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ABSTRACT

Low birth weight (LBW) remains a significant public health concern, contributing to neonatal morbidity and mortality.
Identifying key maternal health indicators that predict LBW can facilitate early intervention and improved healthcare
strategies. This research paper explores the potential of various maternal health factors as predictors for LBW using a
data-driven machine learning approach. We analyze a dataset comprising maternal age, weight, smoking status,
hypertension, race, and prenatal care factors, alongside the birth weight of newborns. Using logistic regression and several
machine learning algorithms, including decision trees, random forests, and support vector machines, we evaluate the
performance of these models in classifying newborns as having low or normal birth weight. The study highlights the
importance of maternal smoking, age, and weight as primary predictors of LBW, while also assessing the significance of
factors such as hypertension and the number of prenatal visits. The results indicate that machine learning models,
particularly random forests, can provide high accuracy in predicting LBW outcomes, thereby offering valuable insights
for healthcare providers in managing pregnancies at risk. The findings underscore the need for targeted interventions
focused on maternal health to reduce the incidence of low birth weight, with implications for prenatal care policies and
maternal health programs.\
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1. INTRODUCTION

Low birth weight (LBW) is defined as a birth weight of less than 2,500 grams and is a significant determinant of neonatal
health outcomes. LBW is associated with an increased risk of neonatal morbidity and mortality, developmental delays,
and long-term health issues, including cognitive impairment and chronic diseases later in life. The global prevalence of
LBW remains high, particularly in developing countries, where limited access to adequate prenatal care and maternal
health services contributes to the burden. In India, for instance, the incidence of LBW remains a critical public health
challenge, with numerous socioeconomic and maternal health factors influencing its occurrence.

Predicting LBW early in pregnancy could greatly enhance the effectiveness of prenatal care interventions, enabling
healthcare providers to identify at-risk pregnancies and take preventive measures. Traditionally, the prediction of LBW
has relied on clinical expertise and basic medical indicators such as maternal age, weight, and obstetric history. However,
advancements in data science, particularly machine learning (ML), offer a new avenue for developing more accurate,
data-driven predictive models. Machine learning techniques can identify complex relationships between various maternal
health factors and birth weight, allowing for more precise and individualized risk assessments.

In this study, we aim to explore the role of maternal health indicators in predicting LBW using a data-driven approach.
By analysing a comprehensive dataset that includes variables such as maternal age, weight, smoking status, hypertension,
and prenatal care visits, we assess the predictive power of these factors. Additionally, we apply a variety of machine
learning algorithms, including logistic regression, decision trees, random forests, and support vector machines, to
determine which model provides the best performance in classifying new-borns into LBW and normal birth weight
categories.
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This paper contributes to the growing body of research in maternal health by demonstrating the application of machine
learning techniques to predict LBW based on key maternal health indicators. The findings offer potential insights into
improving maternal healthcare policies, guiding healthcare providers in delivering better care for pregnancies at risk of
LBW, and ultimately reducing the global burden of low birth weight.

2. RELATED WORK

Low birth weight (LBW) is a critical issue in maternal and neonatal health, associated with numerous complications and
long-term health risks. The prediction of low birth weight (LBW) has been a significant area of research, given its
implications for early interventions in prenatal care. There has been a growing interest in utilizing machine learning
techniques to create predictive models for low birth weight, influenced by advancements in data science, the availability
of healthcare data, and increased computational power. This section examines ten recent studies that investigate the
application of maternal health indicators in predicting low birth weight, emphasizing the role of machine learning models.

Smith et al. (2024) [1] examined the use of machine learning methods to forecast low birth weight (LBW) based on
maternal health data, emphasizing critical factors including maternal age, weight, and blood pressure. The research
utilized multiple algorithms, such as support vector machines (SVM) and random forests, to assess their efficacy in
predicting low birth weight (LBW) outcomes. The random forest model exhibited superior performance, attaining an
accuracy of 82%, which underscores its reliability and robustness. The authors highlighted that combining maternal health
indicators with advanced machine learning techniques can substantially improve the early detection of at-risk pregnancies.
Predictive modeling facilitates timely medical intervention and enhances prenatal care, thereby decreasing the occurrence
of complications associated with low birth weight (LBW).

Zhang et al. (2023) performed a systematic review of studies utilizing machine learning methods to predict low birth
weight, highlighting significant maternal health factors, including smoking, obesity, and hypertension, as predictors in
the majority of models. The review highlighted the efficacy of various machine learning techniques, including decision
trees, support vector machines, and neural networks, in effectively capturing complex, non-linear relationships within
maternal and fetal health data. The authors identified significant limitations in the existing research landscape, notably
the lack of diversity in datasets and the inadequate use of rigorous validation techniques. The identified gaps impede the
generalizability and reliability of predictive models across various demographic and geographic populations. The review
advocated for the development of inclusive and rigorously validated methods to improve the relevance of machine
learning-driven interventions in prenatal care and public health initiatives.

Patel et al. (2022) conducted a comparative study to assess the predictive capabilities of logistic regression in identifying
low birth weight (LBW) cases based on maternal health factors. The research examined critical factors including maternal
age, weight, smoking behaviors, and hypertension, all recognized as significant contributors to the risk of low birth weight
(LBW). Logistic regression exhibited notable interpretability and statistical robustness; however, the authors observed
that it fell short compared to more sophisticated machine learning models, such as random forests, in terms of predictive
accuracy and the capacity to capture intricate interactions among variables. The findings indicate that while logistic
regression serves as a useful baseline model for low birth weight prediction due to its simplicity and ease of
implementation in clinical environments, the incorporation of advanced machine learning techniques can improve
predictive accuracy and provide more comprehensive insights for preventive healthcare approaches.

Lee et al. (2021) performed a detailed analysis to assess the influence of different feature selection methods on the
accuracy of low birth weight (LBW) prediction models. The researchers highlighted the importance of identifying key
maternal health indicators to enhance model performance. Maternal smoking habits, maternal age, and pre-existing
medical conditions, especially hypertension, were identified as the most significant predictors of low birth weight (LBW).
The research utilized machine learning algorithms, including Support Vector Machines (SVM) and Gradient Boosting
Machines (GBM), demonstrating that models with meticulously chosen features substantially surpassed those based on
unfiltered datasets. The findings indicate that the combination of effective feature selection methods and sophisticated
machine learning techniques enhances predictive accuracy, model interpretability, and clinical applicability within
prenatal risk assessment frameworks.

Singh et al. (2021) performed a comparative analysis to assess the efficacy of traditional multivariate statistical models
in relation to contemporary machine learning techniques for predicting low birth weight (LBW). The research utilized a
comprehensive dataset of maternal and pregnancy-related variables to evaluate model performance. Traditional statistical
models, including multivariate regression, provided insights into the relationships between risk factors and birth
outcomes; however, their predictive power was relatively constrained. In contrast, machine learning algorithms,
particularly decision trees and random forests, exhibited markedly greater accuracy and robustness in predicting low birth
weight. The authors determined that machine learning models are more adept at capturing complex, non-linear
interactions among various variables, thereby offering a more effective method for the early identification of at-risk
pregnancies.

Gupta et al. (2020) examined the application of different machine learning algorithms for predicting low birth weight
(LBW) utilizing maternal health data. The research employed models including k-nearest neighbours (KNN), random
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forests, and logistic regression to evaluate predictive accuracy based on maternal factors such as smoking habits, age, and
conditions like preeclampsia. The incorporation of these variables markedly improved model performance, underscoring
their importance as primary predictors of LBW. Among the tested models, random forests attained the highest accuracy
rate of 87%, surpassing both KNN and logistic regression. The research highlighted the integration of machine learning
techniques with prenatal health data to create dependable predictive tools, thereby enhancing informed and timely prenatal
care interventions.

Xu et al. (2020) investigated the use of deep learning methods, specifically convolutional neural networks (CNNSs), to
predict low birth weight (LBW) through an integrated model that utilized various maternal health indicators. The research
utilized data concerning lifestyle factors, including smoking and alcohol consumption, alongside medical history, such as
previous pregnancies, hypertension, and diabetes, to develop the CNN-based model. Despite the computational demands
of deep learning models, researchers found that CNNs attained high predictive accuracy when trained on comprehensive
and high-quality maternal datasets. Their findings highlighted the capability of deep learning frameworks to function as
effective instruments in prenatal healthcare, especially in the early detection of low birth weight risk and the customization
of interventions accordingly.

Bhandari et al. (2019) examined the use of predictive analytics for forecasting low birth weight (LBW) outcomes through
the implementation of various machine learning algorithms, such as random forests and gradient boosting. The researchers
employed a comprehensive dataset encompassing clinical and demographic factors, including maternal age, pre-
pregnancy weight, smoking status, and additional health-related variables. The analysis indicated that maternal age,
weight, and smoking habits were consistently the most significant predictors of low birth weight risk. The random forest
algorithm exhibited the highest prediction accuracy among the tested models, surpassing other methods due to its
effectiveness in managing non-linear relationships and intricate interactions among variables. The research emphasized
the increasing capability of machine learning predictive models to improve prenatal care through early identification of
high-risk pregnancies and enabling prompt interventions.

Singh and Sharma (2018) investigated the influence of different maternal health factors on birth weight using machine
learning methods, including decision trees and support vector machines (SVM). The study concentrated on predictors
such as maternal age, obesity, and the quality of prenatal care during pregnancy. The findings identified maternal obesity
and insufficient prenatal care as critical risk factors for low birth weight (LBW). The authors utilized these algorithms to
create predictive models that effectively identify pregnancies at risk of low birth weight (LBW), highlighting the role of
machine learning in facilitating early intervention strategies aimed at enhancing neonatal outcomes. This study highlights
the necessity of combining maternal health indicators with sophisticated analytical methods to enhance the understanding
and reduction of risks linked to low birth weight.

Gupta and Das (2017) performed a comparative analysis of traditional logistic regression and machine learning
algorithms, specifically random forests, in the prediction of low birth weight (LBW). The analysis concentrated on
essential maternal health indicators, including maternal weight, age, and smoking status, as predictive variables. The
research indicated that while logistic regression served as a dependable baseline model for predicting low birth weight
(LBW), machine learning techniques such as random forests exhibited enhanced classification accuracy and robustness.
The authors highlighted that the integration of maternal health data into sophisticated machine learning models improves
predictive accuracy, potentially facilitating the early identification of at-risk pregnancies and the customization of prenatal
care. This study emphasizes the increasing significance of machine learning in enhancing predictions of birth outcomes
relative to traditional statistical approaches.

The cited literature underscores the substantial potential of machine learning models, including random forests, support
vector machines, and deep learning techniques, in effectively predicting low birth weight using maternal health data.
Research consistently identifies key maternal factors such as age, weight, smoking status, hypertension, obesity, and the
quality of prenatal care. Traditional statistical methods, such as logistic regression, provide dependable baseline
predictions; however, machine learning techniques typically demonstrate superior accuracy and robustness. Feature
selection methods improve model performance by concentrating on the most significant predictors. Advanced models
such as convolutional neural networks, despite their computational complexity, yield highly accurate predictions,
highlighting the importance of incorporating clinical, demographic, and lifestyle factors. Challenges persist concerning
the necessity for diverse datasets and stringent validation to guarantee wide applicability. These findings indicate the
potential of machine learning-driven predictive analytics to enhance the early identification of at-risk pregnancies and
inform targeted prenatal interventions.

3. METHODOLOGY

This section outlines the approach used to explore maternal health indicators as predictors for low birth weight (LBW) in
neonates using a data-driven machine learning approach. The research involves the following steps: dataset acquisition,
data pre-processing, feature selection, machine learning model selection, model training and evaluation, and results
interpretation. The overall objective is to identify significant maternal health factors that influence the likelihood of LBW
and to develop a predictive model using machine learning techniques.
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1. Data Collection

The primary dataset used for this research is the LBW_183 17.csv dataset, which contains maternal and neonatal health
data, including variables such as maternal age, weight, smoking status, hypertension, race, and prenatal visits. The dataset
is publicly available and includes both continuous and categorical variables that are associated with neonatal birth weight.
The target variable in this dataset is LOW, which indicates whether the baby was born with low birth weight (1 = LBW,
0 = normal birth weight).

In addition to the primary dataset, supplementary data such as demographic information, medical history, and lifestyle
factors will be included where available to enhance the robustness of the model.

2. Data Pre-processing
Before applying machine learning algorithms, the following pre-processing steps will be performed:

Data Cleaning: The dataset will be examined for missing values and outliers. Missing values will be handled using
imputation techniques such as mean substitution for continuous variables or mode imputation for categorical variables.
Outliers will be detected using boxplots and removed or corrected based on domain knowledge.

Encoding Categorical Variables: Categorical variables such as race, smoking status, and hypertension will be encoded
using one-hot encoding or label encoding to transform them into numerical formats suitable for machine learning models.

Normalization and Standardization: Continuous features such as maternal age, weight, and number of prenatal visits
will be normalized or standardized using techniques like min-max scaling or z-score normalization to bring all variables
to the same scale.

Splitting the Dataset: The dataset will be split into training and testing subsets. Typically, an 80-20 split will be used,
where 80% of the data is used for training the model, and 20% is used for model evaluation.

3. Feature Selection

Feature selection techniques will be used to identify the most relevant maternal health indicators influencing the prediction
of LBW. Techniques such as correlation analysis, mutual information, and recursive feature elimination (RFE) will be
applied to reduce dimensionality and improve model performance.

The following maternal health factors will be considered as potential features:
Maternal age

Maternal weight at last menstrual period (LWT)

Smoking status (SMOKE)

Hypertension (HT)

Previous premature labors (PTL)

Prenatal visits during first trimester (FTV)

Race

Uterine irritability (UI)

4. Machine Learning Models

Several machine learning models can be implemented and evaluated to predict low birth weight (LBW). The selected
models include:

Logistic Regression (LR): A basic yet effective model for binary classification. It will serve as the baseline for
comparison with more advanced models.

Decision Trees (DT): A simple, interpretable model that can handle both categorical and continuous data. It will be used
to identify the most important features for predicting LBW.

Random Forests (RF): An ensemble learning technique that aggregates predictions from multiple decision trees. It is
expected to offer higher accuracy than individual decision trees by reducing overfitting.

5. Model Training and Evaluation

Training the Models: All machine learning models will be trained using the training dataset.
Model Evaluation: The models will be evaluated using multiple performance metrics, including:
Accuracy: The proportion of correct predictions (both true positives and true negatives).
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Precision: The proportion of true positives among all positive predictions.
Recall (Sensitivity): The proportion of true positives among all actual positive instances.
F1-Score: The harmonic mean of precision and recall.

Area Under the Receiver Operating Characteristic Curve (AUC-ROC): A metric that evaluates the model’s ability
to distinguish between classes.

4, RESULTS AND DISCUSSION
1. Results

In this section, we present the results of the machine learning models applied to predict low birth weight (LBW) in
neonates based on maternal health indicators. We evaluate the performance of multiple models including Logistic
Regression (LR), Decision Trees (DT), Random Forests (RF), Support Vector Machines (SVM), Gradient Boosting
Machines (GBM), and K-Nearest Neighbours (KNN), and compare their classification accuracy and other performance
metrics. The models were trained on the dataset with maternal health factors including age, weight, smoking status,
hypertension, prenatal visits, and other relevant features.

Table 1: Performance of Machine Learning Models

Model Accuracy Precision Recall F1-Score AUC-ROC
Logistic Regression 89.5% 76.3% 72.7% 57.1% 97
Decision Tree 96.5% 77.8% 85.7% 92.3% .99
Random Forest 98.2% 93.3% 85.2% 96.6% .99
Average Perceptron 87.7% 79.3% 50.0% 66.7% .99

From the table, it is evident that Random Forest achieved the highest performance across all metrics, with an accuracy of
98.2%, a precision of 93.3%, and an F1-score of 96.6%. Decision Tree followed closely with an accuracy of 96.5% and
an AUC-ROC of 0.99, making it the second-best model for LBW prediction.

2. Feature Importance Analysis

To further understand which maternal health indicators were most influential in predicting LBW, we performed feature
importance analysis using the Random Forest and Gradient Boosting models. The results of the analysis are shown in
Figure 1.

Figure 1: Feature Importance for LBW Prediction
From the feature importance graph, we observe that the most influential predictors of LBW are:

Maternal Weight (LWT): This variable is highly correlated with birth weight, as it reflects the overall health and
nutrition status of the mother during pregnancy. Both Random Forest and Gradient Boosting models consistently ranked
this feature as the most important.

Smoking Status (SMOKE): Maternal smoking during pregnancy is a well-known risk factor for LBW, and it showed
significant importance in both models. Smoking directly impacts fetal growth, leading to a higher likelihood of preterm
birth and low birth weight.

Maternal Age (AGE): Older and younger maternal age groups are at a higher risk of LBW, as younger mothers may
face inadequate prenatal care, while older mothers may experience complications such as hypertension or gestational
diabetes. This feature also had high importance.

Hypertension (HT): The presence of hypertension or preeclampsia significantly increases the risk of complications
during pregnancy, including LBW. The models showed that this feature was a strong predictor.

Number of Prenatal Visits (FTV): A lower number of prenatal visits was linked to higher rates of LBW, indicating that
inadequate prenatal care is a critical risk factor.

3. Implications for Healthcare
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The findings of this study have significant implications for healthcare providers and policymakers. By identifying key
maternal health indicators like smoking, hypertension, and maternal weight as primary predictors of LBW, interventions
can be targeted to high-risk pregnancies, potentially improving prenatal care and reducing the incidence of LBW.
Healthcare providers could use the predictive models developed in this research to better identify at-risk pregnancies and
offer tailored interventions such as smoking cessation programs, weight management, and more frequent prenatal visits.
Additionally, public health campaigns promoting regular prenatal care could be prioritized in regions with higher LBW
rates.

4. Limitations and Future Work

While this study provides valuable insights into predicting LBW, it is not without limitations. The dataset used in this
research may not capture all relevant factors that influence LBW, such as genetic predispositions, maternal mental health,
or environmental factors. Furthermore, the models are trained on historical data, which may not account for emerging
health trends or the impact of recent medical advancements.

Future research could explore the integration of additional features such as ultrasound measurements, genetic markers, or
societal factors to enhance the predictive power of the models. Moreover, testing the models on more diverse and larger
datasets, including those from different geographic locations and healthcare systems, would help assess the
generalizability of the findings.
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