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Abstract: Objective  To explore the value of combined detection of serum forkhead box protein Ol
(FOXO1) ,tissue inhibitor of metalloproteinase 2 (TIMP-2) ,and cyclophilin A (CypA) levels in predicting the
progression and prognosis of neonatal hypoxic-ischemic encephalopathy (HIE). Methods A total of 85 neo-
nates with HIE admitted to the hospital from October 2022 to December 2024 were selected as the observation
group,and 85 healthy full-term neonates in the same period were selected as the control group. According to
the severity of HIE, the neonates were divided into a mild group (31 cases) ,a moderate group (26 cases) and
a severe group (28 cases). According to the prognosis, HIE children were divided into a good prognosis group
(n=55) and a poor prognosis group (n=230). The serum levels of FOXO1, TIMP-2,and CypA were detected
by enzyme-linked immunosorbent assay. Spearman correlation analysis was used to analyze the relationship
between serum levels of FOXO1, TIMP-2,and CypA and the severity of HIE. Multivariate Logistic regression
analysis was used to analyze the influencing factors of poor prognosis in HIE children. Receiver operating
characteristic curve was used to analyze the predictive value of serum FOXO1, TIMP-2,and CypA levels for
poor prognosis in neonates with HIE. Results The levels of FOXO1, TIMP-2 and CypA in the observation
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group were higher than those in the control group (P <C0. 05). The severe group had significantly higher levels
of FOXO1,TIMP-2,and CypA than the mild group and moderate group (P <C0. 05),and the moderate group
had significantly higher levels of FOXO1,TIMP-2,and CypA than the mild group (P<C0. 05) The serum lev-
els of FOXO1,TIMP-2,and CypA were positively correlated with the condition of children(+=0. 754,0. 529,
0.726,all P<C0.001). The levels of FOXO1, TIMP-2 and CypA in the poor prognosis group were higher than
those in the good prognosis group (P <C0. 05),and Apgar score was lower than that in the good prognosis
group (P<<0.05). FOXO1,TIMP-2,and CypA were risk factors for poor prognosis(P <C0. 05). The area un-
der the curve (AUC) of serum FOXO1,TIMP-2 and CypA levels predicting poor prognosis of children alone
and in combination were 0. 896,0. 892,0. 831 and 0. 976, respectively. The AUC of combined prediction was
greater than that of single prediction (Z=2. 231,2. 847,2. 905, P <0. 05). Conclusion
FOXO1,TIMP-2 and CypA are increased, which are closely related to the progression of HIE. The combina-

The serum levels of

tion of the three has certain value in predicting the prognosis of HIE,
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2 % R
2.1 W43 FOXOL. TIMP-2., CypA 7K F It
B Mg FOXO1., TIMP-2.CypA 7K 5 & F %} Id
H((P<<0.05), WHE1,
2.2 AR HE HIE & L% FOXO1, TIMP-2,
CypA KFE B  FEHEEH FOXO1.,TIMP-2,CypA 7K
Vo TR A (P <<0. 05), h 4 FOXO1,
TIMP-2.CypA /KF-m FREH (P<<0.05), WLk 2,

*x1 4R 155 FOXOL1,TIMP-2.CypA 7K F

bE % (x +5,ng/mL)

20 5 n FOXO1 TIMP-2 CypA
XTHEA 85 4.3940.53 26.43+3.85 68.22+7.36
WML 85 5.96+0.63 40.07+4.72 93.85410. 03
t —17.582 —20. 646 —18. 994

P <<0. 001 <<0. 001 <<0. 001

2.3 i3 FOXO1,TIMP-2.CypA 7K F 5 8 ILW 1

TR AR P i FOXO1, TIMP-2.,CypA /K
5B ILR S 8 IEAH I (- =0.754,0. 529.,0. 726,
P<C0.001),
x2 AEYE HIE 2J)LMiF FOXO1. TIMP-2,CypA
KL% (=5 ,ng/mL)

215 n FOXO1 TIMP-2 CypA
BEH 31 5.3120. 54 37.2843.96 82,4449, 06
hEA 26 5.8740.61° 40. 3644, 12° 92.8749.12°
HEH 28 6.7640.65" 42.89+4.31"  107.3949. 38"
F 43,464 13. 687 54. 494
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T SRR A, P<<0. 05; 5 A I # . P<<0. 05,
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CypA(ng/mlL) 88.19-+9.01 104.23+10.83  —7.297 <<0.001
C R # H (mg/L) 27.56+4. 85 29.2144.33  —1.555  0.124
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I WU (pm/ L) 51.39+6. 97 50. 24+7.03 0.725  0.471
1L hR 2 % (mmol /1) 5.44+1.23 5.76+£1.20  —1.127  0.263
Jat D 39, 04+2. 44 38.85+2.31 0.349  0.728
i (k) 3.3740.39 3.4040.42  —0.330  0.742
Apgar 4540 5.0341.69 4,.22+1.38 2.247 0,027
PRI CC) 37.2141.19 37.18+1. 24 0.109  0.913
DEEAR/ 5 98. 5449, 07 97.8649. 14 0.329  0.743
PR 0.285  0.593
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Vig iy 0.109  0.741

Iy 35(63. 64) 18(60. 00)

Gilne 20(36. 36) 12(40. 00)
JRILE 0.031  0.861
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T 45(81.82) 25(83.33)
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M6 36 25 B 17 ROC M & . 458 Bon, &
FOXO1.,TIMP-2, CypA 7K F .l [ 5% & i HIE
BILAKEW)EAS R Z& T | CAUC) 40 51 R

0.896.0.892.0. 881.0. 976, B4 il AUC K T4
MM (Z=2.231.2.847.2.905,P<C0.05)., W3+ 5.

x4 HIE 2)LME#ZMEZKN % EE Logistic BIIA4 47
PSS B SE WaldX* OR 95%CI P
FOXO1 0.563 0.205 7.543 1.756 1.175~2. 624 0.006
TIMP-2 0.736 0.219 11. 301 2.088 1.359~3. 207 0.001
CypA 0. 637 0.207 9.473 1. 891 1.260~2. 837 0.002
x5 mi#F FOXO1, TIMP-2,CypA 7k £33 HIE 8 JLF R Fa /)&
ek AUC 95%CI REECOD FESEBECOD) I el (B EARSE R
FOXO1 0. 896 0.820~0.971 83.33 89. 09 6.12 ng/mL 0.724
TIMP-2 0.892 0.824~0. 960 86. 67 80. 00 39.79 ng/mlL 0.667
CypA 0. 881 0.811~0. 950 86. 67 70.91 95. 20 ng/mlL 0.576
A 0.976 0.951~1.000 96. 67 89.09 — 0.858
T — G HO .
3 it " TIMP-2 2 A LT BB 7. 5
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SR R KO AR Y HIE 5937 S K i 3
Hh T A 5 K G IE R A2 B TR B FR Y AR R
e AN R 51 K B 2 2, E I E i, B &
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Welg 1k, VE-cadherin/catenin & & ¥ 4 &, VE-cad-
herin #% 1K oF 1T 2 45 44 7 o 1% 57 B A 7 FHE . BR
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FI) 20 A% 42 52 R T L 8 0 Dk K 2R I # (caspase)
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