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ABSTRACT
This study presents HealthPro, a web-based application designed to predict the risk of Type 2 Diabetes
(T2D) using a machine learning model trained on Electronic Health Records (EHRs). The system
addresses the lack of accessible and accurate tools for early diabetes risk screening. A Random Forest
classifier was developed using features such as glucose level, BMI, blood pressure, and lifestyle
indicators. The model was integrated into a Flask-based web platform with a responsive front-end that
allows users to input health data and receive real-time predictions categorized as Low, Medium, or High
risk. The system follows the MVC architecture and supports multilingual interfaces. Functional and
usability testing showed 100% success across 10 defined test cases. HealthPro demonstrates how
lightweight machine learning applications can support preventive healthcare by offering interpretable

results and health suggestions in a user-friendly format.

INTRODUCTION

Type 2 Diabetes (T2D) is one of the most prevalent chronic diseases worldwide, and
its incidence continues to increase due to aging populations, sedentary lifestyles, and
unhealthy diets. Early prediction and preventive intervention are critical to reducing its
long-term health and economic impacts. However, traditional diagnostic methods are
often limited to static risk scores or manual evaluations that cannot capture the
complexity of patient health data.

This project aims to address the lack of accessible, intelligent tools for early
diabetes risk screening by developing a web-based system called HealthPro. The
system leverages a machine learning model—specifically, a Random Forest classifier—
trained on structured Electronic Health Records (EHRs) to predict individual T2D risk
levels. Unlike many existing solutions that are either research-only or require technical
expertise, HealthPro is designed to be simple, bilingual (English and Chinese), and
usable by the general public as well as healthcare providers.

The system allows users to register, submit their health and lifestyle data, and
receive real-time risk predictions categorized as Low, Medium, or High. It also offers
personalized health suggestions and includes basic administrative functions. The
application is developed using Flask (Python), HTML/CSS, and SQLite, following an
MVC architecture for clarity and maintainability.
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The key objectives of this project are:

1. To build a machine learning system for predicting T2D risk using structured
EHR-style data.

2. To ensure accessibility and ease of use across devices and user backgrounds.

3. To support early screening, increase public awareness, and promote

proactive health behavior.
METHODOLOGY

The development of the HealthPro system followed a structured methodology
combining machine learning model construction and web system implementation. The
main goal was to build a responsive, user-friendly web platform that predicts an
individual’ s risk of developing Type 2 Diabetes (T2D) using self-reported health data.
The methodology consisted of three core stages: user interaction and data submission,
risk prediction using a machine learning model, and result delivery through a visual
interface. Figure 1 illustrates the workflow adopted in this system.
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FIGURE 1. Algorithm Workflow for Type 2 Diabetes Risk Prediction

In the first stage, users are required to authenticate themselves by logging into
the system. Once logged in, they complete a self-assessment form, which collects
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personal and clinical data such as age, weight, glucose level, blood pressure, and
relevant medical history.

In the second stage, the backend receives the submitted data and validates it.
The validated data is passed to a pre-trained Random Forest model implemented using
scikit-learn. This model, selected for its high accuracy and interpretability, computes a

prediction score that indicates the user’s diabetes risk.

In the final stage, the system interprets the score and maps it into one of three
categories: Low, Medium, or High risk. Based on this classification, the system
generates a result page with personalized health advice to encourage preventive action.
The entire prediction process is executed in real-time, and the interface adapts
responsively across desktop and mobile platforms.

The system was developed using the Flask web framework and follows the
Model-View-Controller (MVC) architecture to ensure clean separation of logic,
interface, and data. The model is stored as a serialized .pkl file and loaded dynamically
during prediction. User data is managed using an SQLite database for simplicity and
local testing.

This integrated methodology enables the HealthPro platform to operate as a
lightweight, intelligent decision support tool for T2D risk screening, suitable for both
patients and healthcare providers.

RESULTS AND DISCUSSION

The HealthPro system was evaluated through both functional testing and usability
inspection to ensure that all core features perform as expected. A set of 10 black-box
test cases was designed to verify critical system behaviors, including registration, login,
risk form submission, prediction output, and multilingual interface switching.

To classify diabetes risk, the system uses a probability thresholding strategy
based on the Random Forest model's output. Users are assigned to one of three

categories:
1. LowRisk : Probability < 0.3
2. Medium Risk : 0.3 < Probability < 0.6
3. High Risk : Probability > 0.6

Each category result is mapped to a separate result page with tailored health
advice and visual feedback. Figure 2, Figure 3 and Figure 4 illustrate the interface
design for each risk level.
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o HealthPro Home Profile  Settings  Logout

Low Risk

Your current health risk level is low. Keep up the great work!
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Scientific Exercise Healthy Diet Attention to Rest

Engage in 30 minutes of moderate exercise daily. Eat a balanced diet rich in fruits and vegetables. Aim for 7-9 hours of sleep each night.

Incorporate both cardio and strength training. Limit your intake of processed foods and sugars Create a restful environment free of distractions

Maintain proper form to prevent injuries. Stay hydrated by drinking plenty of water. Practice relaxation techniques before bed.

FIGURE 2. Low Risk Result Page
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Medium Risk

This test reminds: There is a certain risk of diabetes, please maintain good living habits and have regular physical examinations

Scientific Exercise Healthy Diet Attention to Rest

1etc Eat a balanced dietsich i fruits and vegetables. Aim for 7-9 hours of sleep each night.

2etc Limit your intake of processed foodsand sugars. Create a restful environment free of distractions.
3etc Stay hydrated by drinking pientyfof water. Practice relaxation techniques before bed.

Department of treatment: Endocrinology

Create a restful environment free of distractions.
Practice relaxation techniques before bed.

FIGURE 3. Medium Risk Result Page



PTA-FTSM-2025-A197878

® HealthPro Home Profile  Settings  Logout

e

Scientific Exercise Healthy Diet Attention to Rest

‘ ‘*7
ii (\@E

Department of treatment: Endocrinology

ent free of distra
ques Hefotebed

FIGURE 4. High Risk Result Page

In system testing, all 10 test cases were passed successfully, confirming that the
platform functions as intended under standard use conditions. Table 1 summarizes the
test outcomes.

TABLE 1. Summary of System Test Results

Test Case Description Status
TC1 — Registration Register new user Pass
TC2 — Login (Success) Valid username and password Pass
TC3 — Login (Failure) Invalid credentials Pass
TC4 — Submit Valid Health Form Predict risk using complete form Pass
TCS — Empty Form Submission Trigger validation error Pass
TC6 — Language Switch Toggle between English/Chinese Pass
TC7 — Unauthorized Access Block Prevent form a.ccess without Pass
login
TC8 — Admin Password Reset Admin resets user password Pass
TC9 — Prevent Double Submission Handle multiple submissions Pass
gracefully
TC10 — Feedback Submission Send user feedback Pass

The system demonstrated stable performance during evaluation, with an average
response time of 2—5 seconds per prediction. In terms of user experience, the interface was
noted to be clean, intuitive, and accessible across devices. The bilingual interface improved
inclusivity, especially for non-English speakers.

Overall, the integration of a lightweight machine learning model with a user-focused
design led to a practical and reliable tool for diabetes risk awareness and early action.
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CONCLUSION

This project successfully developed HealthPro, a web-based application that predicts
Type 2 Diabetes (T2D) risk using a machine learning model. By combining a Random
Forest classifier with an intuitive, bilingual web interface, the system enables users to
receive real-time risk assessments based on their health and lifestyle data. The platform
supports early awareness and preventive action, especially for users without clinical
access or technical expertise.

The system achieved full functional coverage across all test cases, with accurate
risk prediction, multilingual support, and secure user management. Its lightweight
architecture, built using Flask and SQLite, ensures ease. of deployment and
maintainability. Although developed for academic purposes, the system demonstrates
strong potential for real-world use, particularly in digital health education and self-
assessment scenarios.

Future improvements may include model retraining on larger real-world
datasets, integration with wearable health devices, and deployment in mobile app form.
Security enhancements such as encrypted password storage and GDPR-compliant data
handling will also be necessary for broader adoption.

In conclusion, HealthPro represents a practical application of machine learning
in preventive healthcare. It demonstrates how data-driven tools, when combined with
user-centered design, can empower individuals to manage their health more proactively
and effectively.
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