
Abstract

Introduction

Epidemiological studies have demonstrated an association 
between prenatal exposure to ambient air pollution and 
adverse birth outcomes. However, no predictive model 
assesses the risk of small-for-gestational-age (SGA) births in 
women exposed to specific pollutants during pregnancy, 
utilizing two pollution estimation methodologies: the Tele-
Monitoring System (TMS) and the Kriging Interpolation 
Method (KRIG).

Methods:

Using data from 2,734 mothers enrolled in the Korean 
CHildren's ENvironmental Health Study (Ko-CHENS) cohort, 
we constructed two growth measure datasets (weight-
based datasets (n = 2,734) 27.40% SGA, and length-based 
dataset (n = 2,422) with 16.52% SGA). We compared TMS and 
KRIG, applied by trimester and the entire pregnancy. Four 
machine learning models were evaluated by receiver-
operating characteristic (ROC) curves, with Shapley Additive 
Explanations (SHAP) used to provide global model 
interpretations.

Results:

Our analysis showed no multicollinearity and XGBoost 
consistently outperformed other models across all 
trimesters and the entire pregnancy in both weight-based 
and length-based datasets, especially with the KRIG 
method. The highest performance was observed with KRIG 
for XGBoost in the first trimester for weight-based datasets 
(AUC 91.22%) and in the second trimester for length-based 
datasets (AUC 93.64%). The explainable results revealed by 
KRIG method the ambient pollution variables consistently 
appearing across all trimesters using the KRIG Method 
were particulate matter (PM2.5), nitrogen dioxide, and 
ozone in the weight-based dataset, and ozone, carbon 
monoxide (CO), and PM2.5 in the length-based dataset.

Conclusion:

Machine learning algorithms can create effective tools for 
predicting SGA in mothers exposed to ambient air 
pollution, potentially aiding in identifying high-risk mothers 
and neonates.
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Results

Table 2. XGBoost model interpretation using feature importance based on SHAP ranking in in length-based datasets.

Table 1. XGBoost model interpretation using feature importance based on SHAP ranking in in weight-based datasets.

Figure 2. Receiver operating characteristic curves for 5-fold cross-validation for Kriging method. 

Figure 1. Receiver operating characteristic curves for 5-fold cross-validation for tele-monitoring
 system. 

Figure 3. Feature correlation analysis. Correlation of variables with  SGA outcome in 1st trimester; 2nd trimester; 3rd trimester. 
Positive impact sizes are represented by hues of red, while negative effect sizes are represented by shades of blue.

- The consistent superior performance of the XGBoost model in our ROC curve 
analysis across all trimesters reveals its robustness and suggests that it can 
effectively manage the nonlinearities and interactions between various predictors 
in prenatal environments.
- The variation in feature importance across different trimesters and datasets 
highlights the dynamic nature of factors influencing fetal growth. The fact that 
pollutants like PM2.5 and sulfur dioxide fluctuate in influence suggests that 
environmental risks may need trimester-specific public health interventions. This 
could guide more targeted prenatal care and policy adjustments depending on 
local environmental conditions.
- The findings regarding gestational age reinforce its established importance in fetal 
monitoring but also suggest that integrating GA with real-time pollution data could 
refine risk assessments. Such integration could lead to the development of 
predictive models that are not only reactive but also proactive in adjusting to 
ongoing environmental and maternal health data throughout the pregnancy.
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