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[Abstract]  Objective
cerebral cortex structure change in patients with different degree of cognitive impairment accompanied by
white matter hyperintensity (WMH). Methods From March 2016 to December 2018, a total of 80 patients
with WMH were rolled into WMH with no cognitive impairment group (WMH-CN group, n=43), WMH with
vascular cognitive impairment-no dementia group (WMH-VCIND group, n = 21) and WMH with vascular

To investigate the relationship of cholinergic pathway (CP) damage and

dementia group (WMH - VaD group, n = 16), according to Montreal Cognitive Assessment (MoCA) and
Clinical Dementia Rating Scale (CDR). White matter damage in CP were evaluated by Cholinergic
Pathways Hyperintensities Scale (CHIPS). MRI was performed on all patients, 34 regions of interest (ROls)
in cerebral cortex CP were marked, and layer thickness and volume were measured. Spearman rank
correlation analysis and partial correlation analysis were performed to explore the correlation between the
total CHIPS score of left and right hemispheres and ipsilateral cortical ROIs thickness and volume.
Results 1) The CHIPS scores of WMH -CN group, WMH - VCIND group and WMH - VaD group had
statistically significant differences in the whole brain (P = 0.023), the left hemisphere (P = 0.039) and the
right hemisphere (P = 0.004), respectively. Among them, the CHIPS scores of WMH-VCIND group (P =
0.002, 0.000, 0.001) and WMH-VaD group (P =0.000, 0.003, 0.000) were all higher than those of WMH -
CN group. The CHIPS scores of three regions in WMH-VaD group were also higher than those in WMH-
VCIND group (P =0.008, 0.013, 0.020). 2) The differences of the left hemisphere ROIs layer thickness (P =
0.000) and volume (P =0.000), and the right hemisphere ROIs layer thickness (P =0.000) were statistically
significant between WMH patients and normal controls. The left hemisphere ROIs layer thickness (P =
0.000, for all) and volume (P =0.000, for all), and the right hemisphere ROls layer thickness (P = 0.000, for
all) in WMH-CN group, WMH-VCIND group and WMH-VaD group were all lower than those in control
group. In WMH-VaD group, the thickness of left ROIs was higher than that of WMH-CN group (P =0.000)
and WMH-VCIND group (P =0.036). In WMH-CN group, the volume of left ROlIs was higher than that in
WMH-VCIND group (P =0.033) and lower than that in WMH-VaD group (P =0.025), and the thickness of
right ROIs in WMH-VCIND group (P =0.001) and WMH-VaD group (P =0.000) were both higher than that
in WMH -CN group. 3) Correlation analysis showed that only the WMH - VCIND group had a positive
correlation between left hemispheric CHIPS score and ipsilateral cortical ROlIs (r = 0.439, P = 0.047).
Conclusions When WMH patients with cognitive impairment, as the degree is aggravating, the thickness
and volume of 34 ROIs on left hemisphere CP have a certain degree of decline. The cerebral cortex
structure change was positively associated with the degree of left hemisphere CP damage, but the structural
change is not obvious in right hemisphere.

[Key words] Leukoencephalopathy, progressive multifocal; Cognition disorders; Choline; Nerve
fibers; Cerebral cortex; Magnetic resonance imaging
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Table 1. Standard of CHIPS """
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Figure 1 Pattern of ROIs in cholinergic pathway.
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Table 2. Comparison of general data between WMH patients and normal controls

PUE S =3 7 MHRZH(n=30) WMH-CN#(n=43) WMH-VCINDZ(n=21) WMH-VaD#4l(n=16) Y& F{H Pfi
PR (%) ] 17.678  0.591

1k 15(50.00) 23(53.49) 10(47.62) 10(10/16)

Lk 15(50.00) 20(46.51) 11(52.38) 6( 6/16)
AW (R, %) 59.46 +0.68 62.91+0.66 65.71+1.29 69.87 +2.09 0.613  0.827
BMI(% £, kg/m?) 24.21+0.23 23.89+0.45 23.01+0.61 22.56+0.41 11.221  0.730
ZHEBRE (s ) 10.92 +0.40 10.02£0.65 11.21+0.82 10.33+0.17 0.601  0.632
W (v x5, 4F) 7.42+0.22 8.31+0.19 7.93+0.45 0.772  0.594
i L (9% ) ] 6(20.00) 15(34.88) 5(23.81) 7( 7/16) 13273 0.593
Wb [ (%) ] 4(13.33) 14(32.56) 7(33.33) 3( 3/16) 12.620  0.615
B L (%) ] 6(20.00) 13(30.23) 7(33.33) 2( 2/16) 13.083  0.579
s (%) ] 3(10.00) 2( 4.65) 3(14.29) 1C 1/16) — 0.176
Jii 1 9 [ 451 (9%) ] 1( 3.33) 0( 0.00) 0( 0.00) 0( 0/16) — 0.082
AR (%) ] 6(20.00) 9(20.93) 7(33.33) 5( 5/16) — 0.484
P[4 (9%) ] 4(13.33) 8(18.60) 6(28.57) 9( 9/16) — 0.367

—, Fisher exact probability, Fisher #ff U] #f %% . One-way ANOVA for comparison of age, BMI, education and duration, and X’ test for
comparison of others, 4% \BMI. 32 % 7 2 J& F1 955 A2 (19 Fb 8 R S0 I8 28 0 25 40 B, FL A% 45 30048 b 19 LU 40 R F xR 56 . WMH, white
matter hyperintensity, I 1 T = {5 55 CN, cognitive normal, NFI I HE IEH s VCIND , vascular cognitive impairment-no dementia, [ i
I PENAIHR % 5 VaD , vascular dementia, il PE % 5 ; BMI, body mass index, A5 5 4%

M = F WMH-VCIND 41 (P = 0.008,0.013,0.020; %
3,4).

G 1105 e 15 S AR E 5 RN R A K i 2
BR Bz 2488 X2 JE (P = 0.000) FAFL(P =0.000) .
A K i 2 Bk R B %R X2 R (P =0.000) 22 73594
Gt S AT M N 2 BR B R X R 2 5
LG22 X (P=0291,%5). HH, WMH-CN
20 \WMH-VCIND 41 Al WMH-VaD 41 Z= fill K i 2 Bk
R J %R X2 R (3 P = 0.000) FIAKFL(E P =
0.000) A7 M 48R X )22 J& (¥ P = 0.000) ¥ 41K F % #E
ZH s WMH-VaD 21 262 %8R X )2 )2 5 T WMH-CN 41

(P=0.000) F1 WMH-VCIND 41 (P =0.036) , WMH-CN
42 2% R X 4R LS T WMH - VCIND 41 (P =
0.033) ikt F WMH-VaD Z1 (P =0.025), WMH-VCIND
(P =0.001)F1 WMH-VaD 21 (P = 0.000) #7 fil] 24 i
X 2B T WMH-CN41(F£6,E2~5).

Spearman FRAH 3¢ 73 BT A WMH-VCIND 4 8 3% A2
) R i 2 Bk CHIPS $F 43 5 [R] 0 B o 2% il X 23 58 5
IEAE (P =0.049) , A 2% 3 2H TG i 76 M ids J2 A5 Ml
N 2 Bk CHIPS $F- 43 5 [A) ] fe T %8R X )22 )& il i
TR TCRIKNME (P > 0.05; % 7, 8) 5 #F — 25 1y Ml AH DG 43
Br 2R B R Z518(5£9,10) .
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Table 3. Comparison of CHIPS scores in cholinergic pathway %4 Jidi 1 J5 e 15 5 2% . 201 £8 2 IF 69 A 3 B CHIPS 743 1Y
among WMH subgroups (x s, score) [N
e . o ZEMRRRERR AMikmiEsk Table 4. Pairwise comparison of CHIPS scores in
21 5 1 o 5 ¥
Al BIBC 221 CHIPS ¥4 CHIPS 3143 CHIPS P43 cholinergic pathway among WMH subgroups
WMH-CN41(1) 43 17.90 +2.47 10.20+1.59 10.33 TNV TNV
B i 0 R i 2 3R 7 0 K i 2 R
| bV A A
" (5.00,43.00) Pé%ﬁl]ﬂtt AW CHIPS 4“0 fipe sy CHIPS 34>
WMH-VCIND #H(2) 21 35.53+2.64 16.88 +1.69 16.02
(11.00,40.00) i P i P zti  PfA
WMH-VaD 41(3) 16 56.99+3.21 27.44+£2.03 25.03 (1) {2) 3.639 0.002 3.984  0.000 11.356  0.001
(22.95,26.14)
. (1) {3) 2.894 0.000 2.697 0.000 12.120  0.000
F i 1.769 1.385 2712
(2) {3) 4.201 0.008 3.011 0.013 10.510  0.020
P{H 0.023 0.039 0.004
. K " - - CHIPS, Cholinergic Pathways Hyperintensities Scale, IF 5k it i i &
Kruskal - Wallis test for comparison of CHIPS of right hemisphere, and =B34
g

one-way ANOVA for comparison of others , 47l & fidi 2 Bk CHIPS 343 119
FE AT Kruskal - Wallis £ 56, 30 A% 25 5048 b7 09 G AT 500 R 5 2 45
BF o CHIPS, Cholinergic Pathways Hyperintensities Scale, Il is fE i %
EE S 1E4r ; WMH, white matter hyperintensity , fixi A BT {5 5 CN,
cognitive normal, TKAHIZJ & IE % ; VCIND , vascular cognitive impairment-
no dementia, JF i ¢ B 1ML 8 PE VK40 5 3 VaD, vascular dementia, Il 45
PRSI R

RS AR S AL X N2 B2 RN Bz J5 R X JE AR B EE A (3 2 5)

Table 5. Comparison of thickness and volume of ROIs between WMH patients and normal controls (x +5)
g3 % K K BT ROLJZ JEE (mm ) K K2 B ROTAAR A (mm?)
22 MK fii 2 BR 0K fi 2 BR Ao K fii 2 BR 0K fii o Bk

XFHRZH (1) 30 2.35£0.02 2.33+0.02 6032.33 +185.63 5884.94 +183.49
WMH-CN #1(2) 43 2.17+0.03 2.16+0.03 5758.84 + 144.42 5773.90 + 150.31
WMH-VCIND #H(3) 21 2.18£0.42 2.16 £0.44 5580.49 +193.64 5564.62 +194.29
WMH-VaD 21 (4) 16 2.20+0.07 2.20+0.07 5803.44 +292.62 5878.25+292.53
F1{E 95.802 59.401 15.679 1.260

PiE 0.000 0.000 0.000 0.291

ROI, region of interest, 2% X ; WMH , white matter hyperintensity, I [1 5% 7 15 5 ; CN, cognitive normal , A HI ] fE 1E 5 ; VCIND, vascular

cognitive impairment-no dementia, JF 5% 4 [l & P A HHR 3 5 VaD , vascular dementia, I 55 14 % &

6 ST A5 5 L5 0 R A 3240 RN B S 2 DX JEE AN (AR P 1 L

Table 6. Pairwise comparison of thickness and volume of ROIs between WMH patients and normal controls
o R i ZE A R i 2 BR B2 BT ROTJZ J& A 0K M > B Bt ROTJZ I 22 BR B 5T ROT AR
i PfH 1l PfE t1f PfE
(1) €2) 0.159 0.000 0.171 0.000 567.440 0.000
(1) 3) 0.154 0.000 0.126 0.000 745.797 0.000
(1) {4) 0.134 0.000 0.236 0.000 789.316 0.000
(2) (3) 0.006 0.545 0.045 0.001 378.358 0.033
(2) {4) 0.134 0.000 0.105 0.000 443.276 0.025
(3) {4) 0.020 0.036 0.027 0.460 85.625 0.073

ROT, region of interest, 248} [X.

Jo A B R B B 2T 2 5 S UM OG Y. PET-CT i
157, AR O A 2 28 g 0 A I A O IR % 55 1
J5 R A 5 PR R 5 A e RE A 8 o0 T B R IR AR O T
{EL 2 i F 5 15 5 9 A 0 I RE B A R TR A
I T A R TR 4 R T AR R A L A5 R

W5 7R, CHIPS B 43 1] T BF 4 #8748 1
CLn BT JR i i BR G A 4 2% R R % B A R )
AT 3 R B 0 HELBA RE A 4 e T g, BRI Kz o K
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ROI, region of interest, 2488 X ; WMH, white matter hyperintensity , i [1 i & {5 %5 ; CN, cognitive normal, TA %1 2 i 1E 3 5
VCIND, vascular cognitive impairment-no dementia, JF % 7% % 1l 45 P DA A1 3 5 VaD, vascular dementia, Il 5 P 5 o The
same for figures below
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Figure 2 The thickness of ROIs in most parts of left hemisphere cortex of patients with WMH were lower than normal
controls.
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Figure 3 The thickness of ROIs in most parts of right hemisphere cortex of patients with WMH were lower than normal
controls.
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Figure 4 The volume of ROIs in part of left hemisphere cortex of patients with WMH were lower than normal controls.
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Figure 5 The volume of ROIs in a little part of right hemisphere cortex of patients with WMH were lower than normal

controls.
TT WA RS AR ZE RN~ Bk CHIPS B RO M F S A5 2R e U R 2 BR CHIPS
535 U B 0% R X J2 JEE R B Y Spearman Bk AH 3¢ 437 O 5 [P 2 % DX 5% AL B 1 2B
Table 7. Spearman rank correlation analysis of CHIPS Table 9. Partial correlation analysis of CHIPS scores in
scores in left hemisphere cortex and thickness and volume left hemisphere cortex and thickness and volume of ROIs
of ROIs in the same hemisphere in WMH subgroups in the same hemisphere in WMH subgroups
2R TR J2 Al
CHIPS ¥4 —_— * CHIPS 34 -
il PE rf8 PE rfH P rfH PH
WMH-CN 41 -0.264 0.125 0.109 0.539 WMH-CN 4 0.224 0.501 0.209 0.456
WMH-VCIND4L  0.470 0.049 0.270 0.278 WMH-VCIND 4L 0.439 0.047 0.243 0.327
WMH-VaD 41 -0.022  0.939 0.237  0.395 WMH-VaD 4 0.316 0.457 0.327 0.428
CHIPS, Cholinergic Pathways Hyperintensities Scale, 1 % fig 18 #% 5 e 5 \ .
i 5 5 PE 4 s WMH, white matter hyperintensity, i F1 5t & {5 5 ; F10 ik TS AE S 25 A AR A O K Bk CHIPS TF
CN, cognitve normal, TA A1 3] fiE 1E % 5 VCIND, vascular cognitive 535 Tl g T 2 8 DX )22 S R A B 1 Ot A 56 43 BT
impairment - no dementia, JE % & % il 4 ¥ A F B E ; VaD, Table 10. Partial correlation analysis of CHIPS scores in
vascular dementia, il F £ 5i & . The same for tables below right hemisphere cortex and thickness and volume of ROIs
in the same hemisphere in WMH subgroups
T8N LU KR CHIPS 37 T 2 [
G355 (R 7 Jo 24 1K )23 JEE A L 1 Spearman kA 3¢ 4 1 rAH PiE rfH P{E
Table 8. Spearman rank correlation analysis of CHIPS WMH-CN 2H 0.241 0.431 0.287 0.368
scores in right hemisphere cortex and thickness and @ 4 554 il »
volume of ROIs in the same hemisphere in WMH WMH-VCIND = 0.401 0.25 0.3 0421
subgroups WMH-VaD 41 0.416 0.388 0.318 0.363
. ZR R
CHIPS 47
r Al PE r Al PE N
WMH-VCIND 411 WMH-VaD 21 4 fil] 24 85 [X )22 5 3
WMH-CN 4 -0.123 0.482 -0.006 0.975 5 / |
+ H _ AVA El=in=
WMH-VCIND4L 0305  0.218 0291 0.242 I X5 ML, WMH-VaD 222 268 X B2 I 5 1
WMH-VaD4l ~ -0.203  0.469 0.047  0.869 WMH-CN 21 Fl WMH-VCIND 41, 4& 755 22 0 K figi 2 Bk

PR E A N o SO A R A= RN N
JBT 2 X )23 JRE AR BR AR A R A, RAR I 11 BT S AR 5
S M) K R J5T K 0T 45 R 0 AR AR AR . X A2
JIE B A A % R R SR R X2 TR 4 M R I R
i {5 5 H A 5 R R BRSSO A > 3k R B >
XZEZRASI¥E L, Hh, WMH-CN 41 .

0 105 8 {5 — A IR TR0 K i B AR
i F 308 % 20 X2 PR B AR H P i R A S
A 5 B DA R T B 0 DX JEL AR IR AN B S o
AR Sy i R I At X e I E R A S i
Hh Rz B R DX AR B A A SR, I T R AR S R
5T H e BECE 20 R i 2 R Rz S5 R X R B 25
HA 4831248 X, Hop , WMH-CN 41 \WMH-VCIND
21 FT WMH-VaD 21 A2 24 8 DX R B354 1 X R4,
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H R % R X2 SR Ay A SRR L I L TR R R S R
55T H 6 BECE A0 K 2 BR R % R X R R 25
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I WMH-VaD 41 47 il %8R X )22 JE 448 F % B4, (1
WMH-VCIND 41 fil WMH-VaD 21 Jf £k T WMH-CN
A, R A O R i BRI R A S — HA IR A A
P4 R0 Az 5 JIF ik R 3 % v R X2 RS B A
L B E S A IR R S A IR R B A
(14 2% 83 X )2 JEE 3 J0 B 4 22 0] o o oA ) AE e 7 i
Hh Rz 5T 28R DX R R 3 B B i R A R
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TGt 2E 72 S0, LR B A Bk 1 5 R B A IR
I ) B e A R A o R, A 0 A i B o IR G e T
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