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ABSTRACT : 

Insulin therapy is the cornerstone of treatment for type 1 diabetes and plays an essential role in managing type 2 diabetes when lifestyle modifications and oral 

medications fail to maintain adequate blood glucose control. This review explores the different types of insulin, advancements in insulin therapy, the benefits and 

risks associated with insulin use, and future trends in insulin delivery systems. Recent innovations such as insulin pumps, continuous glucose monitors (CGMs), 

and insulin analogs have revolutionized diabetes management, improving patient outcomes. The article also addresses the challenges related to hypoglycemia, 

insulin resistance, and the role of personalized medicine in optimizing insulin therapy. 

Introduction 

Insulin is a peptide hormone that regulates blood glucose levels by facilitating the uptake of glucose into cells. The discovery of insulin in 1921 by 

Banting and Best marked a significant milestone in diabetes treatment. Over the decades, insulin therapy has evolved significantly, leading to improved 

patient outcomes. Initially, only animal-derived insulin was available, but with the advent of recombinant DNA technology, synthetic human insulin 

and its analogs became the norm. This review aims to provide an in-depth look at the types of insulin, their uses, benefits, and advancements in insulin 

therapy. 

Types of Insulin 

There are several types of insulin, categorized based on their action profiles: 

1. Rapid-Acting Insulin 

Rapid-acting insulins, such as insulin aspart and insulin lispro, start to work within 15 minutes and peak within 1-2 hours. These are 

commonly used before meals to control postprandial blood glucose levels [1]. 

2. Short-Acting Insulin 

Short-acting insulins, such as regular insulin, take about 30 minutes to start working and peak in 2-3 hours. They are typically used for pre-

meal coverage in both type 1 and type 2 diabetes [2]. 

3. Intermediate-Acting Insulin 

NPH insulin is an example of intermediate-acting insulin. It starts working within 1-3 hours and peaks at 4-12 hours. This type is usually 

taken twice a day to provide basal insulin coverage [3]. 

4. Long-Acting Insulin 

Long-acting insulins, such as insulin glargine and insulin detemir, have a slow onset and provide a steady release of insulin over 24 hours, 

making them suitable for basal insulin needs [4]. 

5. Ultra-Long-Acting Insulin 

Insulin degludec is an ultra-long-acting insulin with a duration of action exceeding 42 hours, offering more flexibility for administration 

timing [5]. 

Advancements in Insulin Therapy 

Recent advancements have greatly improved the effectiveness and convenience of insulin therapy. Some key developments include: 

1. Insulin Analogues 

Insulin analogs, modified forms of human insulin, have been developed to improve pharmacokinetics. These include rapid-acting insulin 
analogs like insulin aspart and long-acting insulin analogs like insulin glargine [6]. 

2. Insulin Pumps 

Insulin pumps are small devices that deliver insulin continuously throughout the day. These pumps provide precise control over insulin 
delivery, offering patients the ability to adjust doses based on meals and physical activity [7]. 
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3. Continuous Glucose Monitors (CGMs) 

CGMs allow patients to monitor their blood glucose levels in real time, providing continuous data on glucose fluctuations. When paired with 

insulin pumps, CGMs can create a closed-loop system for automated insulin delivery [8]. 

4. Artificial Pancreas Systems 

The artificial pancreas is an emerging technology that combines insulin pumps and CGMs to automatically adjust insulin delivery based on 
glucose levels, mimicking the function of a healthy pancreas [9]. 

Benefits of Insulin Therapy 

Insulin therapy offers several benefits for individuals with diabetes: 

• Improved Glycemic Control 

By providing the body with the insulin it lacks, insulin therapy helps maintain normal blood glucose levels, reducing the risk of long-term 
complications such as diabetic retinopathy, nephropathy, and neuropathy [10]. 

• Flexibility in Meal Timing 

With the advent of rapid-acting and long-acting insulins, patients can better manage their insulin doses to match their eating patterns and 

lifestyle [11]. 

• Prevention of Diabetic Ketoacidosis (DKA) 

Insulin therapy prevents the onset of DKA, a potentially life-threatening condition caused by severe insulin deficiency [12]. 

Challenges and Risks 

Despite the benefits, insulin therapy comes with challenges: 

1. Hypoglycemia 

A common risk associated with insulin use is hypoglycemia, which can occur if too much insulin is administered or if meals are missed. 

Severe hypoglycemia can lead to unconsciousness or seizures [13]. 
2. Insulin Resistance 

Over time, some patients may develop insulin resistance, making it more difficult to achieve optimal blood glucose control. This resistance 
can be exacerbated by obesity, physical inactivity, and poor diet [14]. 

3. Weight Gain 

Insulin therapy can sometimes lead to weight gain, as insulin promotes fat storage. This is a significant concern, especially for patients with 
type 2 diabetes [15]. 

4. Need for Regular Monitoring 

Insulin therapy requires frequent blood glucose monitoring, which can be time-consuming and inconvenient for patients [16]. 

The Future of Insulin Therapy 

The future of insulin therapy looks promising, with several ongoing innovations: 

• Personalized Medicine 

The move toward personalized medicine, where treatment is tailored to the individual's genetic makeup and lifestyle, could revolutionize 

insulin therapy. Genetic studies may identify the most effective insulin types and dosing regimens for individual patients [17]. 

• Smart Insulin Pens 

Smart insulin pens, which track insulin doses and provide reminders for administration, are becoming increasingly popular. These devices 

can also sync with mobile apps to track insulin usage and blood glucose levels [18]. 

• Oral Insulin 

Oral insulin formulations are being explored as a potential alternative to injections. If successful, oral insulin could greatly improve the 
convenience and acceptability of insulin therapy [19]. 

Conclusion 

Insulin therapy remains the cornerstone of diabetes management, and ongoing advancements continue to improve the lives of patients with diabetes. 

While there are challenges such as hypoglycemia and insulin resistance, the development of insulin analogs, pumps, and CGMs has revolutionized 

diabetes care. As technology evolves, the future of insulin therapy holds the promise of even more personalized, efficient, and accessible treatments. 
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