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Construction and Validation of a Risk Prediction Model for
Cerebral Small Vessel Disease Progression Based on
Multimodal MRI Combined with Serum sRAGE

HUO Huaran, YANG Yang, LI Wenhui, DU Jianing, WAN Zhengguo
(CT/MRI Department, Handan First Hospital, Handan Hebei 056000, China)

[ Abstract] Objective To construct and validate a predictive model for the progression risk of vascular
white matter lesions (WML) based on multimodal MRI combined with serum soluble receptor for advanced glycation
end products (sRAGE) . Methods A retrospective cohort study design was employed. A total of 330 patients
diagnosed with WML diagnosed at the First Hospital of Handan from January 2020 to October 2023 were enrolled and
randomly divided into a modeling set (7 = 231) and a validation set (n = 99) in a 7 : 3 ratio. Eighteen candidate

predictive factors were collected, including general data, underlying diseases, laboratory indicators (including
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serum sRAGE), and multimodal MRI parameters ( Fazekas score, FLAIR lesion volume, etc.). The outcome
event was defined as lesion progression within 2 years of follow—up. Core factors were selected using LASSO
regression, and a nomogram prediction model was constructed using multivariable logistic regression. The
discriminative ability, calibration, and clinical applicability of the model were assessed using receiver operating
characteristic ( ROC) curves, Hosmer—Lemeshow test, and decision curve analysis ( DCA) , respectively.
Results The lesion progression rates in the modeling and validation sets were 21.6% (50/231) and 22.2% (22/99),
respectively. LASSO regression identified five core predictors: age =70 years, diabetes mellitus, decreased serum
sRAGE level, Fazekas score =3, and FLAIR lesion volume =35 mL. Multivariate logistic regression showed that
age =70 years, diabetes mellitus, Fazekasscore =3, decreased serum sRAGE level, and FLAIR lesion volume =
5 mL were independent risk factors for WML progression (all P < 0.05). In the modeling set, the area under the
ROC curve ( AUC) was 0912 (95%CIL 0.875 ~0.949), with sensitivity of 0.840, specificity of 0.884, and
Youden index of 0.724. In the validation set, the AUC was 0.885 (95%CI: 0.821 ~ 0.949), with sensitivity of 0.818,
specificity of 0.869, and Youden index of 0.687. The Hosmer-Lemeshow test showed good calibration in both
modeling set ( x2=8.762, P=0.363) and validation set ( x2>=9.541, P=0.308). The DCA curve demonstrated
that the model provides high net benefit within the clinical decision threshold range. Conclusion The prediction
model constructed based on multimodal MRI combined with serum sRAGE can effectively identify patients at high

risk for WML progression, exhibiting excellent predictive performance and clinical applicability. It provides an

intuitive quantitative reference for individualized clinical management and early intervention decision—-making.

[ Key words] Vascular white matter lesion; MRI; sRAGE; Influencing factors; Nomogram
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(AnZ K MEEAL . MLAR B BE IS RPN . BRI
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AN BEMINRERAT . CEPEMIRE LRI (3)FFAE
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N ), BERE . IR

(2) Hefitpeis SRR AL : i i A €l
LR IA TR R (2018 ARETTRRD) 100, MERRE (HK
i (I 2 BB PR BT IR TR R (2017 R4 ) 1)
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). e . 2R (B2 F UL E B
AP E SO “2”, BRI /7).,

(4) M INRE S INFNPPAl - BRI SR HIAR I
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NI 0 4 3 BBarthel %% : H Mahoney Fl1
Barthel T 1965 4EJF &, H Tl it AR 7E H %
WEE TRy, 10T, B4 0~ 10048, >
60 7378 AHRE ) RIF, <60 747 AFERE 1 %2
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1988 4F- & FIZ WA 1Y mRS - 47 T 15 & 43 #7
45 s WL )5 B R 4 (A Kappa=0.82 ~
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I}ﬁiﬁgﬁ(enzyme—linked immunosorbent assay, ELISA)
R, GR G A TR AE M RHECA PR A ] (B2
7 : ELH-sRAGE-001), J™#& ¥ Htia50) & gt 0 45
PR K% £ A1 Tecan Spark ZIIHERFHRY,
I i 58 G I S WO R e, At E = L
BT il S5 RATG 2 N BT AR, e S AG I 152
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1 BEEESWIFSEELTRIEE IM(Py, Pyg)/n(%)]
Tab.1 Comparison of baseline characteristics between modeling set and validation set[M( Py, P,5)/n(%)]
E] AL (n = 231) BIFEE (n =99) 27 P
el 0.012 0.913
3 127(55.0) 54(54.5)
5'a 104(45.0) 45(45.5)
R () 68.0(62.0, 75.0) 67.0(61.0, 74.0) —-0.582 0.560
BMI(kg/m?) 25.3(23.1, 27.8) 25.1(22.9, 27.6) -0.321 0.748
M2 A0 5 0.098 0.754
H 89(38.5) 38(38.4)
p 142(61.5) 61(61.6)
ek 0.156 0.693
H 76(32.9) 31(31.3)
Jc 155(67.1) 68(68.7)
HERE 0.524 0.770
INFRLLTR 65(28.1) 28(28.3)
rh 112(48.5) 47(47.5)
KEE KL 54(23.4) 24(24.2)
EZ L EaYed 0.043 0.835
P 107(46.3) 45(45.5)
i 124(53.7) 54(54.5)
T I HE 0.112 0.737
f 156(67.5) 66(66.7)
g 75(32.5) 33(33.3)
B8R 0.078 0.780
B 92(39.8) 40(40.4)
g 139(60.2) 59(59.6)
Pl 0.215 0.643
B 109(47.2) 43(43.4)
Jc 122(52.8) 56(56.6)
TN 0.035 0.851
f 68(29.4) 29(29.3)
o 163(70.6) 70(70.7)
1f17EsRAGE (ng/mL) 1.82(1.35, 2.41) 1.78(1.32, 2.38) -0.413 0.680
25 JE 1l F% (mmol/L) 5.8(5.2, 6.7) 5.7(5.1, 6.6) -0.532 0.595
B IMLT (%) 5.9(5.6, 6.4) 5.8(5.5, 6.3) ~-0.396 0.692
[ 7 2 Jie 22 AR (pmol/L ) 14.2(11.5, 17.8) 13.9(11.2, 17.5) —0.367 0.713
CRW R (mg/L) 3.1(1.2, 5.8) 2.9(1.1, 5.6) —-0.284 0.776
MMSE#F-43(43) 26.0(23.0, 28.0) 25.5(22.5, 27.5) -0.618 0.537
MoCAPES> (47) 22.0(19.0, 25.0) 21.5(18.5, 24.5) -0.489 0.625
Barthel#§4%(41) 90.0(80.0, 95.0) 88.0(78.0, 95.0) -0.721 0.471
Fazekasi¥-43(43) 3.0(2.0, 4.0) 3.0(2.0, 4.0) -0.294 0.769
Fazekasi-53(4) 0.187 0.910
0~1 35(15.2) 15(15.2)
2~3 118(51.1) 51(51.5)
4~6 78(33.8) 33(33.3)
ADCIH (%107 mm?s) 1.18(1.05, 1.32) 1.17(1.04, 1.31) -0.216 0.829
FLAIRJRZE{AF (mL) 42(2.1, 7.8) 4.0(2.0, 7.5) —-0.385 0.700
SWIfH ikt £ (1) 0.254 0.881
0 146(63.2) 62(62.6)
1~3 65(28.1) 28(28.3)
=4 20(8.7) 9(9.1)
CBF{H [mL/(100 g'min)] 32.5(28.6, 36.8) 32.2(28.3, 36.5) —-0.452 0.651
rCBF 0.82(0.71, 0.93) 0.81(0.70, 0.92) -0.317 0.751
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Tab.2 Univariate analysis of factors influencing WML progression in the modeling set[M(P,s, P.5)/n(%)]

WiH ek (n=181) R4 (n=50) 7z P
e 1.025 0.311
5 92(50.8) 35(70.0)
8 89(49.2) 15(30.0)
() 32.641 <0.001°
50 ~ 59 40(22.1) 2(4.0)
60 ~ 69 86(47.5) 9(18.0)
=70 55(30.4) 39(78.0)
BMI(kg/m?) 254(23.2, 27.9) 24.9(22.8, 27.5) -0.763 0.445
EZ T p e 18.326 <0.001"
= 72(39.8) 35(70.0)
3 109(60.2) 15(30.0)
oI 0.957 0.328
H 118(65.2) 38(76.0)
I 63(34.8) 12(24.0)
BEIRIG 12.458 <0.001"
H 62(34.3) 30(60.0)
I 119(65.7) 20(40.0)
1= MLAR 1.873 0.171
H 82(45.3) 27(54.0)
I 99(54.7) 23(46.0)
IM17%sRAGE(ng/mL) 2.05(1.52, 2.58) 1.28(0.95, 1.63) —6.941 <0.001*
25 I8 1L BE (mmol/L) 5.7(5.2, 6.5) 6.1(55, 7.3) -1.825 0.068
FHImLr & H (%) 5.8(5.5, 6.3) 6.1(5.7, 6.7) -1.934 0.053
[F) 764 i 2 % (pumol/L ) 13.5(11.2, 16.8) 17.6(14.5, 21.3) —-4.726 <0.001"
CR V& (mg/L) 3.0(1.1, 5.6) 3.5(1.5, 6.2) -1.284 0.200
MMSE 43 (41) 26.5(23.5, 28.0) 24.0(21.0, 26.5) —2.987 0.003"
MoCAPE4(41) 22.5(19.5, 25.0) 20.0(17.0, 22.5) -3.864 <0.001°
FazekasiT-45(47) 2.5(2.0, 3.0) 4.0(3.0, 5.0) -7.215 <0.001*
FazekasiT-43(4)) 48.932 <0.001°
0~1 32(17.7) 3(6.0)
2~3 101(55.8) 17(34.0)
4~6 48(26.5) 30(60.0)
ADC{H (%1072 mm?/s) 1.15(1.03, 1.28) 1.26(1.12, 1.41) -3.658 <0.001*
FLAIRJFEZZAF (mL) 3.5(1.8, 6.2) 8.7(5.3, 12.4) —-6.329 <0.001"
FLAIRJHZZAF (mL) 36.782 <0.001*
<3 78(43.1) 5(10.0)
3~10 82(45.3) 21(42.0)
> 10 21(11.6) 24(48.0)
SWIFHH il k25 (1) 14.863 <0.001"
0 125(69.1) 21(42.0)
1~3 45(24.9) 20(40.0)
=4 11(6.1) 9(18.0)
CBF{& (mL/(100 g'min) 33.8(29.5, 37.6) 29.2(25.4, 32.8) -4.983 <0.001"

‘P <0.05,
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Fig. 1 LASSO regression coefficient path plot
Fig. 2 LASSO regression cross-validation plot
%3 BEHEELEE Logistic BIASTER
Tab.3 Multivariate Logistic regression analysis of modeling set
WiH B SE Wald 2 P OR 95%CI
i -5.236 0.518 102.537 <0.001" 0.005 -
FE=70% 1.452 0.386 14.329 <0.001" 4.263 2.158 ~8.425
B 1.055 0.368 8.367 0.002" 2.871 1.453 ~5.674
L7 SRAGER I 1.044 0.276 14.283 <0.001" 1.352 1.198 ~ 1.625
Fazekasi¥-45) =34 1.366 0.372 13.451 <0.001" 3917 1.986 ~ 7.725
FLAIRJH AR =5 mL 1.148 0.364 10.023 0.001" 3.154 1.608 ~ 6.185
P <0.05,
IVEL 0 10 20 30 40 50 60 70 80 90 100
i =70% . !
0
HHRAG : .
0
I35 SRAGERFAIE oJ

Fazekasil-43 =343

FLAIRJGAS AT =5 mL(-)
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Fig. 3 Nomogram for predicting the risk of WML progression
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Fig. 4 Receiver operating characteristic (ROC) curves of WA ZE 0 18 Y 5 TRAZ O I R 5 R
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Fig. 5 Calibration curves of the WML progression risk prediction model
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Fig. 6 Decision curve analysis (DCA) of the WML progression risk prediction model
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Fig. 7 Fazekas grade 0 of white matter lesions
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Fig. 8 Fazekas grade 1 of white matter lesions
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Fig. 9 Fazekas grade 2 of white matter lesions
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Fig. 10 Fazekas grade 3 of white matter lesions
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