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HE . BN 5 hd s dif 58 F—1a(HIF-1a) A 2 5045 S5 5 5 B 4L B (NSE) | B 2 ph s
(Hey) K 5 2otk B do b i 55 (AIS) AIAF R EEAVZ M £ Z . TR @B DM 2022 5 1 A —2024 4
S5AIM A AR ELKE 96 4] AISANTF REH GIERTA, REMANEFAABEBRLTA
2 AP 22 o fk B 3R (NHISS ) #F 2~ 2~ 4 e B B 4 40 (NHISS #F < 15 9°) 50k B R4E 28 (NHISS 7 49= 15 %) .
G BHEOMEARET N, REBANELFTH A L HIF-1a NSE . Hey K-F . KA 5B & —M&
Logistic B )2 B2 8 547 AISAANF R EF AW Z ey Hoa B £, Lh 4K F TS (ROC) W &5 4
# HIF-1a \NSE Hey 3T AISINA F R & F4h 2 ) fb 8 Bk I R TR M E . 53R 96 6] AISHAF R
B P 27 4] NHISS #F 5> 15 % R B R 5 57 % & & 3 3h bk sk % b WL | e 7F NSE \Hey K-F 3% & T
W E AR (P <0.05) 5 dn 7 HIF-1o K -FAK TR A RAFA (P <0.05) . % B & —f& Logistic )2 547 4 R 2
T A5 g 4 [OR =2.950(95% CI:1.039,8.378) ] . 31 2 sk % [ OR =2.560(95% CI:1.029,6.367) ] .
1% HIF—1a K F [ OR =0.144(95% CI:0.049,0.420) ] . % NSE K [ OR =1.215(95% CI: 1.074,1.374) ] . &
Hey 7k [ OR =1.466(95% CI: 1.220, 1.760) 3 % AIS AN F K & %40 2 2 b Sk M AL RAE#) S 10 B &
(P <0.05), ROC ¥ & 5 #7 4 R 277 : HIF-1a \NSE \Hey AT AISASANF R & £ 40 2 9 s e B R
fE G W & T @A A 0.954(95% CI:0.901, 1.000) , BB 2 92.60%(95% CI:0.905,1.000) , 5 £ — 35 47 49 b
& T @ARBA BRI, ZF A% FEL(P<0.05), mE E—3Aeg4d ik, 2 F At F &L (P>
0.05), Z5it  fiF HIF-1a R -FHAK, NSE Hey R -F4% &, AISINAN T K & FA40 2 ) s s i B AR 4F, =
TR B R B B 6 TR LA

R . BB EE P A F BT Lo A B U R B AL EE ; B A R BRAE AN F AR
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Association of serum HIF-1a, NSE, and Hcy levels with neurological
function in acute ischemic stroke patients undergoing
endovascular surgery*

Wang Gao-lin, Li Bin, Han Gui-hao, Ma Ji-guang
(Department of Neurology, Liaocheng Second People's Hospital, Liaocheng, Shandong 252601, China)

Abstract: Objective To analyze the correlation between serum hypoxia-inducible factor-lo. (HIF-1a),
neuron-specific enolase (NSE), homocysteine (Hcy) levels and neurological function in acute ischemic stroke (AILS)
patients undergoing endovascular surgery. Methods Clinical data of 96 AIS patients who underwent endovascular

surgery at Liaocheng Second People's Hospital from January 2022 to May 2024 were retrospectively analyzed.
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Patients were divided into a good recovery group (National Institutes of Health Stroke Scale [NIHSS] score < 15)
and a poor recovery group (NIHSS score > 15) based on 6-month postoperative outcomes. Baseline characteristics
and serum HIF-1a, NSE, and Hcy levels were compared between groups. Multivariate logistic regression identified
predictors of neurological outcomes, and receiver operating characteristic (ROC) curves assessed the predictive
value of these biomarkers. Results Among 96 patients, 27 had NIHSS scores > 15. The poor recovery group
exhibited higher rates of dyslipidemia (P < 0.05), carotid stenosis (P < 0.05), and elevated serum NSE (P < 0.05) and
Hcy levels (P < 0.05), but lower HIF-1a levels (P < 0.05). Multivariate analysis identified independent risk factors
for poor neurological recovery: dyslipidemia [OAR =2.950 (95% CI: 1.039, 8.378) ], carotid stenosis [OAR =2.560
(95% CI: 1.029, 6.367) ], low HIF-1a [OAR =0.144 (95% CI: 0.049, 0.420) ], high NSE [OAR =1.215 (95% CI: 1.074,
1.374) ], and high Hcy [OAR = 1.466 (95% CI: 1.220, 1.760) ] (all P < 0.05). ROC analysis demonstrated that
combined HIF-10, NSE, and Hcy achieved an AUC of 0.954 (95% CI: 0.901, 1.000) for predicting poor recovery,
with 92.60% sensitivity (95% CI: 0.905, 1.000). The combined model showed significantly higher AUC and
sensitivity than individual biomarkers (P < 0.05), but comparable specificity (P > 0.05). Conclusion Lower serum

HIF-1a and elevated NSE/Hcy levels correlate with poorer neurological recovery in AIS patients post-endovascular

surgery. The combined biomarkers exhibit strong predictive utility.

Keywords: acute ischemic stroke; hypoxia-inducible factor-la ; neuron-specific enolase; homocysteine;

endovascular surgery; neurological function

S B i 1% 2 v (acute ischemic stroke, AIS)
J2 FH S 1AL 9 2 SR T 5 1 A ) G ) i S G R R
A & K W) o 22 D)) R IR A, HL R R R R Rk M
LR AL T AR E R BEE BRIT R
L A ATFARE B RIAT AISHARTBZ— 1
BEARG AR 1 2 KSR R . itk , -
R B A% WO AR RS R D REMK S 19 A bR AR
HAREEMIGERE L. 8875 F K F -1a (hypoxia
inducible factor-1a, HIF-1o) f&t— FR7E B SA S5 1F T &
P EAE R S -, BERS IR s 2 R 5 i S 2%
ARG HE TR, HAE ATS H 3% Hh i ek 1 i , ] g 5
2R AP DL R i 20 2P AR % DDA OCRTT R & oT R
S P 4 B AL 1iF (neuron specific enolase, NSE ) 42 i 25
TR B, EEAAAE TG A M, 4o
Z A AE T B, NSE B B 5 2 i i, il HK O T
1R 5 ST Ry o — AT 8 B2 45 B A
[Fi] 1 2 JB %2 /i2 (Homocystine, Hey ) J& — R 1 B 2 Jt
M2 , = 7KV 19 Hey & 9UE 55 2 ALS /Y — >l 57 5 f
PUEE, L5 A v ) 7 o 5 R 35/ 2 D0 AH 2
I, % HIF-1o . NSE . Hey 7K V- 5 AIS & & #l 2 3)
REVK S Z [ 1 OC  , A47 Bl VR A B A i 4 v )5 14 2=
BIHLHD , Ay IR B2 AR 4 B0 AE iy R 2 i TR,
AMERALIRYT RIS PPAL P HE K

1 ARSI

— R
[ B P 0 A7 2022 4F 1 H —2024 4 5 H I3 2R
TN R EEBE 96 1] AIS A A T AR S Y Il R BB .
WABRAE : OFF A (i B 20be Bl v I 2 g ia 4
M ALS 1 12 T AR HE 22 3 5 HLAK )2 AR
(computed tomography, CT) m 2% 3t 4z B 1% ( magnetic
resonance imaging, MRD) ¥ & #1112 ; QFF & M AF AR
ALY, I A7/ AU IRTTY s O 8 WM, i i <
1 d; @ICTRBE B 2 8 1l i il s O3 2 8 R i
JH 3 g2 4 14 500 B TT S 259 s @RS i IE R KO
PRI s DI R BT R 5E 8 o HEBR AR v O KT AR
REAE 5 it 4 A A3 1o fi i T A s 5 )47 7 H A fil 748
PR, UG E AL A5 5 (45 TF L WA B UL R A 5
OFFTE A B B PEVE B 5 ©FF 78 ™ 50 ilf AT 5
oy B s O AT ; @& I B LM ; O %15 .
1.2 A NBUEIETr R E ThRE TS

X PHEEM T, 58 B3 ik ik A S8 il
Xof fiki ¥ 2l Jik AT 0 A8 R L LA BB s A2 AL T
O O BUR S S ICE S ~ 10 min DL FE ST
B SCARE A, B IBOR B A, 5 R
BT ERBEEY SR BUIE A, A R 3 2 B
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R B R AR, 4k 2 e F B A DS AR B i R L R A
AMtsEHR 6 MH . TAAWRIToA G, RH%E
[ 37 T3 A= F 5% B A< HP 1 % (National Institutes of
Health Stroke Scales, NHISS ) " 73 - i 1 28 I fig
Bt BB, B4R 0 ~ 42 4% A BUBE  #A T
AE Bl 5 B ™ F MR NHISS 37 4343 MK 52 B 441
(NHISS - 73 <15 73 ) 5 1k 52 A A 4 (NHISS 3 73 >
1551)
1.3 EAXRFRE

W SRR N BE B A ) AR R R A AR
s G IFAE (il e B PR 0 | e S
S Bk B 25 ) L B TOAST 43 % (3l ik s 4 hif
b0 TR N Bl K € L HAl RSB (A A
FART XL T RAR BRED AR LR
FEAR) K99 5B B )95 28 38 A7 (L A% | il
R A
1.4  IMiFHIF-1a NSE.Hey 7k F& il

ABE 55 2 K, il BOR K il 9 mL, 3 500 r/min
B0 15 min, 20 B b2 MU A CE I B e
PE W B i 56 (enzyme-linked immunosorbent assay,
ELISA ) il & HIF-1o 7K -, % SORE Ak 2% A6k i
NSE 7K ~F- , i 41 R 1% 0 5 Hey Ko il 5 & ¥ 1
H WL SE i A R A BRA D
1.5 IR

SR AT B R TRETE O, LA R R
U 21 55 R AN A A R 4R 0 R R I T HIF-1a
NSE ., Hey 7K 3, 4 #F AIS /v A F R /B # #0241 g
(¥ 5% W Rl 2% 2% 1fil 3% HIF-1a . NSE | Hey 7K 7 X AIS
PN B NI 2 2 1 7 /=2 N =R S S L
Hirfd .
1.6 HITEHE

AR 43 BT SR I SPSS 26.0 Gt 81k o g R
DARE B b 88 (%) 3w, LR X2 R 3 5 7 o %
BERAYI B = bR (xxs) T, W t 5
50 PR 2R 1 43 BT 2R 2 TR 3R — i) Logistic [a] 19 45
B 2 i) %2 i E AR £k (receiver operating
characteristic, ROC) . P <0.05 N 2 F 1 4t il %

2 HR
21 BERMEINEERER

96 5] AIS 4 A TR &3 h A 27 5] NHISS 143>
1557 (PR ANAE4L) |, 69 5] NHISS %43 < 15 43 (MK 2.
Rifd).
22 MERFHAMRKRENELHWEERRST

RGN 5 WK K42 i AR 5% L B8k ik
Wezg , LK% NSE | Hey il HIF-1a 7K F 5, £
XCE RS, 2 RA G R (P <0.05) Ik E
AL A 5 H BB Pk 7E |, DL KL NSE | Hey
KO-y T R AL, i HIF-1 0 7K OPAICF K
BRIA ., MEANEN S5WKE B I 201 54 5L
AR WM R ORGSR LB T R I A O R IR
A IO R R TOAST 08 A A FR TR K
3 2 A BE B ] AR A L 8 xR e K I, 2
SIS E X (P>0.05), WK1,
23 AISHTAFAEREEMAINERBRIRE RN ER
% [ & —#% Logistic [E 13447

DLl 22 3y e il A5 0k 2 0 (MR R 4= 0, R
BAfE=1) HHE AR, Mg 7% (X=0,fA=1) .5
Sk Pe7E (Je=0,4=1) \HIF-1a NSE , Hey (¥
(B R SEIAE ) o B 28 3, #4722 IR — i) Logistic
I8 09 45 7 , 45 5 8% < A R IR 52 # [OR =2.950
(95% CI: 1.039, 8.378) . i 0 ik B % [O R =2.560
(95% CI: 1.029, 6.367)]. f HIF-1a /K F[OR =
0.144 (95% CI:0.049, 0.420)] % 5 NSE K F[OR =
1215 (95% CI: 1.074, 1.374) | Fl & Hey K F-[OR =
1.466 (95% CI:1.220, 1.760) 135 Ky AIS /v A T AR i
M ) he BB K 2 N AR fE B R (P <0.05) .
W2,
2.4 HIF-1a NSE.Hcy 3 AISTT AN F KRB EHEZ
IhEEER I IR & NER TN M E

HIF-1a \NSE | Hey B & #Uill AIS /¢ A F- AR B #H
M 28 Ty Be B K 2R FE Y il £8 T T ALk 0.954
(95% CI:0.901, 1.000) , & Ak 2 92.60% (95% CI :
0.905,1.000) , 5 B —F5 b Ay it 2 1o FR A Bk A
b, 29 H G128 L (P <0.05) , 1 5 1 5 2 —
febR A I, 22 R ST 22 X (P>0.05) . W33
ME 1.
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54 Fwili, 55 MU HIF-1o NSE Hey 7K -5 2 PRI G A A AT AR B P2 IIREIY G R

F1 MEAMEAERE RFAIRKT LR

IMEAREA 27 16/11  6527+6.14  8(29.63) 3(11.11)  13(48.15)  10(37.04) 8(29.63) 9(33.33) 16(59.26)

R R 69  46/23 6299+635 14(2029)  5(7.25)  23(33.33)  15(21.74)  11(1594) 10(14.49)  25(36.23)
X HE 0.466 1.596 0.958 0.379 1.817 2358 2.290 4.339 4.206

PH 0.495 0.114 0.328 0.538 0.178 0.125 0.130 0.037 0.040

IR AELR 18(66.67) 4(1481)  3(1L11)  1(3.70)  1(3.70) 8(29.63) 10(37.04) 9(33.33)
I RLAUF2H 43(62.32) 10(14.49)  8(11.59)  5(7.25)  3(435) 25(36.23) 20(28.99) 24(34.78)
X HH 0.472 0.661
PAY 0.976 0.719

RN 9.63+121 13(48.15) 4(14.81)  9(33.33)  1(3.70) 12.65 +3.12 21.62+4.15 19.72 + 3.68
PRI R AT 2H 9.19+1.18  36(52.17) 8(11.59)  21(30.43)  4(5.80) 27.69 +5.23 18.35 +4.26 15.41+3.25
Il 1.631 0.438 17.335 3.406 5.627
P1H 0.106 0.932 0.000 0.001 0.000

®2 AISHTAFAREBEMENRERIRMENERN L EE—M Logistic BAR TS

il 1.082 0.533 4.126 0.042 2.950 1.039 8.378
iz hiopers 0.940 0.465 4.088 0.043 2.560 1.029 6.367
HIF-1a ~1.941 0.358 29.396 0.000 0.144 0.049 0.420
NSE 0.194 0.063 9.529 0.002 1215 1.074 1374
Hey 0.382 0.093 16.729 0.000 1.466 1.220 1.760

%3 HIF-1a.NSE.Hcy 3t AIS St A F R B EMHE T BEERIR YR S MMERI TR RE

HIF-lo 17.79 pg/L 0.843 0.762 0.895 82.60 0.7325 0.884 71.00 0.623 0.792
NSE 19.18 wg/L 0.710 0.595 0.825 78.90 0.715 0.852 89.90 0.813 0.935
Hey 16.99 mol/mL 0.800 0.708 0.892 86.30 0.853 0.891 49.30 0.436 0.572
=IRE - 0.954 0.901 1.000 92.60 0.905 1.000 44.90 0.385 0.534
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