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Constructing LASSO regression model for early prediction of fetal growth
restriction based on assisted reproductive pregnancy umbilical cord blood
flow parameters and placental function indicators

WANG Wen-yan, MA Qin-ling
(Department of Obstetrics ,73rd Group Army Hospital of the People’s Liberation Army , Xiamen 361001, Fujian ,China)

[ Abstract] Objective: To investigate the early predictive value of combining umbilical cord blood flow dynamics parameters
with placental function indicators in the second trimester of pregnancy for fetal growth restriction (FGR) in assisted reproduc-
tive technology (ART) pregnancies,and to develop and validate a predictive model. Methods: A total of 317 singleton pregnant
women who successfully achieved ART-assisted pregnancies and maintained ongoing pregnancies were enrolled and followed up
until delivery. Based on the occurrence of FGR, the participants were categorized into the FGR group (n=41) and the non-FGR
group (n=276). At 20~ 24 weeks of gestation,baseline characteristics,umbilical artery hemodynamic parameters [ peak systol-
ic velocity (S),end-diastolic velocity (D),S/D ratio,resistance index (R, pulsatility index (PI),peak systolic velocity (Vs),
end-diastolic velocity (Vd)] and placental function indicators [ 24-hour urinary estriol,serum human placental lactogen (hPL),
fetal movement counts within 2 hours] were systematically collected. Independent predictors were screened using LASSO-Lo-
gistic regression to construct a combined prediction model. The model’s discriminative ability was evaluated using the receiver
operating characteristic (ROC) curve. Internal validation assessing stability was performed using the Bootstrap method. Clinical
decision curve analysis (DCA) was employed to evaluate clinical utility. Results: Through LASSO-logistic regression analysis,
the optimal model was achieved with A=10. 074. The findings indicated that elevated S/D ratios, increased Resistance Index

(RD , higher Pulsatility Index (PD ,reduced serum hPL levels,low 24-hour urinary estriol levels,and fewer than 6 fetal move-
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ments within two hours were significant risk factors influencing FGR following successful assisted reproductive pregnancies
(P<C0.05). The nomogram model was internally validated using the Bootstrap method, with the area under the ROC curve for
the LASSO-Logistic prediction model being 0. 871. Furthermore, the Hosmer-LLemeshow test demonstrated that the mean abso-
lute error between the actual values and the calibration curve was 0. 03 (X*=0. 162, P =0. 872). Conclusion: The LASSO re-
gression model, constructed based on mid-trimester umbilical artery hemodynamic parameters (S/D ratio, RI,PD ,serum hPL,
24-hour urinary estriol,and fetal movement counts <6 within 2 hours, demonstrates good early predictive value for FGR in
ART pregnancies. This model exhibits stability and strong clinical utility,providing significant evidence-based support for indi-
vidualized fetal surveillance and early intervention in ART pregnancies.

[Key words] Assisted reproductive technology; Fetal growth restriction; Umbilical cord blood dynamics; Placental func-

tion; LASSO regression; Early prediction; Prediction model
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