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ABSTRACT:

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by hyperglycemia due
to insulin resistance and progressive beta-cell dysfunction. It remains one of the major global public
health challenges because of its rising prevalence, association with obesity, cardiovascular disease,
chronic kidney disease, and long-term microvascular complications. Over the last decade, treatment
has shifted from a glucose-centered model to a more comprehensive cardio-renal-metabolic approach,
with metformin, sodium-glucose cotransporter 2 inhibitors, glucagon-like peptide-1 receptor agonists,
dual incretin agonists, continuous glucose monitoring, and metabolic surgery playing increasingly
important roles. Prevention has also advanced through evidence-based lifestyle interventions, weight
reduction, targeted use of metformin in high-risk individuals, and broader public health strategies .
This review summarizes current trends in the treatment and prevention of T2DM, highlights emerging
therapeutic options, and discusses future directions in precision and technology-enabled diabetes care.
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Introduction:

Type 2 diabetes mellitus is one of the most common noncommunicable diseases worldwide and
contributes substantially to premature mortality, disability, and healthcare cost. The disease is strongly
linked to obesity, sedentary lifestyle, unhealthy dietary patterns, and social determinants of health. Its
prevalence has increased in both developed and developing countries, and India remains one of the
major burden areas due to rapid urbanization and lifestyle transitions.

Traditional management focused primarily on lowering blood glucose and HbAlc. However, modern
diabetes care emphasizes prevention of cardiovascular disease, kidney disease, obesity-related
complications, and hypoglycemia, along with better quality of life. This change has been driven by
evidence from large cardiovascular outcome trials and recent guideline updates that prioritize organ
protection and individualized care. As a result, the management of T2DM now involves a broader
treatment framework that integrates pharmacotherapy, lifestyle change, monitoring technology, and
risk reduction strategies.

Epidemiology and disease burden
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The global burden of T2DM continues to rise and is projected to increase further in coming years. The
World Health Organization identifies diabetes as a major cause of blindness, kidney failure, heart
attack, stroke, and lower-limb amputation. In adults, T2DM accounts for the vast majority of diabetes
cases worldwide. The economic burden includes direct costs of drugs and hospital care, as well as
indirect costs from lost productivity and long-term disability.

In India, diabetes care has gained increasing attention through national and regional treatment
workflows designed to improve diagnosis, treatment initiation, and complication screening. Despite
these efforts, late diagnosis and poor long-term control remain common challenges. Therefore,
prevention and early intervention are essential to reduce the growing burden of disease.

Pathophysiology

T2DM develops from the interaction of insulin resistance, progressive beta-cell dysfunction, excess
hepatic glucose production, adipose tissue dysfunction, and chronic low-grade inflammation. In the
early phase, insulin resistance in skeletal muscle and liver causes increased glucose levels, while
pancreatic beta cells initially compensate by increasing insulin secretion. Over time, beta-cell failure
develops and hyperglycemia becomes persistent.

Obesity, especially visceral adiposity, plays a central role in the pathogenesis of T2DM. Ectopic fat
accumulation in the liver and muscle worsens insulin resistance and accelerates disease progression.
This explains why weight loss has become a major therapeutic target, not only for glycemic
improvement but also for disease modification and remission in selected patients.

Current pharmacotherapy

Metformin remains the foundational drug in many patients with T2DM because it is effective, safe,
inexpensive, and long established in clinical practice. It is particularly useful early in the disease
course and is often used as the first pharmacologic step after lifestyle intervention. Although its
glucose-lowering effect is moderate, it has favorable metabolic effects and low risk of hypoglycemia

SGLT2 inhibitors are now key agents in T2DM management because they lower glucose and also
reduce the risk of heart failure and chronic kidney disease progression. Their benefits extend beyond
glycemic control and make them especially valuable in patients with established cardiovascular
disease, heart failure, or diabetic kidney disease. This has made them central to modern guideline-
based care.

GLP-1 receptor agonists have transformed diabetes treatment because they improve HbAlc, reduce
weight, and provide cardiovascular benefit in appropriate patients. These agents are especially helpful
in individuals with obesity or high cardiovascular risk. Their role has expanded as treatment goals
increasingly include weight reduction and organ protection rather than glucose lowering alone.

Dual incretin therapy, especially tirzepatide, is one of the most important newer advances in T2DM
treatment. Tirzepatide acts through glucose-dependent insulinotropic polypeptide and GLP-1 receptor
pathways and has shown strong efficacy in reducing HbAlc and body weight. Recent reviews
describe it as a major step forward in dual-targeted diabetes and obesity management.

Insulin remains essential for people who do not achieve adequate control with non-insulin agents or
who present with marked hyperglycemia, symptomatic catabolism, or advanced disease. In such
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cases, insulin therapy must be individualized to reduce hypoglycemia and treatment burden. In
practice, insulin is increasingly used alongside other agents rather than as isolated therapy.

Technology in diabetes care

Continuous glucose monitoring is becoming increasingly important in T2DM management. Evidence
shows that CGM can improve glycemic control in adults with T2DM compared with self-monitoring
of blood glucose, including in people not using intensive insulin regimens. This is especially relevant
for treatment adjustment, hypoglycemia reduction, and patient education.

Recent reviews suggest that CGM should be considered more broadly in routine diabetes care, not
only in type 1 diabetes or intensive insulin users. It can support individualized feedback, improve
adherence, and help clinicians make more timely treatment decisions. Other digital tools, including
smartphone applications and remote monitoring, are also expanding the scope of diabetes self-
management.

Cardiovascular and renal protection

A major trend in T2DM treatment is the shift toward cardiovascular and kidney protection. This has
been driven by large outcome studies showing that some glucose-lowering drugs reduce major
adverse cardiovascular events, heart failure hospitalization, and progression of kidney disease.
Guidelines now recommend choosing therapy based on comorbidities rather than HbAlc alone.
Diabetes

GLP-1 receptor agonists and SGLT2 inhibitors are the main classes driving this change. For many
patients, these drugs are preferred because they improve outcomes that matter beyond glucose control.
Combination therapy may become more common as evidence grows for additive benefit in selected
high-risk patients.

Prevention strategies

Lifestyle intervention remains the most effective strategy to prevent progression from prediabetes to
T2DM. The Diabetes Prevention Program and other landmark studies showed that weight loss,
reduced caloric intake, and increased physical activity significantly lower diabetes incidence. Among
these, structured lifestyle change is usually more effective than drug therapy alone and provides
broader health benefits.

Dietary improvement is central to prevention and includes reduced refined carbohydrate intake, better
portion control, increased fiber, and healthier fat choices. Physical activity improves insulin
sensitivity and helps maintain weight loss. Public health measures such as tobacco control, obesity
prevention, and healthier food environments are also essential for long-term prevention.

Metformin has an established role in selected high-risk people with prediabetes, especially those who
are younger, obese, or have a history of gestational diabetes. It is useful when lifestyle intervention
alone is not sufficient or cannot be maintained. However, lifestyle remains the preferred first approach
because it improves multiple cardiometabolic risk factors at once.

Bar Graph: Type 2 Diabetes by Age Group

Approximate global diabetes prevalence (%) by age group based on IDF Diabetes Atlas estimates.
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Global Diabetes Prevalence by Age Group (IDF Estimates)
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Figure. Diabetes prevalence increases with age and peaks in adults aged 75-79 years.
Major Medications Used in Type 2 Diabetes Mellitus (T2DM)

Drug classes and examples:

Drug Class

Examples

Main Benefits

Biguanides

Metformin

First-line; reduces hepatic
glucose production

Sulfonylureas

Glimepiride, Gliclazide,

Increase insulin secretion

Glipizide
Meglitinides Repaglinide, Nateglinide Postprandial glucose control
Thiazolidinediones (TZDs) Pioglitazone Improve insulin sensitivity

DPP-4 Inhibitors

Sitagliptin, Linagliptin,
Vildagliptin, Saxagliptin

Low hypoglycemia risk

GLP-1 Receptor Agonists

Semaglutide, Liraglutide,
Dulaglutide, Exenatide

Weight loss; CV benefit

Dual GIP/GLP-1 Agonist

Tirzepatide

Marked HbAlc and weight
reduction

SGLT2 Inhibitors

Empagliflozin, Dapagliflozin,

Canagliflozin, Ertugliflozin

Heart and kidney protection

Alpha-Glucosidase Inhibitors

Acarbose, Miglitol

Delay carbohydrate

absorption
Insulin Glargine, Detemir, Degludec, Advanced/uncontrolled
Lispro, Aspart T2DM

Current Guideline-Preferred Medications
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1. Metformin — commonly first-line therapy.
2. SGLT2 inhibitors (Empagliflozin, Dapagliflozin) — cardiovascular and renal protection.

3. GLP-1 receptor agonists (Semaglutide) and Tirzepatide — weight loss and cardiovascular
benefit.

4. Insulin —when non-insulin therapy is inadequate or severe hyperglycemia is present.
Obesity and metabolic surgery

Obesity and T2DM are closely linked, and weight loss is now recognized as a core therapeutic target.
For selected patients with severe obesity or poorly controlled diabetes, metabolic/bariatric surgery is
an effective treatment option. It can improve glycemic control dramatically and may lead to remission
in some individuals.

Recent evidence shows that weight-loss surgery provides durable metabolic benefit and better long-
term glucose control than standard medical therapy alone in selected patients. This makes surgery an
important part of the treatment spectrum for obesity-associated diabetes. It is especially relevant when
non-surgical treatments do not achieve sufficient metabolic improvement.

Special populations and individualized care

T2DM is heterogeneous, and treatment should be individualized according to age, obesity status,
kidney function, cardiovascular risk, hypoglycemia risk, and access to care. Older adults may need
simpler regimens with lower hypoglycemia risk. Patients with kidney disease or heart failure benefit
particularly from organ-protective agents such as SGLT2 inhibitors.

The concept of precision medicine is gaining interest in diabetes because not all patients respond
equally to the same therapy. Phenotype-based treatment selection, weight-centered care, and risk-
based drug choice may improve outcomes. This individualized approach is likely to become
increasingly important in future diabetes management.

Challenges in management

Despite recent progress, several barriers still limit optimal diabetes care. These include drug cost,
uneven access, treatment inertia, poor adherence, and limited availability of monitoring technology. In
many settings, patients still present late with complications, which makes management more difficult.

Another major challenge is the gap between guideline recommendations and real-world practice.
Although therapies such as GLP-1 receptor agonists, SGLT2 inhibitors, and CGM are highly
effective, they may be underused because of cost or lack of familiarity. Long-term success requires
patient education, multidisciplinary care, and stronger public health systems.

Future directions

The future of T2DM care will likely involve earlier intervention, combination therapy, greater use of
technology, and a stronger focus on obesity and cardiometabolic risk. Dual incretin therapy,
combination SGLT2-GLP-1 strategies, and broader CGM adoption are likely to expand. Digital health
and remote monitoring will also become more important as diabetes care becomes more personalized.
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Prevention research will continue to focus on sustainable lifestyle change, pharmacologic prevention
in high-risk groups, and strategies to reduce obesity at the population level. If these approaches are
implemented effectively, the burden of T2DM and its complications can be reduced substantially.

Conclusion

Type 2 diabetes mellitus is a complex and progressive disease that requires more than simple glucose
lowering. Current trends in treatment emphasize cardio-renal-metabolic protection, weight reduction,
individualized therapy, and technology-enabled monitoring. Prevention remains centered on lifestyle
change, with metformin used in selected high-risk individuals and metabolic surgery used for
appropriate patients with obesity. A comprehensive strategy combining pharmacotherapy, prevention,
public health action, and patient education is essential to reduce the global burden of T2DM.
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