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E : BE Rt mIKAHE 5 B T —1a(HIF-1a) AV 2 U4 5 B ALEE (NSE ) R 4 2B R
& (GFAP) A AR Vs JRAFAE L 37 A ) U bk fu b s (HIE ) A A RIS R £ &, ik RI20204F1 A—2023 41 A
TN K F W B )UE E RIS 69 8546) HIE % )UAE A HIE 4L, 5 IR B8 3% 1% h 2 49 1204042 e £ JUAE 3 1R
20, AT F LR 65 W R A ARl # A LR & U 3 d e 75 HIF-1a.NSE.GFAP K -F, 2%] %% % T4 AE(ROC)
W 2% 547 e A HIF—1o \NSE . GFAP 7K -F- FU0) 47 &)U HIE &% 69 185 % B 232 F Logistic B )2 B A 547 47 & )L
HIE X8 #oh B %, G558 S5abRadgrt HIEA'E A £ B 58 . FK5 % 1 min Apgarif 4 <758 %
JUReH) 35 3 (P <0.05) , 5F oo i HIF-1a . NSE.GFAP K-F 4 & (P <0.05) ; 5 40 5-da S5 Frda SALAR B G
FAIUER B AKRE R B BT O, 2 F ARG FEL(P>0.05), ROCUESHLERET,
HIF—1a, NSE, GFAP & = B&A-FRM 47 A JU HIE &% 69 5B 5 51 4 82.7%(95% CI: 0.795, 0.862) . 78.7%
(95% CI1:0.705,0.849) .84.0%(95% CI:0.803,0.891) .85.3%(95% CI:0.788,0.922) , 45 5+ 5 31 4 85.3%(95% CI ;
0.816,0.907) . 74.7%(95% CI:0.715,0.796) .72.0%(95% CI:0.692,0.771) .90.5%(95% CI:0.825,0.956) , AUC
23 1 0.907(95% CI:0.884,0.930) . 0.850(95% CI:0.816, 0. 884) 0.893(95% CI:0.827,0.959) .0.936(95% CI:
0.905,0.967) ; 3 B & & % Logistic ®A 2 # L 7 , T A #:0 [ OR =3592(95% CI:2.017,6.397) ] . oA
[OR =4.905(95% CI:2.862,8.406) ] | %7&57{3[011 =7. 262(95% Cl:3.603,14.637) ] .1 min Apgar #F4< 7/\[OR =
3.139(95% CI:1.954,5.043) ] \HIF—1a > 0.463 ng/mL[OR =2.916(95% CI:1.422,5.980) ] \NSE > 12.395 pg/L
[OAR =3.714(95% CI:1.955,7.056) ] \GFAP > 3.962 ng/mL[dR =3.556(95% CI:2.039,6.202) 135 & #7 & JL HIE
ymty e B & (P <0.05), &it E§AFE FFFF . FRTH A 1 min Apgar 75 K& 75 HIF- 1o,
NSE.GFAP 7K-F &2 # £ JUHIE L% 69 S 1 B &, I AR 340 o i HIF— 10 NSE.GFAP ZK-F 7T % il JR 6 & HIE
PR Bh | 3 RARATIRAA M 7T ik — 7 42 Z35 W A

FEGE ¢ BRI ; #TAL ; WG RAFAE s IRBEFE T —la s AV BLES ; IR AT 4
BREEG

FESES . R722.1 SCERARIEAES . A

Relationship analysis between serum HIF-1a, NSE, GFAP
and related clinical features with the risk of neonatal
hypoxic-ischemic encephalopathy*

Li Jing-jing', Lu Zhi-hua', Wang Ke-ke', Wu Chao-jun', Li Wei’
(1. Department of Clinical Teaching and Research, Yangzhou Vocational University, Yangzhou, Jiangsu
225001, China, 2. Department of Dermatology, Children's Hospital Affiliated to Suzhou University,

Wk B . 2023-10-25
R - VLR A ARREIES (No: BK20211077) 5 2022 47135 A T I TR T T 445 THOM B B H - IRV p6[2022]295)
[EfEVEE | 2548, E-mail: carfield1981@126.com; Tel: 13809059819

« 73



EBREAE

#

Suzhou, Jiangsu 215025, China)

Abstract: Objective To investigate the relationship between serum hypoxia-inducible factor-1a (HIF-1a),
neuron-specific enolase (NSE), glial fibrillary acidic protein (GFAP) levels, and related clinical features with the risk
of neonatal hypoxic-ischemic encephalopathy (HIE). Methods Eighty-five cases of HIE children treated at the
Children's Hospital Affiliated to Soochow University from January 2020 to January 2023 were selected as the HIE
group, and 120 healthy newborns born in the same period were selected as the control group. Clinical data of the two
groups were analyzed, and serum HIF-1a, NSE, and GFAP levels were measured in the newborns within 3 days after
birth. Receiver operating characteristic (ROC) curves were used to analyze the predictive value of serum HIF-1a,
NSE, and GFAP levels in predicting the occurrence of neonatal HIE, and multivariate stepwise logistic regression
analysis was used to analyze the influencing factors of neonatal HIE. Results Compared with the control group, the
proportion of infants with intrauterine distress, umbilical cord abnormalities, amniotic fluid pollution, and 1-minute
Apgar score < 7 in the HIE group was higher (P < 0.05), and serum HIF-1a, NSE, and GFAP levels were higher (P <
0.05). There was no statistically significant difference in maternal age, maternal education level, gestational age,
newborn gender, birth weight, parity, cesarean section, and premature rupture of membranes between the two groups
(P > 0.05). ROC curve analysis showed that the sensitivity of HIF-1a, NSE, GFAP, and their combination in
predicting the occurrence of neonatal HIE was 82.7% (95% CI: 0.795, 0.862), 78.7% (95% CI: 0.705, 0.849), 84.0%
(95% CI: 0.803, 0.891), and 85.3% (95% CI: 0.788, 0.922), respectively, and the specificity was 85.3% (95% CI:
0.816, 0.907), 74.7% (95% CI: 0.715, 0.796), 72.0% (95% CI: 0.692, 0.771), and 90.5% (95% CI: 0.825, 0.956),
respectively. The area under the ROC curve (AUC) was 0.907 (95% CI: 0.884, 0.930), 0.850 (95% CI: 0.816, 0.884),
0.893 (95% CI: 0.827, 0.959), and 0.936 (95% CI: 0.905, 0.967), respectively. Multivariate stepwise logistic
regression analysis showed that intrauterine distress [ OAR = 3.592 (95% CI: 2.017, 6.397)], umbilical cord
abnormalities [OAR =4.905 (95% CI: 2.862, 8.406)], amniotic fluid pollution [OAR =7.262 (95% CI: 3.603, 14.637)],
1-minute Apgar score < 7 [OAR = 3.139 (95% CI: 1.954, 5.043)], HIF-1a > 0.463 ng/mL [OAR =2.916 (95% CIL:
1.422, 5.980)], NSE > 12.395 pg/L [OAR =3.714 (95% CI: 1.955, 7.056)], and GFAP > 3.962 ng/mL [OAR =3.556
(95% CI: 2.039, 6.202)] were risk factors for neonatal HIE (P < 0.05). Conclusion Intrauterine distress, umbilical
cord abnormalities, amniotic fluid pollution, low 1-minute Apgar score after birth, and high serum HIF-10, NSE, and
GFAP levels are risk factors for neonatal HIE. Clinical detection of serum HIF-1a, NSE, and GFAP levels can assist
in the screening of HIE. The combination of these three indicators for detection can further improve the diagnostic
value.

Keywords: hypoxic-ischemic encephalopathy; newborn; clinical features; hypoxia-inducible factor-la;
neuron-specific enolase; glial fibrillary acid protein
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Ay MITE HIF-1a, NSE, GFAP MGG PREFE 58745 ) Lk S i it i 22 25 XU 145G 3= b

e, BILR 8 2 B g W 1.
12 Fik
121 MEMmA—HTA EIEZEER 2
fERE B RS BT AR LRSI s AR R R
VBN BRI B R SRR g sk
A LA JS 1 min Apgar P43
122 B K % & R W KX & (enzyme linked
immunosorbent assay, ELISA) # i 2 7 HIF—1a . NSE
GFAP/K-F A I 3 d RAEPIAL#T A= JLAM A i ik i
4 mL, A 3 000 r/min &5 .L> 10 min, #0248 10 em , HL
W WCE T80 CUKH ¥ R AF , R FH ELISA 1546
W 1M % HIF-1o, NSE . GFAP /K ik F & ¥ [ )
M B g ik AR I RHECA R A A S
1.3 SitEFE

B 3 B R 1 SPSS 22.0 SiiH 4k . R EORE
PASE + bR 22 (x £ 9) TR, OB ¢ K0 50 5 1400

=1

BRI I (%) R, OB XA 50 5 22 il 52 3
H TAEFFAE (receiver operating characteristic, ROC ) ]
2 2R 1 0 ok 2 I R B 4D Logistic 1] I 45
TG . P <0.05 0225 A Giit=A 5 3o

#HR

FEJLHERBRHNEREZED

HIE 41 5% B B N E 8 B = L F K TS
Y 1 min Apgar PE < 74389 B LA R HE B UL T HIF-
la NSEGFAP K- Fb 4, 28 x> skt K 50, 22 394
it op i L (P <0.05) ; HIE 405 N E 0 A 3% .
FKI5 G 1 min Apgar PE4) < 7 43 B8 LAI AR HE A2 i
15 HIF-1a \NSE GFAP /K - ¥ 3 F X R4 . HIE 41
50 A 2 AR 2P ISR AR B IR S B AR L E
S AR EE R CEVE T R B R LR, 4 7 Ek
LR, 22 F B RGIFE L (P>0.05), k1.

2

2.1

WEILHIE R Rr R RS

HIE 4 85 29.17 +3.28 49(57.65) 27(31.76)
payiisE) 120 28.62 +3.51 88(73.33) 25(20.83)
i/ XA 1.135 5.617
P1Y 0.258 0.060

9(10.59) 39.42 + 1.65 45(52.94) 40(47.06)
7(5.83) 39.15+1.76 58(48.33) 62(51.67)
1.110 0.423
0.268 0.516

HIE £ 3296.57 + 482.63 65(76.47) 20(23.53)
papiiE) 3358.91 +416.25 88(73.33) 32(26.67)
1/ x*E 0.988 0.259
P1E 0.324 0.611

44(51.76) 57(67.06) 29(34.12) 35(41.18)
51(42.50) 25(20.83) 32(26.67) 22(18.33)
1.718 44.299 1.322 12.934
0.190 0.000 0.250 0.000

HIE 41 31(36.47) 20(23.53) 48(56.47)
XTRREH 17(14.17) 109(90.83) 11(9.17)
1/ ME 13.803 98.502
P 0.000 0.000

17(20.00) 0.87+£0.14 18.52 +4.92 537+1.22
0(0.00) 0.28 £ 0.09 7.12+2.18 3.41+0.36
36.701 22.474 16.621
0.000 0.000 0.000

2.2 ImiE HIF-1aNSE, GFAP 7K 3 1 il i & L
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ROC H 73 Hr 45 51 iR, HIF-1a \NSE . GFAP /K
- K 3 3 kA U T 2B L HIE %55 B U 20 531
82.7% (95% CI:0.795,0.862) .78.7% (95% CI:0.705

0.849) .84.0%(95% CI:0.803,0.891) .85.3%(95% CI:
0.788,0.922) , 47 5 ¥ 43 4l 24 85.3% (95% CI: 0.816,
0.907) .74.7%(95% C1:0.715,0.796 ) . 72.0%(95% CI ;
0.692,0.771) .90.5% (95% CI:0.825,0.956) , AUC 4}
5 5 0.907 (95% CI: 0.884, 0.930) . 0.850 (95% CI:
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0.816, 0.884) . 0.893 (95% CI: 0.827, 0.959) . 0.936

(95% C1:0.905,0.967), W2 F1K 1,

2 MmiEHIF-1a NSE.GFAP Fill# £ )L HIE & fm BRI BE 53 47

- ey Tar— fu/ 95% CI RS/ 95% C1 Pl AL 95% CI

% TBR BR % TR BB R BR
HIF-la 0.463 ng/ml. 0.827 0.795 0.862 0.853 0.816 0.907 0.000  0.907 0.884 0.930
NSE 12.395 pg/L. 0.787 0.705 0.849 0.747 0.715 0.796 0.000  0.850 0.816 0.884
GFAP 3.962 ng/ml. 0.840 0.803 0.891 0.720 0.692 0.771 0.000  0.893 0.827 0.959
AL - 0.853 0.788 0.922 0.905 0.825 0.956 0.000  0.936 0.905 0.967

6.397)]. B 5 5 %[O R =4.905, (95% CI: 2.862,
8.406)]. 3 K 15 Y [ O R =7.262 (95% CI: 3.603,
14.637)].1 min Apgar ¥F48< 7 5-[OR =3.139(95% CI

= -
- £ - 1954, 5.043)], HIF-la > 0463 ng/ml [OR =2.916
' DA (95% CI:1.422,5.980)].NSE > 12.395 pe/L [OR =
021 - ggg%ﬁ 3.714.(95% CI: 1955, 7.056)]. GFAP > 3.962 ng/ml.
0.0 LS Ser [OR =3.556(95% CI:2.039,6.202) %] &% 4 L HIE %
00 02 04 06 08 10
JEIER N (P<0.05), W4,
-5
1 IMiEFHIF-1a NSE.GFAP FilET £ JLHIE & & HI *3 WER
ROC fh %k
€=t AR A
23 #EJLHIERRHSERES LogisticEAS4F ~ HHd X =0, =1
e 3 ., P AL A y Jifeats i X2 =0, /2= 1
He 8 A= L HIE A9 15 S DR A2 8, 8 B0 TR 3R 43 A o
SAESITFEXNHER . FNEE TR PR v eoe
EF'%# jﬁ—l/ - B M RO ﬁk\ ’Fﬁ'# lmmApgarﬂzﬁ X4 28%:0,S7%:1
W ROK TG R (1 min Apgar PF 53 | HIF-lor, NSE | HIF-la X5 <0463 ng/ml=0, > 0.463 ng/ml= |
GFAPE M A&, MMEWR3, HITZHNEZEL NSE X6 <12.395 pg/l=0, > 12395 pg/l= 1
Logistic [81 5 43 #1 (51 AZK #E 0.05, HEBR 7K #E 0.10) , GFAP X7 <3.962 ng/ml=0, >3.962 ng/ml= 1
GG R N EIM[OR =3.592 (95% Cl:2.017,  AELHERSE v =0, =1
F4 HFEILHIE LM S EEZES Logistic BRI S5
EEA b S Wald x2 Py OR e
SCH a
- ' X T I
BN 1.279 0.294 18.861 0.000 3.592 2.017 6.397
Jifa S 1.590 0.275 33.473 0.000 4.905 2.862 8.406
ok iy 1.983 0358 30.740 0.000 7.262 3.603 14.637
Imin Apgar P43 < 74% 1.144 0.242 22371 0.000 3.139 1.954 5.043
HIF-1o > 0.463 ng/mL 1.070 0.366 8.531 0.003 2916 1.422 5.980
NSE > 12.395 pg/L 1312 0327 16.061 0.000 3.714 1.955 7.056
GFAP > 3.962 ng/mL 1.268 0.284 19.988 0.000 3.556 2.039 6.202
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