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		Diabetes



Diabetes, also known as diabetes mellitus, is a group of common endocrine diseases characterized by sustained high blood sugar levels (hyperglycemia). This condition arises either from the pancreas not producing enough insulin or from the body's cells becoming unresponsive to insulin's effects. Classic symptoms include:


		
Polydipsia: Excessive thirst

		
Polyuria: Excessive urination

		
Polyphagia: Excessive hunger

		
Weight Loss: Unintended weight loss

		
Blurred Vision: Visual disturbances



If left untreated, diabetes can lead to various health complications, including cardiovascular disorders, eye problems, kidney damage, and nerve damage. Diabetes accounts for approximately 4.2 million deaths annually, with an estimated 1.5 million deaths caused by untreated or poorly managed diabetes.

Types of Diabetes

The major types of diabetes include:


		
Type 1 Diabetes: An autoimmune condition where the immune system attacks the insulin-producing beta cells in the pancreas, leading to severe insulin deficiency. It typically presents abruptly and is often diagnosed in children and young adults.

		
Type 2 Diabetes: Characterized by insulin resistance, where the body's cells do not respond effectively to insulin. This type is more common and often associated with obesity and lifestyle factors. It can be managed with anti-diabetic medications and lifestyle modifications.

		
Gestational Diabetes: A form of diabetes that arises during pregnancy and usually resolves after delivery. It requires careful management to prevent complications for both the mother and the baby.

		
Maturity-Onset Diabetes of the Young (MODY): A rare, inherited form of diabetes caused by single-gene mutations affecting insulin production. It typically presents in adolescence or early adulthood.

		
Malnutrition-Related Diabetes: Also known as Type 5 diabetes, this condition involves decreased insulin production due to malnutrition rather than autoimmune damage.

		
Other Specific Types: This category includes diabetes resulting from genetic conditions, diseases affecting the pancreas, or the use of certain medications.



Epidemiology

The prevalence of diabetes has increased sharply in recent decades, from 200 million cases in 1990 to 830 million by 2022. It affects approximately one in seven adults, with type 2 diabetes accounting for more than 95% of cases. The disease is particularly prevalent in low- and middle-income countries and is the seventh leading cause of death globally. The global expenditure on diabetes-related healthcare is estimated at US$760 billion annually.

Signs and Symptoms

Common symptoms of diabetes include:


		Increased thirst

		Frequent urination

		Extreme hunger

		Unintended weight loss

		Fatigue

		Blurred vision

		Sweet-smelling urine

		Genital itchiness due to Candida infection



About half of individuals with diabetes may be asymptomatic, especially in the case of type 2 diabetes, which often has a gradual onset.


		Diagnosis of Diabetes



Glucose homeostasis is the body's ability to maintain a stable blood glucose level, which is crucial for proper bodily functions. The American Diabetes Association (ADA) and the World Health Organization (WHO) have established criteria for the diagnosis of diabetes based on blood glucose levels, glucose tolerance tests, and hemoglobin A1c (HbA1c) levels.

Categories of Glucose Homeostasis


		
Normal Glucose Homeostasis: Fasting plasma glucose less than 5.6 mmol/L (100 mg/dL)

		
Impaired Fasting Glucose (IFG): 5.6-6.9 mmol/L (100-125 mg/dL)

		
Impaired Glucose Tolerance (IGT): Glucose level between 7.8 and 11.1 mmol/L (140 and 199 mg/dL) 120 minutes after ingestion of 75 g liquid glucose solution

		
Hyperglycemia Diagnostic for Diabetes Mellitus: Fasting plasma glucose ≥ 7.0 mmol/L (126 mg/dL), 2-hour plasma glucose ≥ 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance test, or HbA1c ≥ 6.5%



Diagnosis of Diabetes

The ADA and WHO recommend the following criteria for the diagnosis of diabetes:


		
Symptoms of Diabetes: Plus random blood glucose concentration ≥ 11.1 mmol/L (200 mg/dL)

		
Fasting Plasma Glucose: ≥ 7.0 mmol/L (126 mg/dL)

		
2-Hour Plasma Glucose: ≥ 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance test

		
HbA1c: ≥ 6.5%



Screening for Diabetes

The ADA recommends widespread screening for type 2 diabetes in adults with the following features:


		
Age: More than 45 years

		
Body Mass Index (BMI): Greater than 25 kg/m² (or >23 kg/m² in persons of Asian descent) with one of the following additional risk factors:




		First-degree relative with diabetes

		Physical inactivity

		Hypertension

		Low HDL value

		High-risk ethnic group (African American, Latino, Native American, Asian American, and Pacific Islander)

		History of abnormal glucose testing (IFG, IGT, HbA1c of 5.7%-6.4%)

		Cardiovascular disease

		Features of insulin resistance

		Women with polycystic ovary syndrome




		
Women: Who have previously had gestational diabetes mellitus




		Pathogenesis Of Diabetes



Pathogenesis of Type 1 Diabetes


		
Overview: Type 1 diabetes (T1D) accounts for 5% to 10% of diabetes cases and results from autoimmune-mediated destruction of pancreatic beta cells, leading to total or near-total insulin deficiency (Powers, 2021).

		
Age of Onset: Can occur at any age; up to 40% of individuals develop T1D after age 30.

		
Associated Autoimmune Diseases: Increased prevalence of conditions such as:




		Autoimmune adrenal insufficiency

		Graves' disease

		Hashimoto's disease

		Pernicious anemia

		Vitiligo

		Celiac sprue




		
Genetic Component:




		Concordance in identical twins: 60% to 70%.

		Major genetic risk conferred by HLA class II genes (HLA-DR and HLA-DQ).

		Most individuals (>75%) do not have a family history of T1D.




		
Autoimmunity Development:




		Normal beta cell mass until autoimmunity develops.

		Triggering stimuli may include viral infections (e.g., enterovirus).

		Destruction of beta cells is likely cell-mediated, involving inflammatory agents (e.g., TNF-α, IFN-γ, IL-1).




		
Stages of T1D (ADA classification):




		
Stage 1: Autoimmunity (two autoantibodies) with normoglycemia.

		
Stage 2: Autoimmunity with dysglycemia.

		
Stage 3: Autoimmunity with hyperglycemia (usually symptomatic).




		
Symptoms: Polyuria, polydipsia, fatigue, significant weight loss. Some adults may present with features resembling type 2 diabetes but have underlying autoimmune processes (latent autoimmune diabetes in adults).



Pathogenesis of Type 2 Diabetes


		
Overview: Type 2 diabetes (T2D) is a heterogeneous syndrome characterized by dysregulated glucose homeostasis, impaired insulin secretion, and action (Gloyn and Drucker, 2018).

		
Patient Clusters: Identified based on demographic and clinical factors, with associations to specific genetic loci and complications (Ahlqvist et al., 2018).

		
Obesity Correlation: Approximately 80% of individuals with T2D are overweight or obese.

		
Gradual Onset: T2D develops gradually, often progressing through a prediabetic stage.

		
Insulin Action: Insufficient insulin action leads to elevated plasma glucose levels. Insulin action is influenced by:




		Plasma insulin concentrations (islet beta cell function).

		Insulin sensitivity in target tissues (liver, skeletal muscle, adipose tissue).




		
Genetic Component:




		Strong heritable condition; risk increases with family history.

		Over 400 genetic loci associated with T2D identified (Cole and Florez, 2020).



Impaired Beta Cell Function


		
Sensitivity to Glucose: Impaired in T2D, leading to delayed or insufficient insulin secretion.

		
Fasting Insulin Levels: Elevated due to higher fasting glucose and insulin resistance; increased proinsulin levels (10%-20% of circulating insulin).

		
Progressive Reduction: Functional beta cell mass decreases over time, necessitating increased therapy for glucose control.




		Insulin Resistance



Insulin resistance refers to the reduced sensitivity of body tissues, particularly the liver, skeletal muscle, and adipose (fat) tissue, to the physiological effects of insulin. This condition is a key feature of type 2 diabetes mellitus (DM) and is characterized by the body's inability to effectively utilize insulin, leading to elevated blood glucose levels.


		
Definition: Failure of normal insulin levels to elicit expected responses.

		
Variability: Insulin sensitivity varies among individuals and is influenced by age, body weight, activity levels, and medications.

		
Key Tissues:




		
Skeletal Muscle and Adipose Tissue: Decreased glucose transport and increased lipolysis.

		
Liver: Blunted ability to suppress glucose production; hepatic insulin resistance leads to excessive gluconeogenesis and glycogenolysis.




		
Adipose Tissue: Infiltrated by macrophages, contributing to chronic inflammation and systemic insulin resistance.



Dysregulated Hepatic Glucose Metabolism


		
Fasting State: Excessive hepatic glucose output; inadequate suppression post-meal.

		
Hormonal Imbalance: Insufficient insulin and excessive glucagon contribute to dysregulated metabolism.

		
Hepatic Steatosis: Resulting from lipogenic effects of insulin despite ineffective glucose metabolism.



Factors Contributing to Insulin Resistance


		
Age: Insulin sensitivity tends to decline with advancing age.

		
Obesity: Increased body fat, particularly visceral fat, is associated with insulin resistance. Larger adipocytes (fat cells) have fewer insulin receptors, impairing glucose uptake.

		
Sedentary Lifestyle: Lack of physical activity contributes to decreased insulin sensitivity.

		
Hormonal Changes: Pregnancy and the use of oral contraceptives can induce a temporary and reversible state of insulin resistance.

		
Metabolic Disorders: Conditions such as acromegaly, Cushing’s syndrome, pheochromocytoma, and lipoatrophic diabetes mellitus can also lead to insulin resistance.

		
Hypertension: Often associated with insulin resistance as part of the metabolic syndrome.



Mechanism of Insulin Resistance

In many individuals with type 2 diabetes, the issue lies not with the insulin receptor itself but with the transducer mechanisms that link the insulin receptor to cellular responses. This faulty signaling pathway prevents effective glucose uptake and utilization.

Acute Insulin Resistance

Acute insulin resistance develops rapidly and is typically a short-term issue. Common causes include:


		
Infection, Trauma, and Surgery: These conditions can trigger the release of corticosteroids and other hyperglycemic hormones that oppose insulin action.

		
Emotional Stress: Stress can also lead to increased levels of hormones that counteract insulin.

		
Ketoacidosis: The presence of ketone bodies and free fatty acids (FFAs) can inhibit glucose uptake by the brain and muscle, contributing to insulin resistance.



Treatment of Acute Insulin Resistance

The treatment involves addressing the underlying cause and administering high doses of regular insulin. Once the precipitating condition is controlled, insulin requirements typically return to normal.



Pathogenesis of Other Forms of Diabetes


		
Monogenic Diabetes: Caused by mutations in key genes, inherited in an autosomal dominant manner (Hattersley and Patel, 2017).




		
Neonatal Diabetes: Onset within the first year, often due to mutations in SUR or insulin gene.

		
MODY (Maturity-Onset Diabetes of the Young): Clinically similar to T1D or T2D, often not associated with obesity or insulin resistance.




		
Chronic Pancreatic Diseases: Conditions like pancreatitis or cystic fibrosis impair insulin secretion.

		
Endocrinopathies: Conditions such as acromegaly and Cushing's disease cause insulin resistance.

		
Medications: Certain drugs (e.g., glucocorticoids, atypical antipsychotics) can induce diabetes.



Gestational Diabetes

Gestational diabetes occurs in 2-10% of pregnancies and is characterized by inadequate insulin secretion and responsiveness. It is typically diagnosed in the second or third trimester and may resolve after delivery. However, women with gestational diabetes have an increased risk of developing type 2 diabetes later in life.

Maturity-Onset Diabetes of the Young (MODY)

MODY is a rare, inherited form of diabetes caused by single-gene mutations affecting insulin production. It constitutes 1-2% of all diabetes cases and varies in age at presentation and severity based on the specific gene defect.



Complications of Diabetes

Diabetes complications can be classified into two main categories: acute and chronic. Acute complications develop rapidly and can be life-threatening, while chronic complications develop over time and can lead to long-term health issues.


		
Acute Complications:




		Diabetic ketoacidosis

		Hyperglycemic hyperosmolar state




		
Chronic Complications:




		
Microvascular: Retinopathy, nephropathy, neuropathy (specific to diabetes).

		
Macrovascular: Atherosclerosis-related complications (e.g., myocardial infarction, stroke).




		
Prevention: Effective glucose control can prevent or delay microvascular complications; specific medications can reduce macrovascular complications.

		
Determinants of Complications: Duration and severity of hyperglycemia; mechanisms include oxidative stress, dyslipidemia, and epigenetic changes





Acute Complications

1. Diabetic Ketoacidosis (DKA)


		
Definition: DKA is a severe, life-threatening complication primarily associated with type 1 diabetes but can also occur in type 2 diabetes.

		
Causes: It results from significantly low insulin levels due to factors such as undiagnosed diabetes, missed insulin doses, insufficient insulin administration, or physiological stress (e.g., infections, surgery).

		
Pathophysiology: The absence of insulin triggers the release of counter-regulatory hormones, leading to increased free fatty acid production and subsequent conversion to ketone bodies in the liver. This results in ketonemia (high ketone levels in the blood) and metabolic acidosis.

		
Symptoms: Symptoms can develop within hours and include polyuria, polydipsia, weight loss, weakness, nausea, vomiting, abdominal pain, and deep rapid breathing (Kussmaul respiration). Lethargy may progress to coma.

		
Diagnosis: Diagnosed through urine analysis (presence of ketone bodies) and blood tests for electrolytes, glucose, and acid-base status.

		
Treatment: Treatment focuses on correcting dehydration, acidosis, and hyperglycemia through fluid and electrolyte replacement, insulin administration, and monitoring.



2. Hyperglycemic Hyperosmolar State (HHS)


		
Definition: HHS is an acute complication more common in type 2 diabetes, characterized by severe hyperglycemia and dehydration without significant ketosis.

		
Causes: Triggered by factors such as infections, myocardial infarction, trauma, and certain medications.

		
Pathophysiology: Insulin becomes less effective, leading to high blood glucose levels (usually above 30 mmol/L). This results in osmotic diuresis, dehydration, and electrolyte imbalances.

		
Symptoms: Symptoms include extreme thirst, frequent urination, dry mouth, and altered mental status, which may progress to coma.

		
Diagnosis: Diagnosed through blood tests showing high glucose levels and increased plasma osmolality.

		
Treatment: Urgent medical treatment is necessary, typically starting with fluid volume replacement and electrolyte management.



3. Hypoglycemia


		
Definition: Hypoglycemia is characterized by abnormally low blood glucose levels, often due to diabetes treatments.

		
Causes: Can result from excessive insulin, incorrect timing of insulin administration, excessive exercise, or inadequate food intake.

		
Symptoms: Symptoms include agitation, sweating, weakness, confusion, seizures, and loss of consciousness.

		
Management: Treated with sugary drinks or food; severe cases may require glucagon injections or intravenous dextrose.



4. Diabetic Coma


		
Definition: A medical emergency where a person with diabetes becomes comatose due to severe complications such as hypoglycemia, DKA, or HHS.



Chronic Complications

Chronic complications of diabetes develop over time and can significantly impair quality of life. They are generally classified into microvascular and macrovascular complications.

Microvascular Complications


		
Diabetic Retinopathy: Damage to the retinal microcirculation can lead to vision loss and is the leading cause of blindness among non-elderly adults.

		
Diabetic Nephropathy: Damage to the kidneys due to increased glomerular pressure can lead to end-stage chronic kidney disease, requiring dialysis.

		
Diabetic Neuropathy: Neuropathy can cause sensory, motor, and autonomic symptoms, leading to complications such as diabetic foot syndrome and increased risk of myocardial infarction.

		
Diabetic Encephalopathy: Diabetes can cause cognitive impairments and structural changes in the brain, increasing the risk of dementia.

		
Diabetic Cardiomyopathy: Damage to the heart muscle can lead to heart failure, independent of vascular damage.



Macrovascular Complications


		
Cardiovascular Disease: Diabetes accelerates atherosclerosis, leading to coronary artery disease, myocardial infarction, and stroke.

		
Peripheral Vascular Disease: Contributes to intermittent claudication and diabetic foot ulcers, increasing the risk of non-traumatic amputations.

		
Diabetic Foot: A combination of neuropathy and vascular damage increases the risk of skin ulcers and infections.



Other Complications


		
Erectile Dysfunction: Men with diabetes are at a higher risk of erectile dysfunction, often occurring 10-15 years earlier than in non-diabetic men.

		
Periodontal Disease: Diabetes significantly increases the risk of gum disease, with diabetics having a threefold higher risk than non-diabetics.



Risk Factors for Complications


		
Age: Older age increases the risk of complications, particularly in type 2 diabetes.

		
Poor Glucose Control: Tight glycemic control has been shown to reduce the risk of both microvascular and macrovascular complications.

		
Autoimmune Processes: In type 1 diabetes, ongoing autoimmune processes may contribute to complications.

		
Genetic Factors: Family history and genetic predisposition can influence the risk and severity of complications.



Mechanisms of Complications

Chronic elevation of blood glucose levels leads to damage to blood vessels (angiopathy). Endothelial cells take in more glucose than normal, leading to thickening of the basement membrane and microvascular damage. This results in both microvascular and macrovascular complications.

Management of Complications


		
Blood Pressure Control: Tight control of blood pressure can significantly reduce diabetes-related deaths.

		
Vitamin Supplementation: Certain vitamins (e.g., thiamine, vitamin D, antioxidants) may help manage complications and improve overall health.

		
Lifestyle Modifications: Regular exercise, a balanced diet, and weight management are crucial for preventing and managing complications.





Comparison of Type 1 and Type 2 Diabetes


		

				Feature

				Type 1 Diabetes

				Type 2 Diabetes

		

		
				Onset

				Sudden

				Gradual, insidious

		

		
				Age at Onset

				Any age; average age at diagnosis ~24

				Mostly in adults

		

		
				Body Size

				Thin or normal

				Often obese

		

		
				Ketoacidosis

				Common

				Rare

		

		
				Autoantibodies

				Usually present

				Absent

		

		
				Endogenous Insulin

				Low or absent

				Normal, decreased, or increased

		

		
				Heritability

				0.69 to 0.88

				0.47 to 0.77

		

		
				Prevalence (age standardized)

				<2 per 1,000

				~6% (men), ~5% (women)

		

	





		Diabetes Management



Diabetes mellitus is a metabolic disease characterized by chronic elevated blood glucose levels (hyperglycemia). The primary goal of diabetes management is to maintain blood glucose levels within normal limits or a target range to prevent complications associated with the disease.

Importance of Blood Glucose Control

Uncontrolled diabetes can lead to acute complications such as hypoglycemia (low blood sugar) and hyperglycemia (high blood sugar), as well as chronic complications affecting various organs and systems, including cardiovascular disease, neuropathy, nephropathy, and retinopathy. Effective management of diabetes is crucial to minimize these risks.

Methods of Blood Glucose Measurement


		
Glucose Meters: Portable electronic devices that measure blood glucose levels using a small blood sample obtained via a lancet. Results are displayed in mg/dL or mmol/L.

		
Continuous Glucose Monitors (CGMs): Devices that measure interstitial glucose levels continuously through a sensor placed on the skin. CGMs provide real-time data and trends, alerting users to high or low glucose levels.

		
Routine Blood Tests: Blood samples can be analyzed for fasting glucose levels and HbA1c (hemoglobin A1c) levels, which indicate average blood glucose control over the past 2-3 months.



Glucose Meter Usage


		A glucose meter requires a small blood sample, typically from a fingertip, to provide immediate glucose readings.

		Proper technique and environmental conditions are essential for accurate measurements.



Continuous Glucose Monitor (CGM) Usage


		CGMs track glucose levels continuously and can alert users to dangerous fluctuations.

		They provide valuable data for adjusting diet, activity, and medication.



Routine Blood Tests


		
Fasting Glucose Test: Measures blood glucose after an 8-hour fast. Normal levels are 70-99 mg/dL (3.9-5.5 mmol/L), while levels of 100-125 mg/dL (5.6-6.9 mmol/L) indicate prediabetes, and levels above 126 mg/dL (7.0 mmol/L) indicate diabetes.

		
HbA1c Test: Measures the percentage of hemoglobin that has glucose attached, reflecting average blood glucose levels over the past 2-3 months. Normal levels are 4.0-5.7%, while levels of 5.7-6.4% indicate prediabetes, and levels above 6.4% indicate diabetes.



Glycemic Control

Glycemic control refers to the management of blood glucose levels in individuals with diabetes. The goal is to achieve and maintain target glucose levels to prevent complications.

Goals of Glycemic Control


		
HbA1c: Less than 7.0% if achievable without significant hypoglycemia.

		
Preprandial Blood Glucose: 70 to 130 mg/dL (3.9 to 7.2 mmol/L).

		
Postprandial Blood Glucose: Less than 180 mg/dL (<10 mmol/L).



Individualization of Goals

Glycemic targets should be tailored based on:


		Duration of diabetes

		Age and life expectancy

		Comorbidities

		Known cardiovascular or advanced microvascular disease

		Hypoglycemia awareness




		Lifestyle Modifications



Dietary Modifications

Dietary changes are crucial for weight loss and the prevention of type 2 diabetes mellitus (T2DM). These modifications are associated with improved glycemic control and can significantly reduce the risk of developing T2DM when combined with increased physical activity.

Effective Dietary Approaches


		
Mediterranean Diet:




		This diet emphasizes fish, seafood, fruits, nuts, vegetables, legumes, and moderate alcohol consumption.

		A systematic review of five studies found that adherence to the Mediterranean diet was associated with a T2DM incidence risk reduction ranging from 9% to 25%.

		The Lyon Diet Heart Study reported a nearly 70% reduction in further cardiovascular events among patients recovering from myocardial infarction when they switched to the Mediterranean diet, although some findings remain controversial.
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