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Abstract. This paper explores the pathophysiological basis of metabolic disturbances in 

diabetes mellitus, a chronic disorder characterized by impaired insulin secretion and action. It 

examines the complex mechanisms underlying hyperglycemia, insulin resistance, and altered 

metabolism of carbohydrates, lipids, and proteins. The study highlights how these metabolic 

imbalances contribute to the development of diabetic complications such as neuropathy, 

nephropathy, and cardiovascular diseases. Understanding these fundamental processes is 

essential for advancing treatment strategies and improving patient outcomes. The paper also 

discusses current therapeutic approaches aimed at restoring metabolic balance and preventing 

long-term damage. 
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ПАТОФИЗИОЛОГИЧЕСКИЕ ОСНОВЫ МЕТАБОЛИЧЕСКИХ НАРУШЕНИЙ ПРИ 

САХАРНОМ ДИАБЕТЕ 

Аннотация. В статье исследуются патофизиологические основы метаболических 

нарушений при сахарном диабете - хроническом заболевании, характеризующемся 

нарушением секреции и действия инсулина. В нем изучаются сложные механизмы, 

лежащие в основе гипергликемии, инсулинорезистентности и измененного метаболизма 

углеводов, липидов и белков. Исследование подчеркивает, как эти метаболические 

дисбалансы способствуют развитию осложнений диабета, таких как нейропатия, 

нефропатия и сердечно-сосудистые заболевания. Понимание этих фундаментальных 

процессов имеет важное значение для совершенствования стратегий лечения и 

улучшения результатов лечения пациентов. В статье также обсуждаются современные 

терапевтические подходы, направленные на восстановление метаболического баланса и 

предотвращение долгосрочных повреждений. 
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Introduction 

Diabetes mellitus is a chronic endocrine disorder characterized by disturbances in 

metabolic processes, primarily involving an abnormal elevation of blood glucose levels. This 

condition usually arises either from a deficiency in the hormone insulin or from a reduced 

sensitivity of the body’s tissues to insulin. Diabetes is considered one of the most pressing global 

health issues, with its prevalence steadily increasing year by year. There are two main types of 

diabetes. In type 1 diabetes, the body’s immune system mistakenly destroys the insulin-

producing cells in the pancreas, resulting in an absolute deficiency of insulin.  
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In type 2 diabetes, insulin is produced, but the body’s tissues are unable to respond to it 

properly a condition known as insulin resistance. In both cases, the regulation of key metabolic 

processes particularly those involving carbohydrates, fats, and proteins becomes significantly 

disrupted. 

These metabolic disorders have far-reaching effects on multiple organ systems in the 

body. Chronic elevation of blood glucose levels, known as hyperglycemia, can cause long-term 

damage to the cardiovascular system, nervous system, kidneys, and eyes. Understanding the 

pathophysiological mechanisms underlying these disruptions is essential for the early diagnosis, 

effective treatment, and prevention of complications associated with diabetes. This work focuses 

on exploring the fundamental metabolic disturbances observed in diabetes and their underlying 

pathophysiological mechanisms. By gaining a deeper insight into these processes, we can 

contribute to more effective clinical strategies and improve outcomes in the management of this 

widespread disease. 

Main Body 

Diabetes mellitus is a chronic systemic disease characterized by high blood sugar levels 

due to abnormalities in insulin secretion, insulin action, or both. It affects millions of individuals 

worldwide and represents a growing global health concern. The two major forms include type 1 

diabetes, which is primarily autoimmune in nature, and type 2 diabetes, which involves insulin 

resistance and relative insulin deficiency. The chronic nature of diabetes leads to various 

complications that affect multiple organ systems, making it not only a metabolic disorder but 

also a major cause of morbidity and mortality. The disease is associated with profound 

disturbances in carbohydrate, lipid, and protein metabolism. Understanding its 

pathophysiological mechanisms is vital for early detection, effective intervention, and prevention 

of complications. Given its complexity and widespread prevalence, diabetes mellitus is one of 

the most researched non-communicable diseases today. 

Insulin is a key anabolic hormone produced by β-cells in the pancreas. Its primary role is 

to regulate blood glucose levels by facilitating glucose uptake into cells, particularly in muscle 

and adipose tissue. Insulin also inhibits hepatic glucose production, stimulates glycogen 

synthesis, promotes lipogenesis, and reduces lipolysis. In protein metabolism, it enhances amino 

acid uptake and protein synthesis. Insulin’s actions are mediated through its receptor, which 

activates intracellular signaling pathways such as the PI3K-Akt pathway. These metabolic 

actions ensure energy homeostasis and storage during the fed state. A proper insulin response is 

essential for maintaining normal blood glucose levels and preventing metabolic imbalances. 

Disruption in any of these insulin-mediated processes can lead to widespread metabolic 

dysfunctions, as observed in diabetes. 

Type 1 diabetes results from autoimmune destruction of pancreatic β-cells, leading to an 

absolute insulin deficiency. This destruction is usually triggered by genetic susceptibility 

combined with environmental factors. In contrast, type 2 diabetes is characterized by insulin 

resistance in peripheral tissues and a relative deficiency in insulin secretion. Initially, the 

pancreas compensates by producing more insulin, but over time, β-cell function declines. Both 

types involve complex interactions between genetic and lifestyle factors. At the cellular level, 

chronic inflammation, mitochondrial dysfunction, and oxidative stress play significant roles.  
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These mechanisms lead to impaired glucose utilization, increased hepatic glucose output, 

and abnormal fat metabolism. Ultimately, long-standing dysregulation results in systemic 

complications, making early recognition and control essential. 

In diabetes, carbohydrate metabolism is severely disrupted. Due to insulin deficiency or 

resistance, glucose uptake into muscle and adipose tissues is reduced. As a result, blood glucose 

levels rise, leading to hyperglycemia. The liver contributes to this state by increasing 

gluconeogenesis and glycogenolysis, processes that normally would be inhibited by insulin.  

Cells are deprived of glucose for energy, leading to fatigue and weakness. Persistent 

hyperglycemia leads to glycosuria when the renal threshold is exceeded, causing osmotic 

diuresis and dehydration. The lack of cellular glucose also impairs normal brain function, which 

depends heavily on glucose metabolism. These disturbances form the foundation of diabetes 

symptoms and contribute to long-term organ damage. 

Diabetes also causes significant disturbances in lipid metabolism. In the absence of 

insulin or when tissues are resistant to it, lipolysis increases, leading to elevated levels of free 

fatty acids (FFAs) in the blood. These FFAs are transported to the liver, where they are converted 

into ketone bodies. Excessive ketone body formation can result in diabetic ketoacidosis, a 

potentially life-threatening condition more common in type 1 diabetes. Additionally, insulin 

normally promotes lipid storage and inhibits fat breakdown, so its deficiency leads to reduced fat 

reserves and weight loss. In type 2 diabetes, dyslipidemia is common and includes high 

triglycerides, low HDL, and small, dense LDL particles. These lipid abnormalities increase the 

risk of atherosclerosis and cardiovascular diseases, which are major causes of death in diabetic 

patients. 

Protein metabolism is also altered in diabetes, primarily due to the catabolic state caused 

by insulin deficiency. Insulin promotes protein synthesis and inhibits protein degradation; 

therefore, its lack results in enhanced protein breakdown. Muscle proteins are degraded into 

amino acids, which are used for gluconeogenesis in the liver, further worsening hyperglycemia.  

This breakdown leads to muscle wasting and weakness. Additionally, reduced protein 

synthesis affects tissue repair, growth, and immune function. In children with diabetes, impaired 

protein metabolism can result in stunted growth. Over time, these changes contribute to 

sarcopenia and poor wound healing, particularly in elderly and chronically ill patients. Effective 

glycemic control is essential to prevent these protein metabolism disruptions. 

Chronic hyperglycemia is the hallmark of poorly controlled diabetes and is responsible 

for the majority of its complications. It damages blood vessels through processes such as 

glycation of proteins and oxidative stress, leading to endothelial dysfunction. Microvascular 

complications include retinopathy, nephropathy, and neuropathy, while macrovascular 

complications encompass coronary artery disease, stroke, and peripheral artery disease.  

Hyperglycemia also induces inflammatory responses and impairs immune function, 

increasing susceptibility to infections. Additionally, it affects wound healing and contributes to 

diabetic foot ulcers and amputations. These systemic effects significantly impair the quality of 

life and can lead to disability or death if not properly managed. Tight glycemic control is the 

cornerstone of preventing these complications. 
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Recent advancements in diabetes research have focused on understanding the molecular 

mechanisms of insulin resistance, β-cell dysfunction, and complications. Novel therapeutic 

approaches include GLP-1 receptor agonists, SGLT2 inhibitors, and artificial pancreas systems.  

Lifestyle modifications remain foundational, but precision medicine is gaining ground in 

tailoring treatment based on genetic and metabolic profiling. Research is also exploring 

immunomodulatory therapies for type 1 diabetes and regenerative medicine techniques, such as 

stem cell therapy, to restore β-cell function. Continuous glucose monitoring and smart insulin 

delivery systems are enhancing disease management. Ultimately, a multidisciplinary approach 

combining pharmacology, technology, and behavioral interventions offers the best prospects for 

improved outcomes. 

Diabetes mellitus is a complex metabolic disorder with wide-reaching pathophysiological 

consequences. Disruptions in carbohydrate, lipid, and protein metabolism lead to significant 

health complications, many of which are preventable with early intervention and proper 

management. Understanding the underlying mechanisms helps clinicians develop targeted 

treatment strategies and reduce disease burden. Continued research into the molecular and 

systemic aspects of diabetes will provide new therapeutic avenues. Education, early screening, 

and individualized care plans remain essential in combating this global epidemic. Recognizing 

the importance of metabolic regulation and addressing the root causes of imbalance are key steps 

toward better patient outcomes and long-term disease control. 

Discussion 

The metabolic disturbances in diabetes mellitus reflect the intricate balance between 

insulin availability and the body’s need for energy. One of the key issues is the disruption of 

glucose homeostasis, where insulin resistance or deficiency leads to persistent hyperglycemia.  

Over time, this state initiates a cascade of harmful effects on other metabolic pathways.  

The body's inability to utilize glucose forces it to rely on fat and protein stores, which 

contributes to lipotoxicity and muscle wasting. These changes not only worsen glycemic control 

but also lead to secondary complications, such as ketoacidosis, organ dysfunction, and systemic 

inflammation. Lipid abnormalities significantly increase cardiovascular risks, while altered 

protein metabolism weakens immune function and tissue repair. What makes diabetes 

particularly challenging is that these metabolic disruptions often reinforce one another, creating a 

vicious cycle of worsening pathology. Moreover, the interplay of genetics, environmental 

triggers, and lifestyle factors adds to the complexity of disease management. Modern treatment 

strategies aim to not just control blood sugar but also address these deeper metabolic imbalances 

to prevent long-term damage. Therefore, a deep understanding of pathophysiology is crucial for 

designing more targeted and effective interventions. 
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