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[Abstract] Objective To investigate the associations between imaging markers of cerebral small
vessel disease (CSVD) and global cognition and cognitive domains in the community elderly people.
Methods From August 2016 to October 2019, 933 healthy community elderly subjects were enrolled from
three districts in Shanghai. We used MRI to assess imaging markers of CSVD, including lacunar infarct
(LACI), white matter hyperintensity (WMH), cerebral microbleeds (CMBs), enlarged perivascular space
(EPVS) and total CSVD score. These subjects underwent Montreal Cognitive Assessment (MoCA) to assess
global cognition, Auditory Verbal Learning Test (AVLT) to assess memory function, Trial Making Test
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(TMT) to assess executive function, Stick Test (ST) to assess visuospatial function, adapted Common Objects
Sorting Test (COST) to assess language function. We performed Spearman rank correlation and partial
correlation analyses to investigate the association between imaging markers and cognition, and multiple
linear regression analysis to validate the relationships. Results A total of 863 subjects underwent head
MRI and cognitive assessment. In Spearman rank correlation analysis, LACI (r, = - 0.076, P = 0.025) and
periventricular WMH (r, = - 0.070, P = 0.044) was correlated with MoCA. LACI (r, = - 0.086, P = 0.022),
basal ganglia EPVS (r, = -0.078, P =0.038) and total CSVD score (r,=-0.090, P =0.023) were correlated
with AVLT. LACI was correlated with TMT (r, = 0.099, P = 0.004). Periventricular WMH (r,=-0.113, P =
0.029) and strictly lobar CMB (r, =-0.107, P = 0.041) were correlated with ST. Centrum semiovale EPVS
was correlated with COST (r,=-0.150, P =0.004). In partial correlation analysis, LACI was associated with
TMT (r = 0.072, P = 0.038). Deep WMH was associated with ST (r = 0.105, P = 0.047). Periventricular
WMH (r=-0.111, P =0.001), CMBs (r=-0.088, P =0.015) and total CSVD score (r =-0.087, P =0.015)
were associated with MoCA. In multiple linear regression analysis, after adjusting sex, age, education,
hypertension, diabetes mellitus, hyperlipidemia and smoking history factors, periventricular WMH (B, judived =
- 0.088, P, = 0.020) and CMBs at any position (B, juied = - 0.078, Py = 0.040) were independently
correlated with MoCA. Conclusions In the elderly community population in China, CSVD may already

have an impact on cognition. Periventricular WMH and CMBs are early imaging markers for CSVD -related

global cognitive impairment.
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Table 1. The Spearman rank correlation analysis of the association between CSVD markers and global cognition and
cognitive domains

W JEE B A AE 3T G 11 S5 £ WA B (5 Jibi 2 25 F B R JiB S i,
O Y Y rA{E Pl i Pl nit P
MoCA -0.076 0.025 -0.007  0.848 0.006 0.858 -0.070 0.044 -0.051 0.151
AVLT -0.086  0.022 -0.006 0.877 -0.006 0.887 0.000 0.993 -0.049 0.220
T™T 0.099  0.004 -0.014  0.691 -0.023 0.512 0.067 0.055 0.048 0.183
ST 0.022 0.669 0.004 0.938 0.018 0.724 -0.113 0.029 -0.094 0.072
COST -0.085 0.105 -0.036  0.490 -0.031 0.552 -0.043 0.410 0.059 0.263
L SR A e N3 T e G 1 e AN i T S ) R NN (gl BT
M| P n P r P i Pl i PE
MoCA -0.032  0.365 -0.034  0.341 0.013 0.698 -0.014 0.676 0.062 0.083
AVLT -0.019 0.629 -0.051 0.198 -0.078 0.038 -0.056 0.144 -0.090 0.023
T™MT 0.025 0.491 0.041 0.247 -0.007 0.835 -0.055 0.111 0.034 0.340
ST -0.037 0.479 -0.107  0.041 -0.059 0.254 -0.013 0.808 -0.042 0.417
COST  -0.045 0.388 -0.043 0413 -0.089 0.090 -0.150 0.004 -0.083 0.112

MoCA , Montreal Cognitive Assessment, 5 HE R RN B i e 5 AVLT, Auditory Verbal Learning Test T 5 1) 18 27 > 0 56 5 TMT, Trail
Making Test, 4 £& I/ % ; ST, Stick Test, #5 Kk 4& 7 4 ; COST, Common Objects Sorting Test, # L4 14K 53

xR2 Bi/DMEREGFREYS L

A AR S A1 2% DA 35 i AH G 20 B

M55, The same for Table 2

Table 2. The partial correlation analysis of the association between CSVD markers and global cognition and cognitive
domains

W5z i B P AR FE i 5 1 i TR B A fili 3 55 F1 B 7 5 JId ke 4 o
e S i P rfif Pt rff Pt il P
MoCA -0.033  0.338 -0.062 0.078 -0.062 0.079 -0.111 0.001 -0.088 0.015
AVLT -0.068 0.076 0.009  0.825 0.011 0.785 0.002 0.951 -0.019 0.634
T™T 0.072  0.038 -0.023  0.521 -0.031 0.373 0.045 0.201 0.053 0.138
ST 0.082  0.123 0.087 0.102 0.105 0.047 0.008 0.874 -0.022 0.682
COST -0.032  0.549 -0.041  0.440 -0.041 0.446 -0.061 0.250 0.044 0.415
g WEEARTFRUR M ARG RGR I BRI XYTOCAY I A BRI B o B G 5 R R I B ) B B
O i PR Pl Pl Pl P i Pl
MoCA -0.051 0.152 -0.063  0.077 0.004 0.902 -0.040 0.247 -0.087 0.015
AVLT 0.011 0.776 -0.042  0.291 -0.055 0.149 -0.042 0.280 -0.050 0.215
T™T 0.039  0.284 0.035 0.326 -0.051 0.140 -0.044 0.209 0.023 0.526
ST 0.053  0.321 -0.098 0.064 -0.042 0.424 0.005 0.920 0.048 0.363
COST 0.025  0.638 0.025  0.640 -0.047 0.379 -0.060 0.263 -0.027 0.618

RIEG® P>0.05,3~7),
it it
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Table 3. Multiple linear stepwise regression analysis of the association between LACI and global cognition and cognitive

domains
g R KR 2
FHR%  SE o P PE(FDR)* fRiEmEIARE  MHRE  SE i P PHE(FDR)*  FrdEfbm I R 5

MoCA -0.083  0.073 -1.138 0.255 0.283 -0.032 -0.061  0.074 -0.828 0.408 0.453 -0.023
AVLT -0.205  0.098 -2.097 0.036 0.360 -0.078 -0.178  0.099 -1.795 0.073 0.730 -0.068

T™T 0211  0.089 2365 0.018 0.180 0.080 0.201  0.090  2.230 0.026 0.260 0.077

ST 0.183  0.141 1.293 0.197 0.493 0.066 0.229  0.147  1.555 0.121 0.303 0.083
COST -0.081  0.141 -0.575 0.565 1.000 -0.030 -0.065  0.146 -0.447 0.655 0.936 -0.024

*Because of the multiple testing, FDR (Benjamini-Hochberg procedure) was used to correct P values and control false positive rate, A #E47
Z AR AZ KB, % ) FDR K IE P AHE ( Benjamini-Hochberg % ) Dk 45 il {i& FH P Model 1: adjusted sex, age, education, £ Y 1 8 3% P 51| |
AR 2 HE R ; Model 2: adjusted sex, age, education, hypertension, diabetes mellitus, hyperlipidemia, smoking hislory,*ﬁﬂ 2. JE & Pk
B AW R HCE FEE LR OB IR L IR ILAE T AR S 5 Since only 616 cases of height data, 615 cases of weight data, 587 cases of
blood pressure data and 626 cases of coronary heart disease data were collected, the sample could be significantly reduced after adjusting
these factors, so the multiple linear stepwise regression analysis model did not adjust the factors of height, weight, blood pression and
coronary heart diseases, i T{X 616 {51 R 4 £ = 5040 615 15 >R 42 1A 5 A5 405 . 587 1] R 4R 1 s B4 . 626 151 5 4 5k O g A5 30 , ) 28 3 26 R R
J& TS BOREAS G 0 35 /0N BOAS T 5% 22 PR 3% 4k [l D A AR G R B v AR LIl L B . FDR, false discovery rate, 4 15 & 3L
R MoCA , Montreal Cognitive Assessment, S2 R F RNV B 26 5 AVLT, Auditory Verbal Learning Test, Iﬁ’)._,lj c 2 5 TMT,

Trail Making Test, LI B 5 ST, Stick Test, #5 K 2211 56 ; COST, Common Objects Sorting Test, LY S 250 56 . The same for tables

below

R4 KA BT 5 AR D) RE AN A RIS Y 22 R 3R 2k P 2 [ H 43 A

Table 4. Multiple linear stepwise regression analysis of the association between WMH and global cognition and cognitive

domains

N B B2

i MIHR% Sk HH P{H  PIH(FDR)* #RifEfbmmIA RS FIHR%  SE HH PfE PE(FDR)* rMEA I [ IH R 5
il 5 g £

MoCA -0.126  0.074 -1.717 0.086 0.143 0.074 -0.121  0.074 -1.630 0.104 0.208 -0.048
AVLT -0.004  0.098 -0.038 0.970 1.000 -0.001 0.021  0.099 0.208 0.836 0.929 0.008
T™T -0.055  0.091 -0.608 0.543 0.543 -0.022 -0.046  0.091 -0.508 0.611 0.661 -0.018
ST 0201  0.120 1.674 0.095 0.317 0.088 0.215  0.122  1.762 0.079 0.263 0.094
COST -0.019  0.121 -0.157 0.876 1.000 -0.008 -0.017  0.122 -0.136 0.892 0.991 -0.007
i TR 1 I 1 5

MoCA -0.127  0.074 -1.714 0.087 0.124 -0.050 -0.121  0.075 -1.622 0.105 0.175 -0.047
AVLT 0.000  0.099 -0.004 0.997 0.997 0.000 0.026  0.099  0.260 0.795 0.994 0.010
T™T -0.077  0.091 -0.849 0.396 0.566 -0.030 -0.069  0.092 -0.758 0.449 0.641 -0.027
ST 0.244  0.121  2.025 0.044 0.220 0.106 0.260  0.123 2115 0.035 0.175 0.112
COST -0.016  0.122 -0.128 0.898 0.998 -0.007 -0.015  0.123 -0.118 0.906 0.906 -0.006
il % 5% B 1 5

MoCA -0.395  0.126 -3.140 0.002 0.020 -0.088 -0.391  0.127 -3.086 0.002 0.020 -0.088
AVLT 0.004 0.176  0.022 0.982 1.000 0.001 0.010  0.177  0.057 0.955 0.955 0.002
T™MT 0213  0.156  1.369 0.171 0.855 0.048 0212 0.156  1.360 0.174 0.870 0.048
ST 0.016  0.205 0.079 0.937 0.937 0.004 0.035 0210 0.166 0.868 0.868 0.009
COST -0.241  0.204 -1.182 0.238 1.000 -0.061 -0.201 0207 -0.970 0.333 1.000 -0.051

5 AR D) BE A A R G i — B AT Z IR Uﬂ?‘é%,%%ﬁﬂ*&l%%élﬁ%ﬂ 5 P T8 0 S 0 ARl

L AEIZ AL A 73 A R MOE PR AR RS 2 R R J2 BV ACIA N T RE B A Y U AR e bR 3
JE v L H B PR I ILAE | KA S R A R A MoCA 1 3 A 5 PACIA 0 D) E AT 45 e 1 AR

55 B0 AR 5 AR 15 MoCA BT 73 77 78 42 1 [1] ‘fé*ﬂ%%i‘fé,ﬂﬁﬁ?ﬁ@%ﬁ%%ﬂﬂ]ﬁﬂaﬁ%ﬁfﬁ e,
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Table 5. Multiple linear stepwise regression analysis of the association between CMBs and global cognition and cognitive

domains

.- R KR 2

MHRE  SE o P PEFDR)* fRfEmEIARE  WHREK SE i P PHE(FDR)*  FrdEfbm IR R 5

i o L1

MoCA -0.186  0.066 -2.828 0.005 0.025 -0.082 -0.176  0.066 -2.660 0.008 0.040 -0.078
AVLT -0.065 0.088 -0.742 0.459 0.765 -0.029 -0.039  0.089 -0.439 0.661 1.000 -0.018
T™T 0.093  0.081 1.152 0.250 0.500 0.041 0.089  0.082 1.086 0.278 0.695 0.039
ST -0.084  0.112 -0.751 0453 0.647 -0.039 -0.073  0.115 -0.630 0.529 0.588 -0.034
COST 0.002  0.112 0.018 0.986 0.986 0.001 -0.023  0.115 -0.201 0.841 1.000 -0.011
VRS 4% Bt i

MoCA -0.154  0.088 -1.743 0.082 0.082 -0.051 -0.119  0.090 -1.325 0.186 0.266 -0.039
AVLT 0.014 0.116  0.123  0.902 1.000 0.005 0.040  0.117  0.339 0.734 1.000 0.014
T™MT 0.094  0.109 0.868 0.386 0.643 0.031 0.102  0.110 0924 0.356 0.593 0.034
ST 0.138  0.142 0970 0.333 0.667 0.051 0.149  0.147 1.013  0.312 0.624 0.055
COST 0.075  0.142  0.525 0.600 1.000 0.027 0.074  0.146  0.503 0.615 1.000 0.027
TR il i L

MoCA -0.157  0.081 -1.947 0.052 0.130 -0.056 -0.173  0.082 -2.125 0.034 0.085 -0.061
AVLT -0.138  0.109 -1.262 0.207 0.518 -0.049 -0.118  0.110 -1.065 0.287 0.718 -0.042
T™MT 0.074  0.099 0.740 0.460 0.575 0.026 0.063  0.100 0.631 0.528 0.660 0.022
ST -0.316  0.140 -2.262 0.024 0.240 -0.115 -0.308  0.144 -2.138 0.033 0.330 -0.111
COST -0.082  0.141 -0.584 0.560 1.000 -0.030 -0.118  0.144 -0.820 0.413 1.000 -0.043

] A0 R B A DX BB A 5 3 7 il /1S i A6 s i 7R 5 5
SRR (R B PEREBE BT A S i A ol A
PR i B R) B ) 34 5 A B RE AR OGO
AT T R S s R e /N I L B AT T 4
7N B8 5 BN T BE & DA OC T A
W5 Spearman Bk AH 3G 73 B 1275, Js B 1 A8 6 1 fik 2
AR S 5 AT BE (MoCA P43 ) 5 51 A
O s D AH G A3 AT ks S 55 1 AR S R I
T2 5 B AR A D BE (MoCA T 43 ) &2 61 AH 5%
i — 24T 2 B L P& A [mlH 43 B, AU % 55 11 3
R R K =S R A R G N (1= s S 2 N N o1 7 s
(MoCA 43 ) FEAE LR B H C & 1T B3 43 5 MoCA
PEAT 9 26 PE 9] 1 56 R 48 FDR A IE J5 Ak F1ifs FUR S
(FDR&IEJG P=0.060) . SXHJEH 5 ik E MK
R BA S B 58 A L, AS B 5T 52 a3 o 34 A 8 S i
AN (KER TSl s I SR BN = o 6 8 A oy
SINHIIRE Z R B 3058 R R TCE M .

i /)~ 1t A8 9 TA 0 2 R B A DA {5 Ak B G R
PATDIRE 3 D WEFOE BRI B A BE AL 2 H 2
AT Ty B B A 0 5000 PR 2%, HE D T BB 2 i T A - g
J5T T BB, A B BT P o v A AR,

2 G BAAT DI RE RS 2, 2 B MR JCAE AR P 15 B
PERESE V] REIFAE S8 2 UUER . &1 Hh X B 2 A
58 2K H Taylor &2 2% K JE I 56 (CFT) 1 i) 0 56
(CDT) PEAG L 25 [0 B8 7 , 45 3 W 7, ™A% o v Gl S
550025 1) 8 R G A G T A a2
3 G 175 55 (CAA) I B BE2 AR 4 hn i ) Y, $Eom
J5i 75 T BE A A P 1 AR OGRS ) BE ) R A Y T
T AR B2 AL o AW 58 0E — 2D IR 5T /0 1ffL A
ES QNGB R Spearman Fk #H 5¢ 73 BT 7w
O B A BT IS R 4 0l A ] L R] B AR P 43
5242 1 CAVLT P43 ) 2 R 56, 1 B M R AE 5 4
FTHIRE (TMT 743 ) 5 1EAH O, i 28 55 11 B2 & {5 5 F
JAR Hi G it A S TR BE ) (ST RE 43 ) B2 A OG
21 OF B b R Y I A R R B 5 1 55 D RE (COST
VAT ) 5 R G 5 A A OC 20 B S 7, S B PR A AR A
A IRE (TMT PV 43 ) 52 1EAH OC , 7™ A% Jigi - Gl 143 1L 5 4
2 [ RE 7 (ST o3 ) B AH AL T il PR S 5 i — 28
112 AR & ANEZ AP 101 )3 43 B, FDR A I i B 4 4
FE5 AT DI RE (CTMT F43 ) il 8 &8 11 52 & 5 5 ™
A i G i R S ) BE ) (ST V-4 ) ¥ #7721
MlH 3¢ & , {H FDR AL IE J5 & B 58 i E 5T & 5
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Table 6. Multiple linear stepwise regression analysis of the association between EPVS and global cognition and cognitive

T 1

i

#ri

HiA 2

il

MIAF%  SE LfE

P P{E(FDR)* pRifEfufmmlARE  DHAR%H SE ff

P PE(FDR)* Arufefb i 03 R 5L

R DX R Y o A5 R ]

MoCA 0.028  0.082 0.337 0.736 0.736 0.010
AVLT -0.175  0.107 -1.627 0.104 0.520 -0.062
T™T -0.122  0.101 -1.215 0.225 0.563 -0.042
ST -0.116  0.138 -0.836  0.403 0.672 -0.043
COST -0.080  0.140 -0.573 0.567 1.000 -0.030
S G I e 47 R LA D LD

MoCA 0.028  0.082 0.736 -0.133 0.308 0.010
AVLT -0.175  0.107 -1.627  0.104 0.516 -0.062
T™MT -0.122 0101 -1.215 0.225 0.577 -0.042
ST -0.116  0.138 -0.836  0.403 0.575 -0.043
COST -0.080  0.140 -0.573  0.567 1.000 -0.030

0.020  0.083  0.237 0.813 0.813 0.007
-0.157  0.108 -1.456 0.146 0.730 -0.056
-0.137  0.101 -1.357 0.175 0.583 -0.047
-0.104  0.141 -0.738  0.461 0.576 -0.039
-0.075  0.142  -0.526  0.599 1.000 -0.028
-0.073  0.066 -1.121 0.263 0.486 -0.032
-0.096  0.089 -1.088 0.277 0.762 -0.042
-0.093  0.080 -1.160 0.246 0.574 -0.041

0.015  0.125  0.121  0.904 0.567 0.007
-0.111 0.123  -0.898 0.370 1.000 -0.051

RT B BRI RER A AR 2 R R LAk 40 18109 73 #r

Table 7. Multiple linear stepwise regression analysis of the association between total CSVD score and global cognition
and cognitive domains

e RiRL BRI 2

- FHRE%  SE fH P PE(FDR)* FRMEfbfilel RS FIHR%¥  SE tii P P{H(FDR)*  FrdfEAb i [l IH R 4
MoCA -0.080  0.032 -2.531 0.012 0.040 -0.076 -0.077  0.032 -2.376 0.018 0.060 -0.072

AVLT -0.066  0.042 -1.580 0.115 0.383 -0.065 -0.053  0.042 -1.243 0.214 0.713 -0.052

T™T 0.028  0.039 0.727 0.468 0.520 0.027 0.023  0.040 0.582 0.561 0.623 0.022

ST 0.033  0.050 0.656 0.512 0.569 0.035 0.047  0.052  0.888 0.375 0.625 0.049

COST -0.023  0.050 -0.457 0.648 0.648 -0.024 -0.026  0.052 -0.503 0.615 1.000 -0.028

SSAN T (1L Nl (1= G N [ S R TR VA
(AVLT P43 ) (PHAT 0 A8 (TMT #F 43 ) 25 6] g )
(STIESr ) FiE 5 P fE (COST ¥F 43 ) ix 4 S TA A1 B 1y
TLMERIA R, FFHJEH , —J5 H & B T AR
99 A G2 1 R N D) BE IR R AL IX B AR £
BPE AN 5 55— 7 1 & BT AS B 5T 2 [ g )
(CRAE 372 48)) Fifs 5 DAk CR 4 369 i) iX 2 4~ IA %0
B 58 LR BAR , H AT AR AR 1 AN R LS AR
bR AR5 O 0 R S A OGPk | IS S A
R R i 3 — 2 BRI FURIE .

A5 A AR OC 43 B i 45t — A 5 38 58 D A
S 2598 —— W R 1 T R 5 5 s [l g 7 (ST
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Mr s B AL ERIAE R (HL FDRIKIE)G P
HIG I Lo Lin g ™0 F 2R 2 foh ook &
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DA IR 20 Ak TE 1 BT £ 4 SR A fAS A O R A T 3

TE R RAET S B R A, 2 TN 19 5 e 1S ol e
R4 I ) 2% S22 4 100 3 BOA RN REREAG =0 Lee 55
A LA A AR T (MCT) 8 3 0 o
F SRS A A AR ) B A OG0 Gupta 55 VR R
B BRSBTS 0 s — B TG S SQHBeE o DH e A
A 5T S B B4 i TR R R R S S LS [ AE T
TEHE 5G J2: A BH P 45

AWFTERI SN FEAR B, H 32 il E ik
Ry BE I H AL DX A7 Bl T 3Pl 1R /0N 1 %o
NI RE R R o R NAFEA R Z
Ab - e AW T S BT B 5T, LA e i R aE— 2
FRI N 18] BE U5 RIS LI AIE o U, A BSR4
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