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Chapter 1  
Introduction 

 
In 2014, diabetes affected 8.5% of adults aged 18 and older globally. Diabetes 
directly caused 1.6 million deaths in 2016, while high blood glucose was responsible 
for an additional 2.2 million deaths in 2012[1-4]. There are two main types of 
diabetes: Type 1 and Type 2. Type 1 diabetes, previously known as insulin-
dependent, juvenile, or childhood-onset diabetes, is characterized by inadequate 
insulin production and requires daily insulin administration. The cause of Type 1 
diabetes is currently unknown and cannot be prevented with current knowledge[5]. 
Type 2 diabetes, formerly referred to as non-insulin-dependent or adult-onset 
diabetes, occurs due to the body's ineffective use of insulin. Type 2 diabetes 
accounts for the majority of diabetes cases worldwide and is primarily associated 
with excess body weight and physical inactivity[1, 5-8]. 
According to the World Health Organization (WHO), adopting a healthy lifestyle is 
crucial in preventing type 2 diabetes and its complications. This includes achieving 
and maintaining a healthy body weight, engaging in regular physical activity of at 
least 30 minutes per day, following a healthy diet that avoids excessive sugar and 
saturated fat intake, and abstaining from tobacco use, as smoking increases the risk of 
diabetes and cardiovascular diseases[1, 8, 9]. The treatment of diabetes involves 
dietary adjustments, physical activity, blood glucose control, and managing other 
known risk factors that can harm blood vessels[8-12]. 
WHO literature review reveals a continuous rise in the incidence of diabetes mellitus 
worldwide, affecting both developed and developing countries. An increasing 
number of people in these countries are leading sedentary lifestyles. While there is 
evidence that diabetes complications can be prevented, many individuals with 
diabetes lack the necessary knowledge and skills to effectively manage their 
condition using available technology and adopt healthier lifestyles. Changing habits 
and lifestyles require deliberate effort, and individuals with diabetes bear the 
ultimate responsibility for their care and treatment, utilizing available technological 
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systems. These systems include meal recommendation tools, activity monitoring and 
tracking devices, medication reminder systems, and interactive chatbots to address 
questions related to their condition. 
This thesis focuses on the design and development of an online website system that 
encompasses various aspects of diabetes management. It places emphasis on 
creating modules for personalized health assistance, such as meal recommendations, 
activity reporting and monitoring, web-based diabetes education, and medication 
reminders. The research also highlights the development of a 3D educational 
platform that provides answers to common questions from individuals living with 
diabetes. This platform allows doctors to gather data on patient behavior and 
symptoms and intervene when patients fail to follow their regimens or experience 
worsening of their condition. The diabetes management system aims to determine 
patients' nutritional requirements, recommend appropriate meals, remind patients to 
take medications on time, identify factors that influence blood sugar levels, and 
educate patients on these factors. Additionally, the system encourages patients to 
engage in regular exercise, track their activities, and keep doctors updated on their 
condition. 
 
1.1 Motivation 
For four kinds of diabetes, namely type 1, type 2, prediabetes, and gestational 
diabetes, proper examination of patient’s condition over time, proper diet, stress 
management, well-planned exercise routine, and regular health care are needed to 
help to prevent and minimize the exposure to a long-term problem[4]. There are 
many applications in the market for managing type 1 diabetes, but people seem not 
so aware of the possible danger of prediabetes and type 2 diabetes. In the case of 
type 2 diabetes, an efficient online healthcare system is essential to help to reverse 
their diabetes. When we say efficient online healthcare system, it may lead to a 
question of why online? The reasons why the diabetes patients need an efficient 
online healthcare system are that the COVID-19 outbreak make the diabetes patients 
in a lot of physical restrictions such as lock down, social distancing and the patients 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3 

difficult to be in touch with the medical professionals to monitor, manage patients’ 
daily activities and follow-up on patients’ medical conditions.  
So, our efficient online healthcare platform permits regular healthcare to prediabetes 
patients using the responsive Internet website. Diabetes patients need a suitable 
exercise routine for treatment. Nowadays, it’s difficult to workout outside because 
there are still COVID-19 infections and outdoor activities are not suitable for the 
patients. So, we will provide exercises videos which are suitable for prediabetes.  
Finally, Responsive website including the advanced data visualization for glucose 
level, exercise routine and processing functionalities enable optimized diabetes 
treatment through computational tools for real-time personalized dietary and 
exercise schedules, thereby allowing medical specialists to assess the health status 
of patients. We will build a responsive web application for diabetes patients using 
the FARM (FastAPI[13], ReactJS[14], and MongoDB[15]) stack. FARM stack uses 
FastAPI[13] as backend, ReactJS[14] as frontend, and MongoDB[15]as Database. This 
thesis will discuss details on how to build a website for diabetes patients using FARM 
stack. In addition, a 3D website has been developed to serve as a self-learning 
platform for people who are interested in prediabetes and type 2 diabetes. 
 
1.2 Objectives 
 
To design and implement a platform to support the monitoring, management, and 
treatment of patients with prediabetes mellitus, by providing exercise plans and 
controlled diets. The proposed platform allows patients to report their daily exercise 
and diet through the Internet using mobile devices or PCs/laptops through our 
developed application, while the physician can monitor the progress, intelligently 
process the data, and determine proper exercise and diet plans to individual patient. 
This platform is expected to serve as a useful tool in reversing diabetes, so that 
patients are no longer dependent on regular insulin injections and can return to live 
their normal life. 
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1.3 Scope of the thesis 
 

This thesis implements a 2D and 3D web-based platform for monitoring and 
management of patients with prediabetes where blood glucose of the patients, their 
diets and planned exercises are collected daily. Required knowledge of prediabetes 
and Type 2 diabetes, suitable daily diet, exercise and various kinds of knowledge and 
activities to reverse the prediabetes which can transform into type 2 diabetes. 
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Chapter 2  
Background and Literature Review 

 
In this chapter, the theory and background pertaining to the thesis topic will be 
explored. The discussion begins by providing an overview of diabetes and the 
elements involved in self-management of the condition. Subsequently, the medical 
treatment of diabetes will be outlined, along with an examination of the associated 
health concerns. Furthermore, the chapter will delve into the concepts of eHealth 
and welfare technology, elucidating their definitions and significance. Additionally, 
the available mobile health applications designed to support the self-management 
of diabetes will be described. 
2.1 What is Diabetes? 
Diabetes is a condition that hinders the body's ability to convert glucose into energy. 
It can occur due to the absence of insulin secretion from the pancreas, reduced 
insulin production, or impaired insulin effectiveness. Any of these factors can 
contribute to the development of diabetes. Symptoms of diabetes manifest when 
elevated glucose levels in the bloodstream cause glucose to also accumulate in the 
urine, resulting in increased urination, thirst, and dehydration. Other symptoms 
include fatigue, weight loss, tiredness, and susceptibility to infections. Managing 
diabetes revolves around maintaining optimal blood glucose levels, and self-care 
along with regular monitoring of glucose levels are crucial for effective diabetes 
management[9]. 
The prevalence of diabetes is increasing worldwide, with approximately 400,000 
diagnosed individuals in Finland alone. The majority, about 80-90 percent, suffer 
from type 2 diabetes, while the other common form is type 1 diabetes[9]. 
 

2.1.1 Diabetes type 1 
Type 1 diabetes is characterized by an autoimmune reaction that damages 

the beta-cells in the pancreas, resulting in insufficient insulin production. 
Eventually, the pancreas ceases to produce any insulin at all, leading to the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6 

onset of diabetes symptoms and a reliance on externally administered insulin. 
The development of type 1 diabetes is influenced by both genetic factors and 
environmental causes, such as viral infections[10]. Many individuals diagnosed 
with type 1 diabetes often experience ketoacidosis, a condition where the 
body lacks insulin and cannot utilize glucose for energy, despite elevated 
glucose levels in the body. Instead, the body resorts to using adipose tissue, 
leading to the accumulation of ketoacids and subsequent acidosis when blood 
pH drops below 7.35. Symptoms of ketoacidosis include abdominal pain, 
nausea, increased urine production, and thirst. Without treatment, dehydration, 
decreased blood pressure, elevated heart rate, the smell of acetone on the 
breath, and abnormal breathing may occur. In severe cases, ketoacidosis can 
be fatal[10]. 
The treatment approach for type 1 diabetes focuses on normalizing blood 
glucose levels to reduce long-term complications, increase life expectancy, and 
enhance quality of life. Insulin therapy is essential for managing the disease 
and can be administered through multiple daily injections or an insulin pump. 
Monitoring blood glucose levels throughout the day is also necessary, which 
can be achieved by measuring glucose levels from the fingertip or using 
continuous glucose monitoring devices. The goal is to identify the most 
suitable treatment approach for each individual with type 1 diabetes[11]. 

 
2.1.2 Diabetes type 2 

The diagnosis of type 2 diabetes is often influenced, at least in part, by hereditary 
factors. This condition typically develops gradually over an extended period. 
Individuals with type 2 diabetes may not exhibit symptoms initially, but as the 
disease progresses, symptoms may include increased thirst, frequent urination, 
fatigue, slow wound healing, and recurring infections. Insulin production in the 
pancreas gradually diminishes in this condition, reaching a point where the amount 
of insulin secreted is insufficient to maintain desirable blood glucose levels. Insulin 
resistance, characterized by the body's reduced ability to effectively utilize insulin, is 
another characteristic of type 2 diabetes. The presence of excess adipose tissue in 
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the body is closely associated with the development of insulin resistance. While the 
body initially compensates by increasing insulin secretion to regulate glucose levels, 
as the disease advances, insulin production often slows down, leading to 
hyperglycemia and the onset of symptoms[9]. 
Treatment primarily involves implementing lifestyle changes, such as adopting a 
healthy diet, losing weight, and engaging in regular exercise. The goal is to maintain a 
stable and acceptable blood glucose level, which enhances quality of life and 
supports life expectancy comparable to the corresponding age group. Long-term 
HbA1c levels should be kept below 53 mmol/l. Oral diabetes medications like 
Metformin, which affects liver glucose production, can be used to help regulate 
blood glucose levels. If the combination of Metformin and lifestyle modifications is 
insufficient, other oral diabetes medications may be added to the treatment regimen. 
If adequate control is still not achieved, insulin therapy can also be considered as an 
additional treatment option[11]. 
 

2.1.3 Gestational diabetes 
Gestational diabetes refers to the occurrence of elevated blood glucose levels during 
pregnancy and is diagnosed using a glucose tolerance test. In Finland, all expectant 
mothers undergo screening for gestational diabetes between weeks 24-28 of 
pregnancy. However, if a mother is at a higher risk of developing gestational diabetes 
due to factors such as being overweight or having a family history of type 2 diabetes, 
the glucose tolerance test may be conducted earlier, between weeks 12-16, and 
repeated between weeks 24-28. The glucose tolerance test involves fasting for 12 
hours, followed by measuring the fasting blood glucose level. Then, the individual 
consumes a drink containing 75 grams of glucose, and blood glucose levels are 
measured after one hour and two hours. If any of the measurements exceed the 
predetermined thresholds, gestational diabetes is diagnosed. In this test, blood 
glucose levels are assessed using blood samples drawn from a vein rather than a 
fingertip measurement. 
During pregnancy, the additional weight and hormonal changes caused by the 
placenta can increase insulin resistance, necessitating higher levels of insulin to 
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maintain acceptable blood glucose levels. The treatment for gestational diabetes 
typically involves nutritional therapy, and in some cases, oral medications or insulin 
treatment may be necessary. The specific treatment approach is determined on a 
case-by-case basis. After giving birth, blood glucose levels generally return to normal. 
However, approximately one-third of mothers who become pregnant again may 
experience a recurrence of gestational diabetes. Additionally, gestational diabetes 
increases the risk of developing type 2 diabetes. Therefore, early prevention and 
patient education are crucial. The glucose tolerance test is repeated after childbirth, 
with an earlier test performed if the expectant mother required insulin during 
pregnancy, or a test conducted one year after birth if lifestyle management was 
sufficient[12]. 
2.2 The psychological dimensions of diabetes 
According to Jon Haug, a psychology specialist, there are specific psychological 
challenges associated with diabetes that require careful consideration and 
appropriate treatment to enhance the individual's overall quality of life[16]. Haug 
explains that calculating insulin dosages can be highly complex, and it becomes even 
more complicated when emotional factors influence glucose levels and insulin 
requirements. In his article, Haug highlights the prevalence of eating disorders among 
individuals with diabetes, particularly noting that young girls with diabetes are at a 
higher risk, being 3-4 times more likely to develop an eating disorder compared to 
girls without diabetes. These individuals may intentionally administer insufficient 
insulin as a means of promoting weight loss. However, this behavior can lead to 
severe consequences such as kidney failure and vision loss[16]. Haug emphasizes 
that the fear of complications can be detrimental, causing anxiety and fear in 
individuals with diabetes. He also points out that doctor appointments often allocate 
insufficient time to address the psychological well-being of patients[16]. 
2.3 mHealth 
The Global Observatory for eHealth (GOe) of the World Health Organization (WHO) 
defines mHealth as supporting public health practices and medical issues with the 
usage of mobile devices[17]. mHealth applications can function as instruments. to 
encourage enhance treatment, behavior change, and promote strict adherence to 
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schedules by personalizing goals and tasks, notifications, and incorporating 
gamification elements. These applications can assist in overcoming memory lapses 
and provide educational resources. By offering disease and treatment-related 
education, they can be valuable in facilitating communication between patients and 
healthcare providers during shared decision-making processes[18]. 
In the article "What is the clinical value of mHealth for patients?", mHealth 
applications are categorized into four groups as follows[18]: 

• Supporting clinical decision-making and diagnosis. 

• Improving clinical outcomes by enhancing patient adherence and compliance 
with established treatment pathways through behavior change. 

• Acting as individual digital health solution. 

• Chiefly delivering diabetes-related education. 
The authors anticipate that mHealth technologies can serve as tools for patients to 
manage their own health, integrated into digital care plans created by their 
healthcare providers[18]. Many individuals rely on digital devices to monitor the 
symptoms when they suspect an illness. However, the accuracy may be vary 
depending on the urgency of the situation and the specific symptoms being 
assessed, such as those affecting the knees and hands. Emergency cases generally 
yield higher accuracy compared to non-emergency cases, and the use of symptom 
checker applications may lead to an increase in unnecessary non-emergency 
consultations[18]. 
Behavior change-focused applications have demonstrated improvements in glycemic 
control for individuals with diabetes, optimal weight loss, and long-term treatment 
adherence for chronic illnesses. Functionalities such as reminders, customizable 
medication regimes, and activity logs have received positive feedback[18]. 
Applications functioning as digital therapeutics support self-management in 
treatments such as cognitive-behavioral therapy, with features like mood and 
symptom tracking. While these applications can enhance self-management, they 
currently do not replace face-to-face therapy[18]. 
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Educational applications can provide patients with a better understanding of their 
disease, leading to improved decision-making and communication with healthcare 
providers. Patients can express their concerns more effectively and feel empowered 
in their relationships with healthcare providers. In diabetes management, self-
management strategies are crucial for improving quality of life through maintaining 
normal blood sugar levels. Mobile applications are increasingly popular among 
individuals with diabetes for managing their condition, and mHealth technology has 
the potential to enhance their quality of life[19]. This is particularly evident in type 2 
diabetes, although results for type 1 diabetes are more varied. Factors such as age 
and intervention duration have been linked to the effectiveness of mHealth self-
management tools. Wang et al. explain that there is a significant improvement in 
HbA1c levels in adults but not in the youth group they analyzed. Moreover, 
interventions lasting longer than six months resulted in a significant decrease in 
HbA1c levels, whereas shorter interventions did not produce the same effect. The 
study concludes that longer intervention durations yield better glycemic control[19]. 
Conway et al. conducted a study examining user preferences regarding mHealth 
applications for diabetes[20]. The majority of participants expressed the view that 
patient education would be beneficial, despite this feature being sparsely 
implemented. Furthermore, younger individuals exhibited greater enthusiasm for 
integrating social media into these applications compared to older users. The study 
also highlighted the potential of mHealth applications in facilitating web-based 
interventions and enhancing accessibility, with many users preferring them for 
diabetes management. However, factors such as age, gender, and diabetes type 
influenced individuals' preferences for using mHealth applications. Notably, women 
over 56 years of age were significantly less inclined to prefer diabetes management 
applications. It is crucial to avoid excluding specific sub-groups within the population. 
The study concluded by emphasizing the vast potential of mHealth systems to 
empower patients, expand choices, improve outcomes, and offer services in a 
different and sustainable manner[20]. 
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2.4 Existing Works 
Examining existing solutions and their reception provides valuable insights into the 
effectiveness of different functionalities. The Play Store was explored to review 
ratings and rankings of various diabetes applications, ranging from simple manual 
glucose input options to more complex ones that include features such as Bluetooth 
connectivity, food tracking, bolus calculation, and activity monitoring. Among the 
applications downloaded and tested were, mySugr, diasend, and Diabetes:M. The 
ratings, reviews, and main functionalities were gathered from the PlayStore. 

2.4.1 mySugr 
Rating: 4.7 

• Negative reviews: Users expressed the need to upgrade to the premium 
version for proper testing, desired compatibility with activity trackers, found 
the sounds annoying, and considered the monster theme childish. 

• Positive reviews: Users appreciated the organized interface and ease of 
tracking food, and found the bolus calculator to be very useful. 

• Main functionalities: Allows logging of medications, carbohydrates, activity, 
moods, emotions, and more. Provides estimated HbA1c and glucose trends. 
Features a bolus calculator and the ability to generate shareable reports. 

• Limitations: Certain features require a premium account. 

• Unique functionalities: Offers feedback based on trends, tracks mood and 
emotions, and includes achievements and a bolus calculator. 

2.4.2 Diabetes:M 

• Rating: 4.5 

• Negative reviews: Criticisms included the lack of a Norwegian language 
option and the failure to save login data if the phone runs out of battery. 

• Positive reviews: Users found the app reliable and precise. 

• Main functionalities: Enables report generation for sharing, displays trends, 
food intake, and activity logs, and supports automatic input. 

• Limitations: Many useful features require a premium account, and users 
cannot choose their own safe glucose levels. 
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• Unique functionalities: Includes a bolus advisor and a comprehensive food 
database for logging meals. 

2.4.3 diasend 

• Rating: 2.8 

• Negative reviews: Users expressed dissatisfaction with the absence of an 
option to upload CSV files. 

• Positive reviews: Not applicable. 

• Main functionalities: Allows data sharing with a clinic, features trend graphs, 
supports automatic input from compatible glucose devices, and allows 
users to set their own safe glucose levels. 

• Limitations: Lacks documentation, making it somewhat challenging to use. 

• Unique functionalities: Not specified. 
Based on the reviewed applications, no single application encompasses all the 
functionalities desired by people with Type 1 Diabetes Mellitus (T1DM) according to 
the literature review or as indicated by Play Store reviewers. Nevertheless, valuable 
understandings were acquired concerning specific functionalities that could be 
integrated and assessed. Features like a bolus calculator and estimated HbA1c were 
positively received. The significance of user-friendliness was also emphasized, with 
stability, navigation, and language identified as aspects requiring enhancement. It is 
noteworthy that there is currently no existing application capable of preventing or 
reversing prediabetes, a condition that may progress to Type 2 diabetes. 
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Chapter 3  
Methodology 

 

3.1: Web development 
 For web development, this thesis will use Visual Studio Code[21] for 
implementation and installation. The installation and implementation will be 
demonstrated in the Visual Studio code’s terminal and PowerShell. The main 
components of this thesis’s web development include React[14], FastAPI[13], 
MongoDB[15], and Firebase[22].  
 

Web Development

 
Figure  1: Main components of the thesis’s web development 

3.1.1 Frontend (ReactJS) 
This sub-section will demonstrate details about setting up the environment for 
ReactJS[14] development. This will include installing NodeJS[23] and ReactJS. 

3.1.1.1: NodeJS  
Before we start installing ReactJS, we need to install NodeJS[23]. 
NodeJS can be downloaded from [23]. 

 
3.1.1.2: ReactJS 

After we finish installing and setting up NodeJS, we can start 
implementing ReactJS. First, we will create the react app using ‘npx 
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create-react-app frontend’ where npx stands for node package execute, 
create-react-app creates a single page web page and frontend is the 
folder name where files and folders related to react will be kept. 
Installation steps of reactJS app can be seen in Figure  2. 

 

 
 

 
 

 
Figure  2: ReactJS installation 
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Figure  3: Structures of ReactJS Application 
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The structures of the ReactJS app can be seen in Figure  3. The first folder is the 
“Node modules” folder where all dependencies and sub-dependencies defined by 
the “package.json” file exist. The folder name “src” includes the main javascript 
component of the react, App.js, and CSS. In “public”, there is an “index.html” file 
inside which App.js is executed. In addition to it, we usually store the photo or the 
file that we will need to make public or show to the user in the “public” floader. 
The file “.gitignore” is the file by the git to differentiate the files whether to be 
updated or ignored while pushing the code to GitHub. The file “package-lock.json” 
includes an identical dependency tree installed in the “node modules” folder. 
“package-lock.json” gives the developers the chance to work in a team and create a 
local app with the same dependency version. Required dependencies and scripts are 
in the “package.json” file. The “README.md” file gives instructions for developers to 
explore the react app.  
After we’ve finished the installation of ReactJS, we can start the react app. We can 
start the app by using the command – npm start as shown in Figure  4 (a). After we 
executed the npm start command, the starting process can be seen in Figure  4 (b) 
and we can access the single-page website by localhost on port 3000 as shown in 
Figure  4 (c). 

 
(a) 

 

(b) 
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(c) 

Figure  4: Starting ReactJS App (a) “npm start” (b) Starting ReactJS App (c) Accessing ReactJS app after starting. 

We developed our frontend pages into two web page types as shown in Figure  5. 
The first type is the web page type where the user or patient will need to be 
authenticated and the second type is the web page where you don’t need to be 
authenticated. For the publicly available pages, we share information about 
Prediabetes and Type 2 Diabetes, food, exercise, stress management, and about the 
website. But for private pages, users need to log in with their username and 
password because the diet, exercise, and blood sugar data will depend on each 
diabetes patient. 

Frontend
Pages

Authenticated

Not 
Authenticated

T2D Food Exercise
Stress

Management

Upload Daily 
Diet

Blood SugarMy exercise ProfileGuide

Home

 

Figure  5: Functions of Frontend (ReactJS) 

 
3.1.2 Backend (FastAPI) 

We will use FastAPI[13] as the backend. FastAPI is a high-performance, modern web 
framework for building Application Program Interfaces with Python version 3.6+. 
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FastAPI has a user-friendly GUI for testing the APIs. The key features of FastAPI are 
extreme performance, quick and easy to code, fewer bugs or errors, support of clear 
and simple documentation, and being standards-based. The requirement of FastAPI 
installation is Python 3.6[24] or above and pip[25]. Before we start the installation of 
FastAPI, the computer or host we will implement FastAPI is already installed with 
Python 3.9. We will not demonstrate how to install Python in this thesis. We will 
install FastAPI from visual studio code.  
To install FastAPI, we will create a folder called the backend. Inside the backend 
folder, we will create a new environment for our project using the command 
“python3.9 -m venv env” as shown in Figure  6(a). We can see the new environment 
in “env” folder as in Figure  6(b).  We will activate the environment in ‘env/scripts/’ 
with the script name “activate.bat” as seen in Figure  6(c). After activating the 
environment, we will install FastAPI and uvicorn by using “pip install fastapi” and pip 
install "uvicorn[standard]".  
After installation is finished, we can start the FastAPI by using the command 
“python3.9 -m uvicorn main:app --reload”. We put simple hello world output in the 
main.py file as shown. A simple hello world code and starting FastAPI is 
demonstrated in Fig. 3.7. One of the benefits in using FastAPI is that FastAPI provides 
an interactive API documentation provided by Swagger UI [35]. As shown in Figure  8, 
we can access the API and get the “hello world” output by executing “get” method 
in the API. 

 
(a) 

 
(b) 
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(c) 

Figure  6: Installing FastAPI (a) Starting FastAPI, (b) Environment folder named “env”, and (c) Activating 
environment 

 

 
(a) 

 
(b) 

Figure  7: Starting FastAPI (a) Command to start FastAPI and (b) Simple “Hello World” program 
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(b) 

Figure  8: FastAPI Interactive API Docs (a) FastAPI GUI, and (b) Executing simple “Get” 

The main functions of backend – FastAPI in our website platform are authentication, 
creating an API for CRUD (create, read, update, and delete), connecting between the 
database and react js-frontend, and defining the data structure of the website. As our 
website is intended for multiple users or patients, we will have different username 
and password. To be able to handle username and password or authentication, we 
will implement it in FastAPI. Next, we will define the database (MongoDB)’s database 
structure in FastAPI. For example, we define username to be the string data type, 
user’s age to be the integer data type, etc. We also define APIs for ReactJS(frontend) 
to create, read, update, and delete the data from MongoDB (database).  
Figure  9 shows the APIs created by our FastAPI backend. They are register, login, 
create_bloodsugar, get_bloodsugar, create_myexercise, get_myexercise, and 
update_myexercise. Register API is used when the new user registers to the website. 
The API ‘/register’ is used to register for new user in the frontend. The API  ‘/login’ is 
used to login to the website with username and password in the way that check 
whether the username and password typed by the user is matched or not. 
‘/api/create_bloodsugar/username’ API is used to put the blood sugar data with the 
username to MongoDB database.  ‘/api/get_bloodsugar/username’ serves as an API 
between frontend and database to load the blood sugar data from MongoDB. 
‘/api/create_myexercise/username’ is used to create the exercise data such as 
minute of the exercise, intensity, and the date with the username in database by the 
frontend. ‘/api/get_myexercise/username’ is used to retrieve the data from MongoDB 
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by frontend. ‘/api/update_myexercise/username/exercise/intensity/ date/done’ is 
used to update the exercise data by the frontend to the database. 
 

 
Figure  9: APIs for the website platform 

3.1.3 Database (MongoDB) 
This thesis will use MongoDB[15] as the main database. In this section, we will 
explain how to install MongoDB. First, we can sign-in in[15] to create a database. 
After sign-in and setting up an account, the cluster will be created as shown in Figure  
10. Figure  11shows the cluster after creating. To be able to connect from our FastAPI 
(backend), we have to define an access list. To be able to access from our backend, 
we can put the ip address of backend or every IP address (for experimental purpose 
only) to be accessed as shown in Figure  12. The URL to connect the FastAPI 
(backend) and the database (MongoDB) can be seen in Figure  13. 

 
Figure  10: Creating MongoDB cluster. 
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Figure  11: MongoDB Database Cluster 

 

Figure  12: Defining IP Access List 

 

Figure  13: URL to connect with Backend. 

The main function of MongoDB is to store the data of the website platform 
such as username, name, age, etc. Figure  14(a) shows the example data of 
the user information when the user is registered. We can see that username, 
real name, surname, dob, gender, email and password are defined as string 
and weight, and height are defined as integer. Figure  14(b) shows how the 
blood sugar data or glucose level is kept in the database. There is username, 
meal type, time, date, and blood sugar data in glucose data. Figure  14(c) 
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shows how the exercise data is stored. Exercise data includes minutes, 
intensity, and date.   

 

(a) 

 

(b) 

 

 
(c) 

Figure  14: MongoDB database datastore (a) user information, (b) blood sugar data, and (c) exercise data 
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3.1.4 Image Database (Firebase) 
Firebase[22] is a Google platform for developing web and mobile applications.  This 
thesis uses firebase to store the image from the user. This section will discuss starting 
and implementing firebase. After we’ve logged in to the firebase in[22], we can press 
“Add Project” to start a project as shown in Figure  15. After we’ve started a project, 
we will name our project as shown in Figure  16(a). Next, we can choose whether to 
enable Google analytics. In step 3, we can choose the default firebase account to 
finish creating the project. After we’ve finished creating the project, we can see the 
firebase console. The steps of creating a firebase can be seen in the following. 

 
Figure  15: Firebase “Add Project” 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Figure  16: Firebase setup (a) Naming the Project, (b) Enable Google Analytics, (c) Choosing Google Analytics 
account, and (d) Completing firebase set-up 
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The reason we are using firebase for storing images is that the complexity of 
configuration for storing image is lower in firebase than MongoDB. In addition, we 
don’t need to use FastAPI (backend) API to connect with ReactJS and firebase. 
Firebase provides backend service as well. As shown in Figure  17, the username with 
the name, date, mealtype, and avatar (image URL) are stored in the firebase’s 
firestore database. The actual images are stored in firebase’s storage as shown in 
Figure  18. 

 
Figure  17: Firebase's firestore database 

 
Figure  18: Firebase's storage 

 
3.2 3D Web Application Development 

3.2.1 Blender[26] 
In recent years, alongside the successful implementation of films and other projects, 
the capabilities of the Blender program in the realm of 3D design have witnessed 
significant growth. Blender, as a robust technological instrument, aids 3D designers by 
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offering them complete freedom of action. The official and public regulation of 
Blender prioritizes stimulating user-designers, enabling them to unleash their full 
potential and become co-authors in Blender's development. This dynamic fosters 
the potential for a mutually prosperous relationship between the open-source 
Blender system and designers. The selection of Blender stems not only from its free 
license but also from the following advantages provided to users: 

• Blender is released under the GNU General Public License (GPL), ensuring it is 
free software. 

• Users have the option to reprogram the software positively and distribute it in 
new forms. 

• Blender is compatible with various operating systems, including Windows, 
Linux, Mac, and FreeBSD. 

• Users receive responsive support and maintenance, and they can actively 
contribute through comments and suggestions. 

• New versions of Blender are released relatively quickly, allowing for swift 
integration of added innovations into design practices. 

• Blender utilizes the Python programming language. 
Blender will serve as a valuable tool for the creation and design of objects to be 
employed within the scenes of the learning center's 3D web application. The 3D 
objects created using Blender will be imported into the Unity editor software for 
integration into the 3D learning center's scene. 
 

3.2.2 Unity[27] 
Unity, a multi-platform game engine, is commercially available and is used for 

2d and 3D video games production accompanied by visualizations and non-
game interactive simulations. Moreover, Unity is one of the popular engines for 
games that is easily accessible, and in the current epoch is communal amid the 
developers due to its ease, flexibility, efficiency, and power consumption. 
Multiple tools have been featured in the Unity Editor that permits rapid 
iteration and editing in the cycles of development comprised of smart previews 
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play mode in real-time. Furthermore, Unity is offered on Mac, Linux, and 
Windows. It contains an artist-friendly range of tools for immersive designing 
and game worlds, in addition to a strong developer tools suite for 
implementing high-performance gameplay and game logic. Moreover, Unity 
supports 3D and 2D development with functionalities and features for the 
specific needs that are further focused on categories. 
The Unity software will be employed as the primary tool for constructing and 
designing immersive scenes within the 3D web-based learning platform 
dedicated to diabetes education. Upon the completion of crafting the 3D 
scenes for the system, it became imperative to securely host said scenes within 
the cloud infrastructure, enabling seamless accessibility and utilization for end-
users. Required static files for web deployment can be exported by Unity by 
exporting the scenes as WebGL platform. 

 
3.2.3 Hosting 3D Application[22] 

For hosting the 3D application, Firebase will be served as the database for 
storing 3D and as web hosting. To host 3D app on Firebase, firstly we need to 
create a project in Firebase. Firebase project can be created as shown in Figure  
19. After creating the project, we will have to register our application in the 
project as shown in the following figure.  

 
Figure  19: Registering Application in Firebase 
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And then we need to install the required module bundler such as webpack or rollup 
by running the following command.  

 
Figure  20: Installing required module bundler for Firebase 

To host the 3D website with Firebase Hosting, Firebase CLI is required.  
 

 
Figure  21: Installing Firebase CLI 

 
After that 3D application can be deployed by navigate to or create a root directory 
for 3D web application. In the root folder, run the following command to sign in to 
Google. 
 

 
Figure  22: Logging into Google 

Initiate the project by running the following command. 
 

 
Figure  23: Initiate project in Firebase 

Now is ready to deploy the web application. Before that, all static files exported by 
Unity software must be put in web application’s deploy directory (“the default is 
public”). Then the following command is used to deploy the application. 

 

 
Figure  24: Deploying web application 
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Chapter 4 
Online 2D and 3D self-learning system for prediabetes patients 

4.1 2D web application system 
The landing page of the frontend can be seen in Figure  25. The landing page 
provides the user or patient with the general idea and objective of platform.  

 
(a) 

 

(b) 
Figure  25: Landing page (a) Main page and (b) Website Page 
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4.1.1 Glucose (Blood Sugar) Measuring 
The functionality that is first presented on the main page is the Glucose measuring 
section Figure  26(a). This page allows users to register the time, level of glucose as 
well as ticking of medications. The idea is that medications can be adjusted and 
personalized in settings to show the appropriate medication. Using the arrows next 
to the current date, the user can browse through different days to see the exact time 
and the glucose level measurement appearing in the list below the "blood sugar 
measurements for today" text. The user saves the data by tapping the check mark 
and the registered reading and time is added to the list below. 

 

(a) 

 

(b) 

1. Choose the meal type 

3. Put your blood sugar level 

2. Select the time you 

measured 
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(c) 

 

(d) 
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(e) 

Figure  26: Glucose (Blood Sugar) Measurement Data 

4.1.2 Diabetes Information 
The Diabetes info page (Figure  27) provides the user with general information 

about 
topics related to diabetes giving them an easier way of learning about this 
topic. They can search for specific topics and filter their results. Each topic is 
presented with a short text and a "read more" option. After tapping on a topic, 
such as insulin the user is taken to the page giving information about what 
insulin is and how it works. Using pictures and tables the information becomes 
easier to understand. At the bottom of the page there is an explanation of 
words that might be unknown to the users as well as some useful links that 
can be a resource if they want to read more about the topic. 

 
Figure  27: Diabetes Information Section 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 33 

4.1.3 Diet 
After the user has logged in, the user can access authenticated or private 

frontend. The first page is the daily diet where the patients can post what they 
eat in a day as shown in Figure  28(a). The steps to upload the picture of food 
are as follows: 

1. Choose the meal type from Breakfast, lunch, dinner, or other. 
2. Choose the picture to upload. 
3. Put the name of the food. 
4. Press “SUBMIT” button to upload photo as shown in Figure  28(a). 
The user can check food photo uploaded by pressing the “Show/Update Album” 
and there is a photo album where the user can see all photos uploaded as 
shown in Figure  28(b). 
The next front-end page is the blood sugar page where the user can put your 
daily blood sugar level on each day as shown in Figure 5.22. The steps to record 
daily blood sugar are shown in Figure  28(a). 

 

 

(a) 

1. Choose the meal type 

2. Choose the 

picture to upload 

3. Put the name of the photo 

4. Press submit to upload 
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(b) 

Figure  28: Diet and Setting Section Page 

4.1.4 Exercise  
The last pages are “About Exercise” and “Exercise”. Exercise plays a crucial 

role in managing diabetes effectively. It can help improve insulin sensitivity, 
lower blood sugar levels, manage weight, reduce cardiovascular risk factors, 
and enhance overall well-being. Some information on exercise for diabetes is 
shown in a section as below in Figure  29. 

 
Figure  29: Exercises with video and slide explanation on how to do 
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Exercise where patients do exercises and can record their exercise minutes 
and intensity to the database by using the API called 
‘/api/create_myexercise/ username’ as shown in Figure  30(a). The steps to 
put your exercise data are shown in Figure  30(a). The steps are as below: 
Put your exercise minutes in the minute box. 
1. Press “Submit” to upload your data. 
2. The user cannot modify the date, so the user must put your exercise data 

daily. And to update the data, just put the new data and press submit. It 
will be automatically updated. 

3. The website shows the exercise minute done by the patients daily for 
one week with intensity as shown in Figure  30(c), each week for five 
weeks as shown in Figure  30(c) , and each week's score for five weeks 
Figure  30(b). We score the patients in seven ways – 5 scores in green 
color if the patients do exercise for 150 minutes in a week, 4 scores in 
dark green with 120 minutes exercise done, 3 score in pink with 90 
minutes exercise done, 2 scores in orange with 60 minutes, 1 score in gray 
with 30 minutes and 0 scores in red if no exercise minute or less than 30 
minutes. 
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(b) 

 

(c) 
Figure  30: Exercise Data 

4.1.5 Stress Management Information  
Stress management is crucial for individuals with diabetes because stress can 

have a significant impact on blood glucose levels. When a person is stressed, 
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the body releases stress hormones like cortisol and adrenaline, which can 
cause blood sugar levels to rise. Additionally, stress can also make it more 
challenging to manage diabetes effectively by affecting self-care behaviors such 
as healthy eating, exercise, and medication adherence. Here are some stress 
management techniques that can help individuals with diabetes. Explaining 
about Stress Management for diabetes with visualized colorful slides are 
provided as in following figure. 

 

 
Figure  31: Stress Management Information 

 

4.1.6 Interactions between patients and doctors 
Doctors and patients can communicate with each other directly via the 

platform. 
4.2.6.1 Doctor’s Account Functions 

Doctors can access their patient’s information from the doctor’s 
dashboard as show in Figure  32(a) and Figure  32(b). Doctors can also 
comment on notes to the patient’s progress. Whenever there is anything 
doctors would like to know, they can contact the patient through the 
message box as shown in Figure  32(c). Doctors also have the authority to 
create the new patient profile for their patients in Figure  32(d).  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 38 

 
 (a)  

 
(b) 
 

 
(c) 
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(d)  

Figure  32: Doctor Account Functions (a) Doctor Dashboard, (b) Patient Information from doctor’s view, (c) Doctor 
Sending message to patients, (d) Doctor can create new patient 

 
4.1.6.2 Patient’s Account Function 

Patients can see their progress and information from the patient 
dashboard Figure  33(a) and (b). They can also see the comments of the 
doctor on their progress. There is a leaderboard for completing daily 
tasks to motivate the patient for their daily self-management of diabetes. 
Patients can communicate with doctor through the message box if there 
is any advice they need from the doctor. 

 
(a)  
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(b)  

 
(c)  

 
(d) 

Figure  33: Patient Account Functions (a) Patient Dashboard, (b) Patient Progress Board, (c) Patient Record 
Completion Check, (d) Patient Message Box to Doctor 
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4.2 3D Diabetes Web-Based Learning Center 
 The 3D diabetes learning center will be offering the information which is in 2D web 
application but with more visual attractiveness.  
The user can go around the 3D web application and learn about diabetes and 
related information which are also available in 2D web platform. However, in 3D web 
app, the information will be displayed visually and there will also be voice casting 
for the information just by clicking on the information board. 
When the user enters the 3D web application, user will start from the entrance of 
diabetes learning center as shown in Figure  34. 

 
Figure  34: Starting point of 3D diabetes Learning Center 

 
There is information boarding in hallway which are about prediabetes and type 2 
diabetes. Player or user and can go near them to see the information or click on the 
information board to listing the casting about information on the board. 
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(a) 

 
(b) 

 
(c) 

Figure  35: (a), (b),(c) Information boards in the hallway 
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There are also special information rooms like diet, exercise, and prediabetes rooms 
in which more related information is displayed. 

 
Figure  36: Diet information room 

 
Figure  37: Exercise information room 

 
Figure  38: Prediabetes information room 
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Subsequent to visiting the learning center, users will have the opportunity to engage 
in an enjoyable and educational game aimed at assessing their acquired knowledge 
pertaining to diabetes-specific dietary practices. The game is designed to foster the 
retention of information and cultivate enhanced self-awareness regarding 
prediabetes. 
 

 
Figure  39: Starting point of the Educational Game for Prediabetes 

In the game, the players have to choose 5 healthy foods for prediabetes patients 
given on the table as shown in figure and put them into the bracket. When they 
successfully put the right 5 types of foods in the bracket, they will play the game.  
When the player go near the reception table which is also labeled as “How to Play” 
and click on the table, they will see the instructions for the game as in Figure  40 . 
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Figure  40: Instructions for the game 

As described in the instructions, the player can get the hint from the diet information 
suggested by doctors at info boards which are right beside the food table. 
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(b) 

Figure  41: Diet information board 

 
When the player go to the information board like in Figure  41(a) and click on it, they 
will see the information about the diet as shown in Figure  41(b). 
As shown in Figure  42, variety of foods are put on the food table to be chosen by 
the player. At the right side of the table, there is a little basket to put the healthy 
food which can be seen in Figure  43.  
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Figure  42: Table with variety of food 

 

Figure  43: Food basket to put the food 

Whenever the player puts the right food for the diet, they get one point. When they 
get a total of 5 points, they win the game. But if they put one wrong food, they total 
score will be zero and have to start over the game. They could check the diet 
information from the board if they needed the hint and start the game again. 
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(a) 

 
(b) 

Figure  44: Game scores 
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Chapter 5 
Conclusion 

 

In this thesis, we explored the implementation and effectiveness of a virtual 
educational learning system specifically designed for pre-diabetes patients. The 
primary aim of the virtual healthcare center was to provide accessible, convenient, 
and personalized healthcare services to individuals at risk of developing type 2 
diabetes. 
  The integration of a web-based application, a 3D learning center, and a 3D 
online game focused on selecting healthy food for individuals with pre-diabetes 
brings numerous benefits to their daily lives. Firstly, the web-based application serves 
as a centralized platform, offering a wide range of educational resources, including 
articles, videos, and interactive modules. Users can access comprehensive 
information about nutritional guidelines, meal planning, and the impact of different 
food choices on pre-diabetes management. This knowledge empowers individuals to 
make informed decisions about their dietary habits, leading to healthier daily food 
choices. And also, they can record their progress like glucose level, exercise hours, 
insulin injection which will be reviewed by the doctors and can get instructions and 
advice. Additionally, the 3D learning center provides a dynamic and immersive 
environment where individuals can engage in virtual scenarios, simulations, and 
interactive lessons specifically designed to enhance their understanding of various 
information of pre-diabetes. By actively participating in these learning experiences, 
individuals acquire practical skills, such as identifying physical activities, nutritious 
options, and mindful eating, which they can apply in their daily lives. Furthermore, 
the 3D online game component adds an element of entertainment and engagement 
to the learning process. Through gamified challenges, players can reinforce their 
knowledge and skills while having fun. The game provides a safe space for 
experimentation and decision-making without the fear of real-life consequences, 
allowing individuals to practice and refine their healthy food selection abilities. 
Overall, the integration of a web-based application, a 3D learning center, and a 3D 
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online game offers a comprehensive approach to promoting healthy dietary habits 
for pre-diabetes individuals, improving their daily lives by providing extensive 
educational resources, practical skill development, and an enjoyable learning 
experience. 

In conclusion, the virtual learning system implemented in this study 
demonstrates its potential as an effective and patient-centered approach to support 
pre-diabetes patients. The convenience, accessibility, and personalized care offered 
by virtual platforms make them a valuable tool in the prevention and management 
of chronic conditions. Further research and development in this field can contribute 
to optimizing virtual healthcare centers and expanding their reach to benefit a larger 
population. The results of this thesis emphasize the importance of leveraging 
technology to empower individuals in their health journey and ultimately reduce the 
burden of diabetes on individuals and healthcare systems. 
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