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[Abstract] Objective To investigate the predictive value of a modified Acute Stroke Registry and
Analysis of Lausanne (ASTRAL) score, in which the triglyceride glucose (TyG) index replaces the glucose
parameter of ASTRAL score, for poor prognosis in ischemic stroke patients. Methods This study was
based on the ischemic stroke database of The First Affiliated Hospital of Zhengzhou University. A total of
3393 ischemic stroke patients from January 2019 to December 2021 were enrolled. Baseline information
was collected, and the TyG index and ASTRAL score were calculated. Replace the glucose parameter of
ASTRAL score with the TyG index to construct ASTRAL-TyG model. Modified Rankin Scale (mRS) score
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was used to evaluate the functional outcome. Univariate and multivariate Logistic regression analyses were
performed to screen for influencing factors of poor prognosis. Receiver operating characteristic (ROC) curve
was plotted, and the area under the curve (AUC), net reclassification improvement (NRI), and integrated
discrimination improvement (IDI) were calculated to evaluate the predictive value of the ASTRAL-TyG
model. Results Based on the mRS score, patients were stratified into a good prognosis group (mRS <2,
n =2961) and a poor prognosis group (mRS > 2, n =432). Logistic regression analysis showed that both
increased ASTRAL score witnin 24 h of admission (OR = 1.156, 95%Cl: 1.133-1.179; P = 0.000) and
increased TyG index (OR = 1.731, 95%CI: 1.489-2.013; P = 0.000) were risk factors for poor prognosis
(Model 1, TyG index was included as a continuous variable). Increased ASTRAL score within 24 h of
admission (OR = 1.156, 95%CI: 1.133-1.179; P = 0.000), TyG index of 8.69-9.08 (OR = 1.445, 95%CI:
1.025-2.039; P = 0.036), and TyG index > 9.55 (OR = 2.103, 95%CI: 1.532-2.888; P = 0.000) were risk
factors for poor prognosis (Model 2, TyG index was included as a categorical variable). The ROC curve
demonstrated that the AUC for predicting one year poor prognosis was 0.754 (95%Cl: 0.728-0.779, P =
0.000) for the ASTRAL score and 0.768 (95%CI: 0.743-0.794, P =0.000) for the ASTRAL-TyG model. The
sensitivity was 65.05% and 65.97%, while the specificity was 74.23% and 78.01%, respectively. The
predictive value of the ASTRAL-TyG model was significantly higher than that of the ASTRAL score (Z =

2.084, P =0.037). Conclusions The ASTRAL score modified by the TyG index (ASTRAL-TyG model)

improved the predictive value for poor prognosis in ischemic stroke patients.
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Table 1. Comparison of clinical data between good prognosis group and poor prognosis group
Wb REAA BRERS gitm pin | wses MRt BRERA gt i
[ 451(%) ] 32260 0.000 ||K [ #1(%) ] 970(32.76) 95(21.99) 20.299  0.000
B 2118(71.53)  251(58.10) BRI NIHSS[ M (P, P,,) ,iF4F ] 3.00( 1.00, 5.00) 6.00( 3.00,10.00) 12.608 0.000
B/QcS 843(28.47) 181(41.90) ABEJE 25900 L4 (% ) ]
(5, %) 58.67+12.33 67.18+11.38 -13.525 0.000( Hiiii/Mzz54 2851(96.29) 376(87.04) 69.294  0.000
ieg 1 EE L4511 ( %) ] 1923(64.94) 295(68.29) 1.861 0.173| #ikEZsy 558(18.84) 151(34.95) 59.183  0.000
R[5 (%) ] 954(32.22) 157(36.34) 2911 0.088( KL 2939(99.26) 424(98.15) 4.100 0.043
FMBILAEB](%)]  305(10.30)  38( 8.80) 0939 0333 KHEZH 998(33.70) 154(35.65) 0.635 0.426
S0 1] (%) ] 380(12.83)  95(21.99)  26.258 0.000| L2534 1757(59.34) 260(60.19) 0.112 0.738
b 8 [ 451 (%) ] 119( 4.02)  41( 9.49) 25121 0.000 | TyG & %%[ M(P,;,P,;)] 9.07( 8.67, 9.53) 9.29( 8.83, 9.89) 6.438 0.000
fAE s [ (%) ] 741(25.03) 179(41.44)  51.369 0.000 | ASTRALLM(P,;,P,5) ,iF4}] 17.00(14.00,20.00) 22.00(18.00,26.00) 17.095 0.000
W 45 (% ) ] 1178(39.78) 114(26.39)  28.688 0.000

Two-independent-sample ¢ test for comparison of age, Mann-Whitney U test for comparison of NIHSS at admission, TyG index and ASTRAL, and
x> test for comparison of others , 4F % f{) b %52 SR FH W0 40 <7 FE 7R B9 ¢ K6 56, A BEF NTHSS $E43 . TyG 8 50 ASTRAL 43 A9 L 3247 Mann-Whitney
UK B, F A48 bR 10 L B AT x> K2 38 . NIHSS, National Institutes of Health Stroke Scale, 3% [# [ 57 T 4= #ff 7% Be 2% 42 3% ; TyG, triglyceride
glucose,JEHE] = i - %5 Bk ; ASTRAL, Acute Stroke Registry and Analysis of Lausanne , 1§ & 21 ik 26 vh B30 50 B
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Table 2. Comparison of clinical data and prognosis among patients stratified by TyG index
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e g e [ 1 (%) ] 35( 4.15) 76( 9.07) 106(12.46) 126(14.65) 58.696  0.000
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mRS T4y > 2 43[4 (%) ] 83( 9.83) 89(10.62) 103(12.10) 157(18.26) 33.661  0.000
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Y L Bk A X 2K 46 . NIHSS, National Institutes of Health Stroke Scale, 38 [E [E 37 T 4= fifF 5% B A~ 7 it % ; ASTRAL, Acute Stroke Registry and
Analysis of Lausanne , 3% 3% 2 M i 45 7 82 43 #1 s mRS , modified Rankin Scale, M K Rankin 1 3
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Table 3. Variable assignment of influencing factors for
poor prognosis in patients with ischemic stroke
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Table 4.

influencing factors for poor prognosis in patients with

Univariate Logistic regression analysis of

ischemic stroke

A5 b SE Waldy’> P ORfi OR95%CI
e 0.594 0.106 31.628 0.000 1.812 1.473~2.229
R 0.061 0.005 163.696 0.000 1.063 1.053~1.073
o0 I 0.150 0.110  1.858 0.173 1.162 0.936 ~ 1.443
B IR 0.183 0.107  2.905 0.088 1.201 0.973 ~ 1.483
5 G i -0.175 0.180  0.937 0.333 0.840 0.590~1.196
RN 0.650 0.129 25551 0.000 1.915 1.488~2.463
P Wi 0.918 0.189 23.604 0.000 2.504 1.729~3.627
Ji 4 v 2 0.751 0.106  49.774 0.000 2.120 1.720~2.612
WA -0.611 0.115 28.048 0.000 0.543 0.433~0.680
e} -0.547 0.123  19.920 0.000 0.579 0.455~0.736
ABE i NTHSS 0.150 0.011 189.352 0.000 1.162 1.137~1.187
YNGR A
P /MRZY -1.351 0173 60.898 0.000 0.259 0.185~0.364
TLHEZS ) 0.839 0.111 56.821 0.000 2.314 1.861~2.878
TIRZ5Y) -0.924 0416  4.936 0.026 0.397 0.176~0.897
FEREZ 4 0.086 0.108  0.635 0.426 1.090 0.882~1.346
W 244 0.035 0.105  0.112 0.738 1.036 0.843~1.273

TYGHRB(ESERE) 0.601 0.072 69.623 0.000 1.823 1.583~2.099
ASTRAL 0.157 0.009 274.486 0.000 1.170 1.149~1.192

NIHSS, National Institutes of Health Stroke Scale, 3% [E E 7. T 4=
WF 5% B A H i % 5 Ty G, triglyceride glucose , H 1 = i - 75 45 4 ;
ASTRAL, Acute Stroke Registry and Analysis of Lausanne, 3% 3% 2
PG A B L AT

95%CI:1.532 ~ 2.888; P =0.000) 42 7 J5 A K 1 e &
HE(%6),

R E TyG 6 $X A8 75 32 =5 ASTRAL T 73 % ik 1fi.
PE A R TS 1 T AL B 5 BR ASTRAL 143t
MBEPE A3 , 9 28 9T Logistic [ 4347 804 H TyG 48
B GELEAR B ) 5 ASTRAL P43 (B 4 1B 45 B ) 1 B
A3 hr, 3813 ASTRAL-TyG # #1 , ROC il £k W% ,
ASTRAL-TyG #5% 3 3500 ke 1ff 1 25 v B 35 &0 5 1 4F
i JE AN R A h 6T 1 AL R 0.768 (95%C1: 0.743 ~
0.794,P =0.000) , R 65.97% FF 7 E 78.01% , #%
Wi {E 24 0.137; ASTRAL 143 1 i & T i Bk 0.754
(95%C1:0.728 ~ 0.779, P = 0.000) , R ¥ 65.05% .
B S BE 74.23% BB M 1920 (1) . 5 ASTRAL
P53 A H , ASTRAL-TyG 55 7 {14 151 0 25 R 34 in (2 =
2.084, P =0.037) , Xf Tl 5 A 9 10000 ME R 2
1.50% (IDI=0.015,95%C1:0.007 ~ 0.024; P =0.000) ,
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RS BRIPEASPRE BUS R KRR R 5 2N
1 Logistic [ H 43 B (B8 1)

Table 5. Multivariate forward Logistic regression analysis
of influencing factors for poor prognosis in patients with
ischemic stroke (Model 1)

S b SE Waldx* P{i OR{H OR 95%Cl
5 0.167 0.134  1.554 0213 1.182 0.909 ~ 1.537
RN 0.269 0.145  3.462 0.063 1.309 0.986~1.738
Py i -0.517 0.242  4.576 0.032 0.597 0.372~0.958
i A e o 0.702 0.118 35.570 0.000 2.018 1.602~2.542
W A -0317 0.172 3393 0.065 0.728 0.519~1.021
ell] -0.132 0.176  0.568 0.451 0.876 0.621~1.236
H /MR 254 -0.793 0.220 12.987 0.000 0.452 0.294 ~0.696
BB 0.520 0.128 16.457 0.000 1.682 1.308~2.163
VR -0431 0.576  0.560 0.454 0.650 0.210~2.009
TyG B (ELEE)  0.549 0.077 50.903 0.000 1.731 1.489~2.013
ASTRAL 0.145 0.010 202.399 0.000 1.156 1.133~1.179
RO -8.886 1.363 42522 0.000

TyG, triglyceride glucose, Tl = 5 - 4 %49 B ; ASTRAL, Acute
Stroke Registry and Analysis of Lausanne, 3 3% & 4 i A< o & i
43 #F o The same for Table 6

1B H AR L T BB AR 23 2 1 BB o3 28 e ) R L
it (4328 NRI = -0.211,95%CI: - 0.261 ~ - 0.162;
P=0.000), #—Hr kB, ASTRAL-TyG #5 %1 X}
5 AN B 0000 A A R Uy 1] A7 AR R R (% 2k
NRI=-0.132,95%CI:-0.233 ~-0.031;PP=0.010) ,

5] it

A 5T Ry — T M K 2= 5 — B s Bs Bt ik
IR 2R o B i P B A BE 1 R b s 2 B X BRI ST
SRR TyG He BURIE N 1 A B, TS A B XUES
40N 73% 5 LA TyG 45 B2 18 ASTRAL 3F 43 v 1fi 4 45
P4 G 19 ASTRAL-TyG 55 B0k fife i 14 4 vh £ 2 K 48
(R Ja VAR TG AN R HA B i 100 4 18 .

TyG 8 B2 2008 4F 42 ) /) — Fh PF A6 B & 2 %
Ul AT ELOW AR S i B AR YR B,
AR T 2 Bl 1 12 0 B RO I AR, — 0
Meta 73 B i 75 , TyG 48 B2 ik 24 vh &2 % 1) fa i R &R
(5 W B 5% it 84 774 19 i 25 h 8 55 5 OR = 1.500,
95%CI:1.190 ~ 1.890, P < 0.01) , 78 K T J5 A B (1) fis
W6 R 2 (6 WA 5% 31 31 465 {5 Sl 1fiL 1 245 /2 3% 5 OR =
1.360,95%CI:1.100 ~ 1.690; P < 0.01) "™, TyG f5 %k
TE R 2 G A v NRE A R AL g B . —
T[] JESUE 20 A 183 91 4 32 P TR T I PR O P

R 6 BRI RS R R UG N R 3 2 TN AR
1k Logistic [8] 5 43 B (B #Y 2)
Table 6. Multivariate forward Logistic regression analysis

of influencing factors for poor prognosis in patients with
ischemic stroke (Model 2)

A g b SE Wald x> P ORfi OR95%CI
[ 0.200 0.133  2.263 0.132 1.222 0.941~1.586
RN 0.277 0.144  3.682 0.055 1319 0.994~1.749
P i -0.500 0.241 4311 0.038 0.607 0.379~0.972
i A v o 0.709 0.117 36.746 0.000 2.032 1.616~2.555
W2 A -0.302 0171 3.103 0.078 0.739 0.528 ~1.035
i) -0.137 0.175  0.613 0.434 0.872 0.619~1.228
P /MRZEY <0787 0219 12.875 0.000 0.455 0.296~0.700
2 0.530 0.127 17.324 0.000 1.699 1.324~2.182
FRRZ5Y) <0396 0.571  0.480 0.489 0.673 0.220~2.062
TyG #14k

02(8.69~9.08) 0.368 0.175 4.412 0.036 1.445 1.025~2.039
03(9.09~9.54) 0334 0.171  3.820 0.051 1396 0.999~1.951

04(>9.55) 0.744 0.162 21.142 0.000 2.103 1.532~2.888
ASTRAL 0.145 0.010 204.742 0.000 1.156 1.133~1.179
BT -4.385 1.209 13.151 0.000
1.00
0.80 1
0.60 1
by
Imi; 0.40 1
4 -l I WA
0.20 1 / A%TRALlT)?w .
P — ASTRAL-TyG #5i 1
S/ — SH%
0.00 020 040 060 080 1.00
1 - R

ASTRAL, 35 3& SuPE I A< o812 20 B 5 Ty G, H- il = 155 - 78 28 4

B 1 ASREALPES M2 ASTRAL-TyG BRI ROC i £

Figure 1 The ROC curves of ASTRAL score and ASTRAL-
TyG model.

A B BB ST 45 R WK, TyG F8 4 > 4.49 &
KWJE 3 A HIEETUE A R (mRSPES =3 40) 015
K B % (OR = 5.220, 95%CI: 1.390 ~ 19.570; P =
0.014) "o —IGUEF X AR IR P /DN L4 1A 2E 1 £ v
O AT BE T BA BB 5 B, TyG F8 B I 2 h 2 & 1Y
i K & (TyG 45 %L > 8.92 XF < 8.20: OR = 3.100,
95%C1:1.366 ~ 8.019) "' P4 % A th L WF 5 40 A
2288 il PR B ik 2 R R TyG 8 5 A
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Jo VAR i b & % WU A7 AR AR 2tk DG ' TyG 48
BORAUAE KU VA 7 1 2 A R 7R i) F T 46 S I
FRIGIT R . — T4 A 1002 15 % 9% if ] < 48 h H.
2 32 B BT AL /N A6 7 1 Rt 1 A< g 3R 1Y BA 8]
WFFE R, TyG 48 K00 n 2 i /N W B2 1o 1 34 5 % B
) DGR iR B8 B L N Al R M R AR R Y e R A
Z (0OR=1.689,95%CI:1.140 ~ 2.510; P = 0.009) "',
PG IA K, 36T TyG 46 £ I & = P ITAh vT LL9g
VAR USRS E R .

ASTRAL P43 J2& 2012 4F 2 H 1) 202 4k 21
s AR & IR 3 N A A R I RE 45 i (mRS 1F
Gy > 243 ) W i WU A 0 B2 L AR RIS 1.2
LRI OO T =) N2/ S 1 5 L A
ASTRAL P43t A B B AT DL bR S 4% Y 6 3046 A5 31
ENTTRC I o -/ N DR e =28 ke < R K1
EHm, B C ARSI UE , PR H i PR H 32 .
2025 4F [ — I /N A B BIF 5E R 7R, ASTRAL 3 43 %
K # I St RO 2R ORI S 98 2R BT B UG AS
B9 S50 M {8 AR >4 (it 268 1 AR Oy 0.768 X 0.773,
P>0.05) ", IR 2 = 60 2 oM il i A v iR E B2
F KA A YT SRS R I BESS R (mRSPE4r =343 ) Y
A E U 48 by (M 26 AR 0.771,95%C1:0.725 ~
0.813) " 3L 4 il 5 i A< v i J AH G 7 280 1ot A -1
f B Y Ok B 22 B 5T 6 51 A ASTRAL P43 3K
A5 ok RASEAY | DLAR A5 B Y TIOI A (E DT RN IR B
M, ASTRALVFAT 45 6 8H = A R LR A PPAG AT
LA e X P i A o BB O IS 1 AR AR AISE T
(mRSPE4r =3 43 ) KUK i T sk g e ok HAEE Y
— I BRI A T 25 B o IR 2 oK i B 7R ) PR 4
JIHIT A (NT-proBNP) F1.C> B F FR 8 JIK A1 44 v 8] 1 Bt
(MR-proANP) ] DL & =5 ASTRAL V43 (19 % 5] 1 K%
YA R RE AR08 T A v B S o 4 A
B RME 12 WG A R (mRSIE4r >248) K
G T IR B A AT 5T AR ok B i
FEI T LE ) hn 5 ) TyG #5305 A ASTRAL P43
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