z &8/, 0 R K & i

X7
ZePE IRV S AR A TR BT K
S KE2Z BMI.TC LDLC 434038 25  baP-

BH Y baPWV AR PR 8 3E =& i R R K,
CRAE B AERE PR s AE il e & /N (P < 0. 055 3%
2)0
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x2. DIIERKMEERSZEH baPWV & CRAE ¥ (R4
i®)
Table 2. Mean(SE) of baPWV/CRAE by categories of car-

diovascular risk factors

8 b il baPWV CRAE
FIR ()

30-39 356 1203.770(14.856) 134.484(0.628)
4049 647 1280.656(10.878) 134.241(0.460)
50-59 575 1430.568(11.251) 133.718(0.476)
60-69 418  1653.547(12.901) 132.877(0.546)
7090 173 1877.765(19.926) 133.900(0. 843 )
W B

& 1897 1408.554( 6.225) 133.863(0.263)
A 272 1530.131(16.801) 133.712(0.709)
[N

¥ 1350 1319.822(7.040) 134.961(0.327)
A 819 1592.652(8.958) 132.054(0.416)
i (mmHg)

80-110 539 1254.669(12.153) 137.151(0.575)
111-124 545 1333.984(10.272) 134.515(0.486)
125-138 539 1434.264(10.091) 132.600(0.477)
139224 546 1654.833(10.661) 131.457(0.504)
ﬁﬂi@%(mmHg)

50-70 539 1301.558(11.900) 136.513(0.522)
71-78 545 1366.965(11.426) 134.738(0.501)
79-86 539 1442.583(10.924) 132.579(0.479)
87-140 546 1567.704(10.821) 131.718(0.475)
FHIF K (mmHg)

61-84 539 1268.725(11.963) 137.121(0.552)
85-93 545 1340.238(10.585) 134.301(0.488)
94-103 539 1440.816(10.363) 133.272(0.478)
104-153 546 1626.445(10.557) 130.948(0.487)
Jik F 2% (mmHg)

8-38 539 1316.672(12.184) 135.672(0.545)
3845 545 1355.064(11.074) 133.846(0.496)
46-56 539 1418.191(10.876) 133.689(0.487)
56-134 546 1603.590(11.507) 132.329(0.515)
BMI(kg/m?)

ERARBIER, <25 1473 1402.623( 6.945) 134.626(0.289)
HEE IR, =25 696 1449.659(10.157) 132.992(0.432)
LDLC ( mmol/L)

<3.3 1692 1412.109( 6.715) 134.058(0.280)
=3.3 477 1464.543(12.399) 133.152(0.518)

B 46 20 A I T MR R BT BB A St E (P <
0.05),

2.3 baPWV 5 CRAE HJx &
BE baPWV PO 550 44875 (Q1 ~ Q4) , CRAE

/NP <0.05) o L5 A 0% 8 5 U 25 3 B
R Gi i3 L (P <0.001,%3) . LA baPWV Ny
RAE &L, CRAE Ry FZ8 5t R T PRI AR WA A
YRI5 1 logistic [/ FE baPWV 35K (Q1
~ Q4 PRI ok By Jikople 28 (T DU A LA ) 1Y
Al REPERE K (OR =3.093,95% CI.2.010 ~4.760, P
<0.001) , #k— 25 V%0 1L 1 B PR 2242 ik
NEFPER R (R 4) .

% 3. baPWV 5 CRAE HIHHXX &R
Table 3. Relationship of baPWV with CRAE

baPWV (cm/s) 7l CRAE(pm) S{H (FrifEiR)
Q1, 770 ~ 1169 539 136. 730(0. 527)
02,1170 ~ 1346 546 134.290(0. 481)
03,1347 ~ 1599 539 133.121(0. 479)
04,1600 ~ 3746 545 132.283(0. 539)

P <0.001

Bl 2o B K AR TR AL % A B ; Data are adjusted gender and

age, ¥ Test for trends.

%z 4. baPWV 340 M iR et S B Bk 3% 2 B9 2 I Logistic [E 13

Table 4. ORs of retinal arteriolar narrowing in quartiles of
baPWV

baPWV (em/s)
Q1, 770 ~ 1169
02,1170 ~ 1346

B 1 4 AL 2 %

1. 000 ( Ref) 1. 000 ( Ref)
2.001(1.394,2.872) 1.951(1.357, 2.806)
03,1347 ~1599  2.889(1.967, 4.243) 2.756(1.866, 4.071)
04,1600 ~3746  3.093(2.010, 4.760) 2.936(1.872, 4.605)

P <0.001 <0.001

H R 05r 2 —2H CRAE 22 SCA AL B rp o 3 ik Ak 2 Q1-Q4 , baPWV
PUSME SN2 o S BED | ZRAFS ) TR A B Y S0 R 5 e R
2. GWEPRR I BMI LG 5% hs-CRP MLAR AR + A58 1 rp A

3 i g

FATWFFE XL, CRAE Bl baPWV DU 4337 505340
(FHF) B R Mg/, XA A R M N7 TP A
#5 WE IE BE RS | 5 Il e BMIL, I B 5% 5 hs-
CRP 7KV B il BRIR 7KV K vh 3l Jok i £ A B2 55 0
MRS/ INBI DK B BB R AR HE T — A EE AR T K
Bk /N KO A B R LA L AR, A
Il PRATE Y 8 UE S 2 Jik (e Al 88 5 00 oo B8 ol ot A el A%
AR P BRAR EMRE M R 4k, — i, /N
SR BN VK A% 5% 100587 10 45 48 B i 3 3 B2 A2 Ak
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SR BB T RE 27, Kb 3l ko R A L fik
SN K AGHE B8 B0k e A I O T SO A7 8
THEMEA S K AE L R R R S — T i,
RS 30K Bl kBE 5 /0N Bl kA8 b A 5 BRI R A N
PRl A AR A | Bl ik ok R A AL PT BEAE 3K
[T A

FRUERFSE 7 AR MR, (4T X K 3 ok (e i g
BRI/ N h kB 75 (i 98 EL 0 2 R R, 1E R
B v, 57 3 0 40 00 5E /0N 3l Jok e 28 5 11 IR 2
a0 O 4 T RE R O B I A i A R
ARPURASG, HIZ AT R R R ARERE IS,
—IFAL A BB N B ARIC #5812 v B 4t
JFE 1) HR A N 35T 3 Ik R A E 3G 5 AVR /N 2
TEN A [FRR R ATER) MESA #7580 2 MRI 12
AT ) 8 01 14 50 e e 5 00 DX /N 8l ik e 7 4 O
ENP R0 ST (LI ESh S P VP N E

FATTAIBFFEAET X v [ AR g T VR A A 1T, 7
PEEE T L B PR  BMIL IR S 450 I A5 1
Iz PR 2 475 e B9 B e K v By ik AR B B2 119 baPWV 5
CRAE A 3¢, Bl baPWV A, CRAE /N, 2009
4F Feihl F 4 8]0 25 48 . 5 A% ot 1 5 2o i 28
SRR P | 3 | T I R A5 E R4 B8 17T 5 T )
AR R | Fz i St ot A8 A5 55 & of, [ 97 B e,
o R, ARYE KR B CRAE 5 @i B &R
AUESE 24025 KRR S B IR ATTINA baPWV 5
CRAE BYER AR A XS K ANk eVE -

PRFRATHTA , v [ A AR 0 i e ok 3 bk
15 KB B e RAFoT v e ik, IRITA T
AL IR BR /KA P A — R B0 I AE FE R 26, R
T TCA) baPWV $#53AR K 3 Ik e fe B, A F T8 A
WA TG, SR T RS B 28 B T N T BRI
WFFE G AAAE I R AEASF S Ay T (1) B FHIRE
HTREMENTSY , AN RE i B AR JEC I A 2 505 K 3l ik e i
FERIPSROCER , (2) F 0 A %) 4 R s A i C & fig
TIREERGE ABESE , vl fEfEAE e B fr, (3) K
RER I fPWV | 25 3 Jik P4 i 2 JE B8 | 2 3 ik MRT
PR RRERS S 4 B S kAL AR AR T v
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