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Abstract

Objective: To investigate the correlation between serum cystatin C (CysC) and triglycerides (TG)
with the location and severity of cerebral microbleeds (CMBs) in patients with recent small sub-
cortical infarction (RSSI). Methods: 79 patients admitted to the Department of Neurology of the Af-
filiated Hospital of Qingdao University from July 2018 to January 2020 and diagnosed with RSSI
combined with CMBs after MRI examination were selected, while 76 patients with RSSI not com-
bined with CMBs who were hospitalized at the Affiliated Hospital of Qingdao University during the
same period were selected as the control group. The general clinical data, laboratory data and
imaging data of the two groups were compared, and the risk factors of combined CMBs in RSSI pa-
tients were analyzed using logistic regression models. According to the number of CMBs lesions
and different locations, the patients were divided into groups based on severity and location, and
the association between TG, CysC and the CysC/TG ratio with CMBs was analyzed. Results: Com-
pared with the control group, patients in the CMBs group had statistically significant difference in
hypertension constituent ratios, moderate-to-severe cerebral white matter hyperintensities (WMH)
constituent ratios, systolic blood pressure, total cholesterol, D-dimer levels, TG, and CysC levels.
Binary logistic regression analysis showed that systolic blood pressure (OR = 1.019, 95% CI =
1.002~1.037), moderate-to-severe WMH (OR = 3.168, 95% CI = 1.488~6.741), CysC (OR =9.523, 95%
CI = 1.656~54.756) and TG (OR = 0.432, 95% CI = 0.228~0.821) were all independent influencing
factors for CMBs in patients with RSSI. CysC, TG, and CysC/TG ratios increased with increasing se-
verity of CMBs, and the CysC/TG ratio was statistically different between different subgroups (P =
0.0412). Serum TG (r = -0.255, P = 0.001), CysC (r = 0.223, P = 0.006) and CysC/TG ratio (r = 0.359,
P < 0.001) were significantly correlated with the severity of CMBs. There was no statistical differ-
ence in the comparison of serum TG, CysC levels and CysC/TG ratio at different location of CMBs.
Conclusion: Elevated serum CysC and decreased TG were risk factors for CMBs in RSSI patients,
and CysC/TG ratio had a better correlation with the severity of CMBs than both CysC and TG.
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1. 518

o /I~ 1fiL % 973 (cerebral small vessel disease, CSVD) & — 7l 22 Flif K 5| &2 i A /)~ LA 45395 A Pl L 52X
(RO S BT 45477 BT 51 R ) — R B IR« i BE LA S AR 45 G i . i f H I (cerebral microbleeds, CMBs) &
CSVD HyMAYFLAR AR —, BNy o ML SZ 45 ML VAR i 7 A 10 2 Bk I s 3R URR 5 ke (P AE R
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JBNNAUR % (susceptibility-weighted imaging, SWI)_EREUAME 5 58 B 51 1 /NE T sk O B P k. B 78 3R
B, CMBs 5 )\ 1 B A5 R SR [ 1 AU AH DG [1], o RUER v CMIBs (A7 TE A 2 Tl JE B8 22 bR 6 2]
UeAh, ST B AL R et 275 A 9F CMBs KA I CMBs /™ 552 5 /2 (i o P A v J 3 e ¢
A PR K BrEG T NS R BN R ([3]. HETHIWE R, AT K sh ks kol R
CMBs 7E[EBRE A i sE Sy B 5 2 & [4], Fk, 0 i~ /MESE(RSSI) B # & JF CMBs 1540
R 32 A 5 B R B . e 25 (CysC) AT H i =B (TG)7E BEAE AN 78 b L & B35 CMBs AR
K[5] [6], AHWFFTLL SWI 45 H NSk, 11 CysC. TG LK —# tbfH CysC/TG 5 RSSI ¥ &G4
I CMBs J CMBs /™ 5 42 F& A7 (1 AH S 1

2. WRRFE
2.1. HRIRIER

HESRIEEL 2018 4 7 H & 2020 4 1 HE&H 8RR B4 R H 43kl MRI K 12
RSSI & Jf CMBs &2 79 . [RIFIEHUT- 75 & 0K 57 B 8 1% B [A) J Be A~ & 9 CMBs 1#) RSSI &% 76 171
ERSTIRAL . NARiE: 1) FlY >18 %5 2) RSSI K& CMBs i 2+ B i/ &7 127 & IR
2021) HISELWIbRUE7]; 3) A5 HILH MRI AT SWI 4 %R, 4) AES5AMRE . HRbRik:
1) IGARBRE AR FAE A E: 2) FIANEI. B R LMt Rig R R B1555; 3) fitifn
XAA . AN KBRS > 50%%E; 4) S I EM. M. FFAVE R UL g i, 5) fH482 N
K FE . REFFRETE B R IE R FAC B2 A 2 it

2.2. BELFERE

TEA ISR B NGl I — ARG R BTk, SRIR =48 h5 SO B 58 hr . — RIBIR BERM B 408 . Mo
Wi . BFIKIE S e P R R R (LS « B PRG . O . MR s . PRI sR); SERG B R AR AR ABE 24 h
PERAE S I K I E 1) TG RHMEEE(TC). K% HFE F(LDL). =& & E(HDL). fEEH A,
R, JREE DUEF. JRER. AZHHiHE(WBC). BREHEEE(AST). BN EEALT). Eprbrik
FEIEAE(INR) . £F4EEE AR . D- 54k, CysC. ## CRP K RIAEME R (Hey). S8 F 4R 4E 5N
CMBs 1 WMH J5 28 15 . o

2.3. BBFISHIRE

CMBs f2 8 =12 WibnifE: CMBs 7E SWI FH R IUA/NETE BN ETE . FHE . WRMEINE S Wkt (B —
5 2~5 mm K/, ERANHEERE 10 mm), {BAE T1. T2 GHIARN A A BR &GS, RN S8R
B R IMAE R T S5EE CMBs AR 4 s S5 M % 0)[3] . #R4E CMBs Wikt E /R R, Wk dE
ML REE, WEEER 2~5 A B, FidEE > 5 AM[8]. & MARS X H CMBs B N
o P 2L Rz SRR B Jo R IX) IRFBLL GRS A == R 1 s0) A S (NI i) LAV A 4[9], Bk
ALK 1. WMH 248 T2WI F1 FLAIR BRI A TRIEPE R AR i =15 5, iR Fazekas &R M
FormEFRAE, s R R R SR AE Ry 2 A > 3 ar BN & H EL B WMH [10].

24. HRAE

ELe CMBs BHTEZLAN CMBs FAPEZAL ANBER 10—l R TR SEi = figbr LLAER A48 bs, FIH]
7€ logistic [0 AR 7341 RSSI i N A A2 CMBs IR R fER K 2K . 4l CMBs J kB DL (i B 73 A1i it
AT E R KR 4L, MR SE A 3RS CMBs IUAR ST
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(@) firt CMBs (b) ¥R CMBs (c) iRA CMBs

Figure 1. SWI sequence images of CMBs at different sites
1. REEBHL CMBs § SWI =L

25. GiHES

N SPSS 25 BAF AT HHR G0, BT s IEAS RIS R A Shapiro-Wilk (S-W) 77k, & %R
LIRS, BUEHER x £ sd Fon, P4LAIELAH t 1656, ZA R BRE T Z00 FIES
Or AT R HR A B (U A BR) R R, AEIAT BN R IR 56 o THECE R B o Bk, AR LR
KR . fERE R 24K A e Logistic [A143 41, A28 K F Spearman #H2<43#71. P < 0.05 %
INERAG S ER.

3. &R
3.1 FEEEIRKEREEEE

PINK) 155 Bl N, Tk 88 1511(56.8%), it 67 11(43.2%); “FHJ4ERS 62.57 % . CMBs [HPEZ 79
#1(50.97%), CMBs BHTE4L 76 11(49.03%). CMBs PH £ 3 vy LR Se M Akl . AP B WMH # Rk EL
PLE WA . TGy TC. D-ERARM CysC /K17 e G it % 5 (P < 0.05). P4 8 HAR AR AR LU 22
TEEN, VENE L

Table 1. Comparison of clinical data between the two groups

1 REABIRAR R LR

total (n = 155) CMBs 4(n = 76) R4 (n = 79) P{E

PEA(ETE, %) 88 (56.8%) 40 (52.6%) 48 (60.8%) 0.307
R (FF) 62.57 +11.51 61.76 +11.17 63.35 + 11.92 0.393

e LR S (1, %) 109 (70.3%) 45 (59.2%) 64 (81%) 0.003
W R385 (%1, %) 46 (29.7%) 24 (31.6%) 22 (27.8%) 0.611
SEE LT S (1], %) 11 (7.1%) 5 (6.6%) 6 (7.6%) 0.805
WS (1], %) 54 (34.8%) 25 (32.9%) 29 (36.7%) 0.618
W s (], %) 40 (25.8%) 16 (21.1%) 24 (30.4%) 0.185
54 i (mmhg) 152.50 (137.00~170.00)  148.50 (136.25~164.75)  157.00 (141.00~174.00) 0.026
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Continued

£75K I (mmhg) 85.00 (76.00~94.00) 84.00 (72.00~93.00) 86.00 (79.00~98.00) 0.083
ALT (U/L) 17.00 (12.45~23.00) 16.95 (12.00~23.15) 17.00 (12.70~23.00) 0.852
AST (U/L) 16.45 (13.43~20.50) 15.95 (13.25~19.65) 16.50 (13.60~21.00) 0.325

TG (mmol/L) 13.20 (0.96~1.69) 1.45 (1.06~1.89) 1.19 (0.92~1.56) 0.005
TC (mmol/L) 4.30 (3.63~4.89) 4.37 (3.90~5.09) 4.08 (3.29~4.72) 0.025
HDL (mmol/L) 1.20+0.25 1.21+0.24 1.20+0.26 0.766
LDL (mmol/L) 2.56 £ 0.79 2.68+0.72 2.45+0.85 0.062

fREE A 164.50 (111.25~246.50)  182.00 (122.25~262.75) 147.00 (98.00~238.00) 0.06

2 i K% (mmol/L) 5.41 (4.73~6.67) 5.47 (4.84~7.62) 5.26 (4.67~6.24) 0.075
JRZ A (mmol/L) 4.89 (3.99~5.62) 4.76 (4.06~5.42) 4.91 (3.97-5.72) 0.457
WLEF(ummol/L) 83.25 (75.63~92.58) 82.65 (73.73~90.60) 85.19 (77.00~97.30) 0.154
JREZ (ummol/L) 297.00 (242.25~346.25)  292.50 (240.80~325.40)  300.77 (243.00~367.00) 0.248
WBC (10°/L) 5.87 (4.96~6.67) 5.59 (4.97~6.43) 5.96 (4.87~6.77) 0.669
INR 0.91 (0.85~0.97) 0.91 (0.87~0.95) 0.91 (0.85~0.99) 0.504

A4 E R (g/L) 2.82 (2.35~3.07) 2.82 (2.23~3.04) 2.82 (2.46~3.13) 0.144
D- %A (ng/ml) 205.00 (120.00~389.55)  180.00 (92.50~389.55)  220.00 (130.00~389.55) 0.037
JIE3ME CysC (mg/L) 0.92 (0.79~1008) 0.89 (0.78~0.98) 0.96 (0.81~1.18) 0.007
#E#5 CRP (mg/L) 0.67 (0~4.26) 0.58 (0~4.26) 0.69 (0~3.53) 0.956
Hcy (ummol/L) 12.00 (10.39~14.18) 11.75 (10.40~14.08) 12.11 (10.30~14.30) 0.509
HhE# E WMH (1], %) 71 (45.8%) 20 (26.3%) 51 (64.6%) <0.001

B EASR(P < 0.05)HIk.

3.2. CMBs sl EFZAE YT 5

LA CMBs AR &, KB 55 CysC Fl TG 7E P [ EE R 3= il &2 P < 0.05 AN £ [K 3% logistic

B 5HT. S5 RE R4 E . P EE WMH LLE CysC LUK TG ¥4/2 RSSI 3% & CMBs [ 5200 [A]
#, SRFENE 2,
Table 2. Multivariable logistic regression analysis of risk factors for CMBs
% 2. CMBs Bl E &AM ZE % Logistic EJAH 4T
- OR fE ) 95% B 17X [d]
ESEN PR ZE Wald 18 P1H OR 14 - i
e L7 52 0.439 1.448 0.229 1.697 0.717 4,015
L% WMH 0.385 8.953 0.003 3.168 1.488 6.741
e 0.009 4,661 0.031 1.019 1.002 1.037
TG 0.327 6.560 0.010 0.432 0.228 0.821
TC 0.195 1.475 0.225 0.789 0.538 1.157
TRk 0.000 0.963 0.327 1.000 1.000 1.001
[ 0.892 6.377 0.012 9.523 1.656 54.756
B EAR R (P < 0.05) 1 .
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3.3. TG\ CysC K CysC/TG tLb{E5 CMBs mERENX R

BT SWIZ55R, Xt 79 Bl CMBs 4183544 CMBs MG T M= ERERE 04, iR Ed 17 $1(21.5%),
w24 30 1411(38.0%) , 5 2H 32 151 (40.5%) - A 7] ™= AR CMBs 43412 5] TG 7KF- 4373 4(1.582 + 0.8947),
(1.261 + 0.4225)#1(1.203 + 0.5049) mmol/L, #%4i[E TG K-V R, ZREGi¥EE L. AFEME
FEJE CMBs 43412 ] CysC /KF-43 ) °5(0.9975 + 0.3702), (0.9750 + 0.2957)F1(1.057 + 0.2948) mg/L, 4.
] CysC /KFPERLLITHE . NFEEMEE CMBs 2412 8] CysC/TG EAB /K4 514(0.7495 +
0.3547), (0.8235 +0.3191)#1(1.002 + 0.3868), #%41[A] CysC/TG Ltufa L L%, =R BG4S E (P
= 0.0412). ZERVERIE 2, 25 CMBs i# TG. CysC. CysC/TG HAE /K5 CMBs 4% spearman
FFMEHT, R EIR, TG (r=-0.255,P =0.001). CysC (r = 0.223, P = 0.006) /K73 %] 5 CMBs ¥ k- ¢
B 5 W USRI IEAH D%, CysCITG LuAii(r = 0.359, P < 0.001) 5 CMBs Ji k% & B # 1A, Himh

i
SLARARS CMBs A AT S S AOAHOCE, TR 3.

1.5 ns 3
ns
1.0 2
o 5
DD S~
S £
O £
> ]
“ 05 S
0.0— 0
R R EE e
() (b)

Figure 2. Relationship between each indicator and the severity of CMBs. P < 0.05

2. TE#EHRS CMBs [EEIREXFK. P<0.05
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r=0.223

0.24 ° P =0.006

0 10 20 30 40 0 10 20 30
@) (b)

Figure 3. Correlation analysis of each indicator with the number of CMBs

3. AEHEHRS CMBs B = MM X% 5347
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3.4. CMBs ®lE %5 CMBs X9 HEIER

Xt 79 % CMBs 415 # 4% CMBs #BAL 4, A2 9 (11.4%), RSS2 49 41(62.0%),
VRG24 21 1911(26.6%) . AHFLH, AFEEA CMBs 7340 TG, CysC K& CysC/TG LUE KR WGt it5 =
(P >0.05), VW% 3.

Table 3. Comparison of TG, CysC and CysC/TG ratio in patients with CMBs at different sites
%2 3. NEIFRL CMBs £ TG, CysC K CysC/TG 7k FLbH

HH IR A7 n TG (mmol/L) CysC (mg/L) CysCITG
i -2, 9 1.153+0.233 1.071+0.231 0.979 +0.335
TR AN T4 49 1.362 + 0.662 0.9804 + 0.324 0.834 + 0.425
REH 21 1.192 + 0.514 1.064 + 0.255 1.038 + 0.411
P1E 0.613 0.470 0.148
4. g

I 7N LB 5 o DR 9 DT /NI TR A, /N30 A e 28 198 i I L85 10 R DA 8 AR L 3 s oz DR 25 A
MM /N AT, SRR v I e L B R [RI 2R . [RS8 R = L R CMIBss B 22 [ 57 fi 6 [A]
Fo IXTTREIR A HOMRRE T s B P 5 A S5 3 i 9 0 A 3 CMIBs RZE G IRl . 38 SR 3 T i P /N I 1)
s, HLSRAE LB YIASE. SR1M CMBs 5 i/ L& i i A 5%, 275 &3 CMBs il RE sk
A N7 LR RS 2 5. R EXHT CMBs FIRF 7T K2 R T — A8 ¥, X+ RSSI
A CMBs B HIw s b

HRTIAA, B0 RS A S A A g 7 S0 b s L R B A9 A I 593 SR B [3] - i ML 2 CMIB's [t
TEREER, %K EE CMBs oA B LARIRECE T X O F . KIS IR %A T, Wi/Nal ok A g i g
BIFEAR . BRIARE AR B AR R AR AE, S BUNS K E BE R AR A i B R 4 &7 5K R T D Re ey, e e
M G VEFIME S 0. FATHRIBFE T, BRI R R CMBs 2083 BA T m it e i e Ao %2, J5
IR AT R A2 %o R AN R RF A A7 e ML 1 FB R 1) RSSI iR . 2RI R, Wi K 17 42 RSSI iR
HHIF CMBs MO fERRE, %488 BB Ui 6 CMBs 585 Ifsem, $&onIiik RSSI 4 5F
CMBs & 1R 67 U BRI R g4l FRIREAE KR4 R —3, WMH 1 CMBs 1R 4T
FEFEAICME[1L], A, [EZET5EE N AL, FRATIIRE 7t 45 F 2 AL /N3 ik P 26 1 o A 38 26 o v
W ) WMH 5 CMBs IR AE SRS AH G, 38 AT g [ 25 B L5453 47 AR 1 o J 5 s R v 1 Sy e i
P E I L BLAE RSSI B i N [12] -

£ RSSI A, FRATIWE I A FF A LI S 7K CysC AIRZKF TG 437l & RSSI &3 & I CMBs 1]
ML FERI R . CysC VR N—Fp BB i ARG HI I /1),  DATEE (s 26 BT A % 4l M b Bk, L mT
ANERE I BE, 5B /INE LT 8 A E RO 0 R [5] . CysC & — i IER I br £ 4, IEHE R K
LRI 250 Jk S A A 5 L 412995 BER A S [13] o B AR K i 1 2 P LA AR AL AR 65 440, AR PR BEL 0 156 L Al
ARHANET TR IA DL S A SV E , SV TR, 55 2 B i LR AR A iR AR R s . BEAE R T A
LA/ LA 95 BT, VB 9B IR bR 54, CysC Al CMBs 22 J) & 15 I AEAE AR S 51 1 AATTHIHIT 78 D40 o
1F 5 6L 22 RS Wi T W 707, CysC IR B /2 Kl CMBs 7™ 55 R 88U Fa bk - Jin-Biao Zhang %5 A & Vi
TR BAE B N e P A HE A0 i H 1 562w i 37 CysC /K P T+ R5 CMBs RIFEE R A DS, $27K CysC
AT S AR I R BT B R B, 1T Re S B 78 7E B8 )32 I A 4 45 [5] » (E f5E = /2, Mi-Young
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Oh %5 NAEMIF 78 A BB B P 2 v £ 3 MR b AR A B 1k i 25 R % CMIBs T2 L FESE S CysC AR IS o
[14]. Ub4h, 7E Jin-Biao Zhang %5 N JE4:HIWE 7L R ILIMLIE CysC X Jo A% s s i) e ifiL s N2 75 65
CMBs A5 RUF SN E[15], KW CysC Bl & MK Z 5 CMBs 1R AESNI ARG, BATARUE FLIRFE
7£ RSSI AFEFR A BLT CysC X CMBs KAIMASAER . CysC 25 CMBs A IHLHI H /T AN, {2
ST HATHIEEFE, AIReA LA LI Cys-C FEN-FINt B & B Bl 7], wlidid 2 5 40 i o1 J o 7= A= A
R r -, BRI/ BE A EAL . bAh, AR S SIEE N /N L i) i Hh R A, LT
Cys-C 1 Jy—Fft i 2 1) 9 0E K7 [16] [17] 0T RS 555 A9 B2 4% 4 2 0 S B . 55 Jin-Biao Zhang %5 A
WA R—58, AWFEHARWEE S| CMBs 5 CysC BRI St ST, X w] 68 HH T AT 70 Hh o -2 2 3
b, BRI CysCo A v I I A5 995 AR e B A I PR Pl s A2 (1 [R) e =, IX i B g il —
RS o

BEAE 2 T 5T R VBRI TG /K5 CMBs HImREAE G . AT RS 2 BB A g5 AL, MR
K- TG Al CMBs HIh ST M b6 R 35 R AEAE L - TG A 4RI AL R4y, AR/KT TG Al fE 4 S8 N
NI P9 2 ThREIRSE, MM S BB ST, XEMKT TG 54 JF CMBs fInTsedlsl. 54k, K
TR AR BUI -2 RS e FAANR A A EET TG K FHIREES . AT, KKF
TG X} CMBs 431 I M AEA [RIBfF 72 i 25 SR HE AN — %1, 7E Rotterdam B 7t Hf, BRI TG ZKF-5 it ifin A1
RAEREH: T CMB & UIMISR[6]. Mk, fE Reykjavik W 7R Y], BARH TG /K5 CMB X HE N
J%[18]. TifE Praveen Kesav (IR FEH, TG KK 150 mg/dL () 5535 58 258 5 LG (P = 0.002) B
CMB (P =0.022) [4], 1X&825 BA—FE v REIE T A B 7 NHE, CMBs 23 A7 PEAG AR TR R2 A5 A 13k
NG EVEAL ZE 57 AR, FATHIHE AR IE/KSE TG AIYE N CMBs BB fE R R R AE/EH,
H5 CMBs MIBURAEAE L FAE, R TG A MBIIGAR IR CMBs if B —E M E.

HATA B 7R TG Al CysC 38 LUAE X BE JRw B BAT — e 12 W (B [19], 17 2T AEALA I IfL A5 PR 45
¥, CMBs 115 —LAS ML E BEBRAAAE A AT/ R R, AEBelESE AW R CMBs 5 2 BURE R
B W R E S DhBE R &M 9E[20]. IXLELE IR R CysCITG LB fE CMBs BF 78 HF il REAFAERF 7B . F&
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