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Abstract—This research focuses on two core issues in the clinical practice of Non-Invasive Prenatal Testing (NIPT):
optimal testing timing selection and fetal chromosomal abnormality determination. For male-bearing pregnancies,
the quantitative relationship between fetal Y-chromosome concentration and maternal factors such as Body mass
index (BMI) and gestational weeks was systematically analyzed, establishing a multiple regression model. Based on
this, survival analysis and clustering algorithms were employed to scientifically group pregnant women according to
BMI. Aiming to minimize clinical risk, the optimal NIPT timing for different BMI ranges (low, medium, high) was
determined (11.5 weeks, 11.0 weeks, and 13.0 weeks, respectively). Further considering the influence of multiple
factors such as height, weight, and age, a comprehensive evaluation and multi-objective optimization model was
constructed, and its robustness was verified. For female fetuses lacking direct Y-chromosome evidence, an innovative
logistic regression classification model was established by integrating multidimensional indicators including Z-scores
of chromosomes 21, 18, and 13, GC content, and read counts. A hierarchical clinical decision rule was also designed,
achieving an accuracy rate of over 80% on the validation set. This study provides systematic modeling methods and
decision support for the personalized and precise clinical application of NIPT.

Keywords—Non-invasive prenatal testing, Optimal testing timing, Fetal abnormality determination, Survival
analysis, Clustering algorithm, Logistic regression
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