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 Abstract   
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Diabetes mellitus (DM) is a chronic metabolic disorder marked by 
persistent hyperglycemia due to impaired insulin secretion, action, or both. It is a 
growing global health issue driven by urbanization, sedentary lifestyles, and 
obesity. DM includes type 1 (autoimmune beta-cell destruction), type 2 (insulin 
resistance and beta-cell dysfunction), gestational diabetes, and other specific 
types. Chronic hyperglycemia leads to serious complications such as retinopathy, 
nephropathy, neuropathy, heart disease, and stroke. Symptoms like excessive 
thirst, urination, and fatigue may appear late, making early diagnosis crucial 
through blood glucose and HbA1c tests. Management requires lifestyle changes, 
medications, monitoring, and patient education. Advances like new drugs and 
glucose monitoring technologies have improved care. Prevention through diet, 
exercise, and weight control remains key to reducing the diabetes burden. 
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INTRODUCTION 
 

Diabetes mellitus (DM) is a metabolic disorder of multifactorial etiology, primarily characterized by 
chronic hyperglycemia. It results from impaired insulin secretion, insulin resistance, or both. The earliest 
descriptions of diabetes date back to ancient civilizations, but its recognition as a global epidemic is a modern 
phenomenon. The World Health Organization (WHO) estimates that approximately 537 million adults lived with 
diabetes in 2021, a figure projected to exceed 783 million by 2045 [1]. This dramatic rise reflects changes in 
lifestyle, increasing obesity rates, and an aging population. 
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Diabetes impacts multiple physiological systems, leading to acute complications such as diabetic 
ketoacidosis (DKA) and long-term sequelae including microvascular (retinopathy, nephropathy, neuropathy) and 
macrovascular (coronary artery disease, peripheral arterial disease, stroke) complications. Despite advances in 
understanding its pathophysiology, diabetes management remains challenging due to its progressive nature and 
the interplay of genetic, environmental, and lifestyle factors. 

This review aims to provide a comprehensive overview of diabetes mellitus, addressing its classification, 
pathophysiology, clinical presentation, diagnostic criteria, management strategies, and emerging therapeutic 
avenues. By consolidating current knowledge and identifying research gaps, we hope to contribute to the evolving 
dialogue on diabetes prevention and care. 

 
Epidemiology of diabetes mellitus 

Diabetes mellitus is a leading cause of morbidity and mortality worldwide. According to the International 
Diabetes Federation (IDF), the global prevalence of diabetes in 2021 was 10.5% among adults aged 20–79 years, 
with significant regional variations [2]. The highest prevalence rates are observed in the Middle East and North 
Africa, where lifestyle changes and urbanization contribute to an increased burden. 

Type 2 diabetes accounts for approximately 90–95% of all cases, predominantly affecting adults but 
increasingly seen in younger populations due to rising obesity and sedentary behavior. Type 1 diabetes, an 
autoimmune condition, represents 5–10% of cases, with peak incidence in childhood and adolescence. Gestational 
diabetes affects 14–20% of pregnancies globally, posing risks to both mother and child [3]. 

Rural-urban migration, dietary changes, and genetic predisposition are critical factors driving diabetes 
prevalence. Additionally, diabetes disproportionately affects low- and middle-income countries, where access to 
healthcare and education remains limited. Epidemiological studies underscore the importance of targeted 
prevention programs, particularly in high-risk populations, to curb the diabetes epidemic. 
 
Pathophysiology 
The pathophysiology of diabetes mellitus varies by type but shares common themes of hyperglycemia-induced 
tissue damage. 

1. Type 1 Diabetes: This autoimmune disorder results from the destruction of pancreatic beta cells, 
primarily mediated by autoreactive T cells. Environmental triggers, such as viral infections, may 
precipitate the autoimmune response in genetically predisposed individuals [4]. 

2. Type 2 Diabetes: A combination of insulin resistance and beta-cell dysfunction underpins T2D. Insulin 
resistance in peripheral tissues (muscle, liver, adipose tissue) leads to impaired glucose uptake and 
increased hepatic glucose production. Chronic beta-cell stress eventually reduces insulin secretion [5]. 

3. Gestational Diabetes Mellitus: Hormonal changes during pregnancy, including increased levels of 
placental hormones, induce insulin resistance. Women with GDM are at heightened risk for developing 
T2D postpartum [6]. 

Key pathways implicated in diabetes pathogenesis include oxidative stress, inflammation, endoplasmic reticulum 
stress, and impaired incretin signaling. Understanding these mechanisms provides a foundation for developing 
novel therapeutic strategies. 
 
Types of diabetes mellitus 
Diabetes mellitus encompasses several distinct forms, each with unique etiological and clinical features. The 
major types include: 
 
Type 1 Diabetes Mellitus (T1D) 
T1D is an autoimmune disease marked by the destruction of insulin-producing beta cells in the pancreas. This 
leads to absolute insulin deficiency and hyperglycemia. It is most commonly diagnosed in children and 
adolescents but can occur at any age. Genetic susceptibility (e.g., HLA-DR3 and HLA-DR4 alleles), along with 
environmental triggers like viral infections and dietary factors, play a crucial role in its onset [7]. Clinical 
symptoms often present abruptly and include polyuria, polydipsia, weight loss, and fatigue. Without timely 
intervention, life-threatening complications like diabetic ketoacidosis (DKA) may ensue. 
 
Type 2 Diabetes Mellitus (T2D) 
T2D is a heterogeneous disorder primarily resulting from insulin resistance and a progressive decline in beta-cell 
function. It accounts for 90–95% of all diabetes cases globally. Risk factors include obesity, physical inactivity, 
a family history of diabetes, and metabolic syndrome. Unlike T1D, T2D has a gradual onset and is often 
asymptomatic in its early stages. Chronic hyperglycemia contributes to macrovascular and microvascular 
complications, necessitating early detection and comprehensive management [8]. 
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Gestational Diabetes Mellitus (GDM) 
GDM is characterized by glucose intolerance first recognized during pregnancy. Hormonal changes, including 
elevated levels of placental lactogen and cortisol, contribute to insulin resistance. Women with GDM are at higher 
risk of developing T2D later in life. Poorly controlled GDM can lead to adverse maternal and fetal outcomes, such 
as preeclampsia and macrosomia, respectively [9]. 
 
Other Specific Types 

 Maturity-Onset Diabetes of the Young (MODY): A monogenic form of diabetes caused by mutations 
in genes affecting beta-cell function [10]. 

 Secondary Diabetes: Resulting from pancreatic diseases (e.g., chronic pancreatitis), endocrinopathies 
(e.g., Cushing’s syndrome), or drug-induced (e.g., glucocorticoids) [11]. 

 Latent Autoimmune Diabetes in Adults (LADA): A slow-progressing form of autoimmune diabetes 
presenting in adults, often misdiagnosed as T2D [12]. 

A thorough understanding of these types enables clinicians to adopt tailored diagnostic and therapeutic approaches. 
 
Type 5 Diabetes Mellitus 
Type 5 diabetes mellitus refers to diabetes secondary to other specific conditions, typically classified under “other 
specific types of diabetes” by the American Diabetes Association (ADA). Unlike type 1 (autoimmune destruction 
of beta cells) and type 2 (insulin resistance with relative insulin deficiency), type 5 encompasses hyperglycemia 
due to other identified causes [64]. 
Most commonly, this includes diabetes resulting from: 

 Endocrinopathies (such as Cushing’s syndrome, acromegaly, pheochromocytoma) 
 Pancreatic diseases (such as pancreatitis, hemochromatosis, cystic fibrosis) 
 Drug or chemical induced diabetes (such as by glucocorticoids, antipsychotics, HAART) 
 Genetic syndromes associated with diabetes (like Down syndrome, Klinefelter syndrome) 

The concept of “type 5” is sometimes used in extended clinical discussions to denote diabetes secondary to 
endocrinopathies specifically, but is not an official ADA or WHO classification. The ADA and WHO generally 
place all of these under “Other Specific Types of Diabetes Mellitus.” 
 
Risk factors and etiology 
Diabetes mellitus arises from a complex interplay of genetic, environmental, and lifestyle factors. 
 
Genetic Factors 
Genetics significantly influence diabetes susceptibility. Specific loci associated with T1D include HLA-DR and 
HLA-DQ alleles, while T2D is linked to over 400 genetic variants, including TCF7L2 and FTO [13]. Monogenic 
diabetes, such as MODY, exemplifies a purely genetic etiology. 
 
Lifestyle Factors 

 Obesity: Central adiposity is a key driver of insulin resistance. Adipose tissue dysfunction leads to 
chronic inflammation and altered adipokine secretion, exacerbating metabolic dysregulation [14]. 

 Physical Inactivity: Sedentary lifestyles reduce insulin sensitivity and contribute to weight gain, further 
increasing T2D risk [15]. 

 
Dietary Influences 
High intake of refined carbohydrates, sugary beverages, and saturated fats has been implicated in diabetes 
pathogenesis, particularly T2D. Conversely, diets rich in fiber, whole grains, and unsaturated fats are protective 
[16]. 
 
Environmental Triggers 

 Infections: Viral infections (e.g., enteroviruses) are suspected in T1D development through molecular 
mimicry [17]. 

 Chemical Exposure: Endocrine disruptors like bisphenol A (BPA) may impair glucose metabolism and 
insulin signaling [18]. 

 
Psychosocial Factors 
Stress and sleep disturbances contribute to dysregulated glucose metabolism by increasing cortisol levels and 
promoting insulin resistance [19]. 
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Maternal and Perinatal Factors 
Low birth weight, gestational diabetes, and maternal obesity increase the offspring's risk of developing diabetes, 
emphasizing the importance of early preventive measures [20]. 
Understanding these multifaceted risk factors underscores the need for holistic prevention and management 
strategies. 
 
Clinical manifestations and complications 
Diabetes mellitus presents with a wide spectrum of clinical features and complications. 
 
Clinical Manifestations 

 Symptoms of Hyperglycemia: Polyuria, polydipsia, polyphagia, fatigue, and blurred vision are hallmark 
symptoms [21]. 

 Acute Complications: 
o Diabetic Ketoacidosis (DKA): A life-threatening condition primarily seen in T1D, 

characterized by severe hyperglycemia, acidosis, and ketonemia [22]. 
o Hyperosmolar Hyperglycemic State (HHS): Predominantly affects T2D patients and involves 

extreme hyperglycemia without significant ketosis [23]. 
 
Chronic Complications 

 Microvascular Complications: 
o Diabetic Retinopathy: Progressive damage to the retinal microvasculature leading to blindness 

[24]. 
o Diabetic Nephropathy: The leading cause of end-stage renal disease (ESRD), characterized by 

albuminuria and declining glomerular filtration rate (GFR) [25]. 
o Diabetic Neuropathy: Manifests as peripheral, autonomic, or focal neuropathy, causing 

significant morbidity [26]. 
 Macrovascular Complications: 

o Cardiovascular Disease (CVD): Diabetes accelerates atherosclerosis, increasing the risk of 
myocardial infarction and stroke [27]. 

o Peripheral Arterial Disease (PAD): Leads to ischemia and potential limb amputation [28]. 
 
Infections and Other Conditions 
Diabetes predisposes individuals to infections due to impaired immune function. Skin conditions like acanthosis 
nigricans and diabetic dermopathy are also common [29]. 
Early recognition and comprehensive management of complications are vital to improving patient outcomes. 
 
Diagnostic approaches 
Timely diagnosis of diabetes mellitus is crucial for effective management and prevention of complications. 
Diagnostic criteria are standardized by organizations such as the American Diabetes Association (ADA) and the 
World Health Organization (WHO). 
 
Criteria for Diagnosis 
The diagnosis of diabetes is confirmed by any of the following findings, measured on two separate occasions 
unless unequivocal symptoms of hyperglycemia are present: 

1. Fasting Plasma Glucose (FPG): ≥126 mg/dL (7.0 mmol/L) after at least 8 hours of fasting [30]. 
2. 2-Hour Plasma Glucose (OGTT): ≥200 mg/dL (11.1 mmol/L) following a 75-g oral glucose tolerance 

test [31]. 
3. Random Plasma Glucose: ≥200 mg/dL (11.1 mmol/L) in the presence of classic symptoms of 

hyperglycemia [32]. 
4. Hemoglobin A1c (HbA1c): ≥6.5%, reflecting average blood glucose levels over 2–3 months [33]. 

 
Prediabetes Diagnosis 
Prediabetes is defined as intermediate hyperglycemia, with the following criteria: 

 FPG: 100–125 mg/dL (5.6–6.9 mmol/L). 
 2-hour OGTT: 140–199 mg/dL (7.8–11.0 mmol/L). 
 HbA1c: 5.7–6.4% [34]. 
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Diagnostic Tools and Biomarkers 
 Continuous Glucose Monitoring (CGM): Tracks glucose fluctuations, aiding in early detection and 

management [35]. 
 C-Peptide Levels: Differentiates between type 1 and type 2 diabetes by assessing endogenous insulin 

production [36]. 
 Autoantibody Testing: Detects islet cell antibodies (e.g., GAD65, ICA), confirming autoimmune 

diabetes in T1D [37]. 
 
Screening Recommendations 
Regular screening is advised for: 

 Adults ≥45 years or earlier in those with risk factors such as obesity, family history, or history of 
gestational diabetes [38]. 

 Pregnant women between 24 and 28 weeks of gestation using OGTT [39]. 
Accurate diagnosis through these methods ensures appropriate treatment initiation and monitoring. 
 
Current therapeutic strategies 
The management of diabetes mellitus aims to achieve glycemic control, prevent complications, and improve 
quality of life. It encompasses pharmacological and non-pharmacological approaches. 
 
Pharmacological Interventions 
Insulin Therapy: 
 Indicated for all T1D patients and advanced T2D cases [40]. 
 Modern formulations include rapid-acting (e.g., lispro), long-acting (e.g., glargine), and ultra-long-acting 

(e.g., degludec) insulins [41]. 
 
Oral Antidiabetic Agents: 
 Metformin: First-line treatment for T2D; reduces hepatic glucose production and improves insulin sensitivity 

[42]. 
 Sulfonylureas: Stimulate insulin secretion; examples include glipizide and glyburide [43]. 
 DPP-4 Inhibitors: Enhance incretin function, reducing postprandial glucose levels (e.g., sitagliptin) [44]. 
 
Non-Insulin Injectables: 

 GLP-1 Receptor Agonists: Promote weight loss and improve glycemic control (e.g., liraglutide, 
semaglutide) [45]. 

 Amylin Analogues: Slow gastric emptying and suppress glucagon secretion (e.g., pramlintide) [46]. 
 SGLT2 Inhibitors: Reduce renal glucose reabsorption, promoting glycosuria and cardiovascular 

benefits (e.g., empagliflozin) [47]. 
 
Non-Pharmacological Management 

1. Dietary Interventions: 
o Low-glycemic index foods, high fiber intake, and balanced macronutrient distribution [48]. 

2. Exercise: 
o Aerobic and resistance training improve insulin sensitivity and glycemic control [49]. 

3. Patient Education: 
o Empowering patients with self-monitoring skills and knowledge of lifestyle modifications [50]. 

 
Emerging therapies 
Advancements in diabetes research have introduced innovative therapies aimed at improving glycemic control 
and addressing unmet needs. 
 
Incretin-Based Therapies 
Dual incretin agonists (e.g., tirzepatide) target both GLP-1 and GIP pathways, offering superior glycemic and 
weight control compared to traditional agents [51]. 
 
Gene Therapy 
Gene-editing tools like CRISPR-Cas9 hold promise for restoring beta-cell function or enhancing insulin 
sensitivity in T1D and T2D [52]. 
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Islet Transplantation 
Advances in immunomodulation and encapsulation technologies aim to overcome challenges in islet 
transplantation for T1D patients [53]. 
 
Artificial Pancreas Systems 
Closed-loop systems integrating CGM with insulin pumps have revolutionized diabetes management, providing 
automated insulin delivery [54]. 
 
Stem Cell Therapy 
Stem cell-derived beta-cell replacement offers potential curative therapy for T1D, with clinical trials showing 
promising results [55]. 
 
Nanotechnology 
Nanoparticles are being explored for targeted drug delivery, glucose monitoring, and improving bioavailability of 
antidiabetic drugs [56]. 
These innovations highlight the transformative potential of emerging technologies in diabetes care. 
 
Prevention strategies 
Preventing diabetes requires a multipronged approach targeting modifiable risk factors. 
Lifestyle Modifications 

 Weight reduction through caloric restriction and increased physical activity significantly reduces T2D 
risk [57]. 

 Structured programs like the Diabetes Prevention Program (DPP) have demonstrated sustained benefits 
[58]. 

 
Pharmacological Prevention 
Metformin and thiazolidinediones are effective in high-risk individuals, particularly those with prediabetes [59]. 
 
Public Health Interventions 

 Health education campaigns and policies to reduce sugar-sweetened beverage consumption [60]. 
 Community-based initiatives promoting healthy lifestyles in underserved populations [61]. 

Early intervention remains key to reversing the global diabetes trend. 
 
Future directions and research gaps 
Despite advancements, significant challenges remain in diabetes research and care: 

 Personalized Medicine: Leveraging genomics and metabolomics for individualized treatment plans [62]. 
 Addressing Disparities: Bridging gaps in diabetes care accessibility in low-income settings [63]. 
 Long-Term Safety of Novel Therapies: Evaluating the durability and side effects of emerging 

treatments [64]. 
Future efforts should focus on integrating multidisciplinary approaches to tackle diabetes comprehensively. 
 
CONCLUSION 
 

Diabetes mellitus remains a formidable public health challenge. While current therapies have improved 
outcomes, the rising prevalence necessitates a proactive approach emphasizing prevention, early diagnosis, and 
innovation in treatment. A multidisciplinary effort involving healthcare providers, researchers, policymakers, and 
patients is crucial to mitigating the burden of diabetes. 
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