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Abstract

¢ AIM . To study the clinical characteristics and influencing
factors of retinopathy of prematurity ( ROP), and to
construct a nomogram model for predicting ROP in
premature infants.

« METHODS:: This retrospective study enrolled premature
infants who underwent fundus examinations in the
hospital from January 2022 to September 2025 for analysis.
Fundus examinations were performed using the RetCam
lll system, and the occurrence of ROP was recorded. The
data were split into a training set and a validation set at a
ratio of 7: 3. Univariate analysis was conducted using the
Chi-square test and multivariate analysis was performed
using binary Logistic regression on the training set data.
Variables identified in the multivariate analysis were used
to construct a nomogram, which was subsequently
validated.

¢ RESULTS: The incidence of ROP (428 cases) among the
3 841 premature infants was 11. 43%, with 138 cases
(32.24%) in stage |, 151 cases (35.28%) in stage I, 103
cases (24.07%) in stage lll, 33 cases (7.71%) in stage IV,
and 3 cases (0.70%) in stage V. No statistically significant
differences were found in the clinical data between the
training and validation sets (all P> 0.05). Multivariate
analysis  identified neonatal sepsis, mechanical
ventilation, transfusion therapy, coagulation dysfunction,
bronchopulmonary dysplasia (BPD), neonatal respiratory
distress syndrome ( NRDS), formula feeding, and non-
invasive respiratory support duration >1 wk as risk factors
for ROP (all P<0.05). Birth weight (1500-2499 g, =2500g),
gestational age (32-34 wk, 35-36 wk), weight gain rate
=20 g/d, and 5-minute Apgar score =8 were identified
as protective factors (all P<0.05). The area under curve
(AUC) of the nomogram prediction model was 0.890 in
the training set and 0.907 in the validation set, with
sensitivity of 80.67% and 82.81%, and specificity of 83.18%
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and 85.14%, respectively. The calibration curves in both
sets approached the ideal curve, and the Hosmer -
Lemeshow goodness - of - fit test indicated good
agreement between the predicted and observed values
(X*=12.918, P=0.115; x*=4.047, P=0.853). The decision
curve analysis demonstrated high net benefits in both the
training and validation sets.

e CONCLUSION: The incidence of ROP in premature
infants was 11.43%. The nomogram model, constructed
based on multivariate Logistic regression and integrating
key risk and protective factors such as birth weight,
gestational age, sepsis, and mechanical ventilation,
demonstrates high predictive value, good calibration, and
high net benefit. It can serve as an intuitive and effective
tool for early individualized risk assessment of ROP in
premature infants.
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L= JLAR R BRG Z2 ( retinopathy of prematurity , ROP )
JE R T AR SN A R L) — A0 0 I a7 48 A
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9 A TEIRBE A TR IS A A A L = LA T 40 BT . A9 A KR I
(1) A28 <37 wk (2) #8232 HLiu 4k ROP fiidr . HEERR
HE L (1) BT sl At J5 R oK 58 B ROP i g 5 (2) & 95
RANE IR KA D 6 B 5 A 14 A= E A0 DO 6 240 B ¢
TR B P B 2 AL DO RS 728 25 1] E T ROP 12 B 3T
Al B e TAE BB AL YRR ; (3) A I E S R 28 &
fiE, AW 58 BUAS s 24 10 3 & 5F & W A Lo (AL vfE 5
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1.2 ik
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122 RARERMIE W LR IRGORE, G FE P51 |
WS B AE R (1 min Apgar 43 .5 min Apgar ¥4 .
PR i HG H BL B AR LI R B A= LI IR 38 255 Ak
(NRDS) MW 5ty 23 1ML BT AR LIS AE S M & &
N K ( bronchopulmonary dysplasia, BPD) 7 4= JLYRFEAE /N
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A i 0 P 062 T P 2 S5 A T b e AT AL
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Fa gt ) AR (T ARG R ) o AL AR i 3 Pl
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RSN PR B 5 SR DI P AR RY 1Y X 53
BERRHERE | i DR ASE R FE B b B B4 i 005
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validation) , TPAR AR B AE SR UL i 0 50 4f th iz Ak Be 71, B
RS 5 0 AT Ao 2R (L4578 i i 1t 55 2 8K
it ABUL S B ASE B A A A o ) T R B . i A
BAEEE I ROC # 4 T AR (AUC) |22 il 152 v i 2 A1
PL3R 26 ( decision curve analysis, DCA) , TE B A% 7 il 37
Bl P AT PRI R 00 DX B A v Rk R 552 e 15 1
BB — 2 AR et DI ZRBE FH T UIN Ry 56 0F 55
TR AL ATk AR AL S UL PPAL L Im PRI A e
et T R R4.5.1 M ECHE BEAT Ge it o b, Il
GRS R R, n( %) IR R R I R B0 5L Fisher A5 i
R (YRR K <5 ) FEAT R R Ar i, BRI R e
P<0.05128 ik AN — 4K Z R Logistic 7304, Z R 41
Bk g A ik i e 28 1t i A6 2 I 3R 40 B P<0.05 19 7%
ST B 2 R TR AR A 2 ) 32 0K T AR KR AE (receiver
operating characteristic , ROC ) i £& 774t 51| £& & 75 {0 4% 71 fiY
DX a3 B, A U il 22 V7 Al A5 Y 1% o B Pk P Ok it 2o By
(decision curve analysis, DCA ) A% AR B I IR 32 25, P <
0.05 425 A G X,
2R
2.1 ROP &R  HFoTILgA 3 841 fil 5™ L, o iifi
Ao ROP 8L 428 £ 774 HR ,ROP & 4% 11.43%, Hp
I #1138 #1(32.24%) , 1141 151 ] (35.28%) , T 153 103 {41l
(24.07%) , N1 33 ](7.71%) , VI 3 #](0.70%) .
22 iR FMIGR BRI IGEM AR L2 690
#1(70.03% ) , K AEEEL A 1 151 $1(29.97%) , BAEAS 841
Bl 4wk o lic HICTE S, IR 48 A 56 GIE 4R 1l R BT RHAH L
Bz IGHEE L (¥ P>0.05) W& 1,
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1 NGEEMBIEEIRKRAR LS B (%)
A Ak 4L (n=2690) UFEE (n=1151) X? P

& LA 5] 5 1461(54.31) 620(53.87) 0.048 0.827
8 1229(45.69) 531(46.13)

HAE RIS <32 wk 344(12.79) 153(13.29) 5.758 0.056
32-34 wk 1056(39.26) 405(35.19)
35-36 wk 1290(47.96) 593(51.52)

A R B <1500 g 214(7.96) 95(8.25) 1.799 0.407
1500-2499 g 1625(60.41) 717(62.29)
=2500 g 851(31.64) 339(29.45)

1 min Apgar =8 I 1159(43.09) 493(42.83) 0.012 0.913
<84y 1531(56.91) 658(57.17)

5 min Apgar =8 7} 1568(58.29) 660(57.34) 0.260 0.610
<8 4y 1122(41.71) 491(42.66)

Bl A 2 486(18.07) 205(17.81) 0.021 0.886
7 2204(81.93) 946(82.19)

R R K =20 g/d 1447(53.79) 627(54.47) 0.125 0.724
<20 g/d 1243(46.21) 524(45.53)

B LA % P 2066(76.80) 853(74.11) 3.060 0.080
7 624(23.20) 298(25.89)

NRDS £ 991(36.84) 430(37.36) 0.072 0.788
w 1699(63.16) 721(62.64)

Q) &=33] P 835(31.04) 356(30.93) 0.001 0.976
7 1855(68.96) 795(69.07)

il = 1897(70.52) 830(72.11) 0.915 0.339
w 793(29.48) 321(27.89)

A LI AE s 248(9.22) 98(8.51) 0.407 0.524
g 2442(90.78) 1053(91.49)

BPD = 493(18.33) 198(17.20) 0.617 0.432
w 2197(81.67) 953(82.80)

NEC i 641(23.83) 242(21.03) 3.423 0.064
w 2049(76.17) 909(78.97)

FiBL A H AL £ 519(19.29) 192(16.68) 3.476 0.062
w 2171(80.71) 959(83.32)

PDA 2 667(24.80) 274(23.81) 0.375 0.540
w 2023(75.20) 877(76.19)

M T RE S W S 1003(37.29) 457(39.70) 1.900 0.168
7 1687(62.71) 694 (60.30)

687 PRI A 4 T 3 A 0 &= 765(28.44) 310(26.93) 0.833 0.361
1 1925(71.56) 841(73.07)

{5 O A gt 1155(42.94) 458(39.79) 3.146 0.076
7 1535(57.06) 693(60.21)

HLAE S, & 247(9.18) 99(8.60) 0.265 0.607
w 2443(90.82) 1052(91.40)

To A W A I [A] >1 wk 695(25.84) 304(26.41) 0.110 0.740
<1 wk 1995(74.16) 847(73.59)

HiayT & 1039(38.62) 421(36.58) 1.349 0.246
w 1651(61.38) 730(63.42)

MR TR Wik 1692(62.90) 707(61.42) 0.686 0.408
BEFL 998(37.10) 444(38.58)

23 YGERILLZE ROPHBEREEZESHT AR EK T B LA 9 (NRDS WP v 35 0 87 A JLIWILEE \BPD |
7R, ROP FlE ROP 77 LA Bh A M FL B 22 SR B4t NEC SN HE I PDA BRIl S A8 S A i o 26 17 335 M
HE N (P>0.05), ROP F1dE ROP B = JLPEG] A MG 50 A mmmE DR ATUBEGE <, J0 6 W SR (] i y6 T e
1% AR |1 min Apgar.5 min Apgar MRFTEIK A FRHERESAESIFE L (3 P<0.05), 3% 2,
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F2 YHEER~)LLE ROP MEBEREZESH Bl (%)
A5 i S 4k ROP (n=2390) ROP (n=300) X P

JisPIREl 3 1281(53.60) 180(60.00) 4.148 0.042
o 1109(46.40) 120(40.00)

H A B iE <32 wk 227(9.50) 117(39.00) 219.427 <0.001
32-34 wk 948(39.67) 108(36.00)
35-36 wk 1215(50.84) 75(25.00)

A R <1500 g 114(4.77) 100(33.33) 317.551 <0.001
1500-2499 g 1460(61.09) 165(55.00)
=2500 g 816(34.14) 35(11.67)

1 min Apgar =84y 1059(44.31) 100(33.33) 12.652 <0.001
<84 1331(55.69) 200( 66.67)

5 min Apgar =84y 1428(59.75) 140(46.67) 18.229 <0.001
<8 4 962(40.25) 160(53.33)

b A5 = 422(17.66) 64(21.33) 2.192 0.139
D 1968(82.34) 236(78.67)

(ENpig e IS =20 g/d 1330(55.65) 117(39.00) 29.056 <0.001
<20 ¢/d 1060(44.35) 183(61.00)

B LR = 1811(75.77) 255(85.00) 12.222 0.001
7 579(24.23) 45(15.00)

NRDS 2 833(34.85) 158(52.67) 35.587 <0.001
7w 1557(65.15) 142(47.33)

NI, 238 B 704(29.46) 131(43.67) 24.486 <0.001
75 1686(70.54) 169(56.33)

Z1ML b 1650(69.04) 247(82.33) 22.030 <0.001
D 740(30.96) 53(17.67)

B A LI I g s 170(7.11) 78(26.00) 111.361 <0.001
& 2220(92.89) 222(74.00)

BPD Pt 399(16.69) 94(31.33) 37.188 <0.001
7 1991(83.31) 206(68.67)

NEC It 540(22.59) 101(33.67) 17.399 <0.001
7w 1850(77.41) 199(66.33)

fi5 A O & 423(17.70) 96(32.00) 34.098 <0.001
75 1967(82.30) 204( 68.00)

PDA 2 562(23.51) 105(35.00) 18.245 <0.001
En 1828(76.49) 195(65.00)

BEML T RE R 5 = 840(35.15) 163(54.33) 41.146 <0.001
& 1550(64.85) 137(45.67)

AofT FH I 960 2 T V3% P4 40 o 2 630(26.36) 135(45.00) 44.596 <0.001
7 1760(73.64) 165(55.00)

A FH A P 979(40.96) 176(58.67) 33.380 <0.001
w 1411(59.04) 124(41.33)

HUARGE S, = 176(7.36) 71(23.67) 83.007 <0.001
En 2214(92.64) 229(76.33)

TCBN R SR (8] >1 wk 581(24.31) 114(38.00) 25.362 <0.001
<1 wk 1809(75.69) 186(62.00)

LTI INGEEN = 863(36.11) 176(58.67) 56.267 <0.001
& 1527(63.89) 124(41.33)

W35 5 ks 1458(61.00) 234(78.00) 32.269 <0.001
i) 932(39.00) 66(22.00)

24I%EE=)L ROP S EXENASH XHEEEIS  (0=<1500¢g,1=1500-2499 g,2==2 500g) .1 min Apgar
Mrep P<0.05 (A8 R RAE . MES (0=4,1=5) AR (0=<87,1==84}) .5 min Apgar(0=<8 4,1==84}) |
(0=<32 wk,1=32-34 wk,2=35-36 wk)  HAEMAKTE  AREHK(0=<20 ¢/d,1==20 g/d) HiEILIIR (0=
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J=J2) NRDS(0=7,1=42&) MFlER(0=7,1=
) FML(0=F,1=4) FrAdJLMINAE(0=75,1==2) .
BPD(0=7%,1=4&) NEC(0=7%,1=22) . fMAN I (0=
,1=/2) PDA(0="5,1=J2) BEIMINAESTH (0=7,1=
) I R TS Y BT (0=, 1 =) AR
(0=F5,1=02) HLBOES(0=75,1=J&) . JCBI W 4 1} Ja]
(0=<1 wk,1=>1 wk) FIMIGIF(0=75,1=&) I
F(0=FFL, 1=158) , LA ROP HHZER (0=7,1=2),
B AZHE Logistic B1H4 T, R 3% 2 815 32 0
At G55 R AR LIS E AU A LA T B I
YIRS % .BPD NRDS W5k M 35 | JC A W S0 ] > 1 wk 2
FL7= )1, ROP g XU [ 2 (P<0.05) , A AR T & (1 500-
2499 ¢ =2 500 g) \HAERREY (32-34 wk ,35-36 wk) &
FE K =20 ¢/d .5 min Apgar=8 4} & F.7 JL ROP (144
PERZE (¥ P<0.01) , L3 3,

2587 )L ROP MR WHERIIE MEEZHNE

ey

Logistic [H 4B A7 520 1 3R g ar 5™ LR A i 26
P AR R | 25 L I 7R B 2R 1S 43 AR AR B < 1 500 ¢
100 43,1 500-2 499 ¢ 2 33 43, HHAE IR IR <32 wk H 65
41 ,32-34 wk A 21 43 B JLIUILAE M 56 43, HLIGE <N
50 43 R INLE TT A 36 43, HE I I RE 5+ % & 27 43, BPD iy
26 4%, NRDS 2y 25 43, Wik M55 2 26 43, A o 4t 15 <
<20 g/dN 22 43, TE AN WA B > 1 wk 4 25 43,5 min
Apgar PE53<8 430 15 41 BN T AR DL AT 1,

ROC fhZk sz mei A X 43 ROP L5 E ROP & LY
AE 1, AUC BRI 1, X 4 B J7 B a2 4E (&1 2A) FNs:
JIF4E ROC i<k (/& 2B) AUC 433514 0.890 (95%CI:0.870~
0.911) F1 0.907 (95% CI:0.878 -=0.936) , R & & /3 5] N
80.67% 1 82.81% , ¢ 55 £ 43l A 83.18% Fil 85.14% , 3= W]
B EA RAF RN RCRE B it 4 T D1 A A A it )
DA 55 52 B & A AU ) — B0k | 8] 2C rhIl 2R 45 R ik 4
TS 23 X 2 (BRARI 4R ), A T 0 7 A , 28 Hosmer —

#®3 IEER~IL ROP IS EZELIFHH
AR B SE Wald X* P OR 95%CI
A R
1500-2499 g -2.066 0.203 103.877 <0.001 0.127 0.085-0.188
=2500 g -3.095 0.263 137.982 <0.001 0.045 0.027-0.075
A G S
32-34 wk -1.368 0.193 50.108 <0.001 0.255 0.174-0.372
35-36 wk -2.003 0.205 95.978 <0.001 0.135 0.090-0.201
A LI I AE 1.720 0.202 72.517 <0.001 5.586 3.755-8.298
HLE S 1.546 0.206 56.432 <0.001 4.694 3.129-7.018
G IT 1.119 0.157 50.967 <0.001 3.062 2.258-4.176
BEIML D) RE S H 0.830 0.155 28.830 <0.001 2.293 1.696-3.110
BPD 0.815 0.176 21.440 <0.001 2.258 1.596-3.182
NRDS 0.775 0.155 25.054 <0.001 2.171 1.604-2.944
RIS 0.817 0.175 21.696 <0.001 2.263 1.614-3.213
RN =20 o/d -0.687 0.155 19.613 <0.001 0.503 0.370-0.681
ToBN W AE I E] > 1 wk 0.770 0.163 22.297 <0.001 2.159 1.567-2.971
5 min Apgar=8 7} -0.453 0.154 8.643 0.003 0.636 0.469-0.860
e -0.944 0.314 9.051 0.003
0 10 20 30 40 50 60 70 80 90 100
1500-2499 g
AR RE . : .
225009 32-34 wk <1500g
T . s .
35-36 wk = <32wk
#i4 )L b =
HES . ;
% £
HimsasT - . .
ROINRERE f
BPD Er;L
& R
NRDS —
T st s
e —_—
77, <20 g/d
hRERKE —_—
>20g/d >1wk
FRIREAHE
<1wk <84
5min Apgarif$y —_—
A TS 0 50 100 150 200 250 350 400
?}ﬁjﬂlﬁ&ﬁ -8 -7 -6 -5 4 -3 . 2 : -1' ' (3 . '1 ‘
0.1 02 0304050607 08
B 1 F7)L ROP MM 5Lk EARE & rf A3 T AR 2 % 7 A b R e F8 ) LI Jom el 1z 9 43, A8 =2 B 4(E AR, 75 316

o3 ARG B IME T 7 B KBS AR R_EBEIO I 9 ROP & AR AR
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A 1.0
0.8
0.6
5
%0.4~
95% E{S[X[8): 0.870-0.911
0.2
0.0 — % FEHR=0. 890
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-55 S
WA,
C1o7_ ISk
= = VISR
— iEs-
0.8~ i r
0.6
=
= 0.4
0.2
0.0
T T T T T T
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