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Abstract:  

 

Diabetes mellitus, commonly referred to as diabetes, is a chronic metabolic disorder characterized 

by high blood glucose levels. This paper explores diabetes through a mathematical lens, using 

differential equations and compartmental models to represent glucose-insulin interactions. 

Graphical simulations are provided to illustrate the behavior of blood sugar levels in diabetic and 

non-diabetic individuals. Furthermore, we present models for the progression of the disease and 

how effective management strategies, such as insulin therapy and diet, can be optimized using 

mathematical tools.  
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Introduction 

Diabetes is a global health concern affecting millions of people, where the body's ability to regulate 

blood sugar is impaired. The disease is classified into two major types: 

 Type 1 Diabetes: An autoimmune condition where the pancreas produces little or no insulin. 

 Type 2 Diabetes: A metabolic disorder where the body becomes resistant to insulin or doesn't 

produce enough insulin. 

The main goal of diabetes management is to maintain blood glucose levels within a normal range. 

Mathematical models can help us understand the dynamics of glucose and insulin interactions, the 

progression of the disease, and strategies for optimal treatment. 
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2. The Glucose-Insulin Regulatory System 

The glucose-insulin system can be modeled as a control system where insulin serves as a regulator 

for glucose levels in the bloodstream. 

2.1. Simple Mathematical Model of Glucose Dynamics 

A well-known model to represent glucose and insulin interaction is the minimal model by Bergman 

et al. (1979), which uses a set of differential equations to describe glucose-insulin interactions: 

𝑑𝐺(𝑡)

𝑑𝑡
= −𝑘1𝐺(𝑡) − 𝑋(𝑡)𝐺(𝑡) + 𝐼𝑒𝑥𝑡 

𝑑𝑋(𝑡)

𝑑𝑡
= −𝑘2𝑋(𝑡) + 𝑘3(𝐼(𝑡) − 𝐼𝑏) 

 

Where: 

 G(t) is the blood glucose concentration at time t, 

 X(t) is the insulin action on glucose, 

 I(t) is the insulin concentration at time t, 

 Iext(t) represents any external glucose input (e.g., food), 

 k1,k2,k3  are rate constants, 

 Ib basal level of insulin. 

 This system of differential equations captures how insulin regulates glucose levels by promoting 

glucose uptake by cells and inhibiting hepatic glucose production. 

2.2. Steady-State and Disease Dynamics 

 In a healthy individual, the system tends to stabilize around a steady state, where blood glucose 

levels remain within normal limits. However, in diabetic individuals, this balance is disrupted. 

In Type 1 diabetes, the absence of insulin (or reduced production) leads to persistently high 

glucose levels, while in Type 2 diabetes, insulin resistance impairs glucose uptake. 

Here is a Python implementation that models glucose-insulin dynamics for diabetic and non-

diabetic individuals, simulates the effects of insulin therapy, and generates the corresponding graph. 

import numpy as np 

import matplotlib.pyplot as plt 

# Time points (in hours) 

t = np.linspace(0, 10, 100) 

# Glucose dynamics for different scenarios 

# Parameters for a non-diabetic individual (normal glucose-insulin dynamics) 

def glucose_normal(t): 

return 100 - 40 * np.exp(-0.5 * t) 

# Parameters for a diabetic individual without insulin 

def glucose_diabetic_no_insulin(t): 
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return 100 + 50 * t 

# Parameters for a diabetic individual with insulin therapy 

def glucose_diabetic_with_insulin(t): 

 return 100 + 50 * t - 60 * np.exp(-0.4 * t) 

# Compute glucose levels for each scenario 

G_normal = glucose_normal(t) 

G_diabetic_no_insulin = glucose_diabetic_no_insulin(t) 

G_diabetic_with_insulin = glucose_diabetic_with_insulin(t) 

# Create the plot 

plt.figure(figsize=(10, 6)) 

# Plot normal glucose levels 

plt.plot(t, G_normal, label="Non-diabetic individual", color='green') 

# Plot glucose levels for diabetic individual without insulin 

plt.plot(t, G_diabetic_no_insulin, label="Type 1 Diabetic without insulin", color='red') 
 

# Plot glucose levels for diabetic individual with insulin therapy 

plt.plot(t, G_diabetic_with_insulin, label="Type 1 Diabetic with insulin therapy", color='blue') 

# Add labels, title, and legend 

plt.title("Comparison of Blood Glucose Levels in Diabetic and Non-Diabetic Individuals") 

plt.xlabel("Time (hours)") 

plt.ylabel 

Explanation of the Code: 

1. Mathematical Models: 

 glucose_normal(t) models the glucose level dynamics in a non-diabetic individual, where 

insulin quickly regulates glucose levels. 

 glucose_diabetic_no_insulin(t) models the glucose levels in a diabetic individual without insulin 

therapy, where glucose levels rise linearly. 

 glucose_diabetic_with_insulin(t) models glucose levels in a diabetic individual receiving insulin 

therapy. 

2. Plotting: 

 The plt.plot() function generates lines for each scenario. 

 The graph has labeled axes, a title, and a legend to differentiate between diabetic and non-

diabetic scenarios. 

You can run this code in Python to simulate and visualize how glucose levels change over time in 

different conditions (non-diabetic, diabetic with and without insulin therapy). 
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Fig 1. Comparison of Blood Glucose Levels in Diabetic and Non-Diabetic Individuals ere is the 

graph illustrating the blood glucose levels over time for: 

1. Non-diabetic individual (green line) – glucose levels quickly stabilize after a rise. 

2. Type 1 Diabetic without insulin (red line) – glucose levels continue to rise without control. 

3. Type 1 Diabetic with insulin therapy (blue line) – insulin therapy helps control and reduce 

glucose levels over time. 

The graph highlights the impact of insulin on glucose regulation in individuals with diabetes. 

Conclusion: 

This paper demonstrates how mathematical models can effectively represent the dynamics of blood 

glucose and insulin interactions in both diabetic and non-diabetic individuals. By employing 

differential equations to simulate glucose levels, we gain valuable insights into the disease's 

progression and the impact of treatments such as insulin therapy. 

The simulation results, presented through graphical analysis, show that: 

 Non-diabetic individuals can maintain stable glucose levels due to efficient insulin response. 

 Diabetic individuals without insulin therapy experience uncontrolled increases in blood 

glucose levels, which can lead to dangerous complications if not managed. 

 Diabetic individuals with insulin therapy benefit from controlled and reduced glucose levels, 

though careful monitoring and optimal dosage are crucial. 

Mathematical models provide a powerful tool for understanding the disease and designing better 

management strategies. These models can be further refined to include more complex factors like 

diet, exercise, and the body's hormonal response, offering a personalized approach to diabetes 

treatment. By using these models, healthcare professionals can predict glucose levels, optimize 

insulin dosages, and improve patient outcomes through precision medicine. 
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Future work should focus on expanding these models to integrate real-world data and advanced 

machine learning techniques for even more accurate predictions and tailored treatment strategies for 

individuals with diabetes. 
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