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Abstract—Guidelines for managing obesity and type 2 

diabetes (T2DM) emphasize the importance of lifestyle 

modifications, including a reduced-calorie diet and 

increased physical activity. However, sustaining these 

changes over the long term can be challenging for many 

individuals. Pharmacological interventions are available 

to aid in obesity management by suppressing appetite 

and/or reducing caloric intake. 

Incretin-based peptides exert their effects through G-

protein-coupled receptors, specifically the receptors for 

glucagon-like peptide-1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide (GIP). These glucagon 

peptide hormones play a crucial role in regulating insulin 

secretion and energy metabolism. Understanding the 

intercellular signaling pathways and inflammatory 

processes involved in metabolic regulation is essential for 

developing effective pharmacological agents for obesity. 

GLP-1 receptor agonists have demonstrated significant 

success in clinical practice, but their long-term efficacy 

may be limited due to receptor desensitization and 

downregulation. An increasing number of new agents 

targeting incretin hormones are emerging for routine 

clinical use. These include oral GLP-1 receptor agonists, 

the dual GLP-1/GIP receptor agonist tirzepatide, and 

other dual and triple GLP-1/GIP/glucagon receptor 

agonists, which hold promise for enhanced therapeutic 

outcomes. 

This narrative review explores the therapeutic effects of 

incretin hormones and highlights future advancements 

in the treatment of T2DM and obesity. 

 

I. INTRODUCTION 

 

Obesity is characterized by an excessive or abnormal 

accumulation of body fat, both centrally and 

subcutaneously, posing significant health risks. Over 

the past few decades, the prevalence of obesity has 

risen at an alarming rate, placing a substantial burden 

on global economies. Traditionally, obesity was 

defined as an increase in body weight by at least 20% 

above the ideal body weight. In modern healthcare, 

obesity is primarily classified based on body mass 

index (BMI), which is calculated by dividing body 

weight in kilograms by the square of height in meters. 

A BMI between 18.5 and 24.9 kg/m² is considered a 

healthy weight, while a BMI of 25-29.9 kg/m² is 

classified as overweight, and a BMI of 30 kg/m² or 

higher is categorized as obese. 

Based on these parameters, the World Health 

Organization (WHO) reported that in 2017, nearly two 

billion adults aged 18 years and older were 

overweight, with over 600 million classified as obese, 

leading to its recognition as a major health crisis of the 

21st century. The prevalence remains high, affecting 

approximately 27.5% of adults and 47.1% of children. 

Geographically, North America and Europe report 

some of the highest obesity rates, with a dramatic 

increase from 6.8% in 1980 to 22.4% in 2019 in North 

America, while obesity in Europe rose from 8.4% in 

1980 to 20% in 2019. 

 
Obesity is a multifactorial disorder influenced by a 

complex interplay of genetic, environmental, and 

behavioral factors. This intricate interaction 

contributes to the complexity of obesity and presents 

challenges in treatment, as multiple genes and risk 

factors interact dynamically. Although an individual’s 

genetic predisposition plays a role in obesity, genetics 

alone is not the sole determinant of excessive weight 
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gain. Research suggests that genetic factors often need 

to be closely linked with environmental and lifestyle 

influences to significantly impact body weight. 

Several genes have been identified in regulating 

metabolism and body composition, including the fat 

mass and obesity-associated (FTO) gene and the 

melanocortin 4 receptor (MC4R) gene, both of which 

have been associated with increased body weight. 

However, genetics alone cannot fully account for 

obesity. 

On a global scale, environmental and lifestyle factors 

such as prolonged exposure to digital devices 

(smartphones, video games, computer screens, and 

television), coupled with sedentary behavior and 

unhealthy dietary habits, contribute significantly to 

obesity. A diet high in sugary beverages, processed 

foods, and large portion sizes, combined with 

insufficient physical activity, increases the risk of 

excessive weight gain. Children and young adults who 

spend extended hours using electronic devices often 

engage in minimal physical activity, leading to 

disrupted appetite regulation and increased calorie 

consumption beyond their energy needs. 

Obesity is a major risk factor for several chronic 

diseases, including diabetes mellitus, cardiovascular 

conditions, and certain types of cancer. It also 

significantly reduces the overall quality of life, 

negatively impacting both individuals and society. 

According to global health data, obesity-related 

illnesses contributed to approximately four million 

deaths worldwide in 2017, primarily due to 

complications from diabetes and cardiovascular 

diseases. 

Given the severe health implications of obesity, it is 

crucial to develop effective treatment strategies for 

individuals who are overweight or obese. 

Additionally, preventive measures must be 

implemented to help maintain a healthy weight in 

individuals with a normal BMI. Addressing obesity 

requires proactive interventions, including public 

health policies, awareness campaigns, and 

community-level initiatives. By prioritizing the fight 

against obesity, population health can be improved, 

healthcare costs can be reduced, and overall quality of 

life can be enhanced. 

 

II. ADVANCES IN DIABETES TREATMENT 

 

Table: Traditional Therapies for Diabetes and Obesity 

Therapy Type Examples Mechanism of Action Key Benefits Limitations 

Insulin & Analogs Regular Insulin, 

Lispro, Glargine 

Replaces or 

supplements 

endogenous insulin to 

lower blood glucose 

levels 

Essential for Type 

1 & advanced Type 

2 diabetes 

Risk of 

hypoglycemia & 

weight gain 

Biguanides Metformin Reduces hepatic 

glucose production 

and increases insulin 

sensitivity 

First-line therapy, 

weight-neutral 

Gastrointestinal 

side effects 

Sulfonylureas Glibenclamide, 

Glipizide 

Stimulates insulin 

release from 

pancreatic β-cells 

Effective in early 

Type 2 diabetes 

Risk of 

hypoglycemia, 

weight gain 

Meglitinides Repaglinide, 

Nateglinide 

Short-acting insulin 

secretagogues 

Rapid onset, useful 

for postprandial 

glucose control 

Frequent dosing 

required, 

hypoglycemia risk 

Thiazolidinediones 

(TZDs) 

Pioglitazone, 

Rosiglitazone 

Improves insulin 

sensitivity via PPAR-γ 

activation 

Durable glycemic 

control 

Weight gain, fluid 

retention, heart 

failure risk 
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Alpha-glucosidase 

inhibitors 

Acarbose, 

Miglitol 

Delays carbohydrate 

absorption in the 

intestine 

Helps control 

postprandial 

glucose levels 

Gastrointestinal 

side effects 

DPP-4 Inhibitors Sitagliptin, 

Vildagliptin 

Inhibits DPP-4 

enzyme to prolong 

incretin effect, 

increasing insulin 

secretion 

Weight-neutral, 

low hypoglycemia 

risk 

Modest glucose-

lowering effect 

Sympathomimetic 

Agents (For Obesity) 

Phentermine Suppresses appetite 

via CNS stimulation 

Short-term weight 

loss 

Potential for abuse, 

cardiovascular risks 

2.1 Traditional Therapies 

• Insulin and Its Analogs 

• Insulin therapy remains a cornerstone in the 

treatment of diabetes, particularly for individuals 

with type 1 diabetes mellitus (T1DM) and 

advanced type 2 diabetes mellitus (T2DM). 

Various insulin analogs, including rapid-acting 

(e.g., insulin lispro, insulin aspart), long-acting 

(e.g., insulin glargine, insulin detemir), and ultra-

long-acting insulins (e.g., insulin degludec), have 

been developed to mimic physiological insulin 

secretion and improve glycemic control. 

• Oral Antidiabetic Agents: 

o Metformin – A first-line therapy for T2DM, 

metformin improves insulin sensitivity, reduces 

hepatic glucose production, and enhances glucose 

uptake in peripheral tissues. 

o Sulfonylureas – These agents (e.g., 

glibenclamide, glipizide) stimulate pancreatic 

beta cells to release insulin, but their use is 

associated with a risk of hypoglycemia and weight 

gain. 

o Meglitinides – Similar to sulfonylureas, 

meglitinides (e.g., repaglinide, nateglinide) 

stimulate insulin secretion but have a shorter 

duration of action, reducing the risk of prolonged 

hypoglycemia. 

2.2 Novel Drug Classes 

Recent advances in diabetes pharmacotherapy have 

led to the development of novel drug classes that target 

specific metabolic pathways to improve glycemic 

control while reducing adverse effects such as weight 

gain and hypoglycemia. 

• GLP-1 Receptor Agonists 

• Glucagon-like peptide-1 (GLP-1) receptor 

agonists, such as semaglutide and dulaglutide, 

mimic the action of the natural incretin hormone 

GLP-1. They enhance insulin secretion, suppress 

glucagon release, slow gastric emptying, and 

promote satiety, making them effective in both 

glucose regulation and weight management. 

• SGLT-2 Inhibitors 

• Sodium-glucose co-transporter-2 (SGLT-2) 

inhibitors, including empagliflozin and 

dapagliflozin, lower blood glucose levels by 

promoting glucose excretion through urine. These 

agents also provide additional benefits such as 

weight reduction, blood pressure control, and 

cardiovascular and renal protection. 

• Dual GIP/GLP-1 Receptor Agonists 

• Tirzepatide, a novel dual agonist of glucose-

dependent insulinotropic polypeptide (GIP) and 

GLP-1 receptors, enhances insulin secretion, 

reduces appetite, and improves weight loss 

outcomes more effectively than GLP-1 receptor 

agonists alone. 

• DPP-4 Inhibitors 

• Dipeptidyl peptidase-4 (DPP-4) inhibitors, such 

as sitagliptin and linagliptin, work by preventing 

the breakdown of incretin hormones (GLP-1 and 

GIP), leading to increased insulin secretion and 

reduced glucagon levels. These drugs are 

generally well-tolerated and have a lower risk of 

hypoglycemia. 

2.3 Emerging Technologies 

Innovative technologies are being developed to 

improve diabetes management by enhancing insulin 

delivery and glycemic control. 

• Artificial Pancreas Systems 

• An artificial pancreas system combines a 

continuous glucose monitor (CGM) with an 

insulin pump and a sophisticated algorithm to 

automatically adjust insulin delivery based on 
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real-time glucose levels, reducing the burden of 

self-management. 

• Implantable Insulin Delivery Devices 

• These devices provide continuous insulin infusion 

without the need for frequent injections. They 

offer a promising approach to improving 

adherence and glycemic stability. 

• Gene Therapy Approaches 

• Gene therapy strategies aim to modify or replace 

defective genes involved in insulin production or 

glucose metabolism. Research is ongoing to 

explore methods such as beta-cell regeneration 

and genetic engineering of insulin-secreting cells 

to achieve long-term diabetes remission. 

 

III. ADVANCES IN OBESITY TREATMENT 

 

Obesity treatment has evolved significantly beyond 

traditional lifestyle modifications, with 

pharmacological and surgical advancements offering 

more effective long-term solutions. 

3.1. Pharmacological Approaches 

Several drug classes have been developed to help 

manage obesity by targeting appetite regulation, 

energy expenditure, and fat metabolism. 

• Sympathomimetic Agents 

These drugs stimulate the central nervous system 

to suppress appetite and increase metabolism. 

o Phentermine – A short-term appetite suppressant 

that enhances norepinephrine release, promoting 

weight loss. 

o Phentermine/Topiramate – A combination 

therapy that includes phentermine’s appetite-

suppressing effects and topiramate’s influence on 

satiety and food cravings, making it a more 

effective option. 

• GLP-1 Agonists for Obesity 

• Originally developed for diabetes, GLP-1 

receptor agonists have demonstrated significant 

weight-loss effects. 

o Liraglutide – Approved for obesity management, 

it regulates appetite and caloric intake. 

o Semaglutide – A highly effective once-weekly 

injectable GLP-1 receptor agonist that promotes 

significant weight reduction by enhancing satiety 

and reducing food cravings. 

• Melanocortin-4 Receptor (MC4R) Agonists 

o MC4R plays a crucial role in energy homeostasis. 

Targeting this receptor helps regulate appetite and 

metabolism, making MC4R agonists a potential 

novel treatment for obesity. 

3.2. Combination Therapies 

Combining medications that target different pathways 

provides enhanced weight-loss efficacy and better 

metabolic outcomes. 

• Naltrexone/Bupropion 

o Naltrexone, an opioid antagonist, and bupropion, 

a dopamine/norepinephrine reuptake inhibitor, 

work together to modulate brain reward pathways 

and suppress appetite. 

o This combination is effective in reducing food 

cravings and emotional eating. 

• Tirzepatide 

o A dual GLP-1/GIP receptor agonist, tirzepatide 

enhances insulin secretion and suppresses 

appetite, making it a promising therapy for both 

obesity and type 2 diabetes. 

o Studies suggest it may offer superior weight-loss 

benefits compared to existing GLP-1 agonists. 

3.3. Non-Pharmacological Innovations 

• Bariatric Surgery Advancements 

o Modern techniques such as endoscopic sleeve 

gastroplasty and robotic-assisted surgery have 

improved the safety and effectiveness of bariatric 

procedures. 

o Traditional methods like gastric bypass and sleeve 

gastrectomy remain highly effective for severe 

obesity. 

• Gut Microbiome Modulation 

o Research indicates that the gut microbiome 

significantly influences metabolism, appetite, and 

fat storage. 

o Strategies such as probiotic and prebiotic 

supplementation, fecal microbiota transplantation 

(FMT), and dietary interventions are being 

explored to regulate gut bacteria and support 

weight loss. 

 

IV. FUTURE DIRECTIONS AND CHALLENGES 

IN ENDOCRINE PHARMACOLOGY 

 

The field of endocrine pharmacology, particularly in 

the treatment of obesity and type 2 diabetes (T2DM), 

is rapidly evolving. While recent advancements have 

led to more effective and targeted therapies, several 
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challenges and future directions must be addressed to 

optimize patient care and improve long-term 

outcomes. 

4.1. Precision Medicine in Endocrine Pharmacology 

Precision medicine aims to tailor treatment strategies 

based on an individual's unique genetic, metabolic, 

and lifestyle factors. 

• Advances in biomarker discovery and metabolic 

profiling will allow for a more personalized 

approach to obesity and diabetes management. 

• Understanding hormonal signaling pathways in 

metabolic disorders will help develop drugs that 

specifically target key regulatory mechanisms, 

reducing unwanted side effects. 

• AI and machine learning applications in 

pharmacology can enhance drug discovery and 

patient-specific treatment plans. 

4.2. Personalized Drug Therapies Based on Genetic 

Profiles 

• Pharmacogenomics will play a crucial role in 

developing individualized therapies for diabetes 

and obesity. Genetic variations influence how 

patients metabolize and respond to medications. 

• Future research aims to identify genetic predictors 

of drug efficacy and adverse reactions, allowing 

clinicians to select the most effective treatment 

while minimizing risks. 

• Gene therapy and RNA-based interventions could 

provide long-term solutions by directly modifying 

genes involved in metabolism, insulin resistance, 

and fat accumulation. 

4.3. Addressing Side Effects and Long-Term Safety of 

Novel Agents 

As newer drug classes emerge, ensuring their long-

term safety and tolerability remains a major challenge. 

• GLP-1 receptor agonists and dual/triple incretin-

based therapies show significant promise but may 

cause side effects such as gastrointestinal 

disturbances, pancreatitis, and cardiovascular 

concerns. 

• SGLT-2 inhibitors, while effective, have been 

linked to risks such as diabetic ketoacidosis and 

urinary tract infections. 

• Continuous post-market surveillance and long-

term clinical trials will be critical to assess the 

safety and effectiveness of these therapies in 

diverse patient populations. 

• Addressing treatment adherence and cost-

effectiveness is crucial, as newer agents often 

come with high costs and accessibility concerns. 

 

V. CONCLUSION 

 

The field of endocrine pharmacology has witnessed 

significant advancements, particularly in the 

management of diabetes and obesity. Traditional 

therapies such as insulin and oral antidiabetics remain 

crucial, but novel drug classes like GLP-1 receptor 

agonists, SGLT-2 inhibitors, and dual GIP/GLP-1 

receptor agonists have revolutionized treatment 

approaches. These medications not only improve 

glycemic control but also provide additional benefits, 

such as cardiovascular protection and weight loss. 

In obesity treatment, pharmacological innovations 

have expanded beyond sympathomimetic agents to 

include GLP-1 receptor agonists and melanocortin-4 

receptor agonists, offering sustained weight reduction 

and metabolic benefits. The development of 

combination therapies, such as naltrexone/bupropion 

and tirzepatide, further enhances treatment efficacy. 

Additionally, non-pharmacological approaches, 

including bariatric surgery advancements and gut 

microbiome modulation, provide promising 

alternatives for obesity management. 

The future of endocrine pharmacology lies in precision 

medicine and personalized drug therapies, where 

genetic profiling can guide tailored treatment 

strategies. However, challenges such as long-term 

safety, side effects, and accessibility of novel therapies 

must be addressed. With continuous research and 

technological advancements, the landscape of diabetes 

and obesity treatment will continue to evolve, 

ultimately improving patient outcomes and quality of 

life. 
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