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Hybrid machine learning models for fetal growth restriction assessment:a 5-year follow-up study
GE Liping' ,PAN Jian’ . TAN Ji* , WU Chaoxia®
(1.Department of Obstetrics , Nanning Maternal and Child Health Hospital ,Guangxi Nanning 530012 ,China ;

2.Department of Obstetrics . Nanning Red Cross Hospital ,Guangxi Nanning 530012 ,China)

[ Abstract | Objective To explore the predictive value of three hybrid machine learning models (nomogram ., decision tree and random
forest) for fetal growth restriction (FGR). Methods A total of 111 pregnant women with FGR who underwent regular obstetric
examination and delivered in Nanning Red Cross Hospital from January 2018 to December 2022 were retrospectively selected,and
another 87 pregnant women without FGR in the same period of time were also selected. Clinical data, color Doppler ultrasound
indexes,laboratory test indexes,and fetal conditions of all pregnant women were collected. Multifactorial Logistic regression was
used to analysis the influencing factors of FGR in pregnant women. Three prediction models, nomogram, decision tree and random
forest, were constructed using independent influencing factors as predictor variables.The predictive performance of the models was
evaluated using accuracy, sensitivity, specificity, precision, recall, F1 value, and receiver operating characteristic (ROC) curves.
Results Multifactorial logistic regression analysis showed that irregular folic acid supplementation, hypertensive disorders of
pregnancy (HDP) ,middle cerebral artery middle cerebral artery RI (cut-off value=0.86) ,low fasting venous blood VEGF (cut-off
value=49.85ng/mL) .and low umbilical cord venous blood VEGF (cut-off value=67.10ng/mlL) were independent factors for the
occurrence of FGR in pregnant women (OR =0.013-57.563, respectively,all P<C0.05).Based on the independent risk factors, the
area under the curve (AUC) ,sensitivity,and specificity of the three models were constructed respectively,and were 0.903 (0.823-
0.982),0.925,0.750 for the nomogram model; were 0.894 (0.809-0.979),0.875,0.850 for the decision tree model; were 0.968
(0.931-1.000) ,0.875,0.950 for the random forest model. The AUC value of random forest model was higher than that of decision
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tree model (Z=—2.582, P<C0.05). Conclusion The prediction results of nomogram, decision tree and random forest prediction
models on FGR all have a high degree of differentiation, among which the random forest model is better than the decision tree
model in predicting. There is no significant difference in the prediction efficacy between the random forest model and the nomogram
model,and the two can be complementary to each other in the application of predicting FGR.

[Key words] fetal growth restriction;influence factor;nomogram;decision tree;random forest;prediction
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il 15 S 501 v A& 22 4 R SR RO B L AT 0 M A0 T T disorders of pregnancy, HDP) | 4F #f 1 4% JR % (ges-
i, A A T B AL R RS, BNANE R tational diabetes mellitus, GDM) | #F IR I %% 1M . 22 37
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Table 1 Basic information of patients with and without FGR [x £ s,M(Q, ~Q;) ,n( %) ]
EfeR 7 FGR A (n=111) 4k FGR 41 (n =87) t/Z/%" P
AR A B
SEPRAEWE (2) 29.04+5.87 27.00(25.00~31.,00) —1.293 0.196
BMI(kg/m?) 24.50(22.40~25.20) 24.20(23.40~25.70) —1.177 0.239
G367 = GRE 7 /™) 34(30.63)/77(69.37) 18(20.69)/69(79.31) 2.489 0.115
/N eV 52(46.85)/59(53.15) 50(57.47)/37(42.53) 2.204 0.138
FUAAD ST R 2/ ) 78(70.27)/33(29.73) 84(96.55)/3(3.45) 20.914 <<0.001
Wi U7 FF b i 2 A R 24(24~30) 24(24~30) —0.151 0.880
B (em) 25(22~27) 25(24~29) —1.569 0.117
JE ] Cem) 90(86~91) 90(86~93) —1.072 0.284
7 Al () 1 322(556~1 400) 650(633~1 590) —1.542 0.123
K4 (mL) 43(38~123) 39(37~132) —0.352 0.725
AR RE (1 B /=1 ) 110€99.10) /1€0.90) 84(96.55)/3(3.45) 0.571 0.450
HDP(J&/5) 34(30.63)/77(69.37) 4(4.60)/83(95.40) 19.668 <0.001
GDM(F /70) 27(24.32)/84(5.68) 12(13.79)/75(86.21) 3.420 0.064
IR MBI R/ TE) 24(21.62)/87(78.38) 13(14.94)/74(85.06) 1.432 0.231
PR CF /D) 7(6.31)/104(93.69) 2(2.30)/85(97.70) 0.999 0.317
JBE SR G2 /) 10(9.01)/101(90.99) 3(3.45)/84(96.55) 1.636 0.201
FoKd A GE/ A 11(9.91)/100(90.09) 6(6.90)/81(93.10) 0.564 0.453
AR CH /T 5(4.50)/106(95.50) 2(2.30)/85(97.70) 0.199 0.655
B B % R O /T8 3(4.50)/108(95.50) 0(0.00)/87(100.00) 3.509 0.061
W 8 s /) 23(20.72)/88(79.28) 10(11.49)/77(88.51) 2.989 0.084
R F 3
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LD FGR #(n=111) 4k FGR 1 (n =87) t/Z/X? P

S H
W% 3 ik P1 1.23(1.00~1.32) 1.20(1.10~1.20) —1.295 0.195
Ji% 3l Bk R1 0.69(0.58~0.75) 0.66+0.06 —1.730 0.084
sk S/D 3.50(2.46~3.80) 3.1(3.0~3.1) —1.385 0.166
AEDV(J&/75) 43(38.74)/68(61.26) 18(20.69)/69(79.31) 7.454 0.006
Kb 3 ik PI 1.60(1.36~1.68) 2.10(2.05~2.23) —1.059 0.290
K igi v 2 Bk RI 0.63(0.55~0.92) 0.9240.33 —4.861 <<0.001
Kb 3 Bk S/D 4.2540.30 4.3140.48 —1.193 0.235
kR Pl 0.67(0.60~0.72) 0.70(0.60~0.70) —0.458 0.647
L 3 WU A8 T (em/ 8) 15.85+3.16 16.1345.58 —0.433 0.666
oL 38 WS 0 3 R (em /') 30.6746.02 31.1745.22 —0.603 0.547
FE ik PI 1.05(0.92~1.29) 1.10€0.80~1.20) —1.715% 0.086

S % HE A
Zp A R #F kil VEG (ng/mlL) 41.20(37.00~43.40) 53.24+10.25 —7.893 <0.001
J s #r bk U VEGF (ng/mlL) 57.40(54.10~60.07) 71.25411.27 —6.534 <<0.001
HEF(g/L) 38.83+38.21 39.55+5.22 —0.759 0.449
SRR (pmmol /L) 294.634-85.21 288.324-84.20 0.519 0.604
24h JREH (mg) 1156.9835.64 1155.7840.36 0.220 0.826
T 1007 ST ] Cs) 9.8540.92 10.02+0.83 —1.356 0.177
T5E 1. i DL P [0 355 3 B (96D 108.63+15.42 107.96+16.53 0.294 0.769
5% 1L T 1] () 13.65+1.48 13.48+1.53 0.797 0.426
[ By o Ak HE 0.95+0.06 0.96+0.05 —1.787 0.075

Ji LA B
SR ILER (5 /%0 51(45.95)/60(54.05) 37(0.00)/50(100.00) 0.231 0.631
MILFHEGE/ T 34(66.67)/77(33.33) 25(28.74)/62(71.26) 0.084 0.772
REEH Y CH /T 35(31.53)/76(68.47) 26(29.89)/61(70.11) 0.062 0.803
7 G 0 2 (K /min) 136(130~141) 136(133~140) —0.960 0.337

2.2 ZBAHE FGR L EZE Logistic B3

VIR IA & & JF FGR WA A & (FGR=1; 3k
FGR=0), LA I FGR 5K G FGR 2
EWERWERTRATR=1,KF=0 .8
HDP(J&£=1;%=0)  AEDVUE=1; % =0) , K fx
Bk RICSEBRAED 28 10 25 16 i ok it B i 7 i Jik il wp

VEGF (SEZBRfED) IE b A A8 i, g9 A Z & Logistic
WE B A7, &5 R o, R AR m iR . &)
HDP K i 3 Jik RTCH A% 8% W7 0.86) fIK 35 b 22
Hzs 8 F ik il VEGE (A2 Wi {E : 49.85ng/mL) 1%
I B e ik . VEGF (e HE 8 7 B2 67.10ng/ mLL)
K240 FGR RAEMIBST M R . Wk 2,

*£2 ZAHE FGR M EEZE Logistic B 7547

Table 2 Multifactorial Logistic regression analysis of FGR in pregnant women

EE'S 8 S.E. Wald X* P OR 95 %CI
FEE A T R 2.905 0.912 10.141 0.001 18.271 3.056~109.235
4 JF HDP 4.053 1.027 15.577 0.000 57.563 7.692~430.755
AEDV 0.698 0.804 0.752 0.386 2.009 0.415~9.719
KM ik R1 —4.330 1.497 8.371 0.004 0.013 0.001~0.247
A% W kil VEGF —0.167 0.043 15.138 <0.001 0.846 0.778~0.920
JBF A7 # Bk . VEGF —0.187 0.044 18.421 <0.001 0.830 0.762~0.903
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P P SR B % Bt BIL AR A 3 R IR A HIL 25 2% ) AR (I
K1 2 B 3) 3ok A2 H5 4k 1 6 A 2 ) )
R UL 1),
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4 0.968(0.931~1.000),0.875.,0.950; Fifi L £ k5
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Fig.1 Nomogram prediction model of FGR in pregnant women
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Fig.2 Decision tree model of FGR in pregnant women
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Fig.4 ROC curves of FGR in pregnant women predicted by nomogram prediction model (A),
decision tree model (B),and random forest model (C) (validation set)
3 RTINS EE K N AR IE
Table 3 Model prediction effectiveness and internal validation
i) AUC95%CI) T R i 2 2 FEJEES F1 {8
Il 24k
LA 0.901* (0.853~0.950) 0.819 0.789 0.851 0.800 0.836 0.818
S 0.925" (0.878~0.972) 0.899 0.958 0.836 0.949 0.836 0.889
BE L AR BR 0.973(0.892~0.986) 0.883 0.950 0.850 0.760 0.950 0.844
I E4E
pIEAL] 0.903(0.823~0.982) 0.850 0.925 0.750 0.789 0.750 0.769
TR 0.894" (0.809~0.979) 0.899 0.875 0.850 0.949 0.836 0.889
B HL AR AE 0.968(0.931~1.000) 0.883 0.875 0.950 0.760 0.950 0.844

e RORIZBA] AUC (A5 REALFR AR H g, P<C0.05,
3 Wit

FGR 4 K K 51 & i £ 43 i 52 BH K i & (it
AN ST 5 R AT T e R JLAE T XUR: (5 & 10 %)
RS0 WA 45 R0, R R R 1 e e A
I 4 BT X I FEL 7 LA B A iR 45 )R LA I

3.1 BEH A FGR W mE E R ERNE

AR5 L N E Logistic [m] 1743 7 3 B, 22 40 76
KHH A TR A IF HDP K 3h ik R1<<0.86,
ZatA 23 R K i VEGF <C49.85ng/mL K Ji% 4 i ik
i VEGF<C67.10ng/mL B}, HIf % FGR ) XU T+
. FERRBRIE B G LK & B, 2 40 1 o R 1 SR
BN A A R AR AL L T 5| R L2
B B BEAR AT, R A i R A B b LA AR
— W B AT i A 4k, DL RNA DNA K&
SRR R m s LA K EF SR H
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Mg i s H FGR R AW AT gtk . A 5T K & 3
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fE R E PR EEMEM, N £ 5 H5 5 R IR IE
W, VEGF & —F {2 48 Py Bz 20 i 4 K B, B
R 1 5 T B I P R AN RS Bl L A L o S A
MY REEHEI SRR E 5, 4 JF HDP
2841l VEGFE AKCFBEAL, i — 2 Z2 I R Logistic
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