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[(HZE] B B 5IILRE M EF AR (bronchopulmonary dysplasia, BPD) G K 25, A7 KU Fill
MEERS . F7ik BIEPEYCEE 2022 4F 1—12 A 76 117 )L 38 B2 B g 2 L E W D A2 Be i 4 7= L e k), AR A
2018 4F 26 8 [# <7 )L 2 fdt e 5 A28k REBF 55 BT & A6 1 BPD 2 Wi bn v, ¥ 3L2> IE BPD 20 (n=84) #IBPD #H
(n=36), HATPALE LKA BERIGE IR R) . 38 i R 38 Mg A5 [l 22 P R 4y Hr i e th BPD R AR fa R, 4
ARSI, RO LH R <28 . TCRINPI SRR ] A IR A 98 K ARk A R R AR
¥ BPD & ARSI fER R (P<0.05) o LTIk BEE R K ZREE TN BPD % 42 5 2k R, 453323 4 1
FRAE 28 T R 093, Sk EAHE MR R T T 1 BIARERE B R Z RIS 54 (°=8.287,
P=0.406), Z5it  Fr=JLHERRIE <28 JF . JCAINFI SRR ] ARG 5 K Z bk A R IR I R & BPD
AR T fE R R 2 . [hELEILRIZEE, 2024, 26 (11): 1148-1154]
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Risk factors for bronchopulmonary dysplasia in preterm infants and establishment of
a prediction model

LIU Yi-Bo, YAN Chong-Bing, ZHANG Yuan-Yang, WENG Bo-Wen, CAI Cheng. Department of Neonatology, Shanghai
Children's Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200062, China (Cai C, Email:
caicheng2004@163.com)

Abstract: Objective To investigate the risk factors for bronchopulmonary dysplasia (BPD) in preterm infants, and to
establish a risk prediction model. Methods A total of 120 preterm infants who were admitted to the neonatal intensive care
unit of Shanghai Children's Hospital from January to December 2022 were included. According to the diagnostic criteria for
BPD released by the National Institute of Child Health and Human Development in 2018, they were divided into a non-BPD
group (84 infants) and a BPD group (36 infants). The clinical data of the infants and their mothers were compared between the
two groups. The univariate analysis and the stepwise multivariate regression analysis were used to identify the risk factors for
BPD and establish a risk prediction model. Results The results showed that a gestational age of <28 weeks, duration of
noninvasive respiratory support, comorbidity with infectious pneumonia, and chorioamnionitis in the mother were independent
risk factors for BPD in preterm infants (P<0.05). A nomogram model for predicting the development of BPD was established
based on the risk factors, with an area under the receiver operating characteristic curve of 0.93, and the calibration curve of
this nomogram had a slope of about 1. The goodness-of-fit test indicated the model fitted well (x’=8.287, P=0.406).
Conclusions A gestational age of <28 weeks, duration of noninvasive respiratory support, comorbidity with infectious
pneumonia, and chorioamnionitis in the mother are independent risk factors for BPD in preterm infants.

[Chinese Journal of Contemporary Pediatrics, 2024, 26(11): 1148-1154]
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BEA R ) B e PR A etk 20, L LAY
AEAERBIR SR, R, XREMEFTAR
(bronchopulmonary dysplasia, BPD) A9 2 5 R 4K IH
JEm AT, BEASRZARAENGYT I . BPD
LS #EREH N T 2 BN RSB, RE
58 8 BRI P 2 18 A 5 BRI DR 3R 2 [ 52 0 14 45
S, Ho s AR DR R A LI R Iy T G BE A
o R, LRI AU AT AR A RS BPD ()
L, 29 BPD BRI E IR Z—, R
i, FETI R_EXET BPD B i 14 B Ko R 7E T H:
W2, Hok = R s pia sy B, I,
BPD 1 £ [ PR 22 540 30000 i 7 A LS 2 i 5 1Y
PO M, T AT ST 2 406 2000 45 3 [ [
L AR5 N R SRS (National Institute
of Child Health and Human Development, NICHD) il
SE [ BPD 2T I EEARE, <3 2018 4F NICHD
HHELT Y BPD 12 WrhR I & TT 1) XU I A5 1 2>

P, AT ST A5 2018 4 NICHD 21T 1Y
BPDBRIE ¢, 53k X BPD L2 L 2 R A A
IRFFIEEAT BRI R . B2 A2 W E o, §1E
PUN 32 BPD AR S XU R, IR —1
TR DX AR RS B i FLACRE LA BPD e AU
LA R B R i e PR AR

1 #ZRSAFE

1.1 HRIFH

AT 5% 38 o [ B 9 A R e TR T R
POEL S 2R B8R S = R DT AR T 20224F 1 H
—2022 4% 12 A 4 g miv L B B dr A JLEAE Wi P
J% 55 (neonatal intensive care unit, NICU) B¢, Jf
<32 i AR E<2 500 ¢ HAE S 1R ABERY
L= LRI R PERE, A FH Excel JAXHEIEEFT T
WU S A o

AR (1) 74 2018 4F NICHD & 3K 1)
BPD 2 WidsifE 5 (2) Make<32 8, HihAkE
<2500 g. HEBRPRAE: (1) &IF™EM S RIERTIE
Rt (R LRI BIEG . B 2etAe R Ol . ek
PERALAR; (2) A TESNGE BB 1S
HEAMEIL; (3) EJE AR 14 dFET-BUTHAYT

AWFgE 2t T L EE RS b 2 i E i
(fit-5-2024R014-F01), FF&EBILFRKIMERE
1.2 2018 £ NICHD % % #JBPD 2 litri

HAE R <32 JE I L, ARAEsAR s L

SRS, T IE G 36 JA B TH 46
>3 d (0 I 1 S8R Ok 4R R A AR A AE 90%0~95%
2] .
13 WEER

WA R LI — Bk, Geit R LI A=
JEWs . AR AR . HLAGE SRR o R S
BRIE) . 2B 1R IE 110 keal/ (kgod) . 4T
ML PR R I B] SR PRI 58 | e A ALK
MAE . HURBRENBEREAR . Shk S8 ARM] . i3k
R SRR AL

WSR2 BRI —MEORE, Geit i i, RAA
AN ZAEEREREAE (in vitro fertilization, IVF) e FE22
WG [AndEdRm i . RGN . SR B IR
& (chorioamnionitis, CA) A 2% [ B & 19 {8 G
OUAE o AR R LR & 42 BPD 732 BPD 21 55
BPDZH, SRR ZR K a0 1A 22 1F 28 43 A i i
W1 32 BPD R AE MRS R &R, IF LA R S fil i
RN A L PSR
1.4 FHiFFESZH

R SPSS 26.0 G730 A 4 % B dha 47 4 1
Aot THEPORA A 8 (DU ERIEE) [M
(Py, Py) | Fon, HWHEBTHLUA R (%) Sk
IR, IR AR T R 75 K3 58 Fisher i U HE
FVE o S RGBT SERE R ¢ AG 5 B
Wilcoxon BRAIKZ R . W H R AR R R A
it LG 2R g AL I 53 Br, Fa
TR, Jf R HAZ I E BRAERIE N2 (receiver
operating characteristic curve, ROC gk ) PEHFiAl
X0, & H] Hosmer-Lemeshow K 36 X B0 #4742
WEREVFA o P<0.05 22 AT e 78 o

2 R

2.1 JEBPD B#1 BPD A& K& £} L8

AW FE g AF = L 120 41, FEF 2018 4
NICHD % £ 1) BPD 2 Wrbrifi, 5L #4E BPD
20 (n=84) MIBPDZH (n=36), &M LAY
IR ZERE PR JLTE A NG <28 B L] . L
BRGE ST E] . JCA PP SRR ] e LA L
B PrERBRERE] A IR 2 L]
RAR D REGR LU S 8 bn 1 LL B, 22 R AEES
T2 E L (¥ P<0.05) . PIALBE 3 A I H R e
. CALLBIR AL, ZS AT EE L (¥ P<
0.05), W1,
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%1 3JEBPDAFIBPDAMIGKZRILE
Il ARG A JEBPD 4 (n=84) BPD 4 (n=36) PR Pl
BRI R
HE T [0(%)] 51(61) 25(69) 0.494 0.482
IVF [n(%)] 20(24) 9(25) 1.070 0.889
UEURE LT [n(%)] 20(24) 11(30) 0.298 0.585
R BRI [n(%)) 9(11) 12(33) 7.432 0.006
CA [n(%)] 1(1) 6(17) 0.003"
B [n(%)] 62(74) 23(64) 0.768 0.381
B LR
A A <28 JH [n(%))] 7(8) 21(58) 32.478 <0.001
AR <D 500 g [n(%))] 54(64) 30(83) 3.494 0.062
HUBE S ] [M(P,s. P, d] 0.5(0, 2.0) 4.0(0, 13.3) 886 <0.001
TE R SCRFE] [M(P)s, Py), ] 17.5(9.0, 34.3) 55.5(42.8, 64.5) 331 <0.001
A )5 1R 110 keal/(kg- d) [n(%)] 32(38) 16(44) 0.200 0.655
LTI [n(%)] 41(49) 32(89) 15.349 <0.001
i Z AR ER ] [M(P,s, P,y), d] 19.5(10.0, 29.0) 34.5(25.8,51.0) 777 <0.001
JERYAENT 52 [n(%)] 21(25) 27(75) 24208 <0.001
6 % TR IMLAE [n(%)] 20(24) 15(42) 3.073 0.080
HUR BRI DGR [n(%)] 9(11) 12(33) 7.432 0.006
Sk S AR [n(%)] 41(49) 22(61) 1.076 0.300
ISk R [n(%)] 33(39) 20(56) 2.086 0.149

e R Fisher B UYL . [BPD] SCUEMIA T AR s [IVE] ARIMZRIRRRIAE; [CAT SBIEERA.

22 BFJ)L&x4%BPDMIFNIERZESEAE
ESES Ky

RGP INZ M 2 B it S RAEE,
BHGIAZ L BIAZ HR LM, R5IFCAL

ARG <28 JA . ORI S RFIN 18] Ko IRt
Jili R Y250 BPD K AR SERE N & (P<0.05),
W2,

®2 B=)LL4%BPD M HNIEIRHZE S LS RS

izt WAL B SE Waldy? P OR 95%CI
IVF =1, 7=0 1.426 0.759 3.529 0.060 4.163 0.940~18.435
PR IE CA =1, %=0 3.568 1.337 7.122 0.008 35.429 2.577~487.005
A NG I% <28 JH JE=1, =0 2.498 0.850 8.636 0.003 12.161 2.297~64.387
MU S REL S AR i 0.105 0.055 3.644 0.058 1111 0.996~1.238
il S EETN GRS i 0.051 0.019 7.204 0.008 1.052 1.013~1.093
HJE 1 RIS 110 keal/(kg - d) JE=1, 75=0 1.329 0.765 3.018 0.082 3.778 0.844~16.910
TGN 58 JE=1, 7=0 1.507 0.720 4.380 0.036 4512 1.099~18.519
fiiEs = ~7.804 1780  -19221  <0.001 0.000

T [BPD] SCUEMIAE AR [IVE] RS2 RIERREAAE; [CA] SRBHERES

FAEE BPD & A XU 118 T 000 A5 760 22 11 9] 28 [
AL, LI 3. AHFSY BE T A9 7 L BPD
R 1 f 8 DR 2R R 328 28 81U 43 B i A S A 7 1)
RS A, e ZAR B ATR : AR FE=—7.804+
3.568 x 2 Bf 4 I CA+2.498 x Hi 2E JIf 1 <28 JH
+0.051 x TCA I 37245 B 8] +1.507 x &L 4 Fili 2% .

AR FL AL g — A R R BT o> T H, By
MOF] 14055, PR EE R ™ JL BPD /& & R 2 i 1
WPESr T H, M E T 22857 CA
(/=04r, J&£=3571); MAMRB<28E (H=047,
JE=28.741); JCBIRFIE S RERTE] [0d=043, 10d=
7.74%, 20d=15.44%-----130 d=100 43, AT S3=
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(Ef)/10) % 7.7 57 5 JEGEAERfi R (=07, JE=
16.373) . fBAnEJLH R 26 1 (28.743), 22
B5IF CA (3573), BILIRYT i 7 vh oA il 52

PRI (43)

FEEEE 20d (154 43 ), o] & I B G v il R
(1634%), W 8454954 4%, F 7 (0 4 %%
90.5%. ULFE 3,

30 40 50 60 70 80 90 100
L L I L . L L )

Points

BB

Chorioamnionitis

eI S AFR A (d)

Lenghth of nonivasive respiratory support (d)

:Bl
i

SN 5

Infectious pneumonia

>28 J#

Gestational age

T T T T T T T T T 1
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<28 Ji
A ——
Gl

By (1)

Total points

T T T T T T
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T T T T 1
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LRPETIIA

Linear prediction value
TR : — ‘ ,
Probability of BPD 0.1 03 05 07 0.9 0.99

El3 BPDTWM&REIFILZE

2.3 B=)LBPD R FmEs

it ROC HTZ F1E Y (area under curve, AUC)
e VPAS IR TR () X 70 . AUC S5 5 At
H: 0.5~<0.7 RRBHIPFDNHCRBAR, 0.7~<0.9F
TRFIRIRCRE A T 0.9~1.0 ZRFIEE R . %0
FERRIZE R 7R AUC M 0.93 (95%CI: 0.89~0.97) .
45 B 3 W% 18 AT 55 5 1) BPD XU, T30 280 %
DL 4.

1.00F
0.75F

o)

i 2
BZ 050f
0.25F
0 3
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1-A4E5H
1-Specificity

4 BPD &R ZiXE TIERFIE B 2%

3 Ao A I e R DA T AR AR Y A . 2
KGR PILEE B hZeRbRiEin 1, HYZk
P S B it 42 B8 G O 7 1 2 55 AR 43 A1 i e B AR
— 8, WAEMRERLE R ZERE R (=
8.287, P=0.406), &% 412k EI#LH il BPD A&
AU R DX A3 B 5 — Bk R AT, LIS

1.0+
0.8 -
= £ 06
RE
EE o04r
%2
02F fd = B V«‘nn‘erle curve
4 - EA
Ideal curve
0 _’I’ 1 1 1 L L
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B P TMARE

Predicted probability

E5 F7=)LBPD Rl E gk # #h £k
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3 itig 28 LAY JIG 0 F0 T A AR 28/ T HE BPD L,

BPD J&— i i Z2 R R 5 | 1 )™ J Al R e
WIGAE R . B RIEFMG SR BE, K
R R kR HLEIN B 2, W R EZMEREE, A
BPD 2 W i A K, 2 H A Ik = A 30
T it e v /D BPD 1) & AR FIRRARL e d A, A
Ub, BRFEEHT . RS AR L BPD fE ks A
FOF R E L R EEE Y, AR 2018 4F
NICHD % % 1Y) BPD 12 Wi i X BPD [ A s K % ik
FEorHT, AR IRURS: T AR AR, BfF 9 245 R R
R IR CAL = L AR <28 JB . T4 T
SRR [R) B A R M il 4R 359 2 BPD & B Al 3T
R R 2

ZERE PR R W IR B . CA TR AG LR
SE SR, SEUG LA 4Efk, 7 BPD &L il i
FAEH . Watterberg 55 7 IR 22 (G CA 5
BPD JXU RS 34 A6 ¢, (H 5 07 0% F 8 2% A E
(respiratory distress syndrome, RDS) X [ [ 15k #H
Ko X—WE T —FhB%, B CAIMEE T Yi6E
PR R, ARHEIHG N T A B X AR S A0 1Y
U, Xt , Villamor-Martinez 28 ' {F— I 25 %€
MR, AUARSE T CA FIBPD Z [0 B SCH, S
5% T CAFIRDS Z Al By 1K, #E47 T ZJcmlH 4y
Mr, Z59 IR, 64% 1Y CA FHE BPD KUK 22 5 0] i
28 JE FRDS A= Z8m 25 SR ff B, WFFEIESE CA A
BPD £ IEAH G, {H CA XF BPD A9 80 7E H nl ik %
CA XJ 22 4% Fll RDS XURS: [R50 o 7 Costa 55 ) #E 4T
F4) — 01 [ JA5T A g 9 %o BRI S v, B R A A
P2 CA  (acute histologic CA, HCA) HYZE 4 fiy
A 3L JE HCA 28 10 e A ) S Lk A7 Ee g,
Z I logistic [F1H 4347 % B HCA J& BPD St 1~ )
SEERE 2 (OR: 4.49; 95%CI: 1.47~13.71), 7%
WFoE 25 e R 2015 9 CA J& BPD KA BT fE ke
% (OR: 35.429; 95%CI. 2.577~487.005), 5
SCHRHRGE —2

FL77J& BPD & A B E G N %, Cunha
25 10 3R iR I <30 JE & BPD % A fi 5 5 1 1 16 TR
o RE WO MATIEEBNSI TR &
AR <26 Ji . 26~27°fd | 28~31"° i F1>32 Jif By
JLEY BPD & 95635358 76.3% . 37.9% . 11.40% FI
3.7% ", FHULATUL, ARG, B L BPD
)& AR . FEARDESE T, AR T BPD 4L FndE
BPD 41 LGS AN AR () 22 57, 455 /R BPD

H A% <28 J8 & BPD KA RIS fE R 2 . AR
5T R M A AR B R R A logistic [T R, AR
HXE BPD A 52, T AT B85 A5 BT 4 A 1Y)
ARt R SRR A A

AR LE R R, BPD 4 ) LHUMGE S a]
TP SRR R e FEAE BPD L, bt
B W S 5 B[] 5 BPD & Az AU 52 I 4 1B AH 5G .
AR EE L KR T R SR A s, 2
BPD [y fa s R 2, AEL O 47 i e S RT3 02 H AT
fo R = LG IR E AR RN . Ik, 7RI IR
BIT R, FRATIN AR £ LA 1 SR R A Al i <
W, TSI A ALGE AR IR, R R DA A
WAL, R W AR LA IR 2 O X
PL B T8 S

HPE R AR R BPD e B IA A L &,
H G RE FI/BURE G FAF N TE BPD W A L Kk
AR PR A CHIEH . AR R E R,
BPD 5 gL M il % . M ke B i E A G, Hir
JE YL il & 2 BPD LAY A S fE K N E - (OR:
4.512; 95%CI: 1.099~18.519) . Z Il K #F 57 %
B, 76 AR R PRI 2% | Mt i A At HL A 2R AL
G B RE N SE AR AR LR S . &4 BPD
(1% AU B B 15 i 1+ Lapeharoensap 55 " 47 1
— T[] B4 AR BB AIF 2 TF S A LI I AEE 19 9
D SR BPD & A . %I KB, 74ER]
I NICU JBe (1) K 54N 24.7 %F% %2 15%, T[]
1 BPD B & 9 R M\ 35% [ 22 30% ., ] HE Y J5 PR
BPD HL7 JLAIAE BPD = JLAH EL, X [ s A= 4
(HCHURE Ty T HESS — L, TS5 R A I Ml 4%
WL IR S5 L M, R 5 5| R SAE IR N
FEOKE AL AR, EEiHRE
B RAERFREE . HIL, 6 PR S A 5 iRk 2 4
ARl 1) 5 foe A PTRRYLIR YT 7 48 LA ™A 1) TG B 4
1, TR AR B B e

ARG R AT R, Pk R AR R
5 BPD W EEMK, KL, EHAERE RN
VA B IR UE S A CLAE 9 7 L3 5 SR R4 R
KNP RIRYT, e £, XFIESER
AP R T RE SN2 AN B3R
KBS, HeA A4S BPD ' Cantey 25 % BFSEIE S
Fp= LA WA e e s e 2 b, PR A AR R
i FIFRRI A 34 00, & 2E BPD (9 XUt 23 [m) A5 48 i
JEH BPD W™ E R A E , (FHE H AT
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B A TE 7 B A B A 22 48 FH A BPD &9 (R T AE AL
il o A NN R R I T DL K Ak GE
M IR E R ] TR, R, FEREDT
A AT BRI, AU FIF I GE IF 5 TR
TR IE W AR A AR K, B 2 mT R 4R v e SRR LA B
2 T i 25 B R e B T REE 1 b — 2 5] K il
PRAELNE, B BPD % A AR KT AU
wm, PrAE B ARNE %S 51 & E hiE
S AR S R ) (R A, 0 T 3 ek g — Pt 352 v 8
BoE RN, 55 T AR s M ee S, i
BPD &A= (1 XU #E— 23 v, X R iR APk
ARG RIS 7 N AT RS — R T) &) P

2023 4F [y — T i BEPE I T B, 21 20 i
TEEOR BPD ST fa B 2%, B e sk T 5
A KBS HE AR5, B2 20 gl T 1A 7 22 L
W, R R BPD AR RN Y, ARG
HHERSPER R, WdEadaiiEs BpD B &4
O, HMLHITTREN « Bl BN Kt A A AT
B LB AT B Ay R bl e, BT LAY
2T 20 B v ) T AR, (U I e AR 1 [
W AT — S RAVEA O E A AT, Ak,
i B = L I 4R 2% . Cooke &5 ™" WFFE ],
22 Ut I 2R LR B KT, BPD 58k
KOV A . R KA R B T 3 Y
BRUTEL, mEl 745 RIEER N . FI, 7ElIR
R RURT R AR B VR AME M, SEIR AT FL, ™
6 AR i L3 R I

AT s BPD [ &AL 5 Z R fa o R R A G
Hog A LR (= JLH ARl <28 J& . HLikiE
AL JCE R S BRI RN Pk
RATENE . ARG ER 2 . HUR IR DI RERGER )
PIR 2R3 (2R G IR BRI R . cA) 3502
BPD AR a2, Hrp ™ L A iR i <28
il JCANNEI SRR ] A R il R e 2 B
A3 CAJE BPD ZA ST fE R R 2K

ARG [l FH 7 SR 1 14 1 DR 0 512 6 25 PR 38T
KT —ARINENEA S A 4 TG RIS bR, 2
FER )L AR IR <28 J . TR SRR . A
TGSl R B 2 b1 FF CA, X 4 350 XURS PR 26
PEATERAN Y AR 2y, DA S Jn o i B b A 7
WAL . ARFRITA W LW HRE LA, BwRE

[19-20]

BRIVl P2y ot A7 AR 22 5, I ] DU HT TR
ZHRBEBE, BN e RS2 B AT BPD S T )

AT R Hehh, ZBE R B A R X

55k, fehg R BT A BPD A5 2 K
W R LAR MBI RARSE , 78 BT Ress I AR 2
ARFFEAH —E BRI (1) A58 —
By o IR, W R, TTREAE
FEBEBEAM Y, PR A5k BE 56 UE % W A R A X
OYEE R, ARRITEMATZ R0 . BTRETE S
P IZAR T AT AN RIGAE s (2) ASHFTEYN AR S0
2 R Ak E A HGE IR ZE RS %, b
WREEA fensi, Blange & R 1, BT XHE 8l
FTC B WP S A () B B) A5 a0 BT LA A, AT DL —
X R L A X R A5 T I AL S H A AR
FRIEAT a8 (3) BEAh, AR AREAR R D,
A LET] BE K J2 Sk BPD B LI 45 b R R 5 e .
Be o & FET- M AR NAE I, BUSWIN T RAEA
P Tty . REEARIG RIS
i Lk, BE LA R <28 JE L JERINEIR
SCREIHE] . A IR 9 J 2 BRI CA S BPD
R EREE, TSGR E

=X
=,

1) £8P oA A BE g LT Tl BPD f8 XU, B 4F
38 Sl R B2 A= 1R 51 BPD 3 S i+ .

Ve Trak A0 . x| & AR SR
KESMALFRE,; A% kEFE . HHEHE
KGR BB W oA, KiF ?&ﬁ AT
E\/ﬁ;}k Ei o

FHPRER, AR BFRALAZF R,

(& % X #k]
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