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AT X E o FIF logistic 23 BT Ui 25 A5 40 B 4 S50 OF- G Sz AS TR A AL 28 27 S BERY | X6 B AS TR ML 27 20 A5 70 % S5 531 AD &5 v &
CSVD WG R R AN E o 45 R « A28 DUt $r S 80 1% 52 30 3 T AR R AT 11148 T 187 2 (area under the curve, AUC) 4 0.853,95%Cl=
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Value of various machine learning models in differentiating Alzheimer’s

disease from moderate—to—severe cerebral small vessel disease
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[ Abstract] Objective : To investigate the value of various machine learning models in differentiating Alzheimer’ s disease (AD) from
moderate—to—severe cerebral small vessel disease (CSVD). Methods : Imaging data were collected from 85 patients with AD and 98
patients with moderate—to—severe CSVD, and radiological features were compared between the two groups. A logistic analysis was used
to identify valuable data and establish different machine learning models, and the value of different machine learning models in differ-
entiating AD from moderate—to—severe CSVD was compared. Results : The Naive Bayes model had an area under the ROC curve (AUC)
of 0.853(95%C1=0.798-0.908 ) ; the XGboost model had an AUC of 0.995(95%CI1=0.989—-1.000) ; the recursive partitioning model had
an AUC of 0.878(95%C1=0.827-0.929 ) ; the neural network model had an AUC of 0.876 (95%C1=0.828-0.925) ; the random forest
model had an AUC of 0.944(95%C1=0.913-0.975) ; the nomogram model had an AUC of 0.854(95%C1=0.800-0.910). The SHapley
Additive exPlanations (SHAP) value was used to explain the XGboost model , and all predictive factors contributed negatively to the di-
agnosis of AD, among which hippocampal volume had the highest weight, followed by ADC value of temporal lobe , insular volume,
supramarginal gyrus volume, and superior parietal lobule volume. Conclusion : Machine learning models can be used to differentiate

AD from moderate—to—severe CSVD, and the XGboost model has the best comprehensive diagnostic performance. SHAP values can be

used to identify various predictive factors, thereby enhancing the
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(cognitive impairment, C1) /E 4 # 4F A F1 3 UL () %<
g, H BRI AL 5 R AL R IR ) S — R A
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Ji (cerebral small vessel disease, CSVD) 5[] /R 2% 1h¢
295 (Alzheimer’ s disease, AD) 2 & 5| # Z 4 A CI
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imaging, MR K25 19 183 {71l f 2 I R—52 A8 2= T8k . 85 1511
BN AD, o B 41 6], Ze 44 4], B A bl 1:1.07, 458 61~
94 % ,F-34(76.40 + 7.09) % ;98 B #ii2 N CSVD, H i 1 45
B, 4 5361, 5 L Bl oA 101,18, 4F i 60~88 %, F- 3
(7431+£7.05)% .
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Aging—Alzheimer’ s Association, NIA—AA) 52 19 AD 12 Wi bR
U T AE 5 S 50 = AR AR 2 W CSVD A2 W R 4EC [
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A3 143 s QUMK 1 >1 44 143 s DR TE Fazekas it
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1.4 s ix

BE S RME 2R A A B IR 2N W O [ - )
B 1.5 T MR, BTS2 uMR 580, 2R JH 1638 18 3k &5
LR18 . MRIKG A BERERE WO 43, )7 9288 0 : TIWL. T2WI,
T2FLAIR DWI X SWI, HATIWIFHHHiS5 TR 6167 ms,
TE 14.92 ms,NEX 1, /)28 1.5 mm, [8]¥E 2 mm, FOV 230 mm x
230 mm; T2WI 4 : TR 8000 ms, TE 95.26 ms, NEX 2, J2 &
5 mm, |8 5 2 mm, FOV 230 mm x 230 mm; DWI )3 41 2}y : TR
3740 ms, TE 87 ms, NEX 1,)Z /& 5 mm, [ 1 mm, FOV
230 mm x 230 mm, WY H#L 5 £ (apparent diffusion coeffi-
cient, ADC) FIFERER b fH R 0 s/mm’F1 1 000 s/mm”.
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B, It ARG EHOT RN RS R

1.6 %it®F %

B A T AL $9R: ] SPSS 26.0 814k . A7 IE 4R it
VORISR = bR (o £ ) A0 RIS ARRAR e K556 5 11
BRIV E 72 (%) bios SRR TR . LIZ P # Logistic
I8 1 5 356 A A1 A 72, B 0 o A 28 S 5 T R (W
ANy 4.5.0) #EATAREIY B G 5 1 ] naivebayes 8 3 Fh 3R I
A Y 5 i ] xgboost 63 7 7 A% PR A B 2 AL 5 £ FH rpart



— 218 —

BERERKFZR 2026 £5 51 &5 2 #5 (Journal of Chongging Medical University 2026.Vol.51 No.2 )

A T2

G. Wi )= 1

C. Wit Z 1

/’l ‘ ‘\\\
& ¢
l_ B T |

F. i 2 1

H. B LR BRI 2 S A

R TNIBHI RS

1 AWRETR AN ADCERKBIERIONET E

AL ST 3 T 3 DX TR fiff Y nnet f 37 P28 0 28 4558 il
FH randomForest £ 2 37 B WL AR ARAR Y, fff Y vms £ 2 37 91 2
VIR s T AU AT T 54738 LSk . P 3238 LAk
FRHE 200 2 RS 12 WU £ R4 70 L IR SHAP {B
X AR rp A AR AT R IR SRR . Rk U =0.05

2 & B
2.1 24B5m %) 18 — A& 6 ARG A

Xf L 2 2 il PR, B (3R 1) JR 3 R PE B AR i
AR SRR L TR S RO B S, 22 S R SR R (2 P>

0.05)
2.2 2AIHA) 1A FHAE T TR AT

X H 2 21 ] FA) 52 AR TR, & B R A AR ADC {E L TR
ADCAH 35 ADCAH . [ ADCAE /N ADC B L AR FH
Hp i [ AR B AR T N AR T /N AR
HII AR 2 MARR S FOA IR AR 5 AR | iR A AR
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ADC{H 5 S ARFR 2% L AR | ) AR R R T L /N iR AR (average precision, AP)>} 0.985(5% 4 [¥2),

ATAE R AD 4k Sz W R 7 (2 3) . 2.5 MLFRARE IR AR 49 SHAP {4 fiL s
24 MEFIEAAD S5 P EECSVD & & A HE BT R T TR 25 b IRMAER B AR TR /)N
FeFHiH ADCAE VDR 2 b [RUARFR & iR R TS I ADC B X2 T AD 25 £ i) 5Tk (8] 3) 5 HiAL

T5 /N R TR SRR ST LS o S B s B 9 ok AN PR A 22 T390 g i S ARSI ADC B> 15 AR>S % 1 [ R B> TH
P TFRR /S 5] AD R R BE CSVD I, 258 0 F A (B i e N RALL 45 X SHAP {8 43 51 4 : 0.331,0.256, 0.234
AUC 4 0.833, F1 15} 0.965 , K5 1 5% — 73 0] 3% fh 28 - 249 45 B 0.214.0.068.,

F1 ADFMAHEE CSVD A E— R F R (x £ 550, %)

TiH AD 4 (n=85) CSVD 4 (n=98) XHE P1E
PR/ B P 41(48.24) 45(45.92) 0.098 0.754
(L) 76.23 +7.15 74.31+7.05 1.816 0.071
e L 45(52.94) 47(47.96) 0.452 0.501
BEBRI 39(45.88) 38(38.78) 0.943 0.331

*2 ADFAERE CSVDHEHIEZGEEREIXTEE (x +5)

ey E| AD#H (n=50) CSVD 4 (n=98) tfE P
it ADCAH (107 mm*/s) 0.955 + 0.076 0.986 + 0.086 2.196 0.029
T ADCAE (107 mm?/s) 0.959 + 0.065 1.001 + 0.093 3.563 <0.001
Wit ADCE (107 mm?/s) 0.916 = 0.053 0.957 = 0.094 3.982 <0.001
Fet ADCAE (107 mm?/s) 0.892 % 0.071 0.913 = 0.084 1.669 0.097
Fefi§ ADCA (107 mm*s) 0.851 + 0.046 0.875 + 0.081 2.265 0.009
i+ ADCAH (107 mm*/s) 0.782 + 0.057 0.777 + 0.068 1.360 0.175
/NG ADCAFL (107 mm*/s) 0.746 + 0.035 0.751 + 0.056 2.289 0.023
W SR (em?) 2.183 +0.682 2.850 + 0.749 6.262 <0.001
Hh R[] AR (em?®) 8.314 + 0.750 8.744 + 0.937 3.395 0.001
B AR B (em® 1.230 +0.239 1.297 + 0.306 1.617 0.108
T L /NHARF (em?) 9.158 + 0.589 9.338 + 0.570 2.090 0.038
TR /AR (em?) 9.755 + 1.186 10.575 = 1.257 4417 <0.001
BT AF (em?) 6.610 = 0.878 7.240 £ 1.074 3.928 <0.001
Z L IRMAF (em?) 6.918 + 1.186 7.802 +1.012 5.167 <0.001
B FHAF (em®) 1.764 +0.301 1.850 + 0.405 1.609 0.109
s AR (em? 2.024 +0.356 2.237 + 0.404 3.491 0.001
Byt A (em?) 4.439 + 0.649 5.075 +0.742 5.787 <0.001
TR (em®) 3.864 £ 0.577 4.036 £ 0.720 1.762 0.080
el B (em®) 5.367 = 0.730 5.738 + 0.780 3.311 0.001

%*3 ADFIHEE CSVD A E % EZ logistic B A4

Ar i [EVEER A4 PR 22 Wald x* OR 95%CI P1H
it ADCAE (107 mm?/s) -7.940 3.390 5.486 0.000 0.000~0.274 <0.001
1 SRR (em®) -0.787 0.294 7.162 0.455 0.256~0.810 0.007
Z b A (em®) -0.579 0.228 6.435 0.560 0.358~0.877 0.011
AR (em®) -1.162 0.345 11.344 0.313 0.159~0.615 0.001

50 /R (em?) -0.872 0.378 5.326 0.418 0.199~0.877 0.021
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x4 HB/ZIERIXTES AD IR ERE CSVDHIME
T H ADZE DL Hi A BRLAE B 4 #WIFX e R 2% BEHLAR bR Gk K
TR (%) 75.51 97.96 80.61 78.57 89.80 82.65
FERIE (%) 84.71 94.12 83.53 78.82 85.88 77.65
FHE 00 (%) 82.06 95.05 84.95 81.05 88.80 81.00
[P F5IAE (% ) 75.00 97.56 78.89 76.14 87.95 79.52
S ERR 0.798 0.818 0.820 0.787 0.880 0.803
AUC 0.853 0.995 0.878 0.876 0.944 0.854
95%Cl 0.798~0.908 0.989~1.000 0.827~0.929 0.828~0.925 0.913~0.975 0.800~0.910
F11{H 0.800 0.965 0.827 0.798 0.889 0.818
AP 0.831 0.985 0.859 0.863 0.932 0.822
1.0 BRINERGAE ;07 AD W2 —Fopf PR IR AT M A2, 7

0.8

0.6+

R

0.4

— FAEIMAUC=0.853
0.2+ / 3143 X AUC=0.878
/ AR EEHETHAUC=0.994
[ — P AUC=0.876
‘ — HIZREAUC=0.854
0.0 — BEHLARRAUC=0.944
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3.1 KBFFREF AD A £ CSVD F £ 694+ 5
CSVD J2: i P 18 /) ML 45 B e 28 S 350 PR A 52

AT A AT PR A e T ) R B o B BT AR
AD 5 CSVD 2R HI i M 4R vk Bl 7k it iU (diffusion
tensor imaging, DTI) , Ul Hong H 55% & ¥ DTI 1] F >k
PEH AD 5 CSVD By R W BLE . {0 DTIXS T3 4% 1Y
FLR B, DT 5 25 4 14 S 45 #4 IX 43 BE A FR
DTIHE bR (AT FA B B4 AR 32 X5 1 DR 2 D2 5K B 1y 45
BRI 7B R AE B2 R BE o TR HUIA A
(diffusion—weighted imaging, DWI) £ R B2 4] 12 I/
HAEIGRZW T, S IFH CSVD K AD #2488 T T2 1
TEAE W ] 25 18] 5 4 Dewenter A 5% & I MRI 37k I
14T FHSRATA CSVD HAD [ B8 3 5] (19 SRR AIE

i 45 ¥4 43Ar © % HIAE AD F1 CSVD 193297,
Schirge PM Z5"F] FH i 43 1 T H X AD 5 Jili 1l 48795
B H WMH 5 HIFERT A9 OC R 5 Tomassini S %R B
28 Ka 0 FL R 1% (structural magnetic resonance imag-
ing, SMRI) AJ i F T 045 AD 7 P A9 DA 00 i A
o ToI AT EME A B4 BB R ) MR SR L
SMRI X T A A EOR B | )12 3 SOZ B AR B HE
JERCR o Wisr B R GEBA B 2 43#) Ab 2 R bR
AN RAER B R A IS LT ADCAH 5 il 1)
L ML o 2 BBk FU AD , BA R R 2R AL
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ARSI AR A HOAR , B 5 A A 2 B B i PR AR v
AT Mo
3.2 MEFIJHEALECSVDE AD S K5 69 B
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Mlis2= 2 8 T AN TR Rer 3 3¢, T8 BeEk
B T ASE 75 A o A b, Y0 0 o 4 S R R B B
f— N5 1], 40 Nallapu BT 2615 BRHL 7% 27 > 455 1
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