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Abstract: Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by
insulin resistance, impaired insulin secretion, and progressive hyperglycemia. It represents one of the
most widespread endocrine diseases worldwide and is associated with severe microvascular and
macrovascular complications. Recent years have witnessed major advances in pharmacotherapy and
patient-centered care, including the use of GLP-1 receptor agonists, SGLT2 inhibitors, and
individualized treatment algorithms. This article reviews the modern methods of diagnosis and
management of T2DM, emphasizing lifestyle modification, innovative pharmacological strategies, and
the integration of digital technologies to improve patient outcomes and prevent long-term
complications.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a leading global health concern and one of the most common
metabolic disorders in the 21st century. According to the World Health Organization (WHO, 2024),
over 500 million people worldwide are currently living with diabetes. The condition arises due to a
combination of insulin resistance and relative insulin deficiency, leading to persistent hyperglycemia
and metabolic imbalance.

The main risk factors include obesity, sedentary lifestyle, unhealthy diet, genetic predisposition, and
advancing age. Beyond hyperglycemia, T2DM is associated with increased cardiovascular risk, renal
impairment, and reduced quality of life. The goal of modern diabetes management is not only to
control blood glucose levels but also to prevent complications and ensure long-term well-being
through an integrated and multidisciplinary approach.

Pathophysiology of Type 2 Diabetes Mellitus

T2DM results from the interaction of genetic, metabolic, and environmental factors. Its underlying
mechanisms include:

1. Insulin Resistance: Peripheral tissues (muscle, liver, adipose tissue) become less responsive to
insulin, resulting in reduced glucose uptake and increased hepatic glucose production.

2. B-cell Dysfunction: Chronic exposure to high glucose and fatty acid levels (glucolipotoxicity)
damages pancreatic p-cells, impairing insulin secretion.

3. Adipose Tissue Dysfunction and Inflammation: Adipokines such as TNF-a and IL-6 contribute
to chronic inflammation and worsen insulin resistance.

4. Incretin Deficiency: Impaired secretion of GLP-1 and GIP hormones reduces insulin release after
meals.

Therefore, effective management requires not only glycemic control but also modulation of these
pathophysiological pathways.
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Modern Treatment Approaches

1. Lifestyle Modifications
Lifestyle management remains the cornerstone of T2DM therapy and includes:

» Medical Nutrition Therapy: A balanced diet low in refined carbohydrates and rich in vegetables,
fiber, and lean protein. Mediterranean or DASH diets are commonly recommended.

> Physical Activity: At least 150 minutes per week of moderate aerobic exercise (walking,
swimming, cycling) enhances insulin sensitivity.

» Weight Management: Even a 5-10% reduction in body weight improves glycemic control and
reduces cardiovascular risk.

> Behavioral Support: Stress management, adequate sleep, and psychological counseling improve
treatment adherence.

2. Pharmacological Therapy
Pharmacological treatment is tailored to each patient’s age, comorbidities, and cardiovascular risk.
a) Metformin

Metformin remains the first-line therapy. It suppresses hepatic glucose production and improves
insulin sensitivity. It is safe, cost-effective, and promotes mild weight loss.

b) GLP-1 Receptor Agonists (Semaglutide, Liraglutide)

These injectable agents enhance insulin secretion, suppress glucagon release, slow gastric
emptying, and reduce appetite. They promote weight loss and have proven cardiovascular benefits.

c) SGLT?2 Inhibitors (Empagliflozin, Dapagliflozin)

They lower blood glucose by promoting urinary glucose excretion. They also reduce
cardiovascular mortality and protect kidney function, making them valuable for patients with heart
failure or chronic kidney disease.

d) DPP-4 Inhibitors (Sitagliptin, Linagliptin)

These oral agents increase endogenous incretin levels, improving postprandial insulin secretion
with a low risk of hypoglycemia.

e) Insulin Therapy

Indicated for patients with severe hyperglycemia or B-cell exhaustion. Basal-bolus regimens or
long-acting insulin analogs can be used.

3. Combination Therapy

Modern guidelines recommend early combination therapy for optimal control. The most common
regimens include:

> Metformin + SGLT?2 inhibitor for cardiovascular and renal protection.

> Metformin + GLP-1 receptor agonist for improved weight and glycemic outcomes.
This dual mechanism enhances metabolic control while minimizing adverse effects.

4. Innovative Technologies in Diabetes Care

» Continuous Glucose Monitoring (CGM): Provides real-time glucose data and helps patients
adjust lifestyle or medications promptly.

» Artificial Intelligence and Smart Devices: Al-based algorithms predict glycemic fluctuations and
optimize insulin dosing.
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» Telemedicine: Enables remote monitoring and virtual consultations, particularly beneficial for
rural and elderly patients.

These tools improve adherence, reduce hospital visits, and empower patients in self-management.
Complications and Prevention

Long-term uncontrolled diabetes can lead to severe complications:

» Microvascular: Retinopathy, nephropathy, neuropathy.

» Macrovascular: Coronary artery disease, stroke, peripheral vascular disease.

» Other complications: Diabetic foot ulcers, infections, sexual dysfunction.

Prevention strategies include strict glycemic control (HbAlc <7%), blood pressure and lipid
management, and annual screening for complications. Lifestyle adherence and patient education are
essential for successful outcomes.

Conclusion

Type 2 Diabetes Mellitus remains a major health challenge worldwide. Modern treatment focuses on
comprehensive management, combining pharmacological therapy with lifestyle modification and
technological innovation. GLP-1 receptor agonists and SGLT2 inhibitors have revolutionized diabetes
care by offering both glycemic and organ-protective benefits. Continuous glucose monitoring and Al-
assisted decision systems further personalize therapy.

A multidisciplinary approach — involving endocrinologists, dietitians, cardiologists, and educators —
ensures effective long-term management, minimizes complications, and enhances quality of life for
individuals with T2DM.
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