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[Abstract] Objective To investigate the relationship between triglyceride glucose (TyG) index and
the total load of cerebral small vessel disease (CSVD) and its different imaging markers. Methods A total
of 202 patients with CSVD admitted to The Third Hospital of Hebei Medical University from January 2020
to May 2022 were selected. The clinical data of all patients were collected and TyG index was calculated.
The lacunes, cerebral microbleeds (CMBs), white matter hyperintensity (WMH) and enlarged perivascular
space (EPVS) were evaluated by MRI, and total load of CSVD score was calculated. Results 1) TyG
index and total load of CSVD score: Logistic regression analysis showed the male (OR = 2.245, 95%CI:
1.017-4.957; P = 0.045), increase of age (OR =1.084, 95%CI: 1.046-1.124; P = 0.000), hypertension (OR =
2.457, 95%CI: 1.189-5.078; P = 0.015) and increase of TyG index (OR =2.657, 95%CI: 1.353-5.216; P =
0.005) were risk factors for moderate and severe total load of CSVD. 2) TyG index and imaging markers of
CSVD: Logistic regression analysis showed the increase of TyG index was the risk factor of moderate and
severe WMH (OR =2.313, 95%CI: 1.095-4.885; P =0.028), CMBs (OR =1.690, 95%CI: 1.011-2.824; P =
0.045), lacunes (OR =2.087, 95%CI: 1.235-3.525; P = 0.006), moderate and severe EPVS in basal ganglia
(OR =2.005, 95%CI: 1.190-3.378; P = 0.009). Conclusions TyG index is associated with the total load
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and various imaging markers of CSVD, which can be used as a valuable biomarker to evaluate CSVD and

its severity.
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Table 1. Comparison of general data between mild total
load group and moderate and severe total load group of
patients with CSVD

B A 28— R BERY

Wb RELAER PARBAED g P
PRI BI(%) ] 1.634  0.201
B 51(56.04) 72(64.86)
Ltk 40(43.96) 39(35.14)
AR (R+s, %) 63.92+10.56  69.98+ 9.98  -4.184 0.000
WA [ (%) ] 26(28.57) 37(33.33) 0.528  0.467
A [ (%) ] 23(25.27) 33(29.73) 0.495  0.482
NGV E 148.84+21.09 150.67+20.32  -0.627 0.532
(x+s,mm Hg)
B i &7 5K 87.75+13.64  86.19+13.88  0.800 0.425
(x+s5,mm Hg)
F L[ (%) ] 60(65.93) 91(81.98) 6.823  0.009
BRI (%) ] 34(37.36) 50(45.05) 1215 0.270
LK [ (%) ] 19(20.88) 20(18.02) 0.263  0.608
ie3 g 1L (451 (9% ) ] 28(30.77) 34(30.63) 0.000  0.983
25 J I 6k 5.35 5.70 -2.247  0.025

[M(PH,PH),mmol/L} ( 4.80, 6.30) ( 5.00, 7.00)
TC(X +5, mmol/L) 440+ 0.96 437+ 1.24 0.191 0.848

e 1.03 1.15 -1.779  0.075
[M(P,;,P,;) ,mmol/L] ( 0.80, 1.39) ( 0.87, 1.66)

LDL-C(x+s,mmol/L)  2.60+ 0.72 251+ 0.89 0785 0434
HDL-C 1.16 111 -1.104 0269
[M(P,,P,;) ,mmol/L.] ( 0.97, 1.35) ( 093, 1.33)
Hey 13.75 14.90 -1.384  0.166
[M(P,;,P,;) ,mmol/L] (11.25,18.25) (12.10,18.30)
TyG & 4L 8.42 8.62 -2.388  0.017

[M(P,,,P,)] (1819, 875) (825, 9.09)

Mann - Whitney U test for comparison of fasting plasma glucose,
TG, HDL-C, Hey and TyG index, two-independent-sample ¢ test for
comparison of age, systolic blood pressure and diastolic blood
pressure at admission, TC and LDL-C, and X’ test for comparison
of others, 5% i Ifi. B . TG .HDL-C . Hey Ml TyG 4§ % #4 Lt % % H
Mann-Whitney U £ 55 , 45 8 A B I Wi 4 #1EF 5K LA & TC A
LDL-C 4 HE A R T 20 37 A 1) o A 56, FC A b 19 LE SR T X
K5 . TC, total cholesterol, 2 i1 [# i ; TG, triglycerides, Tl =
fig ; LDL-C, low-density lipoprotein cholesterol , Ik % J& i & 11 IH [&]
[ ; HDL-C, high-density lipoprotein cholesterol , i % J& I 2 (1 1
[ ; Hey, homocysteine, [ 18 2 it 2 R ; TyG 4§ 4% , triglyceride
glucose index, HJH = g -7iij 45 15 45 %4

ZARHE TAEFRAE (ROC) 28, 45 3 B 7R, TyG 8 5 i
T v R G /0N O A L B ATl 2T T AR R 0.598
(95%C1: 0.520 ~ 0.676, P = 0.017) , 5% 14 &% Wr 18 M
8.83, ML I Tl M R A FE A 44.10% 5 57 FE R 80.20%
(B 1) o MR TyG 45 Hiss A4 UK B 53 o0 I Ty G 48 %2
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5) 5, A7 78 BR 106 19 (52.48% ) | ki £ Hi 1fi 97 4
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Table 2. Variable assignment of influencing factors
related to total load of CSVD
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Table 3.  Univariate Logistic regression analysis of

influencing factors related to moderate and severe total

load of CSVD

T b SE  Wald x> P OR{§ OR95%CI

5 -0.370 0290  1.628 0202  0.691 0.391~1.219
I 0.058 0.015 15123 0.000 1.059 1.029~1.090
A 0223 0307 0528 0468 1250 0.685~2.283
R 0.224 0318 0494 0482 1251 0.670~2.334
ie4 I 0.855 0332  6.647 0.010 2351 1.227~4.502
R 0318 0289 1212 0271 1.374 0.780~2.420
O -0.183  0.357  0.262  0.609 0.833 0.414~1.677
FIRIMAE  -0.007 0307 0000 0983 0994 0.545~1.812
W i 0.004 0.007 0395 0.530 1.004 0.991~1.018
#ikIE -0.008 0.010  0.642 0423 0992 0.972~1.012
75 g 1 0.153 0.086 3.151 0.076 1.166 0.984~1.381
TC -0.024 0.126  0.035 0.851 0977 0.762~1.251
TG 0.504 0229 4835 0028 1.655 1.056~2.592
LDL-C 20136 0.177  0.594 0441 0873 0.617~1.234
HDL-C -0.458 0494  0.860 0354 0.633 0.240~1.665
Hey 0.018 0014 1476 0224 1.018 0.989~1.047

TyG & 4L 0.673 0.257  6.881 0.009 1.960 1.186~3.242

TC, total cholesterol, & IH [& [ ; TG, triglycerides , H il = fig s LDL-
C, low-density lipoprotein cholesterol , ff % J& g 2 11 IH [& 5 ; HDLL-
C, high-density lipoprotein cholesterol , = % & If 2 [ I [& % ; Hey,
homocysteine, [A] Y 2 b & AR TyG 18 %, triglyceride glucose
index , H i = 18§ -3 2 B 45 5L

A oo A R B AT SR I TR R B 2 AR
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Table 4. Multivariate stepwise Logistic regression

analysis of influencing factors related to total load of CSVD
g b SE Waldy P ORfE  OR95%CI
P 0.809 0.404 4.006 0.045 2.245 1.017~4.957
A 0.081 0.019 19.069 0.000 1.084 1.046~1.124
2 4 0.370 0.410 0.814 0367 1.448 0.648~3.236
o UL 0.899 0.370 5889  0.015 2457 1.189~5.078

mIGILAE  -0.001 0405  0.000 0.998 0.999 0.452~2.210
B PR -0.307 0368  0.696 0404 0.736 0.358~1.513
Hey 0.011 0.015 0553 0457 1011 0.982~1.042
TYGHEEL 0977 0344  8.058 0.005 2.657 1.353~5.216
WHO 214956 3341 20.038  0.000

Hey, homocysteine, [A] 784 2 e 22 R 5 TyG T8 50, triglyceride glucose
index , H i1 = i -7 %5 #li 75 %X

(24.75%) , % /1N 145955 6 97 ar 432 0 ~ 4 43, TR ir
H2(0,3)%r. SCTyC H5 841 L, = TyG 45 54l
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& G I E B (P = 0.000) | 8 fH [ B K SF (P =
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[ B2 K F (P =0.001) g (15 &5 5 5 BT 4 (P =

0.002) B H A (P =0.021) 8 B 5 KA I 8 A
BBl [B] Bt EE 451 (P = 0.017) 1R /0N IfiL 457 95 s 70 fr 3 43
(P =0.004) ¥ %5 5, 5 M L (P =0.033) Fi i % B
JI& 7 19 IH [ B2 7K SF (P = 0.008) 24 854K 5 Hi A 45 br 4
] 22 5F LG %8 L (¥ P>0.05,%5),
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T N A o i s e i M o N o A 3 T )
4 3 ] £ (OR = 0.671, 95%CI: 0.455 ~ 0.989; P =
0.044) , TyG 5 BT i 2 M 3 b 1l 1) fe Bz XL 3% (OR =
1.690,95%C1:1.011 ~2.824,P=0.045;10) ,

O &R Logistic [l 14 43 #7 & 7= , 4 #& (P =
0.018) . @& Il & (P =0.001) . TyG #§ £ (P = 0.010) J&
T B B A S W R 2 (R 6,11) 5 P <0.20 i IR &
A Z H R Logistic [0 J5 FE , 45 o, A 18 1 K
(OR =1.040,95%C1:1.010 ~ 1.071; P = 0.009) . & Ifil.
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Figure 1 ROC curve of TyG index in predicting
moderate and severe total load of CSVD.
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Table 5. Comparison of general data between high TyG

index group and low TyG index group in patients with
CSVD

WA b IETYCH Bl BTYCHREA pot e oo
X}L)if’*ﬁh— (n=133) (n=69) rfl:rl'glfﬂ P{E
[ (%) ] 4548 0.033
B 88(66.17) 35(50.72)
T 45(33.83) 34(49.28)
EWE (x5, %) 66.86+10.94  68.00+10.10  -0.718 0.474
WA 61 (%) ] 43(32.33) 20(28.99) 0.237 0.626
Y[ (%) ] 41(30.83) 15(21.74) 1.837 0.171
AR E 148.69+20.84 152.06+20.19  -1.100 0.273
(¥+s,mm Hg)
A B B &7 5 e 87.41+13.93  85.88+13.46 0.749 0.455
(x+s,mm Hg)
25 1 L% 5.20 6.65 -6.776  0.000
[M(Py,P,) ,mmol/L] ( 470, 5.90) ( 5.60, 8.48)
i [ ( %) ] 100(75.19) 51(73.91) 0.039 0.843
BRI (%) ] 41(30.83) 43(62.32) 18.547  0.000
s (%) ] 21(15.80) 18(26.09) 3.092  0.079
TR g ILAE [ 41 (9% ) ] 23(17.29) 39(56.52) 32.865 0.000
WMH P43 3.00 4.00 -3.161  0.002
[M(P,,P,;),#4%]  ( 2.00, 5.00) ( 3.00, 5.00)
B H(%) ] 62(46.62) 44(63.77) 5359 0.021
FEAE MR i 59(44.36) 38(55.07) 2.088 0.148
[#i(%)]
TEEEPVS[0(%)]  26(19.55) 24(34.78) 5.660 0.017
CSVD B 43 1.00 2.00 -2.919  0.004
[M(P,,P,5),iF4r]  (0.00, 3.00) ( 1.00, 3.00)
TC(F +5, mmol/L) 418+ 1.02 476+ 122 -3.570 0.000
TG 0.94 1.83 -10.172 0.000
[M(P,;,P,s) ,mmol/L] ( 072, 1.15) ( 1.48, 2.24)
LDL-C(Z+s,mmol/L) 242+ 0.78  2.83+ 0.84  -3.355 0.001
HDL-C 1.16 1.09 -2.651 0.008
[M(Py,P,) ,mmol/L] ( 0.97, 1.37) ( 091, 1.21)
Hey 14.60 14.00 -0.799  0.425

[M(P,,P,) ,mmol/L.] (12.00,18.60) (11.35,17.20)

Mann - Whitney U test for comparison of fasting plasma glucose,
WMH total score, total load of CSVD score, TG, HDL-C and Hcy,
two-independent-sample ¢ test for age, systolic blood pressure and
diastolic blood pressure at admission, TC and LDL-C, and X test
for comparison of others, %5 I I A WMH B4 . CSVD Ak 6 faf 21
43 TG HDL-C I Hey #Y LL 4% R H] Mann-Whitney U K25, 4F % LA
e Fisf WA 45 RV 5K B TC AT LDL-C (1 55 R 19 20 ST B A 1 o 2
5, HARIRAR A LR R o TyG $8 4L, wiglyceride glucose
index, H i = BE -#5 29 W 45 %0 ; WMH, white matter hyperintensity,
i RS E S EPVS, enlarged perivascular space, b N ol K=

[l [6] B2 ; CSVD), cerebral small vessel disease, Ik 7N Ifil 45 %55 ; TC,
total cholesterol, & JH [# §% ; TG, triglycerides, H i = fi§ ; LDL-C,
low-density lipoprotein cholesterol, A% %% B2 g 45 1 IH [ B s HDL-C
high-density lipoprotein cholesterol, R R A I A R Hey,
homocysteine , [F] 71 2 it iR

5 R AL & RARHLIE B (HOMA-IR) ™, =
ke B & 2R AR BT B9 AN [F] D5 T, HOMA -IR AR 2 T B
i £ FRARIL , S R it JR 2 5 410 ) ST U 7 20 9 5
(8 31 5 T L VAP B il = IR 1 0 4 L
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Table 6. Variable assignment of influencing factors

related to CSVD imaging markers
- it L
3 ) . .
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TE 51 otk F
&l i f
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RN i A
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Logistic [ 5 437 *

Table 7.  Univariate Logistic regression analysis of

influencing factors related to moderate and severe WMH*
Ak b SE Waldy Pl ORfE  OR95%Cl
I 0.075 0.018 18.137  0.000 1.077  1.041~1.115
70 1L 0.491  0.360 1.860  0.173  1.635 0.807~3.312
FARIMAE  0.547 0383 2037  0.154 1727  0.815~3.659
i R 9 0.622  0.350 3.155  0.076 1.862  0.938~3.697
Hey 0.033  0.023 1.990  0.158 1.033  0.987~1.081
TyGH4L  0.836  0.320 6.823  0.009 2306 1.232~4.317

*only variable indicators with P <0.20 were listed , {41 i} P < 0.20
I 7% & 8 b5 o Hey, homocysteine, [i] B 2 I 2 2 5 TyG 48 %,
triglyceride glucose index, H it = Mg -7 %5 B 5 %4

RS PEBEN AU E S AR R ERE S
% Logistic [ 5 53 #r

Table 8. Multivariate stepwise Logistic regression
analysis of influencing factors related to moderate and
severe WMH

AR o b SE  Wald x> P{i ORfi  OR95%CI
A1 0.089 0.020 19.432  0.000 1.093 1.051~1.138
TyGIEH 0839 0381  4.834 0.028 2313  1.095~4.885

WHO O -12.933 3542 13331 0.000
TyG 5 %4, triglyceride glucose index, H i = [ - 4 4 48 5L

9 MG i AR DGR e PR B L FR Logistic W1JH 43 #r
Table 9.

influencing factors related to CMBs*

Univariate Logistic regression analysis of

AR b SE  Waldx* P{i ORME OR 95%CI

A 0.440 0306 2.071  0.150 1.552  0.853~2.826
r LR 0.588 0.332  3.127  0.077 1.800 0.938~3.451
LDL-C -0.357 0.181 3872 0.049 0.700  0.491~0.999
TyGHE4L 0390 0238  2.691  0.101 1477  0.927~2.352

*only variable indicators with P <0.20 were listed, XA H P <0.20
A28 f: 48 HR . LDL-C, low-density lipoprotein cholesterol, % % i
g 2 A [E B TyG 48 4%, triglyceride glucose index, H it = i -
AR L

R0 A SR XK 2 [N BB 2Pk Logistic
5] 53 H

Table 10.
analysis of influencing factors related to CMBs

Multivariate stepwise Logistic regression

T b SE Waldy> P OR{§  OR95%CI
LDL-C  -0399 0.198 4060 0.044 0.671 0.455~0.989
TyGIEH 0525 0262 4014 0.045 1.690 1.011~2.824

WEOR O -4120 2177 3581 0.058

LDL-C, low-density lipoprotein cholesterol, % % & g 2 [ AH [&] F
TyG e, triglyceride glucose index, H I =R - A S 8

PR 2 2R I 4 WA, B Ty G 98 %0 32 2 R Ak
JEV A G CRI AR Jil e 2 28 BN b0 ) 1 5 W BURPE . — 0
3 AT HOMA-TR 5 1% /) 1L 4555 =2 8] 4 5 1 1 0F 5% &
L, HOMA-IR FF i £8 35 i /0N I A5 995 A2 57 £ar 37 53 7R
s AR TYG AR 8 S 25 A A BARIEIR 25 1 DG B

B HOMA-IR 538 7 B BB B R 5 K HT . A
TR R, 5K TyC B A L, m TyG 15 5%
5 Mk /0 178 7 v e DR 2% RIDORE B 9 R s B L o AR
JIT o E A T g (RS R R Ty G s AL i/ o
B9 B T PE 2 IR TH S 5 Logistic [543 M /R, TyG
6 BT v 2 v B A /0N A L B e A R R
VeI Ty G 8 50T AR SR PEA i /0N 1 8595 % A Rk e
DRV (14 25 ) 2 5 0

WEAE 1R 2 WF 506 TyG 48 505 i /) I 55 95 S [7] 52
B bR B Z G 6 R AT HRT, R BB 1 TyG
6 805 55 A A 5 kA R A O T T I R i
/NI 975 FR A Ty G 6 5305 s st A0 2 R 11 5 35 15
SRR B A L 5 T HOMA-TR 5 i 0% K bt
55 I i A A B [ B A R OG0 A A ) 3 A
PU A 0 RN o EE R ORI a0 A R BB () B BG4 B
BT AR R . AR RE R, S
TyG +65 £C2H W F1 5 = 15 5 B 140 i /0N 1 28 395 A 672
i PE 3 | B B v o0 B 7 A 1 i A5 ) L ) it 2
o L35 R AR TyG 48 404l , £ I & Logistic 7115 43
Br, Ty G 6 BT 8 2 v o B 1 1 0 5 15 55 L IS B L I
fole Hh L R R R T X K At A R ) B Y A
B R 2%, HE— IR 52 Ty G 8 %045 ki /I8 10078 0 5% 142
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R JEBAN SR K 2 A BN Logistic [11H 7347
Table 11. Univariate Logistic regression analysis of
influencing factors related to lacunes®

A b SE  Waldyx> Pfi ORfE  OR95%CI

A 0.032  0.014 5569 0.018 1.033  1.006~1.061
mIME 1172 0344 11.578  0.001  3.227  1.643~6.338
Hey 0.031  0.016 3479 0.062 1.031  0.998 ~1.065
TyGHE4L 0.653 0253  6.665 0.010 1.922 1.170~3.156

*only variable indicators with P <0.20 were listed, XHH P <0.20
Y A% 48 #5 o Hey, homocysteine, [A] 5 2 it & /R ; TyG 48 %%,
triglyceride glucose index, H i = [ -5 25 #5554

RA3 PR DY A AL A L IA] AT 5% B2
E I HLH & Logistic 7115 43 #fr *

Table 13.  Univariate Logistic regression analysis of
influencing factors related to moderate to severe EPVS in
basal ganglia*

B3 b SE Waldy* P ORM  OR95%CI

A 0.086 0019 20.037 0.000 1.090 1.049~1.131
BILE 0728 0426 2925 0.087 2071 0.899~4.771
TyGHHB 0696 0266 6839  0.009 2005 1.190~3.378

*only variable indicators with P <0.20 were listed, XHH P <0.20
RYAZ 48 BR o TyG 48 %L, triglyceride glucose index, H i = if - %
MR %L

T2 BN H R 1) 2 B R E L Logistic [ 1
o b

Table 12.  Multivariate stepwise Logistic regression
analysis of influencing factors related to lacunes
A g b SE Waldx’ P ORfi  OR95%CI
£y 0.039 0.015 6.809  0.009 1.040 1.010~1.071
e I 1.088 0.362 9.052  0.003 2969 1.461~6.032
TyG 8 4 0.736  0.267 7.564  0.006 2.087 1.235~3.525

RO 210227 2.648 14917 0.000

TyG 844, triglyceride glucose index, H 1 = [ - 4 4 48 5L

=3 VRN S N NN KL ) P S AL T SETE 4TS
E %41k Logistic [0 15 431

Table 14.  Multivariate stepwise Logistic regression
analysis of influencing factors related to moderate to severe
EPVS in basal ganglia

A b SE Wald x> P{H ORfE  OR 95%CI

AR 0.088  0.020 20454  0.000 1.092 1.051~1.135
TyGIEEL 0696 0266  6.839 0.009 2.005 1.190~3.378
RO -14.857  3.094  23.061  0.000

TyG 544 , triglyceride glucose index, H i = fig A B R B

P 3 W) 2 R A7 76 DB

H AT, /0 14995 v g 55 18 P i i a5 1%
VETE PN Bz Ty B B A B I G B R A R T 4L 4] TR
[ 9 B 5 L 48 E B R AL R AR AT O, R TR R
PRIALE A AS BARE T o 6T TyG 46505 ki /s 1 48
95 HH S B ML 1 o o8 A A A L 25 A b 2 SR
EHPE LR AT RE R AR (D) N D RE A . R
5 F HE P T 208 A BE LI 3B (PI3K) [ 5 5 5
I U R BRI, 22 24 RUEOTE B B (MAPK) 5 5
e S 3l PR IR BN, 1T PI3K 5 5 5% Sl vl 51—
AAL A (NO) =, MAPK {5 5 5% 53 i I 4t 1k 19 Je
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