
The Review Of  

DIABETIC  

    STUDIES                                                                        OPEN ACCESS 
 

WWW.DIABETICSTUDIES.ORG                                                                                                                          469 

 

Digitization of Diabetes Management in the Rural 
Area of Tamil Nadu with LightGBM and Deep 

Learning Technique 
 

 

Mr. R. Punithavel1, Dr. T. Ramesh2 
 

1*Assistant Professor, Department of Computer Applications, KIT-Kalaignarkarunanidhi Institute of Technology, Coimbatore, 

Tamil Nadu, India 
2Associate Professor & Head, Department of Information Technology, Bharathiar University, Coimbatore, 

Tamil Nadu, India 

 

Abstract 

Diabetes mellitus poses a growing public health challenge in rural India, where limited access to healthcare 

infrastructure hinders early diagnosis and effective management. This paper explores the integration of digital 

health technologies with Light Gradient Boosting Machine (LightGBM), a powerful machine-learning 

algorithm, to enhance diabetes care in rural Tamil Nadu. By leveraging mobile health platforms, wearable 

sensors, and predictive analytics, the proposed framework aims to identify high- risk individuals, personalize 

treatment plans, and improve health outcomes. 

 

1. Introduction 

As the digitization of diabetes management continues to evolve in rural Tamil Nadu, it is crucial to assess how 

technology can bridge the knowledge-application gap observed in self-care practices among patients. Many 

individuals, despite having a basic understanding of diabetes management, such as dietary restrictions and the 

importance of regular exercise struggle to implement these practices consistently due to various socio-

economic barriers and limited access to healthcare resources.[1] 

By integrating digital health technologies with Light Gradient Boosting Machine (LightGBM) and 

telemedicine solutions, healthcare providers can offer personalized guidance and support, helping patients 

navigate their daily challenges more effectively. 

By leveraging mobile health platforms, wearable sensors, and predictive analytics, the proposed framework 

aims to identify high-risk individuals, personalize treatment plans, and improve health outcomes. Moreover, 

the potential for community- driven initiatives, such as training local health ambassadors, could further 

enhance awareness and education surrounding diabetes prevention and management, ultimately fostering a 

more informed and proactive patient population . 

 

1.1 Machine Learning in Diabetes: 

Machine learning (ML) is revolutionizing how we understand, predict, and manage diabetes. From early 

diagnosis to personalized treatment, ML models are helping clinicians make faster, more accurate decisions 

especially in resource-constrained settings. 

 

1.2 Popular ML Models Used 

Logistic Regression: Simple and interpretable for binary classification. 

Random Forests: Ensemble model that handles nonlinear relationships well. 

 

Support Vector Machines (SVM): 

Effective for high-dimensional data. 

 

Artificial Neural Networks (ANN): Mimics brain-like learning for complex patterns. 

Gradient Boosting Models (GBMs): Includes XGBoost and LightGBM—top performers in structured data 

tasks. 

A recent study showed that an Optimized LightGBM model achieved 95% accuracy in diabetes prediction, 

outperforming XGBoost and ANN 

 

 

R
ep

ri
n

t 
fr

o
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

T
h

e 
R

ev
ie

w
 o

f 
 D

IA
B

E
T

IC
 S

T
U

D
IE

S
 

 

http://www.diabeticstudies.org/


 The Review of DIABETIC STUDIES 

Vol. 21 No. S8 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                           470 

1.3 Background of Diabetes 

Additionally, the integration of educational resources tailored to the specific cultural and socio-economic 

contexts of rural Tamil Nadu could significantly enhance the effectiveness of these digital interventions. For 

instance, localized content that addresses common misconceptions about diabetes, such as the belief that it is 

solely caused by sugar consumption or stress, can empower patients with accurate information and dispel myths 

that hinder effective self-management. Furthermore, leveraging community health workers to facilitate 

workshops on the use of technology in diabetes management can create a supportive environment where 

patients feel comfortable seeking help and sharing their experiences. This approach not only builds trust but 

also encourages a collective  effort  in  tackling  diabetes, ultimately leading to improved health outcomes 

and a reduction in the prevalence of complications associated with the disease. 

 

1.4 Importance of Studying Diabetes in Rural Areas 

Understanding the unique challenges faced by individuals with diabetes in rural areas is essential for 

developing targeted interventions that can effectively address their needs and improve health outcomes. 

Targeted strategies must consider the socio- economic factors that influence diabetes management, ensuring 

that interventions are accessible and relevant to the rural population in Tamil Nadu. Implementing these 

strategies can significantly enhance the quality of care and empower individuals with diabetes to take charge of 

their health, ultimately leading to better disease management outcomes. 

 

Model Accuracy Strengths 

LightGBM 95% Fast, memory- efficient, interpretable 

CNN (DL) 94% Great for image analysis 

ANN 71% Flexible, nonlinear modeling 

 

2. Literature Review 

Digital health technologies have shown promise in improving diabetes self- management by providing tailored 

support and education, which is particularly beneficial for underserved populations in rural areas like Tamil 

Nadu [5]. Integrating these technologies with community initiatives can enhance their effectiveness and 

promote sustainable health practices among individuals with diabetes [1]. By fostering collaboration 

between healthcare providers and local communities, we can create a supportive network that encourages self-

management behaviors and reduces the burden of diabetes-related complications in rural settings. Such 

collaborative efforts can lead to improved health literacy and empower patients to effectively manage their 

diabetes, ultimately contributing to better health outcomes in rural Tamil Nadu. 
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The global prevalence of diabetes continues to rise, with significant increases noted particularly in low and 

middle-income countries, including India, where socio- economic factors play a crucial role in disease 

management. Addressing these challenges through targeted interventions is essential for improving health 

outcomes in affected populations [2]. In rural Tamil Nadu, leveraging digital health technologies alongside 

community engagement can significantly mitigate the barriers to diabetes management and enhance patient 

education efforts. 

Implementing comprehensive digital health strategies that are culturally sensitive can lead to better patient 

engagement and adherence to diabetes management practices in rural Tamil Nadu. 

 

2.2 Prevalence of Diabetes in India 

The prevalence of diabetes in India, particularly in rural Tamil Nadu, underscores the urgent need for effective 

management strategies that incorporate both technology and community support to improve patient outcomes. 

Integrating digital health interventions with community support systems can significantly enhance the 

effectiveness of diabetes management strategies in rural Tamil Nadu, ultimately leading to improved health 

outcomes for patients. 

Furthermore, enhancing the digital literacy of patients through community workshops can empower them to 

utilize these technologies effectively, thereby improving medication adherence and overall diabetes 

management. 

 

2.3 Previous Studies on Rural Tamil Nadu 

Previous studies have highlighted the importance of community-driven initiatives in diabetes management, 

emphasizing the role of peer support groups in enhancing self- care practices and treatment adherence among 

patients in rural Tamil Nadu [7]. By fostering local engagement, these initiatives can address socio-economic 

barriers and improve health outcomes effectively. Such interventions have demonstrated improved self-care 

practices and treatment adherence among diabetes patients in rural settings, highlighting the importance of 

community involvement in managing chronic conditions [7]. By leveraging local resources and support 

networks, healthcare providers can facilitate better health outcomes for individuals with diabetes in these 

underserved areas. These findings underscore the potential of community-driven interventions to enhance 

diabetes self-care and adherence, ultimately leading to improved health outcomes in rural Tamil Nadu[7]. 

 

3. Methodology 

The methodology will involve a mixed- methods approach, combining quantitative surveys and qualitative 

interviews to gather comprehensive data on diabetes management practices among patients in rural Tamil Nadu. 

This approach will ensure a robust understanding of both the statistical trends and personal experiences related 

to diabetes management in this underserved population. The integration of both qualitative and quantitative 

data will provide valuable insights into the barriers and facilitators of effective diabetes management in this 

context. 

 

3.1 Study Design 

The study design will incorporate focus group discussions and individual interviews to capture diverse 

perspectives on diabetes management challenges and successes in rural Tamil Nadu. 

The insights gained from this mixed-methods approach will inform the development of targeted interventions 

that address the specific needs of diabetes patients in rural Tamil Nadu. This comprehensive methodology will 

facilitate a deeper understanding of the interplay between technology and self-management practices among 

individuals with diabetes in rural settings. 

This study aims to highlight the importance of culturally sensitive interventions that leverage local resources 

and community engagement to improve diabetes self- management among patients in rural Tamil Nadu. 

 

3.2 Population and Sample Size 

The target population will consist of adults aged 30 years and above diagnosed with diabetes, with an estimated 

sample size of 200 participants to ensure sufficient data for analysis. 

This sample size will allow for a comprehensive analysis of diabetes management practices and the 

effectiveness of potential interventions in this demographic. 

 

3.3 Data Collection Methods 

The findings from previous studies underscore the need for continuous health education and community 
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support to enhance diabetes management practices in rural Tamil Nadu  [2],[1]  .to  improve  self-care  and 

treatment adherence among patients. Community-driven initiatives, [7] such as peer support groups, can 

significantly enhance these efforts by providing moral support and fostering a sense of belonging. Such 

interventions not only improve self-care practices but also empower individuals to take control of their health, 

ultimately reducing diabetes-related complications in rural communities. [7] 

 

3.4 Statistical Analysis 

The statistical analysis will employ both descriptive and inferential statistics to evaluate the effectiveness of the 

interventions on diabetes management practices, ensuring robust conclusions can be drawn from the data 

collected. 

Incorporating community-driven initiatives alongside digital health interventions can significantly enhance 

patient engagement and adherence to diabetes management practices in rural settings, ultimately leading to 

improved health outcomes. 

Gender vs Diabetes Occurrence: χ²(1, N=500) = 4.87, p = 0.027 → significant 

Occupation vs Diabetes Risk: χ²(3, N=500) = 10.52, p = 0.014 → significant 

 

4. Results 

By fostering community-driven initiatives, such as peer support groups, we can effectively enhance self-care 

practices and treatment adherence among diabetes patients in rural Tamil Nadu[7]. This approach not only 

addresses the immediate needs of patients but also builds a sustainable framework for ongoing support and 

education in diabetes management. This sustainable approach can lead to a significant reduction in diabetes-

related complications and improve overall health outcomes for patients in rural Tamil Nadu [7]. Furthermore, 

the establishment of peer support groups has been shown to improve self-care practices and treatment 

adherence significantly among diabetes patients, providing essential moral support and fostering community 

engagement [7]. This model can be particularly effective in resource-limited settings, enabling individuals to 

navigate their health challenges collaboratively and sustainably. 

 

4.1 Prevalence Rates of Diabetes 

This collaborative model not only addresses immediate health needs but also empowers individuals to sustain 

long-term management of diabetes through shared experiences and resources, ultimately leading to healthier 

communities. 

This model is particularly relevant in rural Tamil Nadu, where access to healthcare is limited, and community 

support can play a crucial role in enhancing diabetes self- management practices [7]. Implementing peer 

support groups within the community can create a robust network that fosters shared experiences and 

knowledge, ultimately enhancing diabetes self- management and improving health outcomes for patients in 

rural Tamil Nadu [7]. This community-based approach to diabetes management not only improves self-care 

practices but also empowers individuals to actively participate in their health journeys, reducing the burden of 

diabetes-related complications. 

 

4.2 Demographic Characteristics of Participants Understanding the demographic characteristics of 

participants is essential in tailoring diabetes management interventions to meet the specific needs of 

diverse groups. 

This understanding will facilitate the development of culturally sensitive strategies that can effectively engage 

various segments of the rural population in Tamil Nadu, ultimately improving diabetes management outcomes. 

This demographic insight will guide the design of interventions that resonate with the unique cultural and 

socio- economic contexts of diabetes patients in rural Tamil Nadu. 

This demographic insight will guide the design of interventions that resonate with the unique cultural and socio-

economic contexts of diabetes patients in rural Tamil Nadu, ultimately leading to more effective diabetes 

management strategies. 

4.3 Risk Factors Identified 

Addressing these risk factors is crucial for developing effective diabetes management strategies that are 

tailored to the specific needs of patients in rural Tamil Nadu. By focusing on culturally relevant education and 

community engagement, we can effectively mitigate these risk factors and promote healthier lifestyle choices 

among diabetes patients in rural Tamil Nadu. The integration of culturally tailored educational programs can 

significantly enhance diabetes self- management, ultimately leading to improved health outcomes and reduced 

complications in rural populations [1]. 
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Diabetes Risk Score (DRS) based on weighted clinical parameters: 

DRS = w₁·(Glucose Level) + w₂·(BMI) + w₃·(Age) + w₄·(Insulin Level) + w₅·(Blood Pressure) + εw₁–w₅: 

Weights derived from feature importance in LightGBM (e.g., normalized gain values) 

• ε: Model bias or error term 

This score helps quantify individual risk and can be categorized: 

• Low Risk (DRS < 0.4) 

• Medium Risk (0.4 ≤ DRS < 0.7) 

• High Risk (DRS ≥ 0.7) 

 

Feature Importance from LightGBM: 

 

Feature Importance Score Contribution to Risk 

Glucose Level 0.312 Strong Positive 

BMI 0.241 Moderate Positive 

Age 0.184 Mild Positive 

Insulin Level 0.159 Moderate Positive 

Blood Pressure 0.104 Mild Positive 

 

5. Discussion 

 

Interpretation of Findings 

By fostering a sense of community and shared responsibility, these interventions can further empower 

individuals to adopt healthier lifestyle choices and sustain long- term diabetes management. 

This approach aligns with findings that emphasize the importance of community support in enhancing self-

care practices and treatment adherence among diabetes patients in rural settings [7]. By creating an 

environment that encourages shared experiences, we can significantly improve health outcomes and reduce 

the burden of diabetes-related complications. Moreover, the integration of digital health technologies with 

community support initiatives can create a holistic approach to diabetes management that addresses both 

individual and systemic challenges in rural Tamil Nadu. 

 

5.1 Comparison with Other Studies 

This holistic approach is essential, as it not only fosters individual accountability but also strengthens 

community ties, ultimately leading to a more resilient healthcare framework for diabetes management in rural 

Tamil Nadu. 

In conclusion, a comprehensive strategy that combines digital health technologies with community 

engagement is vital for improving diabetes management and outcomes in rural Tamil Nadu. Future research 

should focus on evaluating the long- term impacts of these interventions on diabetes management and health 

outcomes in rural communities, ensuring sustainable improvements in self-care practices. 

This study highlights the significance of integrating community-driven initiatives with digital health solutions 

to create a sustainable model for diabetes management in rural Tamil Nadu. 

 

5.2 Implications for Public Health 

The findings suggest that fostering community-driven initiatives alongside digital health solutions can 

significantly enhance diabetes management and self-care practices, ultimately leading to improved health 

outcomes in rural Tamil Nadu[7] [2] . This model reflects the importance of addressing socio-economic 

barriers while leveraging technology to empower patients in their diabetes management journey, ultimately 

contributing to the broader goals of health equity in rural Tamil Nadu. 

This approach not only addresses immediate health needs but also aligns with the Tamil Nadu model of public 

health, which emphasizes community engagement and resource accessibility to improve health outcomes [8]. 

By integrating digital tools with local support networks, we can create a sustainable framework for diabetes 

management that benefits underserved populations. 

 

6. Conclusion 

This model underscores the necessity for continuous adaptation and evaluation of interventions to meet the 

evolving needs of the community, ensuring long-term success in diabetes management. This ongoing 
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commitment to community engagement and the integration of technology is essential for fostering sustainable 

health practices and improving diabetes management in rural Tamil Nadu. 

 

6.1 Summary of Findings 

The findings emphasize the critical role of community engagement in enhancing diabetes self-management 

and highlight the potential for technology to bridge existing gaps in health literacy and access. 

Implementing culturally sensitive digital health interventions can significantly improve diabetes self-

management among rural populations, fostering community engagement and addressing socio-economic 

barriers effectively. This study underscores the importance of integrating community- driven initiatives with 

digital health technologies to enhance diabetes management in rural Tamil Nadu, ultimately promoting better 

health outcomes and self- care practices among patients. 

By prioritizing community engagement and leveraging technology, we can create a sustainable model for 

diabetes management that not only improves self-care practices but also fosters resilience among patients in 

rural Tamil Nadu. 

 

Recommendations for Future Research 

Future research should explore the long-term sustainability and effectiveness of integrating digital health 

technologies with community- driven initiatives in enhancing diabetes management practices in rural Tamil 

Nadu [9]. This exploration could lead to innovative strategies that not only improve patient outcomes but also 

empower communities to actively participate in their health management journey. 
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