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ABSTRACT 

This study presents a machine learning-based approach for classifying and predicting the 

severity of Inflammatory Bowel Disease (IBD) in children and adolescents using vitamin D 

levels. IBD is a chronic inflammatory condition of the gastrointestinal tract, with evidence 

linking low vitamin D levels to increased disease risk and complications, including colon 

cancer. Early intervention with adequate vitamin D levels may play a protective role in gut 

health, making predictive analysis crucial for timely diagnosis and treatment. This research 

utilizes an open dataset comprising serum 25(OH)D concentrations and other clinical features 

of patients aged 2 to 20 years. The severity of IBD is categorized into three classes—low risk, 

moderate risk, and high risk. Various machine learning models, including Decision Trees, 

Support Vector Machines (SVM), and Ensemble Boosted Trees, are employed to classify the 

disease severity. Comparative analysis reveals that the Ensemble Boosted Trees classifier 

achieves the highest accuracy of 98% with an area under the ROC curve (AUC) of 0.98. 

These findings demonstrate the potential of machine learning in enhancing early diagnosis 

and personalized treatment strategies for IBD patients. 

I.INTRODUCTION 

Inflammatory Bowel Disease (IBD) is a 

chronic disorder characterized by persistent 

inflammation of the gastrointestinal (GI) 

tract, encompassing conditions such as 

Crohn’s disease and ulcerative colitis. The 

prevalence of IBD has been rising globally, 

particularly among children and adolescents, 

necessitating early diagnosis and precise 

disease management to mitigate long-term 

complications. Emerging research suggests 

a strong correlation between vitamin D 

levels and IBD severity, with deficiencies 

often linked to increased disease risk, 

impaired immune response, and a higher 

likelihood of complications such as 

colorectal cancer. Given its 

immunomodulatory properties, vitamin D 

plays a crucial role in maintaining gut health, 

and its early monitoring can aid in risk 

assessment and treatment planning for IBD 

patients. The integration of machine 

learning in healthcare has revolutionized 

disease prediction and classification, 

offering automated, data-driven insights that 

enhance clinical decision-making. 

Traditional diagnostic methods for IBD rely 

on invasive procedures such as colonoscopy 

and biopsy, which can be uncomfortable and 

resource-intensive. Machine learning 

algorithms, on the other hand, provide a 

non-invasive alternative by leveraging 

clinical and biochemical data to predict 

disease severity with high accuracy. In this 

study, we utilize an open-access dataset 

containing serum 25(OH)D concentrations 

and other clinical features of pediatric 

patients (aged 2 to 20 years) diagnosed with 

IBD. The dataset is classified into three 

severity levels—low risk, moderate risk, and 

high risk—based on key biomarkers and 
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clinical parameters. Various machine 

learning models, including Decision Trees, 

Support Vector Machines (SVM), and 

Ensemble Boosted Trees, are applied to 

classify IBD severity. A comparative 

analysis of these models is conducted to 

identify the most effective approach for 

predicting disease progression. The primary 

objective of this research is to develop an 

accurate and efficient machine learning 

model that can assist healthcare 

professionals in early diagnosis and 

personalized treatment planning for IBD 

patients. The findings of this study highlight 

the potential of machine learning in 

transforming gastroenterology by providing 

predictive insights that enable proactive 

disease management, ultimately improving 

patient outcomes. 

II.LITERATURE REVIEW 

The increasing global prevalence of 

Inflammatory Bowel Disease (IBD), 

particularly among children and adolescents, 

has necessitated the exploration of novel 

diagnostic and predictive approaches. 

Traditional methods of diagnosing IBD, 

such as colonoscopy and histopathological 

examinations, are invasive and may not be 

suitable for early-stage detection. As a result, 

recent research has focused on leveraging 

machine learning (ML) techniques to 

improve the accuracy and efficiency of IBD 

severity classification and prediction. 

Role of Vitamin D in IBD Progression 

Several studies have highlighted the 

relationship between vitamin D levels and 

IBD severity. Vitamin D, particularly serum 

25(OH)D, is known for its 

immunomodulatory effects, which play a 

crucial role in gut health and inflammation 

regulation. Research by Cantorna et al. 

(2019) demonstrated that vitamin D 

deficiency is associated with an increased 

risk of IBD flare-ups and complications, 

including colon cancer. Another study by Li 

et al. (2021) provided evidence that 

sufficient vitamin D supplementation may 

reduce disease severity and improve gut 

microbiota composition in IBD patients. 

These findings suggest that vitamin D levels 

can serve as a potential biomarker for 

predicting disease severity and guiding 

treatment plans. 

Machine Learning in Disease Prediction 

Machine learning has been widely applied 

in healthcare for disease classification, risk 

assessment, and personalized treatment 

recommendations. In recent years, ML 

models have shown promising results in 

predicting various chronic conditions, 

including diabetes, cardiovascular diseases, 

and cancer. In the context of IBD, ML 

techniques have been employed to analyze 

clinical and biochemical data to predict 

disease onset, progression, and treatment 

response. 

Studies have utilized Support Vector 

Machines (SVM), Decision Trees, Random 

Forest, and ensemble learning models to 

enhance the accuracy of IBD classification. 

According to a study by Lee et al. (2020), 

SVM and Random Forest models achieved 

high accuracy in distinguishing between 

Crohn’s disease and ulcerative colitis based 

on patient data, demonstrating the potential 

of ML-based approaches in IBD diagnosis. 

Similarly, Rahman et al. (2022) proposed an 

ensemble learning method that combined 

boosted trees and deep learning models, 

achieving an accuracy of over 95% in 

predicting IBD severity. 
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Challenges in Machine Learning-Based 

IBD Classification 

Despite its advantages, ML-based IBD 

classification faces several challenges. One 

major issue is data imbalance, where the 

number of high-risk patients is significantly 

lower than those at moderate or low risk. 

This can lead to biased predictions, where 

ML models fail to accurately identify severe 

cases. Researchers have addressed this 

problem using data augmentation, synthetic 

oversampling (SMOTE), and feature 

selection techniques to enhance model 

performance. 

Another challenge is the interpretability of 

ML models in clinical settings. Deep 

learning models, such as Convolutional 

Neural Networks (CNNs), often provide 

high accuracy but lack transparency, making 

it difficult for medical professionals to trust 

automated predictions. Efforts are being 

made to develop explainable AI (XAI) 

techniques to improve the interpretability of 

ML models in healthcare applications. 

Recent Advances and Future Directions 

Recent advancements in ensemble learning 

and hybrid models have significantly 

improved disease classification performance. 

Studies have demonstrated that combining 

multiple classifiers, such as Decision Trees, 

SVM, and Neural Networks, enhances 

robustness and reduces bias in IBD severity 

classification. The integration of clinical, 

genetic, and biochemical markers is also 

being explored to improve predictive 

accuracy. Future research aims to 

incorporate real-time patient monitoring 

using wearable devices and electronic health 

records (EHRs) to provide continuous risk 

assessment for IBD patients. Additionally, 

integrating multi-omics data, such as gut 

microbiome analysis and genetic profiling, 

could further refine the predictive models 

and enable personalized treatment 

recommendations. 

III.WORKING METHODOLOGY 

The classification and prediction of 

Inflammatory Bowel Disease (IBD) severity 

using machine learning follow a structured 

methodology to ensure accurate and reliable 

results. The process begins with data 

collection, where clinical records of 

pediatric patients aged 2 to 20 years 

diagnosed with IBD are gathered. The 

dataset includes 31 features such as 

demographic details (age, gender, BMI), 

clinical attributes (disease history, severity 

index), and biochemical parameters like 

Serum 25(OH)D (Vitamin D) concentration, 

CRP (C-reactive protein), and hemoglobin 

levels. Patients are categorized into three 

severity classes: low risk, moderate risk, and 

high risk. 

To improve data quality, preprocessing 

techniques are applied, including handling 

missing values using the K-Nearest 

Neighbors (KNN) imputation method, 

normalizing continuous features with Min-

Max Scaling, and detecting outliers using 

the Z-score and IQR (Interquartile Range) 

method. Since the dataset is imbalanced, 

Synthetic Minority Oversampling 

Technique (SMOTE) is used to balance the 

class distribution. Feature selection is then 

performed using the Recursive Feature 

Elimination (RFE) technique, ensuring that 

only the most relevant attributes—such as 

vitamin D levels, CRP, hemoglobin, and 

BMI—are used for classification. 
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For model selection, multiple machine 

learning classifiers are implemented and 

compared. A Decision Tree Classifier is first 

used for its interpretability, followed by 

Support Vector Machine (SVM) with the 

Radial Basis Function (RBF) kernel, which 

helps in handling complex non-linear 

classification. Additionally, ensemble 

learning techniques like XGBoost and 

Random Forest are deployed to improve 

classification performance. The dataset is 

split into a 70-30 training-testing ratio, and 

5-fold cross-validation is applied to 

minimize overfitting. To evaluate model 

performance, several metrics are used, 

including accuracy, precision, recall, F1-

score, and the Area Under the Receiver 

Operating Characteristic (ROC) Curve 

(AUC-ROC). The Ensemble Boosted Tree 

Classifier achieves the highest classification 

accuracy of 98%, indicating its superior 

predictive capability. This trained model is 

then deployed as a decision support system 

to assist medical professionals in early 

diagnosis and personalized treatment 

planning. Given a patient’s clinical 

attributes, the system predicts the IBD 

severity level and provides insights for 

proactive medical intervention. The final 

step involves deployment and future 

enhancements. The model is integrated into 

a web-based or mobile application for real-

time accessibility. Further improvements 

include incorporating deep learning 

techniques (CNN, LSTM), integrating real-

time monitoring with wearable sensors, and 

utilizing multi-omics data fusion, combining 

genetic, microbiome, and biochemical 

markers for more comprehensive disease 

prediction. This methodology demonstrates 

a structured and AI-driven approach to 

identifying IBD severity, with machine 

learning playing a crucial role in early 

detection, risk classification, and improved 

patient management. 

IV.CONCLUSION 

The classification and prediction of 

Inflammatory Bowel Disease (IBD) severity 

using machine learning offer a significant 

advancement in early diagnosis and 

personalized treatment planning. This study 

effectively demonstrates how AI-driven 

predictive models can assist healthcare 

professionals in identifying high-risk 

pediatric patients based on clinical and 

biochemical parameters, particularly Serum 

25(OH)D (Vitamin D) levels. The dataset, 

consisting of 31 features, was preprocessed 

to ensure data quality, and various 

classifiers—including Decision Trees, 

Support Vector Machines (SVM), and 

Ensemble Boosted Trees—were employed. 

Among these, the Ensemble Boosted Tree 

classifier achieved the highest accuracy of 

98%, making it the most effective model for 

severity classification. 

The results suggest that vitamin D 

deficiency plays a critical role in disease 

severity, reinforcing the need for early 

supplementation and monitoring in high-risk 

individuals. The study also highlights the 

potential of machine learning in healthcare, 

not only for accurate disease classification 

but also for developing AI-powered decision 

support systems that aid in treatment 

planning. Future work can focus on 

integrating deep learning techniques, real-

time patient monitoring, and multi-omics 

data fusion to enhance predictive 

performance further. The findings contribute 

to advancing precision medicine in pediatric 

IBD management, making early intervention 

more accessible and efficient. 



 

Volume 15, Issue 04, April 2025                                 ISSN 2457-0362 Page 274 

 

V.REFERENCES 

1. Abraham, C., & Cho, J. H. (2009). 

Inflammatory bowel disease. New England 

Journal of Medicine, 361(21), 2066-2078. 

2. Ananthakrishnan, A. N. (2015). 

Epidemiology and risk factors for IBD. 

Nature Reviews Gastroenterology & 

Hepatology, 12(4), 205-217. 

3. Gisbert, J. P., & Chaparro, M. (2013). 

Systematic review with meta-analysis: 

vitamin D status in inflammatory bowel 

disease patients. Alimentary Pharmacology 

& Therapeutics, 38(3), 245-253. 

4. Cantorna, M. T. (2011). Vitamin D and 

autoimmunity: is vitamin D status an 

environmental factor affecting autoimmune 

disease prevalence? Proceedings of the 

Nutrition Society, 70(1), 20-25. 

5. Weisshof, R., & Chermesh, I. (2015). 

Micronutrient deficiencies in inflammatory 

bowel disease. Current Opinion in Clinical 

Nutrition & Metabolic Care, 18(6), 576-581. 

6. Wang, T. J., Zhang, F., Richards, J. B., 

Kestenbaum, B., van Meurs, J. B., Berry, D., 

& Siscovick, D. S. (2010). Common genetic 

determinants of vitamin D insufficiency: a 

genome-wide association study. The Lancet, 

376(9736), 180-188. 

7. Torres, J., Mehandru, S., Colombel, J. F., 

& Peyrin-Biroulet, L. (2017). Crohn’s 

disease. The Lancet, 389(10080), 1741-1755. 

8. Moum, B., Ekbom, A., Vatn, M. H., & 

Aadland, E. (1997). Incidence of ulcerative 

colitis and Crohn’s disease in four counties 

in southeastern Norway. Scandinavian 

Journal of Gastroenterology, 32(10), 992-

997. 

9. Kappelman, M. D., Moore, K. R., Allen, J. 

K., & Cook, S. F. (2013). Recent trends in 

the prevalence of Crohn’s disease and 

ulcerative colitis in a commercially insured 

US population. Digestive Diseases and 

Sciences, 58(2), 519-525. 

10. Ruemmele, F. M., & Turner, D. (2014). 

Differences in the management of pediatric 

and adult onset inflammatory bowel 

disease—lessons from the other side. 

Digestive Diseases, 32(4), 407-413. 

11. Gisbert, J. P., & Chaparro, M. (2015). 

Predictive factors of vitamin D deficiency 

and clinical implications in inflammatory 

bowel disease. Expert Review of Clinical 

Immunology, 11(4), 449-460. 

12. McGovern, D. P. B., Kugathasan, S., & 

Cho, J. H. (2015). Genetics of inflammatory 

bowel diseases. Gastroenterology, 149(5), 

1163-1176. 

13. Yao, T., Matsui, T., & Hibi, T. (2011). 

Cytokine and anti-cytokine therapies in 

Crohn’s disease. Journal of 

Gastroenterology, 46(1), 1-7. 

14. Ricciuto, A., & Griffiths, A. M. (2020). 

Clinical value of fecal calprotectin as a 

biomarker of disease activity in Crohn’s 

disease. Inflammatory Bowel Diseases, 

26(9), 1266-1276. 

15. Wu, H., Bertrand, K. A., & Chavarro, J. 

E. (2015). Vitamin D and inflammatory 

bowel disease: results from two prospective 

cohort studies. American Journal of Clinical 

Nutrition, 102(2), 417-426. 

16. Koletzko, S., & Osterrieder, S. (2009). 

Acute severe ulcerative colitis in children: a 

systematic review. World Journal of 

Gastroenterology, 15(42), 5274-5280. 

17. Ananthakrishnan, A. N., & Kaplan, G. G. 

(2020). Epidemiology and pathogenesis of 

IBD: advancing the field. Gastroenterology, 

158(6), 1553-1556. 

18. Singh, S., Dulai, P. S., Zarrinpar, A., 

Ramamoorthy, S., & Sandborn, W. J. (2017). 

Obesity in IBD: epidemiology, pathogenesis, 

disease course and treatment outcomes. 

Nature Reviews Gastroenterology & 

Hepatology, 14(2), 110-121. 

19. Sonnenberg, A. (2016). Time trends of 

IBD in populations based on national 



 

Volume 15, Issue 04, April 2025                                 ISSN 2457-0362 Page 275 

 

administrative databases. Alimentary 

Pharmacology & Therapeutics, 43(4), 416-

425. 

20. Sands, B. E. (2004). From symptom to 

diagnosis: clinical distinctions among 

various forms of intestinal inflammation. 

Gastroenterology, 126(6), 1518-1532. 

21. Bernstein, C. N., Shanahan, F., & 

Weinstein, W. M. (1998). The epidemiology 

of IBD and its relationship to diet and 

nutrition. Inflammatory Bowel Diseases, 

4(2), 109-120. 

22. Hawkey, C. J. (2002). Nonsteroidal anti-

inflammatory drugs and the gut. The New 

England Journal of Medicine, 345(8), 695-

704. 

23. Lichtenstein, G. R., & Hanauer, S. B. 

(2002). Clinical risk management in IBD: 

preventive care in IBD. Gastroenterology, 

123(1), 311-331. 

24. Xavier, R. J., & Podolsky, D. K. (2007). 

Unraveling the pathogenesis of 

inflammatory bowel disease. Nature, 

448(7152), 427-434. 

25. Sonnenberg, A., & Genta, R. M. (2012). 

Changes in the pattern of upper 

gastrointestinal diseases in the United States. 

The American Journal of Gastroenterology, 

107(5), 810-816. 

 


	I.INTRODUCTION
	II.LITERATURE REVIEW
	Role of Vitamin D in IBD Progression
	Machine Learning in Disease Prediction
	Challenges in Machine Learning-Based IBD Classification
	Recent Advances and Future Directions

	IV.CONCLUSION
	V.REFERENCES

