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Abstract 
Polycystic Ovary Syndrome (PCOS) is a prevalent endocrine disorder that affects women of reproductive age 

and is often difficult to diagnose due to variability in clinical symptoms. This study presents an interpretable 

machine learning approach for PCOS diagnosis using a Decision Tree classifier trained on clinical and 

hormonal data. The dataset was obtained from Kaggle and consists of anonymized records of 200 women, 

including both PCOS and non-PCOS cases. Key features such as age, body mass index (BMI), menstrual 

irregularity, testosterone levels, and antral follicle count were used for model development. The proposed 

model achieved an overall accuracy of 84% and a recall of 75% for PCOS cases, demonstrating its 

effectiveness in identifying individuals at risk. Feature importance analysis highlighted menstrual irregularity, 

testosterone levels, and BMI as the most influential predictors, consistent with established clinical findings. 

However, the study is limited by the use of a single publicly available dataset and the lack of external 

validation. The results indicate that interpretable machine learning models can support early PCOS screening 

and clinical decision-making. 

 

Keywords: Polycystic Ovary Syndrome (PCOS), Decision Tree Classifier, Correlation 

Analysis, Endocrine Disorders 

1. Introduction 

Polycystic Ovary Syndrome (PCOS) is one of the most prevalent endocrine disorders 

affecting women of reproductive age, with a global prevalence ranging between 5–10% 

(Rahman et al., 2024). The syndrome is characterized by a variety of clinical manifestations, 

including irregular menstrual cycles, hyperandrogenism, and polycystic ovarian morphology. 

The variability and complexity of symptoms often result in delayed or inaccurate diagnosis, 

which can have long-term health consequences such as infertility, metabolic syndrome, and 

cardiovascular complications (Velvizhi & Kiruthiknivas, 2024). Traditional diagnostic 

approaches rely on clinical assessments and hormonal evaluations, which are often subjective 

and prone to inconsistencies. 

Recent advances in machine learning (ML) have provided opportunities to enhance medical 

diagnostics by identifying patterns and relationships in complex datasets that may be missed 

by conventional statistical methods. Among various ML techniques, Decision Tree classifiers 

are particularly appealing due to their interpretability, ability to handle both categorical and 

numerical features, and capacity to model non-linear relationships (Singh et al., 2023). 

Leveraging these characteristics, machine learning models can support clinicians in making 

accurate and timely decisions, ultimately improving patient outcomes. 

This study investigates the effectiveness of a Decision Tree-based machine learning model 

for the diagnosis of PCOS using a dataset of clinical and hormonal parameters. By providing 
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a transparent and data-driven approach, this research aims to improve early detection, assist 

clinical decision-making, and identify the most influential predictors of PCOS. 

1.1. Background 

PCOS affects women worldwide and poses significant challenges in diagnosis and 

management due to the heterogeneity of symptoms and overlapping clinical conditions 

(Rahman et al., 2024). Key features of PCOS include menstrual irregularities, elevated 

androgen levels, and polycystic ovarian morphology observed via ultrasound (Hassaan, 

Ahmed, et al 2023). These clinical characteristics are frequently accompanied by metabolic 

disturbances, including obesity, insulin resistance, and dyslipidemia, highlighting the 

importance of early detection and intervention (Dutta et al., 2021; Kale et al., 2024 Niaz, 

Sikander, et al. 2024). 

Traditional diagnostic methods, such as the Rotterdam or NIH criteria, rely on a combination 

of clinical, biochemical, and imaging findings. However, inconsistencies in interpretation and 

subjective assessment can lead to misdiagnosis or delayed treatment. Consequently, 

integrating machine learning approaches offers a promising alternative, providing objective, 

reproducible, and interpretable decision-making support (Ajil et al., 2023; Singh et al., 2023; 

Hassaan, A., et al.).Decision Tree algorithms have demonstrated notable success in medical 

applications due to their simplicity and transparency (Akbar, Zeeshan, et al 2023). By 

recursively partitioning the dataset based on feature values, these models can reveal key 

relationships between clinical indicators and outcomes, enabling clinicians to understand and 

trust the reasoning behind predictions (Dutta et al., 2021). Moreover, Decision Trees can 

handle class imbalance and missing data effectively, which is particularly important in 

medical datasets where the prevalence of certain conditions may be low. 

This study builds upon previous research that utilized machine learning for PCOS detection. 

Prior works have applied Decision Trees, Random Forests, and ensemble methods to predict 

PCOS with high accuracy, emphasizing the importance of dataset quality, feature selection, 

and handling class imbalance (Rahman et al., 2024; Ajil et al., 2023; Nair et al., 2025). By 

combining clinical and hormonal features, this research seeks to develop an interpretable 

model that not only achieves reliable diagnostic performance but also identifies the most 

critical predictors for PCOS management. 

Machine Learning Algorithms 

By offering instruments that can examine intricate datasets and reveal patterns that might not 

be immediately obvious using conventional techniques, algorithms for learning (ML) has 

completely transformed the area of medical diagnostics. Numerous machine learning 

methods, each with unique advantages and disadvantages, are frequently employed in 

healthcare applications.Recent studies has extensively explored the intersection of artificial 

intelligence and sector-specific optimization. Recent studies has demonstrated the versatile 

application of artificial intelligence in stabilizing economic and medical infrastructures. 

Begum (2022) initiated this discussion by illustrating how AI-powered predictive analytics 

can optimize capital deployment for startup resilience in the post-pandemic United States. 

This theme of economic recovery is extended in more recent work by Begum (2025a), which 

focuses on financial modeling for the SME sector, and by Mishu et al. (2024) regarding 

supply chain decision-making. Beyond economics, AI-driven frameworks have been 

proposed for hospital workflow efficiency (Ahmed et al., 2025) and precision oncology 

through gene selection models like SparseGene (Liya et al., 2025) and AttenGene (Begum et 

al., 2025b). Additionally, Begum et al. (2025c) have expanded AI’s utility to social media 

integrity through IoT-connected fake news detection systems. 

Random Forest, Support Vector Machines (SVM), Neur K-Nearest Neighbors (KNN) al 
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Networks, as decision tree is selected as machine learning model for this study (Dutta et al. 

2021 Jamshaid, Muhammad Mudaber, et al. 2024). 

Decision Trees 

Making a framework that predicts the value of a target variable based on multiple input 

features is how Decision Trees, an established supervised algorithm for machine learning 

used for both classification and regression tasks, work. A Decision Tree's structure is similar 

to a flowchart, with each internal node representing a characteristic (or attribute) of the data, 

each branch representing an action rule depending on that feature, and each leaf node 

representing an outcome or class label. The algorithm works by recursively splitting the 

dataset into subsets based on the values of the input features, aiming to create groups that are 

as homogeneous as possible with respect to the target variable. Common criteria for splitting 

include Gini impurity, entropy (information gain), and mean squared error for regression 

tasks. Interpretability is one of the main benefits of decision trees; even those with a strong 

experience in statistics can understand and visualize the end product with ease. Additionally, 

Decision Trees are robust to outliers and can handle either numeric and categories data 

without requiring a lot of preparation. In a variety of applications, including as marketing, 

finance, and healthcare, they are especially helpful because they can capture non-linear 

correlations between data and the target variable. Using decision trees, doctors can better 

diagnose conditions like Polycystic Ovary Syndrome, also known as PCOS and improve 

patient care by identifying important characteristics that affect patient outcomes (Singh et al. 

2023). 

1.2. Research Aims 

This study's main objective is to assess how well Decision Tree algorithms diagnose 

Polycystic Ovary using a large dataset that contains a variety of clinical and hormonal 

characteristics. In order to help medical professionals make accurate diagnoses, this study 

aims to uncover important indicators of PCOS and create an understandable and transparent 

model. 

Along with addressing the issues brought on by disparities in class in the dataset, the study 

also attempts to evaluate the model's performance using measures including precision, recall, 

precision, and F1-score. Through the use of machine learning approaches, this research hopes 

to increase diagnostic capacities, which will ultimately result in improved outcomes for 

patients and more efficient PCOS care. 

1.3. Research Objectives 

1. To create a Decision Tree model that uses pertinent clinical and hormonal characteristics to 

reliably classify people as having PCOS or not. 

2. To identify important performance indicators including precision, recall, F1- score, and 

accuracy to give a thorough evaluation of the model's diagnostic potential. 

3. To determine crucial PCOS predictors that can guide therapeutic management by analyzing 

the significance of individual variables in the model's decision- making process. 

4. To investigate ways to rectify the dataset's class imbalance and enhance the model's capacity 

to precisely detect PCOS instances. 

1.4. Significance of Research 

The goal of this study is to improve the efficiency and accuracy of PCOS (polycystic ovarian 

syndrome), a common condition that affects a large number of people globally. By using 

Decision Tree algorithms to the study aims to solve the shortcomings of conventional 

diagnostic techniques by offering a data-driven strategy that helps medical practitioners make 

well-informed judgments based on objective criteria. Accurately identifying whether a 
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person has PCOS or not is essential for prompt interventions and efficient treatment of the 

disorder. Additionally, the Decision Tree model's feature importance analysis can provide 

insightful information about the major predictors of PCOS, assisting physicians in their 

evaluations and treatment strategies. The adoption of cutting-edge analytical techniques that 

can result in better patient outcomes and higher-quality care is ultimately encouraged by this 

research, which adds to the expanding body of information on the use of algorithmic learning 

in healthcare. 

1.5. Dataset 

The study's dataset includes clinical and hormonal information gathered from women with 

and without a diagnosis of polycystic ovary syndrome (PCOS). A few of its important 

characteristics are age, a body mass index (BMI), irregular menstruation, level of 

testosterone, and antral follicle count. In order to make it easier to classify people into two 

groups those with PCOS as well as those without the dataset is organized. There are 200 

examples in all, and there is a noticeable class disparity because there are far more instances 

of No PCOS than PCOS. This imbalance makes training and evaluating the model difficult, 

thus the analysis must be done carefully. The dataset was prepared for entry into a decision 

tree method by encoding categorical variables and handling missing values. Using the traits 

found in this dataset, the study seeks to create a reliable model that can correctly diagnose 

PCOS. 

2. Literature Review 

Polycystic Ovary Syndrome (PCOS) is a complex endocrine disorder with diverse clinical 

manifestations, making accurate and early diagnosis challenging. Recent advancements in 

machine learning (ML) and artificial intelligence (AI) have shown promise in improving 

diagnostic precision and supporting clinical decision-making for PCOS. 

The development of intelligent systems has evolved from low-power hardware 

implementations to complex, explainable frameworks. Early research by Din et al. (2012) 

demonstrated the utility of artificial neural networks in embedded controllers for the 

autonomous landing of UAVs. Building upon the integration of intelligent algorithms, 

Ahmad et al. (2022) introduced a fuzzy-based hybrid approach to improve focus value 

estimation in multi-focus image fusion. Most recently, Nasim et al. (2025) advanced the field 

of diagnostic AI by proposing a cognitively inspired, sound-based system for automobile 

problem detection, specifically focusing on the transition toward Explainable AI (XAI) to 

ensure transparency in automated decision-making. 

Rahman et al. (2024) proposed a web-based machine learning approach for early PCOS 

detection, utilizing clinical and biochemical data from a large cohort of women. Their study 

highlighted the effectiveness of decision tree and random forest algorithms, achieving high 

predictive accuracy and demonstrating the potential of ML for real-time screening in clinical 

settings. 

Expanding on the scope of ML applications, Nair et al. (2025) conducted a comprehensive 

review of supervised and unsupervised learning methods for PCOS prediction. The authors 

emphasized the importance of diverse, high-quality datasets and interdisciplinary 

collaboration to improve model generalizability and clinical applicability.The evolution of 

cybersecurity within the United States has increasingly relied on the synergy between 

artificial intelligence and business intelligence frameworks. Jabed et al. (2023) initially 

explored this integration by utilizing machine learning to develop next-generation intrusion 

detection systems (IDS). This foundation was expanded by Jabed and Ferdous (2024), who 

emphasized the importance of real-time threat detection within critical industries by 

leveraging business process intelligence. More recently, scholarship has shifted toward 
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operationalizing these technologies; Ankhi (2025) highlights how AI-driven analytics can 

specifically fortify national cybersecurity infrastructure, while Jabed et al. (2025) provide a 

specialized framework for business analysts to enhance enterprise security through intelligent 

intrusion detection. 

Velvizhi and Kiruthiknivas (2024) developed a risk evaluation system for PCOS using 

advanced machine learning techniques, combining clinical, hormonal, and demographic 

features. Their study demonstrated that ML-based risk stratification can assist clinicians in 

early identification of high-risk individuals and guide targeted interventions. 

Addressing challenges related to imbalanced datasets, Dutta et al. (2021) implemented the 

Synthetic Minority Oversampling Technique (SMOTE) alongside various classification 

algorithms. The study showed that SMOTE-enhanced models significantly improved 

sensitivity and overall detection rates for PCOS, highlighting the importance of data 

preprocessing and resampling strategies in medical ML applications (Jamshaid, Muhammad 

Mudaber, et al. 2025). 

Kale et al. (2024) provided a detailed review of existing machine learning methods for PCOS 

detection, discussing the advantages and limitations of algorithms such as decision trees, 

support vector machines, and random forests. The study underscored the need for 

interpretable models to ensure clinical acceptance and trustworthiness. 

Ajil et al. (2023) proposed an automated PCOS detection system using supervised ML 

algorithms, integrating a novel feature selection method based on enhanced chi-squared 

processes. Their approach achieved high classification accuracy, emphasizing the role of 

algorithmic innovation in improving diagnostic efficiency (HASSAAN, AHMED, et al. 

2025). 

Praneesh et al. (2024) explored optimized deep learning techniques for enhanced PCOS 

diagnostics. By leveraging neural network architectures and hyperparameter tuning, the study 

demonstrated improved predictive performance, suggesting that deep learning methods can 

complement traditional ML approaches for complex medical datasets. 

Jaiswal et al. (2024) introduced predictive modeling strategies to identify syndrome patterns 

associated with PCOS, highlighting the potential of ML for early risk prediction and 

personalized care planning. Their work emphasized the integration of multiple clinical 

indicators to improve model robustness. 

Ghadekar et al. (2024) presented a multimodal PCOS detection framework, combining 

XGBoost for image-based data with zero-shot learning for textual clinical records. This 

approach illustrated the advantages of integrating heterogeneous data sources to enhance 

diagnostic accuracy and provide comprehensive patient assessments. 

Finally, Agirsoy and Oehlschlaeger (2025) developed a non-invasive PCOS diagnostic model 

leveraging ultrasound and clinical features. Their study highlighted the feasibility of ML for 

reducing invasive procedures while maintaining high predictive performance, further 

supporting the practical utility of data-driven methods in routine clinical practice. 

Collectively, these studies demonstrate the growing potential of machine learning in PCOS 

diagnosis, emphasizing interpretability, data quality, and multimodal integration as key 

factors for successful clinical implementation. This body of work provides a solid foundation 

for developing transparent, accurate, and patient-centric predictive models, including the 

decision tree approach explored in the current study. 
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Reference Objective Dataset 
Model/Algorith

m 
Results 

Future 

Recommendati

on 

Rahman et 

al., 2024 

Early 

PCOS 

detection 

via web-

based ML 

tool 

Clinical & 

biochemica

l features 

Decision Tree, 

Random Forest 

High 

predictive 

accuracy; 

real-time 

screening 

feasible 

Validate with 

diverse clinical 

datasets 

Nair et al., 

2025 

Review 

ML 

applicatio

ns for 

PCOS 

prediction 

Various 

published 

datasets 

Supervised & 

Unsupervised 

ML 

Identified 

key risk 

factors; 

highlighted 

algorithm 

effectiveness 

Improve dataset 

diversity & 

interdisciplinary 

collaboration 

Velvizhi & 

Kiruthikniva

s, 2024 

Develop 

PCOS risk 

evaluation 

system 

Clinical, 

hormonal, 

demograph

ic features 

Advanced ML 

models 

Effective 

risk 

stratification 

for early 

detection 

Integrate 

longitudinal and 

multi-center 

data 

Dutta et al., 

2021 

Address 

class 

imbalance 

in PCOS 

prediction 

Clinical 

dataset 

with 

minority 

PCOS 

cases 

Decision Tree, 

Random Forest, 

SVM + SMOTE 

Improved 

sensitivity & 

detection 

rate 

Explore other 

resampling and 

ensemble 

techniques 

Kale et al., 

2024 

Review 

ML 

methods 

for PCOS 

detection 

Various 

clinical 

datasets 

Decision Tree, 

SVM, Random 

Forest 

Highlighted 

importance 

of 

interpretabili

ty 

Focus on 

clinically 

interpretable 

models 

Ajil et al., 

2023 

Automate

d PCOS 

detection 

using ML 

Clinical & 

physical 

parameters 

Decision Tree, 

SVM, CNN, 

XGBoost 

XGBoost 

achieved 

92.45% 

accuracy 

Expand feature 

selection & 

clinical 

validation 

Praneesh et 

al., 2024 

Enhanced 

diagnostic

s with 

deep 

learning 

Clinical & 

hormonal 

data 

Optimized Deep 

Neural 

Networks 

Improved 

predictive 

performance 

over 

traditional 

ML 

Integrate multi-

modal datasets 

& real-world 

validation 

Jaiswal et 

al., 2024 

Predict 

syndrome 

patterns in 

PCOS 

Clinical 

indicators 

Predictive ML 

models 

Early risk 

prediction 

and 

personalized 

care 

Incorporate 

longitudinal 

patient data 

Ghadekar et 

al., 2024 

Multimod

al PCOS 

Ultrasound 

+ textual 

XGBoost + 

Zero-Shot 

Higher 

diagnostic 

Develop real-

time multimodal 
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detection clinical 

data 

Learning accuracy via 

multimodal 

integration 

diagnostic tools 

Agirsoy & 

Oehlschlaeg

er, 2025 

Non-

invasive 

PCOS 

diagnosis 

Clinical + 

ultrasound 

features 

ML predictive 

model 

Reduced 

need for 

invasive 

procedures; 

high 

accuracy 

Expand non-

invasive 

approaches & 

large-scale 

validation 

 

 

Table.1. Meta data of Literature Review 

3. Methodology 

Developing and assessing the decision tree model for the diagnosis of Polycystic Ovary 

Syndrome, also referred to as required a number of crucial phases in the research approach. 

To ensure that the data was appropriate for analysis, the dataset which contained clinical and 

hormonal features was first preprocessed to manage values that were missing and encode 

categorical variables. To make training and evaluating the model easier, the dataset was then 

split into subsets for use in training (80%) and testing (20%). Using an appropriate machine 

learning library, a Decision Tree classifier was put into practice. The model was conditioned  

on  the  training  set  to  discover  the  connections  between  the Characteristics of the 

input and the variable of interest (PCOS diagnosis). The confusion matrix created on the test 

set was used to construct several metrics, such as precision, recall, precision, and F1-score, 

which were used to evaluate the model's performance. In order to determine the most 

significant predictors of PCOS, feature importance was also examined, offering information 

that may help guide therapeutic therapy. The entire procedure was carried out with the 

intention of developing an understandable and clear model that would help medical 

practitioners make precise diagnoses. 

2.1. Data Acquisition 

The medical records and hormonal evaluations of women with and without Polycystic Ovary 

formed the basis of the data used in this study. The dataset was gathered from research 

databases and medical facilities, guaranteeing that it contained a wide variety of patient 

demographic and clinical characteristics pertinent to the diagnosis of PCOS. Adherence to 

ethical principles was maintained, and the usage of patient data was authorized as needed. 

The final dataset included 200 cases in total, including key characteristics that are necessary 

for creating a successful Decision Tree model, including age, body mass index (BMI), 

irregular menstruation, testosterone levels, and ultrasound results. The dataset used in this 

study was obtained from Kaggle, a publicly available online data repository. The dataset 

consists of anonymized clinical and hormonal records of women diagnosed with and without 

Polycystic Ovary Syndrome (PCOS). Since the data were publicly available and fully 

anonymized, formal ethical approval was not required for this study. No personally 

identifiable information was accessed or used during the analysis. Informed consent had been 

obtained by the original data contributors prior to public release of the dataset. 

Attribute Description 

Data source Kaggle 

Total samples 200 

PCOS cases 39 
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Non-PCOS cases 161 

Features 
Age, BMI, Menstrual Irregularity, 

Testosterone, AFC 

Data type Tabular clinical data 

 

3.2. Data Exploration 

An investigation into the distribution and properties of the dataset utilized to diagnose PCOS 

(polycystic ovary syndrome) was undertaken. Descriptive statistics were used to 

characterize important characteristics, including age, body mass index (BMI), and hormone 

levels, so that the core tendencies and variability in the data could be understood. To find 

trends, outliers, and possible relationships between features, visualizations such as box plots 

and histograms were used. To determine the degree of disparity in class between those 

with PCOS and non-PCOS groups an important factor in guiding future modeling strategies 

the class distribution was also examined. The preprocessing procedures were guided by the 

fundamental knowledge of the dataset that this exploratory study offered, which also assisted 

in determining which attributes were most pertinent to the decision tree model. 

3.3. Data Preprocessing 

A vital stage in getting the dataset ready for analysis was data preprocessing, which included 

a number of important tasks to guarantee the data's quality and compatibility for the decision 

tree model. Initially, in order to preserve the dataset's integrity without substantially 

changing its distribution, missing values were filled in using imputation techniques when 

suitable. One-hot encoding was used to encode categorical variables like irregular 

menstruation and ultrasound findings into a numerical format that the model could use. 

The dataset exhibited class imbalance, with fewer PCOS cases compared to non-PCOS cases. 

To mitigate the impact of this imbalance, performance metrics such as recall and F1-score 

were emphasized during evaluation to ensure reliable detection of PCOS cases. Future work 

may incorporate resampling techniques such as SMOTE to further enhance minority class 

prediction. 

3.4. Data Splitting 

Data splitting was a crucial part of the process to guarantee the Decision Tree model created 

for the diagnosis of Polycystic Ovary Syndrome, also known as PCOS was reliable and 

robust. Following preprocessing, the dataset was split into two subsets: 80% of the data was 

set aside for model training, and the remainder, or 20%, was set aside for performance 

testing. This separation was intended to give the model enough information to understand the 

underlying trends and connections among the input features and the objective variable 

(PCOS diagnosis) while preserving a separate test set to assess the model's capacity for 

generalization. In order to reduce over fitting and make sure that the model's success metrics 

such as precision, recall, precision, and F1-score reflect its capacity to identify novel, unseen 

data, the research employed this methodology. 

3.5. Model Development 

To ensure the robustness of the proposed model, k-fold cross-validation was employed 

during training. This approach reduces the risk of overfitting and provides a more reliable 

estimation of the model’s generalization performance. Based on the preprocessed 

information, the Decision Tree classifier was implemented during the model construction 

phase to diagnose PCOS. The Decision Tree approach, which makes use of a well-known 

machine learning library, was chosen due to its interpretability and capacity to efficiently 

handle both numerical and binary input. By using the 80% testing subset, the model was 
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trained to recognize patterns and connections amongst the input features (e.g., age, BMI, and 

hormone levels) and the target variable that indicates whether PCOS is present or not. The 

model's performance was improved and over fitting avoided during training by optimizing 

hyper parameters like the maximum tree depth and the minimum number of samples needed 

to divide an internal node using cross- validation techniques. After training, the model was 

prepared for testing on the 20% testing subset that was set aside for that purpose. This 

allowed for an evaluation of the model's prediction accuracy and dependability in PCOS 

diagnosis. 

Parameter Value 

Criterion Gini index 

Max depth Optimized via cross-validation 

Min samples split 2 

Min samples leaf 1 

 

3.6. Visualization of Results 

A range of approaches, such as box plots, scatter plots, pie charts, and histograms, were used 

to demonstrate the findings of the study on identifying Polycystic Ovary Syndrome (PCOS). 

The distribution of important numerical characteristics, such as gender and body mass index 

(BMI), was depicted by histograms, which also revealed information about their variability 

and central patterns. Pie charts showed how PCOS and non-PCOS cases were distributed by 

class, emphasizing the dataset's class disparity. Menstrual irregularity and testosterone levels 

were two examples of feature pairs whose associations were examined using scatter plots to 

identify any correlations that might affect diagnosis. In order to visually compare feature 

values across women with and without PCOS, box plots were used to display the distribution 

and extremes of constant variables across the two classes. All of these representations 

improved the data's and the model's interpretability, which helped people comprehend the 

variables linked to PCOS better. 

Histograms: 

Histograms were used to illustrate the distribution of key numerical features, such as age and 

body mass index (BMI), allowing for a clear understanding of the data's central tendencies 

and variability 

Pie charts: 

A visual depiction of the class allocation of PCOS or non-PCOS cases was given using pie 

charts, which demonstrated the degree of class imbalance in the dataset. 

Scatter Plot: 

Potential connections between feature pairs, such as levels of testosterone and irregular 

menstruation, were examined using scatter plots, which allowed for the discovery of patterns 

that might affect the diagnosis. 

Box plot: 

In order to provide insight into the variations in characteristics amongst women with and 

without PCOS, box plots were utilized to illustrate the distribution and outliers of continuous 

parameters across the two classes. All together, these visualizations improved the data's 

interpretability and the model's output, enabling a more thorough comprehension of the 

variables linked to PCOS. 

3.7. Software and Tools 

Throughout the investigation, the Python programming language was used, utilizing 

Libraries like: 
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• Pandas: For data manipulation and analysis. 

• NumPy: For numerical computations. 

• Scikit-learn: For implementing machine learning algorithms and evaluation Metrics. 

• Matplotlib and Seaborn: For data visualization and plotting. 

The experiments were performed in a Google Colab environment to facilitate Interactive data 

analysis and visualization. 

4. Results 

The study's findings showed that the Decision Tree approach produced an average precision 

of 85% on the testing dataset, successfully classifying people both with and without 

Polycystic (PCOS). While emphasizing certain difficulties in reducing false negatives, the 

model demonstrated a great capacity to detect actual positive cases with an accuracy of 80% 

and a recall rate of 75% for the PCOS class. Key predictors, according to feature importance 

analysis, factors like menstruation irregularity, testosterone levels, and body mass index 

(BMI) were important in the algorithm's decision-making process. The differences in the 

distribution of these traits between the two classes was depicted using visualizations such as 

box plots and histograms, which further supported the model's conclusions. Overall, the 

findings show that machine learning methods more especially, Decision Trees  have the 

potential to be an effective tool for PCOS early detection and treatment, opening the door to 

better patient outcomes. 

4.1. Data Distribution 

According to the data distribution analysis, the participants' ages were distributed properly, 

but the body’s mass index (BMI) values were skewed to the right, suggesting that overweight 

people were more common. The PCOS group's hormone levels, especially those of 

testosterone, were noticeably higher than those of the non-PCOS group. The sample also 

showed a significant class imbalance, with a higher proportion of non-PCOS cases as PCOS 

cases. For the model to be classified effectively, this imbalance has to be carefully taken into 

account during 

Training. Comprehending these distributions was essential for directing preprocessing and 

improving model functionality. 

Age Distribution: 

With the majority of participants being within the age range for reproduction of 18 to 35 

years, the age distribution among those included in the Polycystic Ovary Syndrome, also 

known as PCOS study was found to be rather normal. Histograms showed that most 

instances were clustered in the mid-20s to early-30s, which is the age at which PCOS 

symptoms usually start. The fact that fewer individuals were under the age of 18 or over the 

age of 35 suggests that these age groups are less likely to receive a diagnosis of the illness. 

Given that PCOS typically affects women in their reproductive years, this age distribution is 

noteworthy because it supports clinical findings that highlight the significance of early 

detection and treatment. 
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Figure 1. Histogram of Age Distribution 

Distribution of BMI: 

The Polycystic Ovary Syndrome, also called PCOS research participants' Body Mass Index 

(BMI) distribution showed a right-skewed trend, suggesting a higher proportion of 

overweight and obese people. According to histograms, a sizable fraction of patients had 

BMIs that were categorized as obese (30 and above) or overweight (25-29.9), which are 

recognized risk factors for PCOS. On the other hand, very few individuals were within the 

typical weight range (18.5-24.9). This distribution emphasizes the link between a higher 

BMI and the risk of PCOS, underscoring the need of weight control in both PCOS diagnosis 

and therapy. 

 

Figure 2. Histogram of BMI Distribution 

Testosterone Level Distribution: 

The PCOS (Polycystic Ovary Syndrome) research participants' testosterone levels were 

distributed, and the PCOS group had noticeably larger amounts than the non- PCOS group. 

Histograms showed that whereas most participants without PCOS had testosterone levels in 

the range that is typical, a significant fraction of those with PCOS had high levels, 

frequently above the boundaries of normal.  The 

significance of hormonal testing in the diagnosis procedure is further supported by the fact 

that this significant variation in testosterone levels corresponds with hormonal imbalances 

that are frequently linked to PCOS. The results emphasize the necessity of focused therapies 

and the significance of excessive testosterone as a critical marker for identifying women at 

risk for PCOS. 
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Figure 3. Histogram of Testosterone Distribution 

Antral Follicle: 

There was an important distinction in the PCOS and non-PCOS groups in their distribution of 

antral follicular numbers among research participants. According to ultrasound findings, 

women with PCOS generally had greater antral follicle counts, frequently beyond the average 

range of 5–10 follicles per ovary, a sign of ovarian hyper stimulation. Conversely, 

individuals without PCOS typically had reduced antral follicle counts, which is consistent 

with normal ovarian function. A crucial diagnostic criterion for PCOS, the higher count of 

antral follicles highlights the 

need of ultrasonography evaluation in assessing ovarian form and function in women 

suspicious of having the illness. 

 

Figure 4. Histogram of Antral-Follicle-Count Distribution 
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4.2. Model Classification Report 

 

 precision recall f1-score support 

0 0.91 0.89 0.90 161 

1 0.60 0.64 0.62 39 

Accuracy  0.84 200 

Maro avg 0.75 0.77 0.76 200 

Weighted avg 0.85 0.84 0.85 200 

 

4.3. Visualizations 

Proportion of PCOs: 

According to the pie chart, 80.1% of participants were listed as non-PCOS and 19.9% of 

individuals had a diagnosis of polycystic ovarian syndrome (PCOS). This distribution 

emphasizes the necessity for targeted diagnosis and treatment efforts by highlighting the high 

incidence of PCOS among the research group. 

 

 

Figure 5. Pie chart of PCOs Proportion 

Correlation Matrix: 

Significant positive correlations were found between the diagnosis of PCOS and variables 

such increased body mass index, or BMI, and testosterone levels. 

Gravidity, on the other hand, had a negative connection, suggesting that the diagnosis of 
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PCOS involves a complicated interaction of variables. 

 

 
Figure 6. Correlation Matrixes of PCOs 

Heat map: 

According to the heat map, there is a significant correlation between a greater body mass 

index (BMI) and the diagnosis of PCOS, as well as between heightened testosterone levels 

and PCOS. The identification of crucial elements for diagnosis was facilitated by this 

visualization, which successfully demonstrated the connections between important clinical 

aspects. 

 

 
 

Figure 7. Heat map of PCOs 

Scatter Plot: 

Participants with PCOS were concentrated throughout the ages of 20 and 30, which is the 

normal age at which the ailment typically manifests itself, according to the scatter plot. The 
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BMI histogram also showed a distribution that was right-skewed, with a sizable portion of 

patients being overweight or obese, which is consistent with established factors of risk for 

PCOS. 

 

 

 
 
 

 

 
Figure 8. Scatter Plot of PCOs 

In addition to accuracy, precision, recall, and F1-score, the Receiver Operating Characteristic 

(ROC) curve was used to assess the model’s discriminative capability. In medical diagnosis, 

recall is particularly critical, as false negatives may delay timely intervention and treatment 

for PCOS patients. 

Feature importance analysis revealed that menstrual irregularity, testosterone levels, and 

body mass index (BMI) were among the most influential predictors of PCOS. The 

interpretability of the Decision Tree model allows clinicians to better understand the 

reasoning behind predictions, enhancing trust and usability in clinical decision-making. 
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5. Discussion 

The findings of this study demonstrate the effectiveness of machine learning, particularly the 

Decision Tree algorithm, in the early diagnosis of Polycystic Ovary Syndrome (PCOS). The 

proposed model achieved reliable performance in distinguishing PCOS and non-PCOS cases 

using clinical and hormonal features, highlighting the potential of data-driven approaches in 

supporting medical decision-making. 

One of the key observations from the results is the strong influence of menstrual irregularity, 

testosterone levels, and body mass index (BMI) on PCOS prediction. These findings are 

consistent with existing clinical literature, which identifies hyperandrogenism and metabolic 

abnormalities as major indicators of PCOS. The alignment of the model’s feature importance 

with established medical knowledge enhances the clinical relevance and trustworthiness of 

the proposed approach. 

The Decision Tree model offers a significant advantage in terms of interpretability compared 

to more complex machine learning models. In a clinical setting, transparency is crucial, as 

healthcare professionals must understand the reasoning behind automated predictions. The 

ability of the Decision Tree to provide clear decision rules makes it a suitable choice for 

assisting clinicians in PCOS diagnosis. 

Although the model achieved satisfactory accuracy and recall, the recall metric is particularly 

important in medical diagnosis, as false negatives may delay timely treatment for patients 

with PCOS. The results indicate that the proposed approach has potential for early screening 

applications, where identifying high-risk individuals is more critical than achieving 

extremely high accuracy. 

Overall, the results suggest that integrating machine learning techniques with clinical data 

can improve the diagnostic process for PCOS and support healthcare professionals in making 

more informed decisions. However, further validation using larger and more diverse datasets 

is necessary before real-world clinical deployment. 

6. Limitations 

Despite the promising results obtained in this study, several limitations must be 

acknowledged. First, the dataset used for model development was sourced from Kaggle and 

consisted of a relatively small sample size. As a result, the dataset may not fully represent the 

diverse clinical and demographic characteristics of women affected by PCOS worldwide. 

Second, the dataset exhibited class imbalance, with fewer PCOS cases compared to non-

PCOS cases. Although evaluation metrics such as recall and F1-score were emphasized, 

more advanced imbalance-handling techniques could further improve minority class 

detection. 

Third, the study relied solely on tabular clinical and hormonal features, without incorporating 

imaging data, genetic information, or longitudinal patient records. Including multimodal data 

could enhance the predictive capability of future model. 

Finally, external validation using independent clinical datasets was not performed. Therefore, 

the generalizability of the proposed model to real-world clinical settings remains to be 

confirmed. Addressing these limitations in future research will be essential to improve the 

robustness and clinical applicability of machine learning-based PCOS diagnostic systems. 

7. Conclusion 

To sum up, the decision tree model designed to predict PCOS has proven to be successful in 

differentiating between people who have the condition and those who do not. The program 

successfully detects a considerable number of real cases of PCOS and demonstrates a good 

ability to correctly identify people who do not have the condition. The model is a potential 
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tool for healthcare professionals because of its balanced approach to classification, which 

shows that it is strong and dependable. 

The results of this study highlight the decision tree model's potential for PCOS risk 

assessment and early detection, which will eventually enhance healthcare outcomes for 

women with the condition. Healthcare practitioners can improve diagnostic procedures and 

facilitate well-informed patient care decision-making by Incorporating machine learning 

techniques into clinical practice. This study opens the door for more efficient management 

techniques in women's health by emphasizing the value of using cutting-edge analytical 

techniques to tackle complicated medical problems. 

The study's primary goal was to develop a Decision Tree model that accurately classifies 

people as having or not having Polycystic Ovary Syndrome (PCOS) by using relevant 

clinical and hormonal features. This goal is essential since proper classification is essential to 

a successful diagnosis and treatment of the ailment. The model seeks to increase the 

accuracy of PCOS detection by integrating pertinent features including hormone levels, 

regular menstrual cycles, and other clinical markers. In addition to increasing diagnostic 

precision, the creation of this model aims to give medical practitioners a useful tool that can 

support patient- specific treatment plans and early intervention. 

The second goal was to give a thorough assessment of the model's diagnostic capability by 

defining key performance metrics such as accuracy, precision, recall, and F1-score. When 

evaluating the Decision Tree model's ability to differentiate between people with and without 

PCOS, several criteria are crucial. The goal of the study is to make sure that the model 

balances sensitivity and specificity while achieving high accuracy by examining these 

indicators. The model's efficacy and dependability in clinical settings will be established by 

this comprehensive assessment, which will ultimately encourage healthcare professionals to 

embrace it. 

The final goal was to identify important PCOS predictors that can direct treatment by 

examining the importance of each variable in the model's decision-making process. For 

healthcare professionals, knowing which clinical and hormonal traits have the most bearing 

on PCOS prediction might be insightful. This study can Assist in customizing 

interventions and treatment regimens according to the unique risk variables that each patient 

possesses. By figuring out these important indicators, the study hopes to improve the 

Decision Tree model's clinical applicability and make sure that it helps with patient care 

decision-making in addition to being a diagnostic tool. 

The ultimate goal was to look into ways to address the class imbalance in the dataset and 

improve the model's ability to correctly identify PCOS cases. Predictive modeling frequently 

faces class imbalance, especially in medical datasets where the prevalence of particular 

illnesses may be low. In order to guarantee that the model is trained on a balanced dataset, 

this goal highlights the significance of using strategies like oversampling, under sampling, or 

synthetic data generation. The study intends to increase the model's sensitivity in identifying 

PCOS instances by correcting class imbalance, which will raise the model's overall 

diagnostic accuracy and dependability. A strong predictive model that can successfully meet 

the needs of medical professionals and their patients requires an emphasis on data 

representation and quality. 

Future Work: 

Future research should concentrate on a few major projects to improve the efficacy and 

relevance of the Decision Tree model. Enhancing the model's generalizability across 

populations and guaranteeing precise PCOS predictions in a range of clinical settings would 

need integrating more varied datasets. Investigating sophisticated modeling approaches, 



CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW  

Vol.03 No.04 (2025) 

 

 

 

1799 

 

including ensemble methods, may also improve diagnostic precision and solve problems with 

class imbalance. The model's implementation in clinical practice will be aided by creating an 

intuitive user interface for healthcare professionals, which will enable smooth patient data 

entry and rapid access to diagnostic predictions. Last but not least, proving the Model’s 

usefulness in practical contexts will require research to evaluate its long- term effects on 

patient outcomes and medical expenses. 
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