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[ E] BB 8RR 3k E A 7 2 ki dE 2 (fat attenuation index, FAD J& BB 52 45 4E 5 10 1) 5515 5 (white matter hy-
perintensity, WMH) ARG E . 755 « MBS 4R 2021 48 1 H —2022 4F 12 [ 407 %1 & 3 F I K AR 3 ik CT L8 A% Ccoro-
nary computed tomography angiography, CCTA) J Sk il i JL 4% A% (magnetic resonance imaging, MRD %k}, R Fazekas V743 P
i WMH ™ B AL, 0 5 N3 B WMH 41 (Fazekas 353 0~2 53 Al p 5 5 WMH 2 (Fazekas 53 3~6 43, HLEE P 2H 88 2 (1) s
IRBURHFAL R PEHUE &S 4, FHPEZ WMH ML R R . ER: FALRIBESE B2 BT B E I 257 A it
HE N (P<0.05). %FE Logistic A1 45 R E %, FE# (OR=1.116, 95%CI: 1.074~1.160, P < 0.001) - 7 L2 (OR=2.737, 95%CI:
1.270~6.017, P=0.010) « B B 41 faf (OR=4.142, 95% CI: 1.228~13.977, P=0.022) } FAI>-70.1 HU (OR= 5.089, 95% CI: 1.899~
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Analysis of the correlation between fat attenuation index and plaque quantification
parameters with brain white matter hyperintensity

QIN Jie, CHEN Rui, WANG Yunfei, WANG Jun, QIAN Wen, MA Gao, XU Yi’
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[Abstract] Objective: To explore the correlation between the fat attenuation index (FAD) and plaque quantification parameters with
brain white matter hyperintensities (WMH). Methods: A retrospective collection of clinical, coronary computed tomography
angiography (CCTA) and brain magnetic resonance imaging (MRD) data of 407 patients from January 2021 and December 2022 was
conducted. The severity of WMH was assessed using the Fazekas score, dividing patients into mild WMH group (Fazekas score 0-2)
and moderate to severe WMH group (Fazekas score 3-6). Clinical data, FAL, and plaque quantification parameters of the two groups
were compared to identify independent risk factors for moderate to severe WMH. Results: There were statistically significant
differences in FAI and plaque quantification parameters between the two groups (P < 0.05). The results of multivariable logistic
regression showed that age (OR=1.116,95%CI: 1.074-1.160, P < 0.001), coronary artery disease (OR=2.737,95%CI: 1.270-6.017, P=
0.010), plaque burden (OR=4.142, 95%Cl: 1.228-13.977, P=0.022) , and FAI >-70.1 HU (OR=5.089, 95%CI: 1.899-13.640, P=
0.001) were independent influencing factors for moderate to severe WMH. Conclusion: Older age, presence of coronary artery disease,
higher plaque burden, and FAI>-70.1 HU are associated with a higher likelihood of developing moderate to severe WMH, providing a
theoretical basis for the joint management of coronary atherosclerosis and WMH.
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i A & 1§ 5 (white matter hyperintensity,
WMHD 2 5 o7 i 5 7 [ Jaa 350 19 5 F) 5 bR 3
F R B Al A 1) S G SRR 115 (magnetic resonance
imaging, MRD/& 5, 5 26 /1 CRER A FN DI Re T B 25
PIFRSCM . WMH 5 3 kR R & £ R 3R Can vy I
B PRI  ren LG S5) AR G, 387 Bl kR AR A Ak 7T
REA WMH T ENLH o I 4RIz 10L& o AH DA 7t
S 5 Lo LB 22 [ P RE A0 3 [ PO B A 3
Ao BRAERE T CUER IR SIS AR 7 A TR
BEYAARTR S WMH B ™ SRR AT k0, (A FE AR 3
B MLV B A Bl 8 R 4 A 356 A8 40 5 WMH 5% &%
IR IE A2 L.

B OB A AN S Bk P9 B T o HE AR | 2% 41 i
R, ML A R M 2H 2 A AR 3 2 A A AH N 2
ARBTJE I R B K CT L% A% (coronary comput-
ed tomography angiography, CCTA) 3k 75 [1] 7t Jik J&
i 10 3 9345 2 (fat attenuation index, FAD) #& 2 B IfiL
B JOREANC ML RS 1) B AR B RIE R AT 3
It A B B PR AN A A B A, AT 51 S WMH
KA BRAL, O I AR BB, B
AR AR T JR) 0 LA 1) TR R i A A R SR
BT CCTA S84 , I H v v St A 5l 7 2 5l
TR JEE 57 21 T LASRAT IR B0 ik CT I it fif 46 50 #(CT
derived fractional flow reserve, CT-FFR) . CT-FFR f&
O LA T 5 K78 IR AS T 1R 0 7 32 3 7 AR 50 ik A
-3 i 5 e R B K 1 ER S Bl KCE 2 R A, S
E AT AHE R 12 WO JULRE S P SR L™ .- CT-FFR
P W JUL ) S LIRS 5 T 5 i L A 7
FERIK M ANIE 2 o BEAE GRS ik s P A AL 55 WMH
IR FC R Z AN T BEHAFAE, 5 99N FAT
CT- FFR, #t— DRI 5P # 5 WMH B S5SIBR A ) T
&7 WMH 1% B 1l PR, AR 58 B 1
PR FTEE T CCTA [¥) FALL CT-FFR A7 Jik B H s & 2
45 WMH 3 £ Rk

1 MRINTTE

1.1 %

[ e P 450 A P ot R R R o B — B g [ e 2021 4
1 H—2022 4 12 A 47 CCTA }% 3k fiii MRI £ £ ) &
o WINFRUESY: 2 YOk A I E] 18] % <90 d:s @I IR
Jo S =GRl e B . HEBRARAE 9 : O I i AR
C g TR G 86D B ™ B FE B 09 s (00 JUE 4 I3 1
AR AR JEAAE 0 LIS < 977 5 2 O LIS IR B 25 s D7
Jik Sz B Bl P4 M 45 12 R e s @B T &R A

AN 40711, Horh 55 249 91, 22 158 451, 4F- %
(64.8+10.8) % . LK EHFIGIKE B GFEES . & = Ak
B VHA D AL A A TR C RN R
[ (C-reaction protein, CRP) . H il =1 Ctriglyceride,
TG) . = % J g & [ JIH [ §% (high-density lipoprotein
choleseerol, HDL-C) 1% % & fIig & 9 IH [ % (low-den-
sity lipoprotein choleseerol, LDL-C) J. A 501814 /i
HERKZEE — M EERAEZ R (e
5:2023-SR-885) .
12 Fik
1.2.1 3k/RMRI

i H 3T MRI(Skyra, Siemens 2 &) , 1[5 ) 3 4
A% 20 18 T8 Sk A 2 B8], 7 A1 AL HE TIWILT2WI
FLAIR #1 DWL. ##HHZ4: OTIWI: TR 400 ms,
TE 2.48 ms, %5 % 320%256; @T2WI: TR 5 090 ms,
TE 91 ms, FE [F 448%224; @FLAIR: TR 8 000 ms, TE
97 ms, TI 2 300 ms, % fF 256x256 ; @DWI: TR
4 800 ms, TE 100 ms, b {Hi&+ 0 F11 000 s/mm’. JJf
BHREAIKZEENS5 mm, JZEE 1 mm, L5 (FOV)
230 mmX230 mmo
122 CCTA

CCTA %48 FH 25 1 AREE 3 ARRU)E CT (Defini-
tion and Force, Siemens A @), f8[H) ., Frf £& TR
AHT S min & N O RAEEE Hl . EREE B RE
XN 1 em ZOMENGTH . et AT d kSt AR 4 F
1, J5 47 [P O B T T % CCTA 3 5 1 4t . SR H
Bolus Tracking 43 A fith /& 14 58741 , BOGT b 751>k FH it
% i (370 mgl/mL, Bayer 23 &) , £ [5 ) 5 flt v b i
(320 mgl/mL, GE 2~ 7], £ ED . AR5 8 F F4AR = O
AT AT, VEHE N 4.0~6.0 mL/s, S &
50~80 mL. S U PRI 2% 4E B 32%0.6 mm
(Definition) 8% 96X 0.6 mm (Force) , ¥l 28 jig ¥ I5f ]
330 ms (Definition) 8%, 250 ms (Force) , & HLi H 311
A7, B HE 120100 kV, B4 )2 )E 0.75 mm, JZ 7] #R
0.50 mm,
1.23 BB EE
1.2.3.1 K/MRI

T FLAIR KT Fazekas ER3ATIES> . ik
= JE B T R = D 0 43=T6: @ 1 4=tk ek
BRI @ 2 =1 =R @ 3 4=
P 22 VR 5T AN R U] P G = R =R T TR
Wl R e in R - 0 r=T: @ 1 r=£tRs @ 2 4=
TG @3 r= K fiber . WHM B H v = F
AR 1 595 28 0 o AR IO T 15 AR B s 2R
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F oy N LA (0~2 73 Fih B (3~6 0D
WMH 1 2 Z M2 AZ BT 3 ) B A 3 8RR 11 AR 48
SO VEAL o SR I A3 080, W) H Sy Ao B e A B
LR R IHE HA V)
1.2.3.2 CCTA

F BT CCTA U A% 4 21 )5 Ab B2 TAE 35 (syngo.
via VB10, Siemens 23 7] , 18 [¥) 24T J& 2270 #r, KA
H 20 12 47 i [ E 2 (curved planar reconstruction,
CPR) . Z °F [ E % (multi - planar reconstruction,
MPR) J% £z K % B #% 5% (maximum intensity projec-
tion, MIP) %% . {5 H 2 1 3 B He 73 B A (Coronary
plaque analysis v5.0.2, syngo.via Frontier, Siemens 2
a), PR D 2) E A S R AR 3K L E A A
J5 5 H1 2 4400 U S AR R T (O3 9 AT 3 4R AT 5 4E 22
O BT F AL, P ic BEHE S AT LB
PR FE MR AR B EARR  E A BE HAR AR L 3E
BRI ke . AR R R E I B
FEVETH L, B 28 (90) = OB 78 b 19y i 1E W5 8 1l ELAS:
SIS A A /N T AR A D /B 7 L Y i TR
B EE A EX100% . i 09 (coronary artery
disease, CAD) i& SN 1 258U 2 2% e AR BN K 1) ELAR A%
R =500, I AU HHELBEH G0« BEKR 5=
RPUABV M AE AT . SH4b, O IME AR B ITIE 75 2
B 7€ 41948 98 B N R 75 A7 AE T B kst 5 BA K s
A B Agaston TF47 o

T B3 CCTA BUR AL 4 2 80 KR g
PPE & 4t (Coronary Doc, AL E3 RBH ) o 76 & R 5
CT BME B -190~-30 HU, ¥t [ 5€ Jy 47 et AR 5l ik i
LA 10~50 mm, DAL MR ) SR 145 1L B
AT FATINE . 800 B 3h A s IR SR A I
B RS, I N L RE SR SRR K (A 40L L 5l
1%, I A3 I R CT-FFRAE . 0T
(Y145 76 bk FAT i f& CT-FFR {#, LA FAT > =70.1 HU
3 3Rk 420 132 CT-FFR<<0.80 /E A BH S,
1.3 “itF i

K HI SPSS 26.0 A XS £ 48 #EAT S8 125 70 7
IER AT HESL AR BTN N B EE G+, 3F
TEZS 3 A B0 DL AL 2 (PY 23 67 50 LM (Pas, Prs) 158
7o A% Student ¢ 6256 B Wilcoxon FR AR 36 5% 19 4H
AR AR AT L. /- R R E A (%)
AR AR IR, 3 = 5 6r 56 B Fisher A6 fff 4 36 947
PR ZE ) 22 7 LS TR 23 AT 4 R Pearson AH G
BEAT A AL 3B 5 AR 1E 2573 A1 B4 R FH Spearman AH
KBEAT N T W AR R Hrh P < 0.10 BT

HA BN Z [N 2 Logistic [N, DURf 2 B &
WMH (1) 57 52 W (R 28, FF 24T W A% 5 2 18] i R
L. P<0.05AZFAH G5 Lo

2 % B

2.1 ARt AR

YN 407 1) 5B HR, 99 491 4 9 e 0 0 40 1]
FAI >-70.1 HU.90 5] CT-FFR<0.80, 19 #5| & 3F £ )
HkisZa. BT B T35 S B H AR R 45 AL BT e A4
R 45 A0 B B AR L B B R RN BRE B A7 A 43 T
44.57 (0.00, 159.71) mm’. 12.39 (0.00, 63.86) mm’.
28.03 (0.00, 87.10) mm’. 4.00 (0.00, 12.00) mm A
0.40+0.33.
2.2 R4 WMH %4 b

M4 Fazekas £ &P 73 (0~6 70K B EH 0 A
7. B WMH P2 3400, B8 46 (P < 0.001)
BBEHARFIP < 0.001) AL BEEAF (P < 0.001)
AEABALPEHAAF (P < 0.001)  BEHLK (P < 0.001)
BEHe 4717 (P < 0.001) + Agaston £ 43 (P < 0.001) 1
K, H & LE (P < 0.001) . FAT >-70.1 HU (P <
0.001) . CT-FFR=<0.80 (P < 0.001) 1 = 5 ik i %
(P <0.00D EEBIRE I 34, 14 H 45 £ (body mass
index, BMD « 14 1] « w7 I 0 52 ARy T 28 FH 24 5
B =] UG bA FH 24 s 76 8541 WMH 835 2 18] () 22 % T4t
TR (P >0.05).

FHSME AT HR IR S SR8 (7=0.494, P < 0.001) .1}
M 52 (r=0.172, P < 0.001) « & Ifil JE (r=0.261, P <
0.001) ¥ FR 9% (r=0.170, P < 0.001) . fi &] T Ak FH 24
5§ (r=0.122, P < 0.001) At 7T 25 F 24 52 (=0.113, P=
0.023) . LDL-C (+=0.186, P < 0.001) . fl§ & H a (r=
0.129, P=0.009) }% CRP (+=0.129, P=0.009) 5 WMH
FPEERAREAAEA L FHh, BEPE (=0.562, P <
0.001) 45 1k BE B4k F1 (r=0.565, P < 0.001) - JE 451k
BE AR TR (r=0.547, P < 0.001) « BEER K J&F (7=0.513,
P < 0.001) B B 1 faf (r=0.520, P < 0.001) \ Agaston
9y (7=0.496, P < 0.001) J% 7 02 %5 (7=0.496, P <
0.001) . FAI(=0.276, P < 0.001) .CT-FFR (=-0.353,
P < 0.00) A1 3 ik it 27 (r=0.157, P=0.00 D 134 5
WMH & 5%
23 BE 5V EEWMHEH ki

407 B AL FE B EE WMH 290 71, & JE
WMH 117 1. 5% WMH 41 8 #F i, h EE
WMH 2H 58 35 A58 58 K, 1y L B R 97 TR st o]
FIVLARH 255 5 R (P < 0.05, % 1D BR HDL-C
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Table 1 Comparison of clinical data between the two groups of patients
Clinical data Mild WMH (n=290) Moderate to severe WMH(n=117) P
Age (years,x £s) 61.97 = 10.64 71.90 = 7.57 <0.001
BMI(kg/m*,x +s) 24.79 +3.28 24.09 +3.13 0.058
Male[n(%)] 174(60.0) 75(64.1) 0.442
Hypertension[n(%) | 163(56.2) 86(73.5) 0.001
Diabetes[n(%) ] 78(26.9) 48(41.0) 0.005
Hyperlipidemia[n(%) ] 64(22.1) 23(19.7) 0.591
Smoking history[ (%) ] 72(24.8) 43(36.8) 0.016
Drinking history[n.(%) ] 70(24.1) 25(21.4) 0.410
Statins users[ n(%) ] 67(23.1) 35(29.9) 0.151
Aspirin users[n(%) ] 36(12.4) 24(20.5) 0.019
CRPLmg/L, M(Pss, Pr5) ] 2.200(1.548,3.735) 2.730(1.640, 5.495) 0.030
TGLmmol/L, M(Pss, Pss) ] 1.375(0.960, 1.890) 1.150€0.890, 1.580) 0.006
HDL-C(mmol/L,x £ s) 1.15+0.29 1.12+0.30 0.320
LDL-C(mmol/L,x % 5) 2.72 +£0.72 2.54 +0.86 0.034
Lipoprotein a[ mg/L, M(Pas, Pss) ] 93.50(39.75,225.25) 137.00(57.50, 365.50) 0.008

PLAN, 9 4H B34 18] CRP. TG LDL-C f e H a 2 57
YWAESHHE (P <0.05, % 1),

582 5 WMH 35 A Lb, o 5 B WMH & 35 1)
CT-FFR {8 %1% (0.78 vs. 0.86, P < 0.001), FAI{H 5
f5 (~78.36 HU vs. —85.72 HU, P < 0.001) . H &
WMH 41 5 7a 0 5 « 32 3l ik 5t 927 « CT-FFR<0.80 %
FAI >-70.1 HU &3 ol B = (P < 0.05), HEFGH
151 1) Agaston FR 73« B8 K A BESRLAAR AR | 58 K 1 45 {1 A
A BEHARAR | T K I B B S B B ) B A
fif (P < 0.05, 38 2) . AR &2 E WMH &3
f) CCTA A1k MRT WL 1.2,

% Al & Logistic [7] 19 45 R #& 75 , 4F ¢ (OR=
1.116,95%CI: 1.074~1.160, P < 0.001) . 7t L2 9% (OR=
2.737, 95% CI: 1.270~6.017, P=0.010) + B £ 1 fif

(OR=4.142, 95% Cl: 1.228~13.977, P=0.022) }
FAI>-70.1HU (OR=5.089, 95%CI: 1.899~13.640, P=
0.001) 2 % A v 8 BF WMH [19 50 37 5200 R 25 (% 3).,

3 1 i

AW 5t W HE T CCTA #) 7 ik 2 % 5 WMH ™
HAREAEEA G . 6 T O BE B A7 AT
FAI>-70.1HU »& & A& o 5 5 WMH [ 3 57 5% i) (5]
o BB EREROR, IR B Bk A R E, DR
T B B, ek JE) IR U7 A FE Rk v, T PN R o B b
% WMH .

AT A R A /D 2 35 35 AE OG5 KOS R AL 5
WMH [ EHE 2 . Johansen 2P0 5 & B e ik BE
PAFAES 15 DA R PR PR TS WMH AR AR G . Jin

2 FEBEHCCTASHUILR
Table 2 Comparison of CCTA parameters between the two groups of patients

Parameter Mild WMH (n=290) Moderate to severe WMH (n=117) P
CAD[n(%)] 34(11.7) 65(55.6) <0.001
Agatston score[ M(Ps, Prs) ] 0.00€0.00,40.73) 113.20(10.05,459.00) <0.001
Aortic ulcer[n(%) ] 8(2.8) 1109.4) 0.004
Plaque volume[ mm’, M(Pss, Pr5) ] 22.71(0.00, 85.45) 178.67(77.78,357.41) <0.001
Calcified plaque volume[ mm’, M(Pss, Prs5) ] 13.87(0.00, 28.52) 74.12(17.33,175.28) <0.001
Noncalcified plaque volume[ mm®, M(Pas, Pss) ] 13.87(0.00,48.92) 90.33(36.07,170.67) <0.001
Plaque burden(x £ s) 0.32+£0.32 0.62 +0.26 <0.001
Plaque length[ mm, M(Pss, Ps5) ] 0.00€0.00, 8.58) 11.50(4.05,26.30) <0.001
CT-FFR=<0.80[n(%) ] 38(13.1) 52(44.4) <0.001
FAI >-70.1HU[n(%) ] 13(4.5) 27(23.1) <0.001
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A: The Agaston score is 402.7. B: The CT-FFR value is 0.82. C: The FAI at the right coronary artery is =55 HU (FAI>-70.1 HU). D: PVWMH
Fazekas score is 3. E: DWMH Fazekas score is 3.
1 16IEBEE WMHRIS0 S L EHENIREIE
Figure 1 Imaging of an 80-year-old female patient with severe WMH

HEARIHTS
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A: The Agaston score is 33.14. B: The CT-FFR value is 0.84. C: The FAI at the right coronary artery is —84 HU (FAI<-70.1HU). D: PVWMH
Fazekas score=1. E: DWMH Fazekas score=1.
2 1HBAREWMHE TS 5 B ENZEEE
Figure 2 Imaging of a 75-year-old female patient with mild WMH

*3 HEE WMH XK K/ Logistic 2 A& 517

Table 3 Logistic multivariate analysis of risk factors associated with moderate to severe WMH

Factor Regression coefficient Standard error Wald y* OR(95%CID P
Age 0.110 0.020 30.823 1.116(1.074-1.160) <0.001
CAD 1.017 0.397 6.571 2.737(1.270-6.017) 0.010
Plaque burden 1.421 0.621 5.246 4.142(1.228-13.977) 0.022
FAI >-70.1 HU 1.627 0.503 10.463 5.089(1.899-13.640) 0.001

SR AT R AL KA A0 AR 43 A WMH 3 g (1) 3057 5
s 2 . 5 REAEWT A — 8, A AR BLEE T CCTA
PEAS 1R BEHRAAFR S AL BEEAAAR AR AL BEHRAAAA
PEH A BE DL Je B H A7 A 5 WMH ™ 5 7% B 5 35 A
Ko SEEFEWMH ZLAHEL, B 8 E WMH 21 B A 5 5
(1) Agaston £ 73 B R (I BEHLAR AR L B A5 A0 A R4
ABEHAF B BEAC R R B B B A A . A
W98 285 S PRI AIE 1 et KR AL S L BB AE
WMH S FERR SR, W7 1K e ks B Al 46 A WMH
VERNILRE B A . AT 2 K Logistic A1)
53 M &6 5 R B H A7 A o Hh T WMH R AR AT
SN PR 28, T AN 2 el B B AR . B3N, B
fuf [ B} =55 R B HAAFRURI I 574, 7] BB A2 B BB AR T A
AR B IR A 205 67 48 () R AR

AT 5T R FAL 9 R B WMH & AR BT 520
K125, T RE 5 98 W R 1100 7 ik o A e 0 % i 1 65
PR AR BRI ER EEERG R, K
ek Jiks A8 5| I R AR SRE IR, 98 i A o A IfL A B
PR N 56 IR 3 Mok JE L g s 2H 21, 15 5 6 07 2 e
AR TE ST IR L 7K b 5 DT ASE 95 e Jol g 77 25 0k
RTTAE KA o 1F A e e I 58 48 i AR B8R FE b
FAL(E Th 0 Al B S e EaRAR40 ), R A, i 1
T 703 H B0 Bk 4 7F WMH & A kR vk 5 8 58
VEFYY . G R AR, I fii 7 B T RE A IR, VA
R J5UR L Ath 1 2 % 43 8 U 3 i A R LA 201 5
FEC K i AR 33 /) 20 ik A B 3 TR AR AR O HL AR
BRI ¥ 11 CRP- 11 3 -6 55 [F) I A 0 i 1L 487 PN
YA, 5 EOME T RE /) R RES . BT W, A R
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JiE ] AE A SR B FATAI WMH FIVE AL, 2 R St
7 3 963 7693 1T WMTH ) 2 B 40

O 06 7E 0L ) 7 THD EL A AR, K S 38
T PR K B Mkl 3 55 2% 1D 5 3 P /0 I A TR 8% B 1
YHLERED, P AR RO T R B AR . A
W50 R B E 5 WMH 411 CT-FFR W 21K T 5
FE WMH 4. % 5& 5 CT-FFR = 55 5z W 5t Jik 1 37 oh
Ret, Bk g RN, 55 WMH 4L AL, F 8
& WMH 25 £ 35 1 ek ok 52 A 0 AR I ARDIR A& o RIS
WMH 185 UF 5255 i 2H 23 78 33 R0 It /5 45 55 % 1)
FHEE T, BT, REE AW CT-FFR 4 &
FE WMH (AT 5200 R 25, 28 #5845 CT-FFR 5
WMH 1775 I, H O i 1L 37 3l 7 2 (1 3 55 0T 6 2
580 ORI R R A

THAHI M AFAEA 2 = QAL A G ]
JA P E AT, T BE S BOE B R R FAE B R A s Q% T
i 5 A T VR A AR A8 BE UL E & PR A
@A BEAT YA 7 BIF FT, /> S5 2k B U o R P R
WMH 7833k J R A O i I 8 AR MR . 1% 2
BAVT — BB E Z 5 1), A BAE AR TAEH
IR

25 b, KBTI R T COTA SR BE B | IR
AU JE e W E 5 WMH fE7E 2 Bk, ER K. BA
sk 075  BEHRL 6 o) K W FAT>=70.1 HU IR E ER S
KA WMH. A BF 70N 6 ik s B B 1k AN
WMH A B B A T BRI
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