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Annotation: Insulin therapy remains a cornerstone in the management of diabetes
mellitus, particularly for patients with type 1 diabetes and advanced type 2 diabetes. This
article reviews the physiological role of insulin, different types of insulin formulations,
delivery methods, and the latest advancements in insulin therapy. It discusses the benefits
and challenges associated with insulin use, including dosing strategies, hypoglycemia
risk, and patient adherence. Additionally, the review explores emerging technologies
such as insulin pumps and continuous glucose monitoring systems that improve glycemic
control and quality of life. Understanding the principles and innovations of insulin
therapy is essential for optimizing diabetes care and reducing complications.
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Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia
resulting from defects in insulin secretion, insulin action, or both. Insulin therapy is
critical for achieving glycemic control, especially in type 1 diabetes patients who have
absolute insulin deficiency and many type 2 diabetes patients with progressive beta-cell
dysfunction. Since the discovery of insulin in 1921, insulin therapy has undergone
significant evolution, including the development of rapid-acting, long-acting, and ultra-
long-acting insulin analogs.

The goal of insulin therapy is to mimic physiological insulin secretion patterns to
maintain blood glucose levels within a target range, thereby preventing acute and chronic
complications. Various insulin delivery methods, such as multiple daily injections and
insulin pumps, offer individualized treatment options. Despite its proven efficacy, insulin
therapy presents challenges such as the risk of hypoglycemia, weight gain, and patient
adherence issues.

Recent advances in insulin formulations and delivery technologies have enhanced the
safety and convenience of insulin therapy, improving patient outcomes. This article aims
to provide a comprehensive overview of insulin therapy, highlighting current practices,
challenges, and future directions in diabetes management.
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Insulin theraﬁyw in the management of diabetes mellitus,
particularly in type 1 diabetes where endogenous insulin production is virtually absent,
and in many patients with type 2 diabetes who experience progressive beta-cell
dysfunction. The primary objective of insulin therapy is to replicate the body’s natural
insulin secretion patterns to maintain blood glucose levels within a target range, thus
minimizing the risk of both acute metabolic complications such as diabetic ketoacidosis
and long-term microvascular and macrovascular complications.

Since the discovery of insulin in 1921, insulin therapy has undergone tremendous
advancements. Initially, animal-derived insulins were used, which were associated with
immunogenic reactions and variable potency. The development of recombinant DNA
technology led to the production of human insulin, improving safety and consistency.
Subsequently, insulin analogs were introduced, designed to better mimic physiological
insulin kinetics. Rapid-acting analogs, such as insulin lispro, aspart, and glulisine,
provide quick onset and short duration of action, effectively controlling postprandial
glucose excursions. Long-acting analogs like insulin glargine, detemir, and the more
recent ultra-long-acting degludec provide a stable basal insulin level with reduced risk of
nocturnal hypoglycemia.

The modes of insulin delivery have also evolved. Traditional multiple daily injections
(MDI), which combine basal and bolus insulin, remain the most common regimen,
allowing flexibility and customization based on individual patient needs. Insulin pumps,
or continuous subcutaneous insulin infusion (CSII), offer an alternative approach,
delivering precise doses of rapid-acting insulin continuously, with boluses administered
at mealtimes. CSII has been associated with improved glycemic control, reduced
hypoglycemia episodes, and enhanced quality of life in selected patients, especially those
with type 1 diabetes.

Despite these advancements, insulin therapy presents several challenges.
Hypoglycemia remains the most significant adverse effect and a major barrier to optimal
insulin titration. Severe hypoglycemia can result in seizures, loss of consciousness, and
even death. Fear of hypoglycemia often leads patients and clinicians to maintain higher
glucose targets, increasing the risk of long-term complications. Weight gain is another
common concern associated with insulin therapy, often linked to anabolic effects of
insulin and decreased glycosuria. This can exacerbate insulin resistance and complicate
management in type 2 diabetes.

Patient adherence and education are crucial for successful insulin therapy. The
complexity of insulin regimens, need for frequent blood glucose monitoring, and
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injection discomfo tance. Psychological insulin resistance, where
patients are reluctant to initiate or intensify insulin therapy due to fears and
misconceptions, further complicates management. Comprehensive patient education,
support, and the use of simplified insulin regimens can improve adherence and outcomes.

Technological innovations have substantially improved insulin therapy in recent years.
Continuous glucose monitoring (CGM) systems provide real-time data on glucose trends,
allowing patients and clinicians to make informed treatment adjustments and avoid
hypoglycemia and hyperglycemia. The integration of CGM with insulin pumps has led to
the development of hybrid closed-loop systems, often referred to as artificial pancreas
systems. These devices automatically adjust insulin delivery based on glucose readings,
reducing the burden of self-management and improving glycemic control.

Furthermore, inhaled insulin formulations and other novel delivery systems are being
investigated to enhance convenience and patient acceptance. Research into glucose-
responsive insulin and other smart insulins aims to develop formulations that release
insulin in response to blood glucose levels, potentially reducing hypoglycemia risk and
simplifying therapy.

In summary, insulin therapy remains indispensable in diabetes management, with
continuous improvements in insulin formulations and delivery technologies enhancing
efficacy and safety. However, challenges such as hypoglycemia, weight gain, and
adherence persist. A patient-centered approach that combines individualized therapy,
patient education, and the use of advanced technologies is essential to optimize glycemic
control and improve the quality of life for people living with diabetes. Future research
and innovation hold promise for further transforming insulin therapy into a more
physiological, effective, and user-friendly treatment.

Insulin therapy remains a cornerstone in the treatment of both type 1 and advanced
type 2 diabetes. Advances in insulin analogs and delivery systems have significantly
improved the ability to mimic physiological insulin secretion and maintain glycemic
control while reducing the risk of hypoglycemia. Despite these advances, challenges such
as fear of hypoglycemia, weight gain, and patient adherence continue to affect treatment
outcomes. Integration of technologies like continuous glucose monitoring and insulin
pumps, along with comprehensive patient education, is vital for optimizing therapy.
Ongoing research into novel insulin formulations and smart delivery methods promises to
further enhance the safety, efficacy, and convenience of insulin therapy, ultimately
improving the lives of millions of people living with diabetes.
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