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[WE] BW HiT22 AL AEYFR (Light BioAge ) X2 FETIRIT A
P i M B A< (acute ischemic stroke, AIS) &34 90 d # & Dy RE il J5 9 BB, b &2 AIS
BRIy R AR ARG T ik SRAS O R EE S BEGE, A 2022 4F 1 H &
2025 4F 9 HFrp ERFABR A E M E S — BE Bt 2022 BETETRIT I AIS BB, DAA 90 d B R
Rankin #£5% ( modified Rankin Scale, mRS ) TF43/34H, mRS 0~2 23 T B EF4H, mRS 3~6 3 A7
JAARNRA. WHEBRHE S22 24 h WINFEZETERIF 1155 Light BioAge. R Mann-Whitney U K5 . »2
R0 LB L LR PEok) 5 il ad B[R R M 245 Logistic [M1543#fr Light BioAge 5 90 d Hil)a A K1)
MG, T2k T (VIF) ki gt . Spearman FiAHIE /T Light BioAge 530 PrAfv i
A 5 BRI FRESS (restricted cubic spline, RCS ) AL Mt - IO E R 5 ZikE TAER
fEMZ 455 De-Long f5 30 iFAN 25 FE AR NN GE . 45 5% 24 A 1 290 5 AIS 3, HUG K474 784
), e A R4 506 f, FijE A R 2H3LLk Light BioAge 3% 7 T i K440 [80.6 (68.8, 92.1) vs
69.0 (59.1, 79.5), Z=-11.257, P<0.001] ; M5 % Logistic [FIIH43#¥r 7%, Light BioAge 55 90 d T
ANREAHE (OR=1.042, 95%CI:1.034~1.050, P<0.001); I ZLKOEREAR L (S ilg. BiR
5 ). R [ 7 TAERFE B A R ATy . TOAST 4380 | & 28 FE 1 VA YT TF AR I ) 15 26 251
FRZRMNZE G, Light BioAge 15 90 d HUE A R AWM R (£85I OR=1.032, 95%CI:
1.017~1.046, P<0.001); #1448 5 VIF #) <2, Jo/"H L E LM, Light BioAge 5 S FRAEH#
EEEIEME (=0.799, P<0.001), RCS HAIE/R — HAFEIEL M IEmFE - RV KEHR (i
P<0.001, JEZE P=0.035), 5 RGBS Light BioAge JHiEf¥4E I ; Light BioAge il 90 d
WG B AUC 4 0.685( 95%CI: 0.656~0.715 ); 4 De-Long K36 Wi HL 4z, H: AUC 1 FSLBRAERS |
C RMAEM . I m AL (3] P<0.001), FMBemAL 5 Sk WiiE D 75.825, U 67.3%.
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[Abstract] Objective To explore the predictive value of baseline light biological age (Light
BioAge) on 90-day neurological functional prognosis in acute ischemic stroke (AIS) patients receiving
reperfusion therapy, and to provide a simple and rapid assessment tool for early risk stratification of
emergency AIS patients. Methods A single-center retrospective cohort study was conducted. AIS
patients who received reperfusion therapy in the emergency department of The First Affiliated Hospital
of University of Science and Technology of China from January 2022 to September 2025 were enrolled.
Patients were divided into favorable-prognosis group (mRS 0~2) and poor-prognosis group (mRS 3~6)
according to the 90-day modified Rankin Scale (mRS) score. Baseline clinical data within 24 hours after
emergency admission were collected and Light BioAge was calculated. Mann-Whitney U test and >
test were used to compare baseline characteristics between the two groups. Univariate and multivariable
Logistic regression analyses were performed to identify the independent association between Light
BioAge and poor 90-day prognosis. Variance inflation factor (VIF) was adopted to detect multicollinearity,
and Spearman rank correlation analysis was used to assess the correlation between Light BioAge and
chronological age. Restricted cubic spline (RCS) model was used to evaluate dose-response relationship.
Receiver operating characteristic curves combined with De-Long test was utilized to assess the predictive
performance of indicators. Results A total of 1 290 AIS patients were enrolled, including 784 in the
favorable -prognosis group and 506 in the poor-prognosis group. Baseline Light BioAge was significantly
higher in the poor prognosis group [80.6 (68.8, 92.1) vs. 69.0 (59.1, 79.5), Z=—11.257, P<0.001].
Univariate Logistic regression demonstrated that Light BioAge was significantly correlated with 90-day
poor prognosis (OR=1.042, 95%CI: 1.034-1.050, P<0.001). After stepwise adjustment for confounders
including past medical history (hyperlipidemia, diabetes mellitus), baseline National Institutes of Health
Stroke Scale (NIHSS) score, TOAST classification, onset-to-reperfusion time and treatment modality,
Light BioAge remained an independent influencing factor for 90-day poor prognosis in the fully-adjusted
model (OR=1.032, 95%CI:1.017-1.046, P<0.001). VIF values of all variables were less than 2, indicating
no severe multicollinearity. Light BioAge showed a strong positive correlation with chronological age
(r=0.799, P<0.001). The RCS model revealed a non-linear positive dose-response relationship between
Light BioAge and risk of poor prognosis (overall P<0.001, non-linearity P=0.035); and the risk of poor
prognosis increased with elevated Light BioAge. The area under curve (AUC) of Light BioAge for
predicting 90-day poor prognosis was 0.685 (95%CI:0.656-0.715). Pairwise comparison by De-Long test
showed its AUC was superior to chronological age, C-reactive protein, blood glucose and serum creatinine
(all P<0.001), suggesting optimal predictive efficacy. The optimal cut-off value was 75.825, with
sensitivity of 67.3%, specificity of 62.6% and Youden index of 0.299. Conclusions Baseline emergency-
department Light BioAge is positively associated with the risk of 90-day poor neurological prognosis in
AIS patients treated with reperfusion therapy. It is an independent influencing factor for short-term poor
prognosis and shows better predictive performance than several conventional indicators. Light BioAge can
serve as a potential biomarker for early risk stratification of emergency AIS patients.

[ Keywords ] Light BioAge; Acute ischemic stroke; Reperfusion therapy; 90-day prognosis; Risk
stratification
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AR B AN AR B R PR DI RRER S, AR
HRBE AL 2l RDTE A, 225 T, Uk,
HERG X ALS S8 HEAT R XS 73 )2, 2l A
ez Run R . AL Y SRR MG R
T B CEEER Y .

HailG IR 202 5 B PEAEfebn (AndpEs |
Bhlphs . RIEH ) Z MR Tetr, MELI4:
AT S e S8 2 A A A LIRS 5 TR AR A4 S
A B A B s il se, (BRI 2L
M e AR I A )R, ok e 2tk .
A R R B0 R R AE 4R RS (Light BioAge )
SEFET A A R AL AR AR IR B, Y
TS PR AE WY . I LR (serum creatinine, CREA ).
MLAE ( fasting blood glucose, GLU )} %J # ¥% ¥ J
] C W H ( C-reactive protein, CRP ) R AJ {14,
M LRSI E iR 2 a2 AIS A2 HT I F
VAT H , AJfE OB I ARG R, B d
Y T RO 3 M BETERFFTIESS, Light
BioAge ] A3 Tl AFE R PET . 255 A4
AU Ko M o i Ji , (H AR 4232 PRVE VIR T 1Y
AIS B PG P A E R R I . ABHSEE
[lEiPE ABIAISY , R EI2 4L Light BioAge 5%
TR R AIS B R 90 d TS AAR DG,
BRI AIS A TRAE—Fh AT, Pk, mr4fE
IR 3= TR
1 #REFE
1.1 HARITE

A g B BB BR S BF5E, 0 2022
AE 1A #2025 4 9 H TriERFEREAR R R S
—BEBE (ZBASLERE ) 22 HEEIRIT R
AIS B . ARRUE : (1) 56 (P E s
A iz ia Fa rE 2018 ). Hh 2R sl il P fik A<
LifE R 2023) P g AIS 2 WibRAE, F 4k
fiiit CT B¢ MRI K 28 HEBR it N HI I 5 (2) A& 24 h
W2 B ) FRE RT3 (3) 22 ABE 24 h N
SEAHC LI A 5 (4) A0 90 d Bt R Rankin
% (Modified Rankin Scale, mRS ) ¥F43Bfiii ek}
SERE . HEBRPRUE : (1) AW A AR T HEZE mRS
Vo >2 oy (FEFERRE M TRe sk )5 (2) /IF
JUEERYL . BN . A B RREtE . LRI
B UIRe 5 (3) ImMIREEL VIR RIA SR, T
258 BRI PP

A 5T 28 vh [ RS BOR K2 B8 5 — R B
A B 22 B S it il ok (L5 : 2026-RE-
211), PRSI AT,  SRHEEE G 8 S [
&o 90 d 1Yy mRS FEUIPEAL A L 24— bR ik i
Y, PG EREXT B HELL Light BioAge X H , THPR
45 S A B A
1.2 ARAE
121 GORhSE Sl PR B T T R AR B E
PIFELRTORE, dE « (1) NF2RRRE - 5], SR
RIS 5 (2) Rt s - mE . BEIRAG . TR
iE L D P5EIE) 5 (3) IGIREHIE « 22 ABER 5L 52
E 7 DAEWFFE B4 i i % (National Institutes of
Health Stroke Scale, NIHSS ) #¥43. TOAST Ji% X 43
R R IRYT O (R Al IR A . Al A
PO . BREEIRYT ). RN Z BTG YT T AR e ]
[ K9 2 i K i #e 45 25 ) 18] ( onset-to-needle time,
ONT) / 9w 2 e sl ik 28 JI B[] ( onset-to-puncture
time, OPT ) |, fEPE K%L ; (4) SLEELEIR : 212
ABE 24 h BT UK AY . CREA . GLU , CRP /K-,
A RIS PR A BE A SR E i, SR FHGE— R A
i At
1.2.2  Light BioAge 115 £ Hao % " I A
A3 : Light BioAge= SEPRAEHY (%) +8.3313 x
CREA (mg/dL) +0.8270 x GLU ( mmol/L ) +
5.7305 x In(CRP, mg/L)-13.5298, />4 45 b5 8o f
JEREULED, THREE G 2 A X S
123 Z5JRdatn AW 2L TR bR o B E T
KI5 90 d MM DIRETUS, KA mRS W27
filfio HRHE & 90 d 19 mRS PEAMKE Ay A
WG R4l (mRS 0~2 43 ) FIHUS A KR4l (mRS
3~6 77 )o
1.3 FitEF*

K1 SPSS 26.0 & R 4.2.0 A HEAT8EH 34 -
A AR IEA A 0T ORER F A 185 DU o7 %)
M (0, 0y) 13w, HIH K Mann-Whitney
Uk 5 ORI (AL [n(%)] 1,
4 8] FL A R FH ¢ K 5. SR F Spearman Bk AH G 43
BT Light BioAge 55X BRAFE I AU AR CPE. SR LI
% Logistic [ 43 Hrifi k5 AIS 3 90 d 5 A
RAHSCHZm R 2, B RIEE P<0.1 )5
£ (54 Light BioAge 2 3 A1 5 i CREA |
GLU. CRP) 4§ AZHEK Logistic [HIHFHAY ; #F—
A LA Logistic [FIIH (& HFE A RITR A=A
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RES) Wik Rt R 2k HE
( variance inflation factor, VIF ) & I #5i Al &2 5 H 2k
o SR FHBR il 14 37 77 £ 4% (restricted cubic spline,
RCS ) #8734 Light BioAge 5 AIS H 3 90 d i
Ja A R B - W R a2 sz T
YEFFIE( received operating characteristic, ROC £k,
TR AARPRAT AIS B3 90 d FJm A K A TIUMIALRE
WA TP AUC 125 5 o AR dme (3 1 20 B 45 50
7E Light BioAge Hefdili S, [R]85 b7 8k
BE L ORRRREE . MERRER . PRYE/ BAESINE . KoK
#E a=0.05, Lk P<0.05 W22 SA it # L

2 HB

21 WMAMRNKERFR LR
AT I ATT B BRI ALS B35 1290 4,
Hr s R4 784 1 (60.78% ), s A R4
506 i (39.22% ). S#i)E RIiFAM L, FHEAR
ZH R I SEPRARRS . JEZE NIHSS 43, ONT/OPT,
fE B K%, 55 B s i lb. CRP. GLU, Light
BioAge /K V¥ T Hlfa R ardl (35 P<0.05); &
MRS S0 L BE A . TOAST 43 . FEFENIAIT )
RERAGIEE X (¥ P<0.05). gL &M
B MR R . BEIRSAE S . CREA /KF-22 500
GiitepE X (¥ P>0.05). W31,
2.2 Light BioAge 5 AISEHE NV dFEAR K
Logistic ElV35#7
22.1 HLHE Logistic [MIIH43 87 L AIS & &k
90 d G AN ECRAR R, ISR 1 T S A o A
AR TR 2 Logistic [FIFAMT, Z5RER @ PR
%, LightBioAge. CRP, GLU. fillilfgse . premss .
BE 2% NIHSS 143, TOAST 4+ %, JA 97 )5 . ONT/
OPT ., fEBE A S AIS B 90 d A A (1
P<005), W32,
222 ZHR Logistic M8 DL AIS & A%
90 d FilJ5 AN Kb A8 i, D Light BioAge iy H X i,
Fa i 2R Logistic [A11H, & AR IR 42 E 510E
IR R R, BT 1 RPN MIRANE B
2 R T REA S (R . BEIR ) R 3
PR T R (AR . BEPRAS ). TOAST 344
2R NIHSS P43 A5 4. 4% 1 RE AR s ( =il
BRI ). TOAST 431, FE£k NIHSS #¥4r. OPT/
ONT. VA7 fERERE. Z5RNIR 4 JZAIT
Light BioAge Yo TN R AN faf 2R, A

xR Widl AIS BEFEAGRLR

Table 1 Comparison of basic characteristics between the two

groups of AIS patients
e e R Ar2H i EEN=E ,
b (n=784) (n=506) Zi¢ {5 P
P 0.148  0.700
5 521 (66.5) 331 (65.4)
I 263 (33.5) 175 (34.6)
SBRAERY () 64(56,73) 72(62,79)  -8.767 <0.001
YRR
i I 513 (65.4) 345 (68.2) 1.043  0.307
Wi PRI 178 (22.7) 124 (24.5) 0.557 0.456
o 1L 141 (17.9) 22 (4.3) 51.805 <0.001
5 Bt 133 (16.9) 150 (29.6)  28.872 <0.001
L NIHSS 713 6.0 (3.0, 11.5)  15.0 (11.0, 20.0) -19.117 <0.001
TOAST /34 * 223.938 <0.001
CE 135(17.2) 141 (27.9)
LAA 273 (34.8) 320 (63.2)
SAA 363 (46.3) 36 (7.1)
SOE 7(0.9) 3(0.6)
SUE 6 (0.8) 6(1.2)
BT 217.688 <0.001
Wbk 480 (61.2) 100 (19.8)
LA PR 253 (32.3) 359 (70.9)
iz eyi 51 (6.5) 47 (9.3)

ONT/OPT (min) ° 204.0(120.0,330.0) 321.5(194.5,510.0) -9.022 <0.001

fEBE RS (d)°  7.0(6.0,9.0)  9.0(6.0,13.0) -6.653 <0.001
SRR °
CRP(mg/L) 2.1(09,5.6)  4.0(1.5,16.0) -7.229 <0.001
CREA(mg/dL)  0.8(0.6,0.9)  0.8(0.6,0.9) -1.627 0.104
GLU(mmol/L)  7.0(6.0,8.7)  7.3(6.1,9.5) -2.666 0.008

Light BioAge”  69.0 (59.1, 79.5) 80.6 (68.8,92.1) -11.257 <0.001

TE B (%), " H M (O, 0y) 5 CE ML IRTERZER, LAA K
KB REREALTY  SAA R/INEh kA ZEL, SOE Ay H:Ab W (K 18
SUE A% R AL, ONT/OPT A& i 2 Wik e 4y 25 0] / 9
ZR Mk eEgIE R, CRP N C M1, CREA MIMLLEF, GLU
Sy I

4 : OR=1.032, 95%CI: 1.017~1.046, P<0.001, #&
el A5, Light BioAge BiFtiE 1 %/, HETI
Ja AN KBRS 1.7%~4.6%, W3 3.

Spearman % #H ¢ il 7R Light BioAge 5 S PR 4F
WA B IEA O (7=0.799, P<0.001); H:£k1kie
Wb A R AR 1 2RI (VIF) <2, 4
PR (BN 4) fT 2B, 25 IR
JiG A5 & VIF ¥ <2, /R o™ i 2 d Ak
2.3 Light BioAge 5 AIS &% 90 d HiE R~ R 87!

E-RNXFE

RCS BRI/ HT45 3 R, Light BioAge 5 AIS
BRI 90 d TS AN B XURS: S AR 4R M 1 ) 571 6 -
R F (B K P<0.001, JEZkPE P=0.035), B
# Light BioAge Jh 1, AIS & &% 90 d il 5 A
K1 OR{H 2 HF4L [ FH#a %, Light BioAge # i,
PG A B XS e (1),
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R2 P AHETIRYTIY AIS B 90 d TS A KLY HLH 2
Logistic [P 534

Table 2 Univariate logistic regression analysis of poor 90-day
outcomes in AIS patients receiving reperfusion therapy

fabs Bl SE  Z{§ PIH  OR{H (95%CI)
PR (Zvs. 5) 0.046 0.120 0385 0.700 1.047 (0.827~1.326)
FBRAERE (%) 0.040 0.005 8.080 <0.001 1.040 (1.031~1.051)

Pl (G2 vs. 45 ) 0.124 0.121 1.021 0307 1.132(0.892~1.436)
WG (vs. /) 0100 0.134 0746 0.456  1.105 (0.850~1.437)
FIMIE (fEvs. 5)  -1.574 0237 -6.640 <0.001 0.207 (0.130~0.330)
G (5 vs. #5) 0.724 0.136 5.318 <0.001 2.062 (1.579~2.693)
FELE NIHSS W4 (48) 0.171 0.011 15460 <0.001 1.186(1.161~1.212)
TOAST 43

CE 1.000 (Reference)
LAA 0.115 0.146 0791 0429 1.122(0.843~1.494)
SAA 22354 0.212 -11.096 <0.001 0.095 (0.063~0.144)
SOE -0.891 0.700 -1.272 0203 0.410 (0.104~1.620)
SUE -0.043 0.590 -0.074 0.941 0.957 (0.301~3.042)
TRITRT
e 1.000 (Reference)
JIIRERRREES 1919 0.137 13.984 <0.001 6.811(5.205~8.912)
WHRTT 1487 0230 6461 <0.001 4.424 (2.818~6.945)
ONT/OPT (min) 0.002 0.000 6.846 <0.001 1.002 ( 1.001~1.002)
FEBERAEL (d) 0.101 0.013 7.711 <0.001 1.106 (1.078~1.135)
CRP (mg/L) 0.015 0.002 6364 <0.001 1.015(1.011~1.020)
CREA (mg/dL) 0.195 0.139 1401 0.161 1.215(0.925~1.595)
GLU (mmol/L) 0.034 0.017 1971 0.049 1.034 (1.001~1.070)
Light BioAge 0.041 0.004 10.534 <0.001 1.042 (1.034~1.050)

T CE WD IR ZERL, LAA JyRENKHAEREL T, SAA N
JINE K P ZE 9%, SOE Sy HiAth B 1 95 K 80, SUE i A B 95 PH 384,
ONT/OPT A & i 25 it ki A4 45 245 B [ / o 2 e 3 Ik 2 ol sf [
CRP 4 C R %%, CREA MIMWLEF, GLU Al

2.4 ZI5HRTM AIS & 90 d Fi/E A R A ROC

ih £k AT

ROC il 28 43 BT 45 % & 7/, Light BioAge il
M AIS % & 96 90 d Tl 5 A K ) AUC K 0.685
(95%CI: 0.656~0.715 ), i F L PraFis ( AUC=0.644,
95%CI: 0.613~0.675 ), CRP ( AUC=0.619, 95%CI:
0.587~0.651 ). GLU (AUC=0.544, 95%CI:
0.512~0.576 ) & CREA ( AUC=0.527, 95%CI:
0.494~0.560 ). £ De-Long K 50541 AUC W HL32
LightBioAge [ AUC 735l 5 SEPRAEI (P<0.001 ),
CRP ( P<0.001 ).CREA ( P<0.001 ).GLU ( P<0.001 )
Feie, ZR¥A g2 E X, 7R LightBioAge X
AIS 3 90 d filfe A R py fisk se fe . (11 2 ),

Light BioAge #ERfI A 0.655 (95%CT: 0.628~0.681 );
B FE R BT(E Ry 75.825, X AL AU B 24 8 Kk
0.299, U 0.673 (95%CI: 0.641~0.706 ),
SEJE M 0.626 (95%CI: 0.584~0.669 ),  BH M 7 il {1
9 0.736( 95%CT: 0.704~0.769 ), B ML 7 0.553
(95%CI: 0.513~0.594 ),

3 e

ARG T R ET X 202 ALS 232 BRI I

R 3 ZHU Logistic [T HAIE Light BioAge 15 AIS 2 90 d /5 A B A IR

Table 3 Multimodel logistic regression analysis validates the association between Light BioAge and poor 90-day prognosis in AIS

patients
H FR 1 R 2 B 3 FR 4
N OR (95%CI) P& OR (95%CI) P& OR (95%CI) P& OR (95%CI) Pi
Light BioAge  1.042(1.034~1.050) <0.001 1.037 (1.029~1.045) <0.001 1.028 (1.019~1.038) <0.001  1.032 (1.017~1.046) <0.001
10 #1EP<0.001
{4tk P=0.035 £ 0
— KRS
— CRP{mg/L)
8 —— IEFH{CREA)mg/dL
—— [LFE{GLU)(mmoliL)
— Light BioAge
6
= il
3 &
5

0.
20 40 60 80 100 120
Light BioAge

B 1 Light BioAge 5 AIS 4 90 d Hi/E A R KUY RCS HhZE[E]
Fig 1 RCS curve graph of the 90-day prognosis risk of poor outcome
in patients with Light BioAge and AIS

2 FARVRIIUN AIS 3 K9 90 d TG AR ROC [HiZE A
Fig2 ROC curve illustrating the prediction of poor 90-day prognosis
for AIS patients based on each indicator
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B, 1T Light BioAge X 83 90 d i At i )
Hrfl. WFFTIESE Light BioAge 5452 FRE T IGY T I
AIS B3 90 d AN R 95 KRS &2 W 3 IEAHOG, 2R
FE TG AS R s R 2, B Ee it
TSLPRAERY . CRP, GLU, CREA F{E4 —38hr,
RZIZ ALS A R XU 3 )2 P it T —F o A
fAifE . DU S T H
3.1 Light BioAge £ &2 AlIS #H= THIIMES

975 T 4E TE L 551

A WA T 2R S AL ) 3 2 R R S A
TR FOIRAS, B PRAR I T RERS M 00 2 fE JERE AR
HHIEIRSS o BRI CUESE, sl iy A= P 4F
U St o A e R I A A £ e 1
I A B AU P Light BioAge /3T X
UFA K A AL ) B R A AR Y, A SEBRAR
WA b, G T R DB L . Sk
ARIFERZS B 1008 % S W 4 B S E K SF- CRP =4~
NS (=t ] e X DR VIR NS AU o A ) =
DR BAETALTT 4 202 H WA AT P B TPk
WE, fFE2a12 "W PFEE . PJUsR” il
IR K o ARG R BN, WG A R4 EE I
2 Light BioAge /K1~ & & T WG RIF4H, HRER
Logistic [Fl 9437 {7~ Light BioAge B34/ 1 4~ 5
£, AIS B3 90 d W A R A9 KU S Tm 4.2%, H.
2 Z BRI R R 2 ORI R e A, PR
S22 528 Light BioAge TH i /& AIS 32 FRE R R
I7 RE TS AN R ST fE R R 2

Light BioAge fRFRIAI AL S AIS 1Y% AE K Jg
WEEVIA ., RAER N5 AIS J5 644U 9 5E
PR YIRISE, AIS ARG, BRIALEAE NS
2 B RNE N, KA S B R, ] il g 57
(RT3 N =R AR €k iDL DI N KA
BE M2 REM A U, CRP TR LT A Uk
EGHUAREE G Je 9 0E I 0 7™ B R B B AR AR OG, 2
—FPEZE N REREY T AR EIEE, A
Bt CRP 7KV Fh i 552 FRREVEIR YT Y ALS S5
ZDIRETUR A BB PIAE U, AR SIESL U R
R 4] CRP /K s Rif4l, H CRP H2Hi5
AR A7 K 2%, Light BioAge il g A T X}
BOL A0 CRP, ] [A] 452 S B ALS Ji5 1 28 E 4 47
BE o MUE i AT S8 A IR AT L O W I A a5
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