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Association of serum homocysteine with vulnerability characteristics
and burden within intracranial arterial plaque
YAN Xue-jiao, SHI Xiao-rui, TANG Min, GAO Jie, ZHANG Xiao-ling, LI Ling
(Department of Magnetic Resonance Imaging s People’s Hospital of Shaanzi Province
Xi'an 710068, China)

[Abstract] Objective To evaluate the association of homocysteine ( Hey) levels with
vulnerability characteristics and burden in symptomatic intracranial plaques using high-resolution
vessel wall imaging (HR-VWID). Methods We selected 118 patients who underwent HR-VWTI of
the brain due to symptoms of cerebral ischemia. They were divided into high Hey (HHcy) group
(Hey>> 15 pmol/L) and normal Hcy (NHcy) group (Hey << 15 pmol/L) based on serum
pathophysiological levels of Hey. The area, degree of stenosis, remodeling rate, and normalized
wall index of symptomatic intracranial plaques were obtained, as well as the presence of
vulnerability characteristics within the plaques, including contrast enhancement, intraplaque

hemorrhage (IPH), and surface irregularity or positive remodeling. The vulnerability burden was
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graded according to the number of vulnerable characteristics in each plaque. Logistic regression

model and Spearman correlation analysis were used to evaluate the relationship between Hcy level

and plaque vulnerability characteristics and burden. Results

After adjusting for demographics.,

vascular risk factors, and plaque measurement indicators, high Hcy level was an independent

predictor of symptomatic intracranial plaque IPH [ adjusted odds ratio (OR) =3.051, 95%CI .
1.065—8.738, P=0.038] and surface irregularity (adjusted OR=2.745, 95%CI: 1.024—7.363,

P=0.045). Serum Hcy concentration was positively correlated with vulnerability burden of

symptomatic plaques (r=0.524, P<C0.001). Conclusion Elevated Hcy levels are independently

associated with IPH and surface irregularity in intracranial plaques in ischemic patients, which

may play a role in vulnerability burden of intracranial plaques.
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Table 1 Comparison of general data between the two groups

i P AR 1 &5k R W 4 e ST e = R BERR 8 A
(r+s5.%) (x +s,mmHg) (¥ +s,mmHg) (& =+s,mmol/L) (&=*+s,mmol/L) (& =+s,mmol/L)
HHey 68 55.50+14.16 87.63+15.81 146.22+24.60 4.04+1.08 1.46+0.78 2.3840.92
NHecy 50 59.10+12.48 84.804+12.14 151.68+31.73 4114144 1.5440.75 2.37+1.16
t/Z /% B 1.434 1.057 1.053 0.334 0.573 0.020
P/UH 0.154 0.293 0.314 0.739 0.570 0.984
a1 % BN I 5 0 MR YT 1= I S o B A A
(B %0 (B 70 B 0 % o (B, %0 (x +s,mmol/L)
HHecy 68 28(41.2) 21(30.9) 7(10.3) 42(61.8) 42(61.8) 1.06+0.26
NHecy 50 20(40.0) 18(36.0) 3(6.0) 41(82.0) 33(66.0) 1.07+0.27
t/Z /% A 0.017 0.341 0.685 0.655 0.223 0.384
P/U i 0.898 0.559 0.408 0.437 0.637 0.702

1 mmHg=0.133 kPa
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@O & I [8] (repetition time, TR) /Bl 3 A} [&] Cecho
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Figure 1 Plaque measurements, high signal on T1, and

surface morphology recognition
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Figure 2 Intracranial plaque enhancement of different

gradeson pre- and post-contrastimaging

1.6 geit2= ik W SPSS 20.0 Ge it 4 4 #r
Bl ITEBRECRA BN U KK, 5
BORHLBOR T X KiS. T Logistic [ H R 53
Br Hey ZKF-XF st g TPH 12 A KL B 52 i . AE
Z2 T I EASE R v, ] o A 4 A o R R A 1M A
faby R B FHWAR (P<<0.1) %R 3T &,
Pearman A5 R G T 70 Hey /K 5 Bk 5) 4
s B ARG . S C R ECRT Kendall's W {H 3
fWLEE & Z [ — k. P<<0.05 M ZERA ST

2 & R

2.1 2 HIwIR A R BEBRRAE g 2 4 ME 5 B IR

g SRS 3 OB AL I £ 2 VR BE L Hey KOF O 22 7
BE A L (P<C0.05), HHey 41/ N BEH IPH
IR A BN & A R & F NHey 4, 2 50 5t
HE U (P<<0.05), WE 2,
2.2 Hey /K 5 B 3 Fj 450 P 48 AE Fn 67 far 19 ¢ &
A IPH 21578 TPH 276V | i i £800 5 S R
3T 2591 SRR Hey 7KFE>>15 pmol/L &
W B NWIDO MR AS BB LA B 22 R A Se it 2
B (P<C0.05), A FAAMINAH 5 Jo 3 w2 78 1
S < e L P AR Y R AR YT 2 WA LY
Hey /KF>>15 pmol/L B R  BEH NWIY fI gk 48
B F 2R AR L (P<<0.05) ., &3,
2.3 Hey /K5 B8 5 451 R AF Z 18] (14 A0 56 ¥ 53 B
RO 1 MR AR 0% M BEH NWIYG B8 R
SRR AT VR R BOAY 2 FEACAY 1 b il He ST
S — 20 R R B 2 FERCAY 1 b i, 259
— R A 3 S AEBAY 2 b OB R L g
T IEAT R EE . 7EZ I F Logistic [l H I
PUE IS GELEAR 8) A (L k=0, BE=1 &
JE(f=0,02=D YA ITHEH(E=0,2=1.%
I (=0, & =1) BEH NWIY GELLAS &) Bk
AERGESLAR B (R GRS AR &) W RIR (=
0, Z&=D . FHIME(E=0,2=1D ML (&=0,
=1 A, HHey 7K F 2 i 4 i R 5 e IPH
(#& IE OR = 3.051, 95% CI: 1.065 ~ 8.738, P =
0.038) A1 & 1H A FLI (FZ 1F OR=2.745,95%CI .
1.024~7.363, P =0.045) {2 57 F00 5 7, DL & 4,
2.4  Hcey KV 5B 5 #6709 A48 ¢ M
Spearman A & 43 A7 S 7, Bl I P ik BE BB R LT
Hey ¥ BE 5 BRI 5 58 67 ff 22 1IEAH G (- =0.524, P <<
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Table 2 Comparison of clinical and intracranial plaque characteristics in patients with different homocysteine levels

41 o 588 A A B 90D IPH  Rm AR BERmEA PEH NWI EET
0 1 2 %G Y% BIE %) [MQR) ,mm?] (7 +5,%) [M(QR)]
HHecy 68 9(13.2)  17(25.0)  42(61.8)  25(36.8)  28(41.2) 2.57(3.01) 87.974:10.37 0.94(0.20)
NHcy 50 10€20.0)  14(28.0)  26(52.0) 7(14.0) 8(16.0) 2.58(3.70) 84.72412.76 0.90(0.24)
Z/%% /1 {8 1.394 7.555 8.615 0.053 1.147 1.303
P/UH 0.498 0.006 0.003 0.849 0.129 0.138
a1 . B R Bk W PR 9 Hey Ak 1 2128 1 FH 1 5 98
(xEs,%) (BIEO CBI%L Y (x %5, pmol/L) (r+s5,%) % 70
HHcy 68 71.71425.06 55 19(27.9) 31.6+13.63 5.87+0.86 38(55.9)
NHey 50 68.89425.12 28 28(56.0) 12.44+1.67 6.50+1.33 21(42.0)
Z/%% )t {l 0.235 8.551 9.466 9.877 3.010 2.221
P/U1H 0.546 0.003 0.002 <20.001 0.005 0.136
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Table 3 Clinical and plaque measurement indicators related to intraplaque hemorrhage and surface irregularity

a1 o AR e Ris 1= AR Il 5 Tl PR 5 o ML sk 5 00 2 HI A 7T {8
(r+s5,%) %, Y) (BI%. Y0 %, Y0 CBIE, V) %, Vo) %L, V0>
¢ IPH 44 86 57.83412.89 55(63.9) 30(34.9) 33(38.3) 50(58.1) 6(6.97) 56(65.1)
£ IPH 44 32 54.88415.15 28(87.5) 9(25.0) 14(38.9) 25(69.4) 5(13.9) 20(55.6)
/X Z A8 1.053 6.198 0.481 0.281 4.022 2.064 0.070
P14 0.295 0.013 0.488 0.596 0.045 0.151 0.792
131 8 EELE Hey Hey>15 pmol/L BEHLIHIR BEH NWI [ EES IR
B %) (rts,pmol/L)  (BI%L. %) [MQR),mm?] (B4, Y0 (r+s5.%) [M(QR), %]
JG IPH 44 86 30(34.9) 19.14410.55 43(50.0) 2.59(3.44) 0.85+0.12  67.92425.60  0.91(0.22)
4 IPH 41 32 18(50.0) 35.18+15.77 25(69.4) 2.46(3.25) 0.90£0.09  77.48422.27  0.86(0.26)
t/ X/ Z A8 4.412 6.366 7.555 0.418 1.988 1.867 1.332
P {H 0.036 <<0.001 0.006 0.676 0.049 0.064 0.183
20 51 BB (s %) B YO %‘Hﬁﬁnﬁ }ﬁb}ﬁi %}@KE ﬁuﬁ %,'ﬁmf]ﬂ@m
1%, V0> 1% V0) % 0) % %) %, Vo)
TRMEMANEH 82 57.85+12.79 57(69.5) 25(30.4) 35(42.7) 46(56.1) 8(9.75) 58(70.7)
HAREANEH 36 55.144+15.13 26(72.2) 14(38.9) 12(33.3) 29(80.5) 3(8.33) 18(50.0)
IR SYVA ) 1.003 0.088 0.798 0.912 6.461 0.060 4.690
P/U 4 0.318 0.767 0.372 0.339 0.011 0.807 0.030
.- I ERilE Hey Hey>>15 pmol/L BEH i F BEHe NWI We s IR
(BIEL %) (rEs,pmol/L)  (BI%L, %) [MQR,mm?]  (FI%L, Y0 (7 +s5,%) [M(QR) . %]
TLRMAELH 82 33(40.2) 20.63+12.59 41(50.0) 2.52(3.41) 0.85+0.11 67.50+25.08 0.90€0.21)
HRMEMANEH 36 15(41.7) 30.01+15.24 27(75.0) 2.71(3.60) 0.89+0.11 77.37+23.81 0.91€0.27)
(/A Z A8 0.021 3.490 6.403 0.570 2.046 1.997 0.061
P/UH 0.885 0.001 0.011 0.569 0.043 0.048 0.951

= 4 Hcy 5 IPH fnpEH = A 21 W A9 48 < 1 5 17

Table 4 Correlation analysis of homocysteine with intraplaque hemorrhage and plaque surface irregularity

A5 EIEEX b i Wald %2 {8 P4 OR {4 95%CI
IPH
Model 1 1.092 0.511 1.566 0.035 2.846 1.079~7.504
Model 2 1.082 0.523 4.275 0.033 2.980 1.095~8.115
Model 3 1.361 0.577 5.562 0.038 3.051 1.065~8.738
R A
Model 1 1.104 0.472 5.478 0.016 3.082 1.238~7.674
Model 2 1.088 0.485 5.042 0.019 3.017 1.197~7.605
Model 3 1.092 0.516 4,481 0.045 2.745 1.024~7.363
25 FIPETEAL 48 b A0 AR Ak A EE TR
B0 o B a4 N M O R L Cintra-group
= correlation coefficient, ICC) =0.882.0.879 | o =%
e 632 51 B T A K A B B B (ICC = 0. 859,
= w0 0.812), ¥ PE4E br 4N v Ak 55 94 . TPH J 3% 0 AL 3%
i (Kendall's W=0.820.0.923.,0.871) ¥ WL 52 5| {1 4f
T‘E; L WL 5% ) — Bk L% 5,
0 ¢ ' ' ' ' '
1 2 3 4 5
B e S 1

3 FNERIMBE ME Hey RESHIRATHEXME

Figure 3 The correlation between serum homocysteine

concentration and vulnerability burden in cerebral ischemia

patients
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Table S Assessment of inter-observer reproducibility

B4 KN A KRB/ Kendall's W i 95%CI
IPH 0.923 —
i1k 25 2% 0.820 —
FHEALE 0.871 —
95 A5 FB AL
S BE T AR 0.882 0.816~0.950
A i TR AR 0.879 0.790~0.913
EE AT
A1 EE THT R 0.859 0.824~0.945
& T 0.812 0.792~0.932
3 #

Mg Hey F i 50 B L8 26 95 59 RS 384 i 41
O JUFHAE R By Jok ok B B Ak 1) BB . O T 1 s B
A FRALEI AT RE S Hey 755 09 S0 R 38 L P B2 407 5
ARERRERA R X LEEHES 5T 3 Ik #6811
RAEMBRS S, KRZH0H Hey K5 8 ks #
B AL K 2R e Sk B UE 418 Sk B T 9 A 3 Jok ok A 1 Ak 4 il
75 WG PR 25 SR A AR 5 A e ot 4 o U — B
WEPERESE /R s Hey e BE S35 825 #il 4k .0 U5 M 42
FE Bl i P v XU AR 2 1 2 IS AR R A M R i A e A B
P ZE B KU, Wa 2R 07 B 5 v XU I3 Hey
K15 35 20 ok P RS — v RS JRE JBE 2 IE AH O L Klim 451
WFSE W o XU 3 Hey 7K SF TH & 5 8 3 ik
T 468 5% B 11 W A5 AE A ST MR OG . X BB ST R Hey
Xt dle i P AN R DR 194 5 o T Rl - HL VR T Y BE B
Gy WVRHIE A G . BEHLZ) B 43 5 B B 4100 AT Re
FLHEAH G, I 7T B 5 SO R i I A 35 0F . AR 58K
] i) B G e 1T R I VE Hey 5 80 ks B A Ak B B
Sy PR AR M AL T LY Hey K5 HR-VWI
b LS S A RE R A P BRE B S 43 DA K B B ) it
Ffar Z [ FR . FE TSR AR IS (51 L 4 fa 6 2R
FBEHM 5 J5 , HHey 7K 7 5 f5 9 5 IR BE B v 1) 5
WRRAE I ST A oG, A0 45 IPH AR mE AN HL , Bh 4k,
AR FE 58 7 1 P RE R P BE B A B 481 7 fef B % Hey
K- B 8 0 i 3 0. DA 25 SRUE A Hey AT AE7E 1
PRUIE TR 3R R 18 g 453 1 o e #EAE FE  Re  O  BRE
W 2 PR IE A G

MRI /iy 3 JkBEHe T1 @& 15 5488 IPH, 5
SR B Ik RN £50 sh ik B B 26 B — B0, 4R A
Vs A 7 A R R ML 4T R A O 2 T AR S
Y BRI R S Hey Al HI 55 1048 9 52 40
IE A T R R AR IO R I B R A A R
Ak o 38000 34 A 200 L B4 T K TR BRE B P SR ARG A
FREM P, S ECIPH M &L, TIPH HIIBEA 21

B A= 1 A8 R 2R A e T R, 5 B0 A 1 A B A% 0 1Y B
B A R 5 Bl ok ok A A Ak 3R B 1Y) 3 R N 54 %% U
FHOGE 2, A AR 5% B8R4l 7 B B 3% 1 AN B0 0
1E HHcy 7K (4 855 v 58 5 UL L O FL7E 8 4 3 He
N I R VR 2% R 2R ABE 80 v 3K B B B 2 k. B
P A KL, 4035t 9 T 5L 5 ARE M BESRAT A
K, HHey B#BEHF E A KL A IPH #8&5 &
A RE B i 20, HHey A5 00 &4 7 380 fih %
AN T R A RO )| R 1 i A D
- A AT R B Pk £ G AE T, HHey /K7 Al g
3 A 14 0 3k ok A A A il A R B AT BB T G
I R AR R R, ME Hey 7% T+
i AT R B0 B K kA LA e Bk AR . Lu
N RSE 8 HHey /K75 i N BEHL s 3 A0 A G
SR AR Won AN [R] Hey 7K 7 B 88 i Y BE e 5
AR B R EA B LR . XMA—BT e
W m R OMA B BRHER 5, La F5
BIF 5% X0 G 2 A i R R I A IR 1% T P B kOBl A R
A BIE 58 09 98 A X G2 02 A GE AR 1Y Bk il M 25 b 5
TIA &l BE e o Ak 5 Bl i P 5 R %5 U0 A OC .
TEASBIE 5T X G2 v, B He i Ak i) B B AR = s O FF
i 0 Bl KA — 85, Lu 55 0 58 PR A T K i Hh 3h ik
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