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[Abstract] Objective To explore the correlation between umbilical artery blood erythropoietin (EPO) level and
perinatal factors in premature infants and its clinical significance. Methods Umbilical artery blood samples from 107
premature infants born in the Eastern Branch of Shanghai First Maternity and Infant Hospital of Tongji University between
Jan. 2019 and Jun. 2019 were collected. The levels of EPO and ferritin were measured by ELISA and chemiluminescence
assay, respectively. The 107 infants were divided into three groups according to the quartile EPO level: low level group,
medium level group and high level group. The relationship between umbilical artery blood EPO level and gestational
age, birth body mass and other perinatal factors, the incidence of anemia of prematurity (AOP), necrotizing enterocolitis
(NEC), patent ductus arteriosus (PDA) and atrial septal defect (ASD) in premature infants, and the clinical characteristics of
pregnant mothers was analyzed. Results The EPO level of umbilical artery blood in 107 newborn premature infants was
5.94-137.18 mU/mL, and the median level was 23.51 (14.60, 51.28) mU/mL. There were 26 cases in the low level group
(the EPO level <14.60 mU/mL), 54 in the medium level group (14.60-51.27 mU/mL), and 27 cases in the high level group

(=51.28 mU/mL). Univariate analysis showed that the gestational age of the infants in the low level group was significantly
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lower than those in the medium level group and the high level group (both P<<0.05), the age of the pregnant mothers was
significantly higher than those in the medium level group and the high level group (both P<<0.05), the natural pregnancy
rate was significantly lower than that in the high level group (£ <<0.05), and the continuous positive airway pressure (CPAP)
usage rate of the infants was significantly higher than that in the medium level group (P<<0.05). The ferritin level of umbilical
artery blood was significantly higher in the midium level group than that in the high level group (£<<0.05). The incidence of
AOP in the high level group was significantly higher than that in the midium level group (£<<0.05). Multiple linear regression
analysis showed that the EPO level of umbilical artery blood was positively correlated with the gestational age of newborn
premature infants and the natural pregnancy rate of pregnant mothers (both £<<0.01). Multivariate logistic regression analysis
showed that the higher the natural pregnancy rate, the higher the level of EPO in umbilical artery blood, and the higher the
natural delivery rate, the lower the level of EPO in umbilical artery blood. The risks of PDA and NEC decreased and the risk
of ASD increased with the increase of EPO level in umbilical artery blood (all #<<0.05). Conclusion Conception method

and delivery mode are the influencing factors of EPO level in umbilical artery blood. Monitoring the EPO level of umbilical

artery blood is helpful to diagnose the common complications such as AOP, PDA, ASD and NEC in premature infants.

[Key words] umbilical artery blood; erythropoietin; premature infants; perinatology; complications
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LR A RN B ZFhDIRE, BRVE D 2140 A B
1) FZ AN, XA LA R G (RENZ5HE
5I68) | LRSS LR K A RS8R
(& & WA St g E Y . BRI EPO AN
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A FIZIME 1 mL, —80 C fRAFFFK:, HEFE &
PEWZ LS (enzyme-linked immunosorbent assay,
ELISA ) Al fi 20 bk ift EPO 7K F-, ELISA iR £
W H S E R&D Al Ak &G Hr ik il i 2
Bk K, a5 E s B b 2K AR A
BRATE] . BAE ™ vt B s .
13 Rl AR BIFRUERSTHER, Ik
LR ImPRZORE B LA B o) R AR G
AR, ZERHERS | BBk, R, 2227 (A
IRZEWMNTARZE) | ZWIF e . 4ri =X (A
SRATIREGAEBEE RS ) o T MR A b €
KANE G O, LA SR L Apgar P43 (1 min,
S5min) | HAERFANE ML E L AR BT Sl ki
PR FK- | A e 4p2kUE T E il < ( continuous
positive airway pressure, CPAP ) fi FI>% | Jf & 5E (U
Fp= JL %% 1l (anemia of prematurity, AOP) . #r
A LRI B 30 255 1F (neonatal respiratory distress
syndrome, NRDS ) | S0P/ Mz ZE 7 & ( necrotizing
enterocolitis, NEC ), 5= JLA X JE35% 4% ( retinopathy
of prematurity, ROP) . HAEJLLAEMEEAR
( bronchopulmonary dysplasia, BPD ) . 3z ik 5%
K] (patent ductus arteriosus, PDA ) Fl 5[] P ikt
1 (atrial septal defect, ASD) %] UK AEMEN .
14 pandre AR B3 ki EPO /K P DU 3 fir
BOK R AR L k3 ARAE 4 (B 3l ki
EPO 7KPAL FARAKE- L0 25% )« i (AT
25% 2 75% Z 1) | s Ar Al (Ak T KAL)
25%) o
1.5 it as® SRHAI SPSS 21.0 # ki 4740t
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oM. BIES AR TR DL X £s ROR,
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KK e (o) 4 0.05,
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2.1 FrahBkfe EPO &M 2R 107 &84 Rre L
() J5F 3l ik 1. EPO 7K °F- 4 5.94~137.18 mU/mL,
o o7 % Ky 23.51 (14.60, 51.28) mU/mL, Ak i
(<14.60 mU/mL ) 41 26 f5]. "f; (14.60~51.27
mU/mL )4 54 4 . %547 ( =51.28 mU/mL )4 27 i,

2.2 FFEhkbkde EPO K -F 5 B = 8 B & fo 37 £ F
FOUNe R4 AE ey 2/ & 547 B8 ki EPO 7K
5 A R L AR Ry BF B0 ik i gk 2R oK
V. CPAP fifi HI 28 S 2 B4R . 32 22 Oy U ¢
(H=6909, H=6216. ¥’ =6.867, H =6.655,

¥ =8.930, P=0.032, 0.045. 0.032. 0.036, 0.012) .
ZE IR BoR, B shkin EPO 7K PR 41 /48T
& o U Ral | NG 1 (3 I TR = B A R e VS I =
(Z=-—2.531, —2.059, P=0.011, 0.039) , Z#h}
SEYAERS TR AL A4 (Z=2.423, 2.214,

P=0.015, 0.027) , R AR ZH R T A
(Z=-—2.656, P=0.008) , ;= JLili4:J5 CPAP
R EE T Ad (Z2=6852, P=0.009) ;

R4 LEF S e R RS I ) )1 (1R e W G =i = VA
4 (Z=2435, P=0.015) . HAFEMTE 3 dlia] 2%
S THGIFE L (P¥>0.05) o W& 1.

F 1 Frahiki EPO /K5 B =B R & 2L R IER BE RS

Tab 1 Univariate analysis of EPO level in umbilical artery blood and perinatal factors and clinical characteristics of

newborn premature infants

Index N=126

Low level group  Medium level group

High level group

N=27 Statistic P value

N=54

Normal information
Gestational age (week), M (O,, O,)
Birth body mass m/g, M (Q,, Oy)

Male n (%) 15 (57.7)
Mother age (year), M (Q,, Q) 33 (30, 37)
Perinatal factor
Gravida times M (Q,, O.) 2(1,3)
Delivery times M (Q,, Q) 1.0 (1.0, 1.3)
Maternal comorbidity 7 (%) 13 (50.0)
Natural pregnancy 7 (%) 12 (46.2)
Natural delivery n (%) 10 (38.5)
PROM 7 (%) 8(30.8)
Prenatal Dex use 7 (%) 15 (57.7)
Apgar score M (O,, Op)
1 min 9.0 (6.5,9.0)
5 min 9.0 (8.3,9.0)

Peripheral Hb p,/(g*L '), x+s

CPAP use n (%) 24 (92.3)

30.8 (28.4, 33.0)
1528 (1284,1913) 1710 (1265,1940) 1805 (1244,2023) H=2.440 0.295

185.51+£33.97
Umbilical artery SF py/(ngemL "), M (Q,, O,) 65.2 (43.4, 103.5)

32.3(30.2,34.1)° 33.0(31.3,33.6) H=6.909 0.032

26 (48.1) 14 (51.9) X'=0.643 0.725
31(29,33) 30(28,32)  H=6.655 0.036
2(1,2) 1(1,3) H=0331 0.848
1.0 (1.0, 1.3) 1.0(1.0,1.0)  H=0.49% 0.781
22 (40.7) 15 (55.6) X'=1.735 0.420
27 (50.0) 22 (81.5)" ¥=8.930 0.012
15 (27.8) 6(22.2) X=1.773 0.412
23 (42.6) 9 (33.3) ¥=1301 0.522
25 (46.3) 12 (44.4) X=1.162 0.559
8.0 (8.0, 9.0) 9.0(8.0,9.0) H=2.687 0.26l
9.0 (9.0, 9.0) 9.0(9.0,10.0) H=1.352 0.509

181.24+30.31
76.6 (39.3, 138.2)
35 (64.8)"

189.06+29.78  F=0.539 0.653
48.0 (24.6,72.9)" H=6216 0.045
20 (74.1) £=6.867 0.032

Low level group: EPO level in umbilical artery blood <14.60 mU/mL; Medium level group: EPO level in umbilical artery
blood is 14.60-51.27 mU/mL; High level group: EPO level in umbilical artery blood=51.28 mU/mL. EPO: Erythropoietin;

PROM: Premature rupture of membrane; Dex: Dexamethasone; Hb: Hemoglobin; SF: Serum ferritin; CPAP: Continuous positive

airway pressure; M (Q,, Qu): Median (lower quartile, upper quartile). ‘P <<0.05, “P<<0.01 vs low level group; AP <0.05 vs

medium level group
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2.3 Fr#hbkid EPO K-FE5EZHH X S EFL M= )2
SF FERRRHTRYEERE T, XFHF sk EPO 7K
5 F PR R T 2 mRAPE R8T, 455 BN
[l R Y 22 S A e it 2 3 L [F (5, 86) =4.279,
P<0.01, J¥% R*=0.153], WLF% 2, BFahfikil EPO
K5 B L A S 2B SR 32 2 3
IEASG, ZRWASH R (P1<0.01) .

&2 Bkl EPO KESEHEE S ELELASH
Tab 2 Multiple linear regression analysis of EPO level

in umbilical artery blood and perinatal factors

Variable B SE B P value
Constant —0.601 1.368
Gestational age 0.098  0.037 0.339 0.009

Natural pregnancy 0.496  0.143  0.347 0.001
EPO: Erythropoietin; B: Regression coefficient; SE:

Standard error; B: Standardized regression coefficient

24 Frh bikde EPO K -F 5 i JL3F & g8 A8 X M 64
BRZ oA AE 107 FF AR LH, NRDS.
AOP, NEC, ROP, BPD, PDA., ASD i k& 1 R
53918 57.0% (61/107 ) | 28.0% (30/107) | 5.6%
(6/107) . 6.5% (7/107) . 5.6% (6/107) .
42.1% (45/107) | 654% (70/107) . B[P & 4y
Wrig s, Bahikii EPO /K F 5 AOP k44 %,
ERAGIT¥E L (f=6.124, P=0.047) ; £
I R I 3l K i EPO 7K1 i v 20 1 3 2E L
JLAOP KAR GG Fifidl, ZRA%IT¥E XL
(¥=6.116, P=0.013) , Mf&MAHS5PM4H . &
Ml b TG B (P#4>0.05) o JF
Sk EPO 7K 587 Az = LA LI &
ROP. NEC Fl4e KM O MERR 5 1) R AETCG, 25
WG E L (P#>0.05) o WLk 3,

&3 Frafkim EPO K ESFHERFILERFALER EFERNARESHT

Tab 3 Univariate analysis of EPO level in umbilical artery blood and incidence of common complications

of newborn premature infants

n (%)

Complication Low level group N=26  Medium level group N=54  High level group N=27  y’ value P value
NRDS 14 (53.8) 30 (55.6) 17 (63.0) 0.543 0.762
AOP 8(30.8) 10 (18.5) 12 (44.4) 6.124 0.047
NEC 3(11.5) 3(5.6) 0 3.332 0.189
ROP 2(7.7) 4(74) 1(3.7) 0.478 0.787
BPD 0 5(9.3) 1(3.7) 3.176 0.204
PDA 13 (50.0) 23 (42.6) 9(33.3) 1.523 0.467
ASD 17 (65.4) 32(59.3) 21(77.8) 2.729 0.256

Low level group: EPO level in umbilical artery blood<<14.60 mU/mL; Medium level group: EPO level in umbilical artery blood
is 14.60-51.27 mU/mL; High level group: EPO level in umbilical artery blood=51.28 mU/mL. EPO: Erythropoietin; NRDS: Neonatal
respiratory distress syndrome; AOP: Anemia of prematurity; NEC: Necrotizing enterocolitis; ROP: Retinopathy of prematurity; BPD:

Bronchopulmonary dysplasia; PDA: Patent ductus arteriosus; ASD: Atrial septal defect. "P<<0.05 vs medium level group

2.5 Frahbidn EPO K-F 5 B &= 81 B & Fo i LIF A
JE 89 logistic B 2 o4 L3 4, XFHFsh kil EPO
K5 B P 4 P 2 R4 T ogistic [811H 22 K 2 404 i
/N, BBk EPO /K V-5 2 bk 52 24 05 ORI o3 4% 5
XA K, ARZZAAME R LI 8kl EPO 7K
S 2 [ H{H Lt (odds ratio, OR) =3.677, 95%
B(ZX[A] ( confidence interval, CI): 1.636~8.273,
¥ =9.914, P=0.002], [ 45 I 5k & = )L
J5% 8l ok il EPO 7K -l ( OR =0.345, 95% CI:

0.154~0.866, *=5.227, P=0.022) . %32Z)5

5500077 RN HEAT o KB, ARZZEE ARG
W R T N T2 22 % [41.0% (25/61) vs 13.0%
(6/46) 1, 225 A 4 it &8 L (f =9.948,

P=0.002) .

WFE 4, XTI Bh kI EPO 7K -5 8 4= B L
W LI KA BEAT logistic 7119 22 [H & 7 Hr R,
JB% 3 Bk 1. EPO 7K - 5 NEC. PDA. ASD i) %
A, F7JLNEC & A #8085 ik 3l ik il EPO 7K
S Ik (OR =0.178, 95% CI: 0.032~0.982,
¥ =3.921, P=0.048), PDA & A= 3 &5 Ji% 50 ik 1fi.
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EPO 7Kk (OR =0.301, 95% CI: 0.112~0.807,
¥ =5.689, P=0.017) , ASD %"= 5H I sh ki

EPO /K F-#iE ( OR=3.152, 95% CI 1.137~8.750,
Y'=4.863, P=0.027) .

&4 FrEhfkin EPO KFESEFEHEZRMNITERILE RHLER logistic M)A EERS T

Tab 4 Multivariate logistic regression analysis of EPO level in umbilical artery blood and perinatal factors and

common complications of newborn premature infants

Variable B SE Wald % value P value OR (95% CI)

Perinatal factor

Natural pregnancy 1.302 0.414 9.914 0.002 3.677 (1.636, 8.273)

Natural delivery —1.008 0.441 5.227 0.022 0.345 (0.154, 0.866)
Complication

AOP 0.824 0.463 3.170 0.075 2.280 (0.920, 5.652)

NEC —1.727 0.872 3.921 0.048 0.178 (0.032, 0.982)

ROP —0.496 0.796 0.388 0.533 0.609 (0.128, 2.898)

PDA —1.201 0.503 5.689 0.017 0.301 (0.112, 0.807)

ASD 1.148 0.521 4.863 0.027 3.152 (1.137, 8.750)

EPO: Erythropoietin; AOP: Anemia of prematurity; NEC: Necrotizing enterocolitis; ROP: Retinopathy of prematurity; PDA: Patent
ductus arteriosus; ASD: Atrial septal defect; B: Regression coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence interval

3 i

EPO f&H 165 MREEMRAVMBEEAEE, %
LR, o R R 2R M 208
LA RS, AT BN RS R R,
I sk i EPO /K- 53 A 7 )L AOP & A= R &L IE
MK, % IEJE i T EPO AREM i iR 155 B vk AR
JURN, Bshbkiid EPO Hi G L A B4, Tilia
L&A AOP FHIR SR T {2 EPO =AU (B
LA, A VRGN EPO A= AR X /b
IR A2 S5 80 A Y, 1N EPO 15 222t JIFIIE &
B, TR L&A AOP B I X M 21 28 11 B
2 U 4R A T R R AR R UG, B EPO A= AR
A EEH IR LA I S bk il EPO 7K T ey HL
A JE NI T EPO KA R R HT BB & 4= AOP,
PRt B8R ™ LI sk EPO K75 A JE
U5 EPO 21k, A BT AW AOP KA fE LIS
F R T it

R, =LA IR IS MBSk EPO
IKCEREAG s F SR 5316 6 A ™ JLIBE 8 ik it EPO
K TR E =, FIRE AR b
L= TEF7 T 30 S B B A EPO A i it
AHRFEH, PR R ST s 43 W O B0 bk
EPO /K VTG B34 m, (HZ R E oM o [R5
WAL LI Sk I EPO 7K AR, 5 3cikRE® A
—3, FIEVREHFEAE | R GIRIR AR R T,
RIMAT 5 E— 25T . ASBIFST 45 b S/ B 3l bk I

EPO /KV-5 HRZAR B, ASkZZHAR
F= LI shbkif EPO /KP4, JF H AR Z 44
BRI R m TN T 243, K24 )l
SRSk EPO K-

NEC & — Pl WL s o A6 LA i 1R 29
AR AR LAET- A B R 2 —, SBT3
H20%~30%1, CAWFIEE, Wi EPO /K
-3 R T A NEC 1 & 4288 AR logistic 7]
HZ PRI 2R 43t s 57 JL NEC A4 58585 5 5
fikifit EPO ZK-FHEAIK, I H PDA % Az Rk & 5 sh ik
Ifil EPO ZK-F#5 A, ASD & A it = fif sh bk ifi. EPO
KR . EIAMFSERIT, M E R I i At
Z 4N NEC B & X" . EPO Xt JL S il
REA—ERIPER, WA R 0N R Z 6/
FETBGROMER, ML iR, . S A
KFFRAE . IS 22 R, DRl A E AR
YN AE R 2 (recombinant human erythropoietin,
thEPO ) 697 AOP AN AT R Iy i AH ¢ XUFS:,
Al g /> NEC 1y & A0 E AN B, B
A e R ERR 8 L& A NEC FORESR S A
Je KA ENG B9 T LI 10~ 100 £, f T
U, PR S O e 9 4 = JLIBE sl Bk afi. EPO 7K
FREAR, KA NEC nT etk R, % & H
thEPO LU/ NEC ()% 4, {H thEPO Fyfdi F R [R] |
R PR AT PEATY & RAEAS | RS TE I R
TR 25 B

ARG ZE o s, ROP AR A RAEAR
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[6] 5t sl ik i EPO 7K~ By JLZ 18] 25 S+ T g 27 5
SC, AE BRI 5E 2% B s N R P EPO K P 23 5 3L
LT 55955 72 fg IR 38 =4, TR ROP 5 147 )L
I B ik i EPO 7KV ¢ R AT R ik — 2B Wb 58 . BT
EPO 51 28 22 45 (W) AH G & B N A T #0 .
5% 2 R KGR 5200 FHAME M EPO Rg e & 14 #i 28
RS sk EPO ZKF-F 41 A 6
(interleukin 6, IL-6) 7K~F-n] LA i A% % P4 H3 1
(intraventricular hemorrhage, IVH) f%& 4" if
A 5T 2 B IL-6 T iy nl S0 P A e AP 2 i B L
XM AI AR ARG, BTA
FHL = LI AR AR TVH L B AR ) Lt i sk 1 M 25
Bl e, s i — DR B sl bk i EPO /K-
5 e o g AR ik 47 PO DA <
Zr L prak, W sh ki EPO AP X L
W LIFRAE IV B B S, A B TR
JL AOP, NEC, ROP, PDA, ASD %% WJf &4
PRGN . TRz 2807 X5 53 7 e 2h
ik i EPO 7K P-4 — 5 520, B i ARAS: D fiss 31 Jhk
1. EPO 7K 1 285 6 52 28 5 XA ik 7 KA 2R &
IR A E

(Z % X #f]
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