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Abstract

Objective: To study the correlation between white matter hyperintensity and serum £S2-microglobulin
levels in patients with cerebral small vessel disease, and to explore the value of f2-microglobulin
in the prediction and clinical diagnosis and treatment of WMH. Methods: The laboratory and im-
aging data of 150 patients with cerebral small vessel disease who visited our hospital from May
2023 to January 2024 were collected, and they were divided into two groups: without WMH (51
cases) and with WMH (99 cases) according to the imaging examination results. Results: There was
a statistically significant difference in serum 2M levels between the two groups (Z = -4.969, P <
0.001), and binary multivariate logistic regression analysis showed that serum 2M was an inde-
pendent risk factor for WMH (OR = 2.859, 95%CI: 1.304~6.267, P = 0.009). Spearman correlation
analysis showed that serum f32M levels were positively correlated with the presence or absence of
WMH (r = 0.407, P < 0.001). The predictive value of 2M on WMH was determined by plotting the
ROC curve, and the AUC was 0.748, the maximum approximate index was 0.429, and the optimal
cut-off value was 2.335 mg/L (sensitivity 0.566, specificity 0.863). Conclusion: Serum $2M level is
an independent risk factor for WMH.
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1. 51§

ki (94 )53 =117 = (white matter hyperintensity, WMH) SRR (R B, 2NN RZEEIER 2 —,
RILN MRI T2 IIBUEEL T2 FLAIR 5 B IR BRI = J8 Bl 0 i 45 5 X [1] o B AR N A0
AR AR IR, WMH FIG H RIZERK, Poels 25[2] [31WF R KB 50 £ AREF WMH KAF N
5%, TM7E 90 & NFEH A EIA 100%. WMH 5291, IARIREJIBERS . R SE5R 2 VIR OE, WMH 6 fif
B, MR R R A KRB IR HAA AR SRR, A WMH 3% (Fazekas 11 %) it e w2
29.5% [4] [5] WMH =5 %2 518 14 S it TR 0L J57 s B R AR/ 20 AR, 258 51 A 4o 420 2T 4 A e ot A A
IR IRA AR T BT A L B O [6] 0 T ARE RN ARSI S 51 RS P B Dh e Rt R AR TE Bk
LI ZHT[7]. f2M s G B E EEH A VE A 44-1 (major histocompatibility complex-1, MHC-1)#]
BEEE S, R GIE RGRGRAFE )% REE VIS, & KRR PGSR & [8] [9]. [N, A2M
AR VPN /N BRI 2R R R M b EA[10] o 4> S SO THRE RS 2 R R I R, A5 3L [H) (1 R S L
H R A2 b B [11] . R p2M FTRES 5 WMH (R AER R, AWF5 S el o4 i s2M
K5 WMH [, Sy R f R 2 iR iR e 5

2. R EHE
2.1. BARIIR
e 2023 4E 5 F % 2024 4F 1 A tis T MM 17 b0 2 Bt 2 i R I /N L5995 SR 3 I R R AN
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Prf: 1) B 18~90 &, MAIAIR. 2) ABE 72 /NN E it MRIASEE, AR B/ I 512
AEFIR 2021) , GINFE T2 IBUE S T2 FLAIR 44 BRI WMH (855 . 3) ABi 24 h AT 1ML
{56 . i JH [E B (total cholesterol, TC). H i =& (triglyceride, TG). &% J& Jig & FH (low-density lipoprotein,
LDL). 7% Jig 25 [ (high-density lipoprotein, HDL). [7] 7 2 it & #R (Homocysteine, HCY). ¥#fk 41 2
(glycosylated hemoglobin, HbAlc). 2M. JRZ . WLiT(creatinine, Cr). JRER(uric acid, UA). 4t 7
(fibrinogen, Fib). D-—%&fk(d-dimer, DD). HEBRFRHE: 1) ARABEAFELE SRR H I B S oK T R
BEGE PN AR AR SR . 2) AH OGS FR Gy v s H A L IR S 1B E CSVD PRI E PR A, & K
Witk SRR MR 2 . R BESE . 3) ARRABLERE ™ HEIR G, 2T, M. R
o 4) fRAEJFUR PEBAR R YE SR IE B IEZOR - 5) ARETE MUILIR AR A A I B, WIS, O
ML SCIRAR G RN ANET 45 . 6) AHOCIMIR BORMR K o B¢ DL 150 B ANAARIT T, Hrh
Bk 86 11(57.3%), 1 64 41(42.7%).

2.2. —HRlE PR ZER

PRGN BE LA . Bm. R, BEAL(EIME . BER . CHD). AN A SE(BIE ., Rm) 55—
MR TR APBE 24 /NI AT 256 12 /NI 5 R EE N IE iR, - By N 7w B2 Beas SR H
SENME TC. TG, LDL. HDL. HCY. HbAlc. JEZ&. Cr. UA. Fib. DD. f2M LIk, S2M A&7
e B AE A HEAT B O AL FE (4000 r/min, ESO» 5 min), W EEMIEREA, FH#L MAGLUMI
2020PLUS 4= [ B4k 2% G55 43 Al 8 A3 S e k7R Al o WO S5 S =1 S2PR, IESEROE > 6 AN H s
B CARTIA BRI AR A, O <6 NH . e X PR > 1R, ESE >6 MH; BRLATAH]
POPFRE, T < 6 NH . EESEKbRE: ERMHEEGYEN FIERB 3 RIE 2= %, Y4E
JE > 140 mmHg FVEEF 5K K > 90 mmHg: & B2 I & iU HAETERSZ B R 25903697, AR NBE )5 1%
< 140/90 mmHg, WiZWrAmEIMLE[12]. HERIEIZWbRHEE: KHE 2024 it ADA 297 Fr#tE, HbAlc > 6.5%5K
TR MR (GE & 22> 8 /M) > 7.0 mmol/L Bl ik &) H i B S, 5 2 /NS IR > 11.1 mmol/L BUfE7E
SRR PRI IR HLBEALITURE > 11.1 mmol/L . 753 WA ey M BE 15 B0, 12 W 75 ZE7E [R)— B (8] (W1 HbALc
R0 ) BTE 9 N A 5] PR 1] i R A5 5 /S S35 IR 45 SR [13]. CHD 2 Wibrifk: 54 2018 fi (FasE
PE CHD iZWr 5iGy7$am) = CHD iz WitriE[14].

2.3. WMH &R

FrA N EH TR T RO ERBE AR R R MRI K2, SR SEE @A B <A " GE Discovery
MR750-3.0T BiALIRATMACHAT MRI AR #, 407 54 T1 U85 /7 51)(T1-weightedimaging, T1WI);
T2 IBLAAE T 51 (T2-weighted imaging, T2WI); AR I8 5% Yk & 7 %1 (fluid-attenuated inversion recovery,
FLAIR); #REINAL &A% (diffusion weighted imaging, DWI). WMH S5 2245 E: I RIX, KANALE, &
NN T2WI B FLAIR F7 51 b0 i = 5 1m0 11 J5 7 18 PR B e BB IR i {5 5 (S5 I8 S 5 AN [
TIWI BESRME T, — A BT K aUiR 3. AR FR AL Ry o WMH (51 ) A
WMH (99 1) F 4.

24. GtFESH

fii ] SPSS26.0 #4742 Hr. R K-S (Kolmogorov-Smirnovtest) 46 5%, S-W (Shapiro-Wilk)#6: 4
XA BT IEAERL, RIESSMATETEIL X +s 2R, HRILBCRAMAIFEA t 15 75T
E IR AR TR OR L o AL DY 4342 3 [M(P25, P75)1 %7, 418 b7 A Mann-Whitney U k656, it
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KR CUBIECRT B 4 L[] (%)), dLIRELECR A ° K. fiiH] Spearman AHSS TG g2M K F5H
WMH (A, Fit—5 @ e 2 R E& Logistic [958 WMH [52mi[K . L P <0.05 AZER A4
TS o )32 TAVERRE (receiver operating characteristic, ROC)BHZE, #RFTILIE f2M 7KFx} ify
WMH FFIIATE, IF1H 529 58 £ (youden index)#k tH fR A I FHH «

3. /R
3.1. BEESH

BN BF YRR R I NHE L WMH B4, &R 015 1, P4LE & 4£#  HCY . HbALc,
B2M. Fib. DD FAZKIP 52 CHD 7 52 b 22 = A 4e it 27 & X (Z = -5.057, P < 0.001; Z = —2.599, P = 0.009; Z
= —2.640, P = 0.008; Z = —4.969, P < 0.001; Z = —2.113, P = 0.035; Z = —2.829, P = 0.005; »° = 5.876, P =
0.015; y*=13.281, P < 0.001) (W7 1; 4 1).

Table 1. Comparison of clinical data in patients with or without white matter hyperintensity
# 1. BX WMH BEIGRERIELER

Bl J& WMH (n = 51) H WMH (n = 99) P P

TG mmol/L/M(P25, P75) 1.33 (0.99, 1.91) 1.31 (0.96, 1.93) -0.010° 0.992
TC mmol/L/M(P25, P75) 4.47 (3.94, 5.12) 4.35 (3.60, 5.06) -0.841° 0.400
HDL mmol/L/M(P25, P75) 1.09 (1.00, 1.32) 1.14 (0.92, 1.36) —0.567° 0.570
LDL mmol/L/M(P25, P75) 2.82 (2.24, 3.25) 2.45 (1.91, 3.15) ~1.646° 0.100
UA umol/L/M(P25, P75) 294 (241, 332) 272 (226, 327) -1.053° 0.292
Cr umol/L/(X £5s) 62.92 + 14.291 67.48 + 16.799 -1.655° 0.100
JRZ mmol/L/(X +5s) 5.7071 + 1.68515 5.9380 + 1.68791 -0.794* 0.428
HCY umol/L/M(P25, P75) 11.5(10.1, 14.2) 13.5(10.8, 17.2) —2.599° 0.009*
HbA1c (%)/M(P25, P75) 5.8 (5.4, 6.1) 6.0 (5.6, 6.9) —2.640° 0.008*
S2M mg/L/IM(P25, P75) 1.73 (1.39, 2.03) 2.24 (1.82, 3.05) ~4.969° 0.000**
Fib g/L/M(P25, P75) 3.01 (2.6, 3.3) 3.11 (2.79, 3.52) -2.113° 0.035*
DD mg/L/M(P25, P75) 73 (40, 108) 94 (66, 164) —2.829° 0.005*

P51 (5311 (%)] 31 (60.8%) 55 (55.6%) 0.376° 0.540
FE#(Z)M(P25, PT5) 59 (53, 65) 68 (61, 73) -5.057¢ 0.000**

BMI (kg/md)/(X £5s) 25.77 +3.26 25.77 +3.26 -1.228° 0.219

5 1M [ 4511 (%)] 32 (62.7%) 77 (77.8%) 3.830° 0.050

W5 R [ (%)] 9 (17.6%) 29 (29.3%) 2.413° 0.120
CHD [#1(%)] 0 (0.0%) 22 (22.2%) 13.281° 0.000**

WA [ 151 (%)] 15 (29.4%) 23 (23.2%) 0.680° 0.410
[ (%)] 15 (29.4%) 13 (13.1%) 5.876" 0.015*

Note: *P < 0.05, **P < 0.001, © is the x? value of the 2 test, and  is the Z value of the Mann-Whitney U test.
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Figure 1. Comparison of clinical data in patients with or without white matter hyperintensity
E 1. HX WMH B &Rk ZERIELE

3.2. ZAEEYIASH WMH NdE R

DR 2 b 2H R LU 22 S G R TR AR AR RS . HCY. HbAlc. p2M. Fib. DD IR 5
CHD Ji s Lb 9 54 E v B & |
% Logistic [F15 70471, 45 R BN, 8. M3E f2M KF & WMH {775 (8457 & 6 K 25 (OR = 1.056, 95%Cl:
1.005~1.109, P = 0.030; OR = 2.859, 95%Cl: 1.304~6.267, P = 0.009), i 52 /& WMH FE7E R P e 5%
(OR =0.250, 95%ClI: 0.085~0.730, P = 0.011) (1. 2).

LR HRR LS, DL B WMH (RS R T — e 2
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Table 2. Multivariate analysis of white matter hyperintensity
%2 2. WMH —7T logistic Y3447

A HE B P OR 95%ClI

R 0.055 0.030* 1.056 1.005~1.109
el -1.388 0.011* 0.250 0.085~0.730
2M 1.050 0.009* 2.859 1.304~6.267

Note: *P < 0.05.

3.3. Spearman XS4

£ Spearman HHK TR, [3E f2M /KF-5 BA WMH £ 1EAH(r = 0.407, P < 0.001).
3.4. XEMWEREXN WMH BTN ME

Z:4) ROC Hi£53 4, £2M I ROC HiZk FiAH AUC A 0.748, fr KZIE 6% 0.429, et St N
2.335 mg/L (U 0.566, %557 0.863), 24L& 2M /K-FiA %] 2.335 mg/L B 4275 A WMH XU 38

IS E) ROC HIZE F AR AUC N 0.752, e K21 48%L 0.441, HAEIGFE N 65.5 & (BUKEE 0.657, FiR
J& 0.784), MEEFHRIA 65.5 & BN A WMH KBS In(L 3 35 14 2).

Table 3. Clinical predictive value of f2M and age for white matter hyperintensity
2 3. f2M. E# % WMH BYIE R FURAN &

AE Uk R AUC {f 21515 P& 95%Cl
i 0.657 0.784 0.752 0.441 0.000%* 0.669~0.827
B2M 0.566 0.863 0.748 0.429 0.000%* 0.670~0.835

Note: **P < 0.001.

10 ki
— B2k
—
0.8 , 2
06 =
[l / ,/
JEK - /
%041 A
///
/
0.2 ’ <
///
/
0.0 .
00 02 04 06 08 10
1R

X B E

Figure 2. ROC curves of the effect of 52M and age predicting white matter
hyperintensity

2. f2M, FE# TN WMH B ROC Bi%k
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4. ¥1ig

AHIF SN /N IS5 3 o0 N A 15 B WMH L% WMH ARG S R AT, &R
Wrigos, PIdLiEfE4ERS. HCY. HbAlc. f2M. Fib. DD AIKiE S . CHD s S LU BlfFE B & %R, H%
REGFE . ZRERIADPERDR, FE. f2M 2 WMH 0T BN &, 0 22 WMH )
PRy R 2R . I HZ Spearman 34T R E f2M /K5 WMH 2 IEAH .

WMH & 58— ANTE AR A 2H 20055 B 22 AT 90 F VDR 0 FR /N I AR A, =5 BER IR K 11 J5 i
kAo A S A BB A R S RN PR AL R, AT IR AR Y E A AR O A Y. B
B FYE I T By, K RN K BRI REIX 5 R R X ok, B ALY E 56T, Sl
o R4 J2 A% 33 B A5 RNV B o T T 4 P e MR R 8 ) S 038 M A2 M 11 o B 18 27 X3 (R R Ak [ 15]
WMH 3= 2252 S A2 b 7 i R 305 11 0 R i = S L, O B8 5 5 o 2 e I B A 00 i = 7 X ol 484
A E A I L A B 4 B A/ S i s R R X 7 T AR o PR DA B ey SR i sk D A R [16] . R
AN B = AT AR U BR B AR R NS KA . SRR RN L AR R AR 5 R
P B THRERRAT A2 51 K WMH FIOCEERRTT . f2M & S R BLIRI AR K3, w1 i S50 1 S AR B S i)
SR LK |g Figk, S 2 MAinRiE IL-6. IL-8 /EF T I8 N B2 4, 51 M i B2 1 JORE [ v
[17] [18]. 3£ H., Andre Luis Bombeiro S£[19]7E#T 4= /N R A 4 0 FHLE TR Al 2 55 752 3000, Jl i MHC-I
RNA 4T g2M Rk, 4 5e sl i 5 R Gl XU B /R f2M (T BR B 2 T 1 o 240 R R A2 46 1
AR T IL-6 FIFRIE X R IAKALE T f2M i IL-6 (IFRIA, #E—2PAE Sz f2M 78 4 1 s w7 o i 5 B2 T
0 51 5 52 453 SV s DA P 457 9 P 5 [ 201 — T80 400 SI2 596 2R FH R m 20 fik 22 L 09 7542 A 3 K R e e R I
BB AAF 4510, f2M BG5S NLRP3 RIME/AMEMSCHIMEA RES 5 T Sl P2 K BRI 45145
[21]0 1S58 DA P9 KB KSR A S50 254, ARG /IS I SR 2 — AR BN Ik 4 R ML

B2M )5 2t A2 MHC-I FE4H IR e Rk M HEAE B E[22] MHC-1 2 508 2 45 1 B A
. BRI A IR MHE RO RPERAL, FRRME RAEME YN F B2 MHC-I RiE, — &R E LT
DL S HH AR A 2 2R Gt G 52 B 328 S () B [19] o AELIT R (IR 55 3 B 9 9 772 2 e P8 R 289 s e, R TR
JRANAE /D R BN« L ORI ZE L AFAE MHC-1 23 F 1 _E R, T3] JORE 8 %05 )5 » S2M FEBE MHC-I
Fik BT [23]0 WMH 25 205 B AU N 2 £ 4 1 (O B BES . Bl ot D SRR 4 BBt T[6]. B
FLINA, CD8+T 4HMl-5 MHC-I [H 42> 98 fise Jo 4 M AH B A FH AT RE 5 B3040 B 403 40 Rt s i, oA AF st R A,
DTN MHC-I 43 FRIA G IN AR Bt 0T 5 5 3500 9 B S 240 /R 43477, 9 L /D S o3 40 e ) e &%
FIPE LR IA MR ISR T p2M [24]. KLk, p2M 5 R0 2 22 G it 6 s A i o 40 P S 9 511 /2 WMH
[25], FFH., Linker RA 25 R ILAEH Z #2570 MHC-1 F1 CD8+T AL S2M+1/NR AR, AT LUK A= il 28 45245
FIBEHERN[26]0 XK F2M ST 28 el 545405 R B3 Bl 8 1) 52 i Al S2 - MIHC-1 R CD8+T 4fiJifd

AEERATTR, p2M LAEE R A, B /NER B H IR, 99.9% DL REAE FH 1% Uk 3 v 1
EEW, TEE/NE LA R, BEIRHE AR AM27]. Bk, RS T LT g2M KA
FOE, F2M 7KV Tt i v A A R 3 I el T REBEAIK . B2M A2 VAR B /N BRIt 26 ) JAE LY b
HEW[10], W] LALG LWL THEL Y EGFR B BUR b S W /N R UE IS Dy BE (28]« AL Dh R R & — > R Gk
AR I R, A B Bl A AR (AR P ML D AR A, A AR BN 38 1 (O i 550 B Ak 0L A 1 g e i T
REAT L 7] (9 M35 2= AR b B, 78 AT Re A JL IR R B A BEALAI [11] o BRI, B Th e 00 56 ) SR L 4R b
A BE A /N I B AR 104 . Oksala 25[29]3 B, EGFR [4 4 60 mL/min/1.73m? LA & 38 in i (455 42
ERSTfER R 2 . Johannes B.5:[2017F 1527 42 55 A 7L, DUEF A ER C. WLEF. BeiE
C FVLEFEL g2M X H(UACR) F1 EGFR % i Rl 5, S BT T 20 BT 743 Hi , EGFR K (=19 %2 %% 0.07 [95%Cl:
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0.01~0.15])F1 UACR &5 ([51 V4 2 %k 0.09 [95%Cl: 0.03~0.15]) ¥ f% WMH AR & . XIFASE[30] Uk 4E 62 151
WMH &3, X H T WMH F= 525 Fazekas 1175, WS DhREAH SCHRFR(IL. IR f2M /K- JREAEA
Z5), #id Spearman 4t it2EAH TS HILIE f2M JKF 5 Fazekas &4y S IEAH%(r = 0.252, P < 0.05), J§
B2M IKF2E HA TR bR -5 Fazekas & 73 A R BB B AH SGHE B FEIESE 1 BAILIE p2M I 5E ('S D65 WMH
BAREARME, HOEDhRetabsh SN WMH S BUR )84 .

HETET 2M 5 WMH 2 18] () S BN A BA B, B0 RIF 95 22 0 6] TR SR BT, W T B3R R R
(P EEATL B F0 v R S o SCIBRSE[31] Rl BRI N 222 5 545 23R I )y WMH ] CSVD &3, 4% Fazekas
HERARE Scheltens BRI AR EAMPREEH, W HE NG h EEHEE MG p2M K
SRR S TR EEAL(P < 0.05), Z K% Logistic [EIA53#T 7, 2M #& WMH 7 B R FE (1 8k ST f5 5 K 3% (OR
=1.685, 95%CI: 1.04~2.731). X5 AR 5T 45 R —5. (HAE T HEE[32]%) 384 A FF i 15T (white
matter lesions, WML) 55 25 () [81 i it 23 4 o, 4% 8 Fazekas $F4> A1 Scheltens £ B & %K WML 73 A%, .
HZ, LLIE f2M &8 H A B 17 Z K3 Logistic [B])H 734, 45 AR/ LIE f2M (OR = 1.636, 95%Cl:
0.869~3.345, P = 0.242)5 WML J*EREEH MM, ZRELRIFE L. SN T i E £ IF
B NBE, I ER A i 500 748 7 B AR B VPA R S A AL R AL A e 4 — 8, I T B 55
Gt RN ZER, RRNHEREANFEANLE. G ESRHERBE 7N LUEIE . AR A S5
ST AERS . HCY . HbALc 251 B N R 5 WMH (AR o4 45 5 BEAERT 7T — 20 I AHE 7
el S 510 A — @ WP E A S 08 B B — 8 JR PR« AHIF 78 25 T B o i PR BA 51 A6 i T B 7
T HFEARREN, AR EE R ETAFEANBER 2 doO KBS A #r s I HAWE K 0N &
HOYNE T WMH AL, AR TREZEN X WMH ANF RS 045 g2M AT SR AN g2M 1Eh
WMH A2 b5 SR IR UESE 3C8%, 9 WMH [ BT8R f2 5 22210 R (35 B .

E&ME
T B 25 R BRER I H (GZ2021007).
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