DIABETES MELLITUS 
Definition: 
· Diabetes mellitus encompasses a heterogeneous group of disorders defined by a derangement in carbohydrate, fat, and protein metabolism caused by a defect in either insulin secretion or insulin action. 
· Diabetes mellitus (DM) comprises a group of common metabolic disorders that share the phenotype of hyperglycemia. 

· Several distinct types of DM exist and are caused by a complex interaction of genetics, environmental factors, and life-style choices. 

· Depending on the etiology of the DM, factors contributing to hyperglycemia may include reduced insulin secretion, decreased glucose usage, and increased glucose production. 

Classification
· DM is classified on the basis of the pathogenic process that leads to hyperglycemia
· Age and therapy is no longer used as a criterion in the new classification system. 

· The two broad categories of DM are designated type 1 and type 2. 
Type 1

· In type 1 diabetes, insulin is functionally absent because of the destruction of the beta cells of the pancreas

· Type 1A DM results from autoimmune beta cell destruction, which usually leads to insulin deficiency. 
· Type 1B DM (Idiopathic) is also characterized by insulin deficiency as well as a tendency to develop ketosis. 
· However, individuals with type 1B DM lack immunologic markers indicative of an autoimmune destructive process of the beta cells. 
· Although type 1 DM most commonly develops before the age of 30, an autoimmune beta cell destructive process can develop at any age. 
Type 2

· Type 2 DM is a heterogeneous group of disorders usually characterized by variable degrees of insulin resistance, impaired insulin secretion, and increased glucose production.
· Type 2 diabetes mellitus is a group of disorders characterized by hyperglycemia and associated with microvascular (i.e. retinal, renal, possibly neuropathic), macrovascular (i.e. coronary, peripheral vascular), and neuropathic (i.e. autonomic, peripheral) complications.

· Although type 2 DM more typically develops with increasing age, it also occurs in children, particularly in obese adolescents.
Genetic defects

Genetic defects of beta-cell function: 
· Approximately two to five percent of patients with type 2 diabetes present at a young age have mild disease, and autosomal dominant transmission. 
· This condition was formerly called maturity-onset diabetes of the young MODY
· Six different genetic abnormalities have been identified with types 3 and 2 accounting for 65 and 15 percent of cases, respectively
· In the new classification, the MODY subtypes have been eliminated, and replaced by specific descriptions of the known genetic defects
· Hepatocyte nuclear factor-4-alpha: Mutations in the (HNF-4-alpha) gene on chromosome 20 cause the condition formerly called MODY1
· Glucokinase gene: Over a dozen mutations in the glucokinase gene on chromosome 7 have been described, and were formerly called MODY2
· Defects in the expression of glucokinase, which phosphorylates glucose to glucose-6-phosphate and probably acts as a glucose sensor, result in deficient insulin secretion
· Hepatocyte nuclear factor-1-alpha: One of several mutations in the HNF-1-alpha gene on chromosome 12 was formerly called MODY3
· HNF-1-alpha is a weak transactivator of the insulin gene in beta cells. 
· Mutations of HNF-1-alpha can lead to abnormal insulin secretion
· Insulin promoter factor 1: Mutations in the insulin promoter factor 1 (IPF-1) gene can lead to what was called MODY4 by reduced binding of the protein to the insulin gene promoter and perhaps by altering fibroblast growth factor signaling in beta cells 
· Less severe mutations in IPF-1 may predispose to late onset type 2 diabetes
· Hepatocyte nuclear factor-1-beta: Mutations in the HNF-1-beta gene produce a syndrome that was formerly called MODY5 
· Affected patients can develop a variety of manifestations in addition to early onset diabetes.
· Neurogenic differentiation factor-1: Mutations in the gene for neurogenic differentiation factor-1 (also called NEUROD1 or BETA2) can lead to what was called MODY6 
· NEUROD1 normally functions as a regulatory switch for endocrine pancreatic development

Risk factors

Type I diabetes mellitus

· In the United States, even with the increasing rate of type 2 diabetes, type 1 diabetes accounts for approximately two-thirds of new diagnoses of diabetes in patients ≤ 19 years of age
· The incidence of childhood type 1 diabetes varies based upon geography, age, gender, and family history. 
· In addition, there appear to be environmental factors that increase the risk of developing type 1 diabetes
· Geographical variation: In general, the risk appears to rise as the geographical latitude increases (distance from the equator)
· The incidence of childhood type 1 disease is rising worldwide, with reported annual increases of 2 to 5 percent in Europe, the Middle East, and Australia 
· The rise appears to be primarily in younger children.
· Age and gender: The age of presentation of childhood onset type 1 diabetes has a bimodal distribution with one peak at 4 to 6 years of age and a second in early puberty (10 to 14 years of age)
· Although most autoimmune diseases are more common in females, there appears to be no gender difference in the overall incidence of childhood type 1 diabetes
· Genetic susceptibility: The risk of type 1 diabetes is significantly increased in close relatives of a patient with type 1 diabetes: 
· No family history — 0.4 percent 
· Offspring of an affected mother — 2 to 4 percent 
· Offspring of an affected father — 5 to 8 percent 
· Offspring with both parents affected — reported as high as 30 percent 
· Non-twin sibling of affected patient — 5 percent 
· Dizygotic twin — 8 percent 
· Monozygotic twin — 50 percent lifetime risk, 30 percent within 10 years of diagnosis of the first twin
· Environmental factors: In genetically susceptible individuals, exposure to one or more environmental agents appears to trigger an immune response that ultimately causes destruction of the insulin-producing pancreatic beta cells.
Type 2 Diabetes Mellitus

· Family history of diabetes (i.e., parent or sibling with type 2 diabetes) 

· Obesity (BMI 25 kg/m2) 

· Habitual physical inactivity 

· Race/ethnicity (e.g., African American, Latino, Native American, Asian American, Pacific Islander) 

· Previously identified IFG or IGT 

· History of GDM or delivery of baby >4 kg (>9 lb) 

· Hypertension (blood pressure 140/90 mmHg) 

· HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL (2.82 mmol/L) 

· Polycystic ovary syndrome or acanthosis nigricans 

· History of vascular disease

Epidemiology

· Roughly 5-15% of all cases of diabetes are type 1 DM.

· Type 1 DM usually starts in children aged 4 years or older, with the peak incidence of onset at age 11-13 years, coinciding with early adolescence and puberty

· Although the prevalence of both type 1 and type 2 DM is increasing worldwide, the prevalence of type 2 DM is rising much more rapidly because of increasing obesity and reduced activity levels as countries become more industrialized.

· DM increases with aging

· The prevalence is similar in men and women throughout most age ranges
Pathogenesis
Type 1 DM
· Type 1A DM develops as a result of the synergistic effects of genetic, environmental, and immunologic factors that ultimately destroy the pancreatic beta cells.

· This autoimmune process is thought to be triggered by an infectious or environmental stimulus and to be sustained by a beta cell-specific molecule. 
· Approximately 85% of patients have circulating islet cell antibodies

· Most islet cell antibodies are directed against glutamic acid decarboxylase (GAD) within pancreatic B cells
· One theory regarding the etiology of type 1 DM is that it results from damage to pancreatic beta cells from an infectious or environmental agent. 

· It triggers the immune system in a genetically susceptible individual to develop an autoimmune response against altered pancreatic beta cell antigens or molecules in beta cells that resemble a viral protein. 

· Currently, autoimmunity is considered the major factor in the pathophysiology of type 1 DM. 

· Prevalence is increased in patients with other autoimmune diseases, such as Graves disease, Hashimoto thyroiditis, and Addison disease. 

· Approximately 95% of patients with type 1 DM have either human leukocyte antigen (HLA)-DR3 or HLA-DR4. 

· HLA-DQs are considered specific markers of type 1 DM susceptibility

· Beta cell mass then begins to decline, and insulin secretion becomes progressively impaired, although normal glucose tolerance is maintained.

· Features of diabetes do not become evident until a majority of beta cells are destroyed (~80%). 
· However, this fleeting phase of endogenous insulin production from residual beta cells disappears as the autoimmune process destroys the remaining beta cells, and the individual becomes completely insulin deficient. 
· The development of the disease appears to require inheritance of a sufficient complement of genes to confer susceptibility to the disorder. 
· The concordance of type 1A DM in identical twins ranges between 30 and 70%, indicating that additional modifying factors must be involved in determining whether diabetes develops

Type 2 DM
· Type 2 DM is a heterogeneous disorder with a complex etiology that develops in response to genetic and environmental influences. 

· Central to the development of type 2 DM are insulin resistance and abnormal insulin secretion. 
· Insulin resistance and abnormal insulin secretion are central to the development of type 2 DM.
· Type 2 DM has a strong genetic component. 

· The concordance of type 2 DM in identical twins is between 70 and 90%. 

Pathophysiology:  

Type 1
· Type 1 DM is a catabolic disorder in which circulating insulin is very low or absent, plasma glucagon is elevated, and the pancreatic beta cells fail to respond to all insulin-secretory stimuli.
Type 2
· Type 2 DM is characterized by impaired insulin secretion, insulin resistance, excessive hepatic glucose production, and abnormal fat metabolism. 
· In the early stages of the disorder, glucose tolerance remains near-normal, despite insulin resistance, because the pancreatic beta cells compensate by increasing insulin output 
· As insulin resistance and compensatory hyperinsulinemia progress, the pancreatic islets in certain individuals are unable to sustain the hyperinsulinemic state. 
· IGT, characterized by elevations in postprandial glucose, then develops. 
· A further decline in insulin secretion and an increase in hepatic glucose production lead to overt diabetes with fasting hyperglycemia. 
· Ultimately, beta cell failure may ensue
· Obesity, particularly visceral or central, is very common in type 2 DM. 
· Adipocytes secrete a number of biologic products (leptin, tumor necrosis factor a, free fatty acids) that modulate processes such as insulin secretion, insulin action, and body weight and may contribute to the insulin resistance.
Others effects of diabetes

· Somogyi phenomenon: In the 1930 Somogyi speculated that hypoglycemia induced by insulin could cause a counterregulatory hormone response that produces hyperglycemia. 

· Unappreciated nocturnal hypoglycemia could lead to morning hyperglycemia; if the physician or patient increases the evening insulin, this could exacerbate the problem

· This phenomenon is actually less common than morning hyperglycemia due to hypoinsulinemia resulting from the dawn phenomenon.
· Debate continues in the scientific community as to the actual presence of this reaction to hypoglycemia.

· Studies have cast doubt on the importance of counterregulatory hormones in mediating glycemic rebound. 

· Hypoinsulinemia (waning of the insulin dose), insulin resistance, and hypersensitivity to the effects of the counterhormones also may play a role

· Dawn phenomenon: This occurs as the insulin requirement is rising and results in a rapid rise of blood sugar at 4-8 AM
Clinical features

· The most common symptoms of type 1 diabetes mellitus (DM) are polyuria, polydipsia, and polyphagia, along with lassitude, nausea, and blurred vision, all of which are due to the hyperglycemia itself

· Polyuria and thirst: Polyuria is due to osmotic diuresis secondary to hyperglycemia. 

· Thirst is due to the hyperosmolar state and dehydration

· Polyphagia with weight loss: The weight loss with a normal or increased appetite is due to depletion of water and a catabolic state with reduced glycogen, proteins, and triglycerides

· Fatigue and weakness: This may be due to muscle wasting from the catabolic state of insulin deficiency, hypovolemia, and hypokalemia

· Muscle cramps: This is due to electrolyte imbalance

· Blurred vision: This also is due to the effect of the hyperosmolar state on the lens and vitreous humor. 
· Glucose and its metabolites cause dilation of the lens, altering its normal focal length

· Peripheral neuropathy: This presents as numbness and tingling in both hands and feet, in a glove and stocking pattern. It is bilateral, symmetric, and ascending neuropathy, which results from many factors, including the accumulation of sorbitol in peripheral sensory nerves due to sustained hyperglycemia
Diagnosis
Criteria for the Diagnosis of Diabetes Mellitus (American Diabetes Association) 

· The National Diabetes Data Group and World Health Organization have issued diagnostic criteria for DM based on the following premises: (1) the spectrum of fasting plasma glucose (FPG) and the response to an oral glucose load (OGTT—oral glucose tolerance test) varies among normal individuals, and (2) DM is defined as the level of glycemia at which diabetes-specific complications occur rather than on deviations from a population-based mean
· Symptoms of diabetes plus random blood glucose concentration > 11.1 mmol/L (200 mg/dL) or 
· Fasting plasma glucose > 7.0 mmol/L (126 mg/dL) b or 
· Two-hour plasma glucose > 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance test 
· In the absence of unequivocal hyperglycemia and acute metabolic decompensation, these criteria should be confirmed by repeat testing on a different day. 
· Random is defined as without regard to time since the last meal. 
· Fasting is defined as no caloric intake for at least 8 h. 
· The test should be performed using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water; not recommended for routine clinical use.
· Glucose tolerance is classified into three categories based on the FPG: 

· FPG < 5.6 mmol/L (100 mg/dL) is considered normal 

· FPG = 5.6–6.9 mmol/L (100–125 mg/dL) is defined as IFG

· FPG 7.0 mmol/L (126 mg/dL) warrants the diagnosis of DM.
· Based on the OGTT, IGT is defined as plasma glucose levels between 7.8 and 11.1 mmol/L (140 and 199 mg/dL) and diabetes is defined as a glucose > 11.1 mmol/L (200 mg/dL) 2 h after a 75-g oral glucose load
· Individuals with IFG and/or IGT, recently designated pre-diabetes by the American Diabetes Association (ADA), are at substantial risk for developing type 2 DM (25–40% risk over the next 5 years) and have an increased risk of cardiovascular disease
· The current criteria for the diagnosis of DM emphasize that the FPG is the most reliable and convenient test for identifying DM in asymptomatic individuals. 
· A random plasma glucose concentration 11.1 mmol/L (200 mg/dL) accompanied by classic symptoms of DM (polyuria, polydipsia, weight loss) is sufficient for the diagnosis of DM 
· Oral glucose tolerance testing, although still a valid means for diagnosing DM, is not recommended as part of routine care.
Glycosylated hemoglobin (Hb) or Hb A1c
· Hb A1c is the stable product of nonenzymatic irreversible glycosylation of the beta chain of Hb by plasma glucose and is formed at rates that increase with increasing plasma glucose levels

· Most physicians periodically determine Hb A1c to estimate plasma glucose control during the preceding 1-3 months
· Hemoglobin formed in new red blood cells enters the circulation without any glucose attached. 
· However, red cells are freely permeable to glucose. 
· As a result, glucose becomes irreversibly attached to hemoglobin at a rate dependent upon the prevailing blood glucose.
· Glycated hemoglobin predicts the progression of diabetic microvascular complications. 
· The reference range for nondiabetic people is 6% in most laboratories

· In a 2009 report, however, an international expert committee appointed by the ADA, the European Association for the Study of Diabetes, and the International Diabetes Association recommended Hb A1c assay for the diagnosis of type 1 and type 2 DM.

· The committee cited the following advantages of Hb A1c testing over glucose measurement: 

· Captures long-term glucose exposure 

· Has less biologic variability 

· Does not require fasting or timed samples 

· Is currently used to guide management decisions

· The committee’s recommendation for a diagnosis of DM is an Hb A1c level of 6.5% or higher, with confirmation from repeat testing (unless clinical symptoms are present and the glucose level is >200 mg/dL). 
· Glucose measurement should remain the choice for diagnosing pregnant women or if Hb A1c assay is unavailable.
Fructosamine
· Fructosamine levels also test for glucose levels. 
· Many proteins other than hemoglobin also undergo nonenzymatic glycation, leading to the formation of advanced glycosylation end products which may play a direct role in the development of diabetic microvascular complications
· The serum concentration of some of these proteins can also be used to estimate glycemic control. 
· The term fructosamine has been applied to the ketoamines formed in this process
· Fructosamine is formed by a chemical reaction of glucose with plasma protein and reflects glucose control in the previous 1-3 weeks. 

· This assay, therefore, may show a change in control before Hb A1c and often is helpful when applying intensive treatment and in short-term clinical trials
· To determine whether the individual has type 1 rather than type 2 DM, an insulin and/or C-peptide level below 5 µU/mL, or 0.6 ng/mL, suggests type 1. 
· C-peptide is formed during conversion of proinsulin to insulin. 
· A high positive titre of glutamic acid decarboxylase antibodies also suggests type 1 DM. 
· An exception is the individual with type 2 DM who presents with a very high glucose, eg above 300 mg/dL, who temporarily has a low insulin and/or C-peptide level but who will recover insulin production once normal glucose is restored
Screening

· Widespread use of the FPG as a screening test for type 2 DM is recommended because: 
1) A large number of individuals who meet the current criteria for DM are asymptomatic and unaware that they have the disorder 
2) Epidemiologic studies suggest that type 2 DM may be present for up to a decade before diagnosis 
3) As many as 50% of individuals with type 2 DM have one or more diabetes-specific complications at the time of their diagnosis 
4) Treatment of type 2 DM may favorably alter the natural history of DM 
· The ADA recommends screening all individuals >45 years every 3 years and screening individuals at an earlier age if they are overweight [body mass index (BMI) > 25 km/m2] and have one additional risk factor for diabetes 
· In contrast to type 2 DM, a long asymptomatic period of hyperglycemia is rare prior to the diagnosis of type 1 DM.

Treatment
Overall Principles

· The goals of therapy for type 1 or type 2 DM are to: 

1. Eliminate symptoms related to hyperglycemia

2. Reduce or eliminate the long-term microvascular and macrovascular complications of DM

3. Allow the patient to achieve as normal a lifestyle as possible
· Symptoms of diabetes usually resolve when the plasma glucose is <11.1 mmol/L (200 mg/dL)
· The care of an individual with either type 1 or type 2 DM requires a multidisciplinary team.
· Members of the health care team include the primary care provider and/or the endocrinologist or diabetologist, a certified diabetes educator, and a nutritionist. 
· In addition, when the complications of DM arise, subspecialists (including neurologists, nephrologists, vascular surgeons, cardiologists, ophthalmologists, and podiatrists) with experience in DM-related complications are essential
Patient Education about DM, Nutrition, and Exercise
· The patient with type 1 or type 2 DM should receive education about nutrition, exercise, care of diabetes during illness, and medications to lower the plasma glucose. 

· Along with improved compliance, patient education allows individuals with DM to assume greater responsibility for their care.
Diabetic education

· Education topics important for optimal diabetes care include self-monitoring of blood glucose; urine ketone monitoring (type 1 DM); insulin administration; guidelines for diabetes management during illnesses; management of hypoglycemia; foot and skin care; diabetes management before, during, and after exercise; and risk factor–modifying activities

Nutrition

· ADA has issued recommendations for three types of Medical nutrition therapy (MNT). 
1. Primary prevention measures of MNT are directed at preventing or delaying the onset of type 2 DM in high-risk individuals (obese or with pre-diabetes) by promoting weight reduction.

2. Secondary prevention measures of MNT are directed at preventing or delaying diabetes-related complications in diabetic individuals by improving glycemic control. 

3. Tertiary prevention measures of MNT are directed at managing diabetes-related complications (cardiovascular disease, nephropathy) in diabetic individuals.
· As for the general population, a diet that includes fruits, vegetables, fiber-containing foods, and low-fat milk is advised
· The glycemic index is an estimate of the postprandial rise in the blood glucose when a certain amount of that food is consumed. 

· Consumption of foods with a low glycemic index appears to reduce postprandial glucose excursions and improve glycemic control. 

· Reduced calorie and nonnutritive sweeteners are useful.

· The goal of MNT in the individual with type 1 DM is to coordinate and match the caloric intake, both temporally and quantitatively, with the appropriate amount of insulin.

· MNT must be flexible enough to allow for exercise, and the insulin regimen must allow for deviations in caloric intake. 

· An important component of MNT in type 1 DM is to minimize the weight gain often associated with intensive diabetes management.

· The goals of MNT in type 2 DM are slightly different and address the greatly increased prevalence of cardiovascular risk factors (hypertension, dyslipidemia, obesity) and disease in this population. 

· The majority of these individuals are obese, and weight loss is strongly encouraged and should remain an important goal. 

· Hypocaloric diets and modest weight loss (5–7%) often result in rapid and dramatic glucose lowering in individuals with new-onset type 2 DM.

· MNT for type 2 DM should emphasize modest caloric reduction, reduced fat intake, increased physical activity, and reduction of hyperlipidemia and hypertension. 

· Increased consumption of soluble, dietary fiber may improve glycemic control in individuals with type 2 DM. 

· Weight loss and exercise improve insulin resistance
Exercise

· Exercise has multiple positive benefits including cardiovascular risk reduction, reduced blood pressure, maintenance of muscle mass, reduction in body fat, and weight loss. 
· For individuals with type 1 or type 2 DM, exercise is also useful for lowering plasma glucose (during and following exercise) and increasing insulin sensitivity. 
· In patients with diabetes, the ADA recommends 150 min/week (distributed over at least 3 days) of aerobic physical activity 
· In patients with type 2 DM, the exercise regimen should also include resistance training.
Monitoring the Level of Glycemic Control
· Optimal monitoring of glycemic control involves plasma glucose measurements by the patient and an assessment of long-term control by the physician (measurement of hemoglobin A1C and review of the patient's self-measurements of plasma glucose). 

· These measurements are complementary: the patient's measurements provide a picture of short-term glycemic control, whereas the A1C reflects average glycemic control over the previous 2–3 months
Self-monitoring of blood glucose

· Self-monitoring of blood glucose (SMBG) is the standard of care in diabetes management and allows the patient to monitor his or her blood glucose at any time

· The frequency of SMBG measurements must be individualized and adapted to address the goals of diabetes care. 

· Individuals with type 1 DM or individuals with type 2 DM taking multiple insulin injections each day should routinely measure their plasma glucose three or more times per day to estimate and select mealtime boluses of short-acting insulin and to modify long-acting insulin doses. 

· Most individuals with type 2 DM require less frequent monitoring

· Individuals with type 2 DM who are taking insulin should utilize SMBG more frequently than those on oral agents. 

· Individuals with type 2 DM who are on oral medications should utilize SMBG as a means of assessing the efficacy of their medication and the impact of diet. 

· Since plasma glucose levels fluctuate less in these individuals, one to two SMBG measurements per day (or fewer in patients who are on oral agents or are diet-controlled) may be sufficient. 

· Most measurements in individuals with type 1 or type 2 DM should be performed prior to a meal and supplemented with postprandial measurements to assist in reaching postprandial glucose targets

· Ketones are an indicator of early diabetic ketoacidosis and should be measured in individuals with type 1 DM when the plasma glucose is consistently >16.7 mmol/L (300 mg/dL); during a concurrent illness; or with symptoms such as nausea, vomiting, or abdominal pain. 

· Blood measurement of beta-hydroxybutyrate is preferred over urine testing with nitroprusside-based assays that measure only acetoacetate and acetone
Assessment of Long-Term Glycemic Control

· Measurement of glycated hemoglobin is the standard method for assessing long-term glycemic control. 
· When plasma glucose is consistently elevated, there is an increase in nonenzymatic glycation of hemoglobin; this alteration reflects the glycemic history over the previous 2–3 months, since erythrocytes have an average life span of 120 days (glycemic level in the preceding month contributes about 50% to the A1C value).

· In standardized assays, the A1C approximates the following mean plasma glucose values: an A1C of 6% is 7.5 mmol/L (135 mg/dL), 7% is 9.5 mmol/L (170 mg/dL), 8% is 11.5 mmol/L (205 mg/dL), etc. 

· [A 1% rise in the A1C translates into a 2.0-mmol/L (35 mg/dL) increase in the mean glucose.] 

· In patients achieving their glycemic goal, the ADA recommends measurement of the A1C at least twice per year. 

· More frequent testing (every 3 months) is warranted when glycemic control is inadequate, when therapy has changed, or in most patients with type 1 DM. 

· The degree of glycation of other proteins, such as albumin, can be used as an alternative indicator of glycemic control when the A1C is inaccurate (hemolytic anemia, hemoglobinopathies). 

· The fructosamine assay (measuring glycated albumin) reflects the glycemic status over the prior 2 weeks.

Type 1 and Type 2 Diabetes Mellitus: Treatment
Establishment of Target Level of Glycemic Control
· Because the complications of DM are related to glycemic control, normoglycemia or near normoglycemia is the desired
· The target for glycemic control (as reflected by the A1C) must be individualized, and the goals of therapy should be developed in consultation with the patient after considering a number of medical, social, and lifestyle issues.

· The ADA suggests that the glycemic goal is to achieve an A1C as close to normal as possible without significant hypoglycemia. 
· In general, the target A1C should be <7.0% with a more stringent target (<6%) for many patients.

Type 1 Diabetes Mellitus

Intensive Management

· Intensive diabetes management has the goal of achieving euglycemia or near-normal glycemia.

· The benefits of intensive diabetes management and improved glycemic control include a reduction in the microvascular complications of DM and a reduction in the macrovascular complications of DM, which persists after a period of near-normoglycemia

Insulin Preparations

· In the United States, most insulin is formulated as U-100 (100 units/mL), whereas in some other countries it is available in other concentrations (e.g., U-40 = 40 units/mL).

· Insulins can be classified as short-acting or long-acting
· Insulin injected subcutaneously is the first-line therapy in the treatment of type 1 diabetes. 
· The different types of insulin are based upon their times of onset and durations of action.
· Short-, intermediate-, and long-acting insulins are available. 
· Regular, lispro, and aspart insulins are the only types that can be administered intravenously.

· Human insulin currently is the only species of insulin available in the United States, and it is less antigenic than previously used animal-derived varieties. 

· Rapid-acting insulins include regular insulin, lispro, and aspart insulin. 
· Regular insulin is a preparation of zinc insulin crystals in solution. 
· Its onset of action is 0.5-1 h, it peaks at 2.5-5 h, and duration of action is 6-8 h. 
· Lispro insulin is a form of regular insulin that is genetically engineered with the reversal of the amino acids lysine and proline in the B chain. 
· Aspart insulin has aspartic acid substituted for proline in position 28 of the B chain. 
· Both of these insulins are absorbed more quickly and have a rapid onset (5-10 min), peak (1 h), and duration (4 h) of action. 
· Therefore, they have the advantage that they may be administered shortly before eating. 
· Semilente insulin is like regular insulin and is a slightly slower rapid-acting insulin. 
· It contains zinc insulin microcrystals in an acetate buffer 
· Intermediate-acting insulins include neutral protamine Hagedorn (NPH) insulin, which contains a mixture of regular and protamine zinc insulin, and lente insulin, which contains 30% semilente insulin and 70% ultralente insulin in an acetate buffer. 

· Long-acting insulins include ultralente insulin, containing large zinc insulin crystals in an acetate buffer, and insulin glargine, a newer long-acting insulin that has no peak and produces a relatively stable level lasting more than 24 hours. 
· Both insulins can supply basal 24-hour insulin with a single daily injection. 

· Mixtures of insulin preparations with different onsets and durations of action frequently are administered in a single injection by drawing measured doses of 2 preparations into the same syringe immediately before use. 
· The exception is insulin glargine, which should not be mixed with any other form of insulin. 
· Preparations that contain a mixture of 70% NPH and 30% regular human insulin (i.e. Novolin 70/30, Humulin 70/30) are available, as is Humulin 50/50, but the fixed ratios of intermediate-acting to rapid-acting insulin may restrict their use. 
· In addition, a 25/75 mixture of NPH and lispro insulin is available.

Type 2 Diabetes Mellitus

General Aspects

· The goals of therapy for type 2 DM are similar to those in type 1. 

· While glycemic control tends to dominate the management of type 1 DM, the care of individuals with type 2 DM must also include attention to the treatment of conditions associated with type 2 DM (obesity, hypertension, dyslipidemia, cardiovascular disease) and detection/management of DM-related complications

· Type 2 diabetes management should begin with MNT 

· An exercise regimen to increase insulin sensitivity and promote weight loss should also be instituted. 

· Pharmacologic approaches to the management of type 2 DM include oral glucose-lowering agents, insulin, and other agents that improve glucose control

· Any therapy that improves glycemic control reduces "glucose toxicity" to the islet cells and improves endogenous insulin secretion. 

· However, type 2 DM is a progressive disorder and ultimately requires multiple therapeutic agents and often insulin
Glucose-Lowering Agents
· Based on their mechanisms of action, glucose-lowering agents are subdivided into agents that increase insulin secretion, reduce glucose production, increase insulin sensitivity, and enhance GLP-1 action 
· Glucose-lowering agents (with the exception of alpha-glucosidase inhibitors and an amylin analogue) are ineffective in type 1 DM and should not be used for glucose management of severely ill individuals with type 2 DM. 
· Insulin is sometimes the initial glucose-lowering agent
Biguanides
· Example: Metformin is representative of this class of agents. 

· Mechanism of action: It reduces hepatic glucose production through an undefined mechanism and improves peripheral glucose utilization slightly 

· Metformin reduces fasting plasma glucose and insulin levels, improves the lipid profile, and promotes modest weight loss. 

· Dosage: The initial starting dose of 500 mg once or twice a day can be increased to 1000 mg bid. 

· An extended-release form is available and may have fewer gastrointestinal side effects (diarrhea, anorexia, nausea, metallic taste). 

· Because of its relatively slow onset of action and gastrointestinal symptoms with higher doses, the dose should be escalated every 2–3 weeks based on SMBG measurements. 

· Side effects: The major toxicity of metformin, lactic acidosis, can be prevented by careful patient selection.

· Metformin should not be used in patients with renal insufficiency [serum creatinine > 133 mol/L (1.5 mg/dL) in men or > 124 mol/L (1.4 mg/dL) in women, with adjustments for age], any form of acidosis, CHF, liver disease, or severe hypoxia. 

· Metformin should be discontinued in patients who are seriously ill, in patients who can take nothing orally, and in those receiving radiographic contrast materials. 

· Insulin should be used until metformin can be restarted
Sulfonylureas
· Mechanism of action: The primary mechanism of action of the sulfonylureas is to stimulate insulin release from pancreatic B cells
· Sulfonylureas remain the most widely prescribed drugs for treating hyperglycemia. 

· Sulfonylureas are not indicated for use in type 1 diabetes patients since these drugs require functioning pancreatic B cells to produce their effect on blood glucose

· Sulfonylureas are generally contraindicated in patients with hepatic or renal impairment

· Classification and examples: First-generation sulfonylureas (tolbutamide, tolazamide, acetohexamide, chlorpropamide)
· Second-generation sulfonylureas (glyburide, glipizide, glimepiride)
Meglitinide analogs

· The meglitinide analog repaglinide also bind the sulfonylurea receptor and stimulate insulin secretion. 

D-Phenylalanine derivative

· Nateglinide stimulates insulin secretion by binding to the sulfonylurea receptor and closing the ATP-sensitive potassium channel

Thiazolidinediones

· Mechanism of action: Drugs of this newer class of antihyperglycemic agents sensitize peripheral tissues to insulin.

· The thiazolidinediones appear to have their main effect on skeletal muscle and adipose tissue. 
Alpha-glucosidase inhibitors
· Mechanism of action: Alpha-glucosidase inhibitors competitively inhibit the -glucosidase enzymes in the gut that digest dietary starch and sucrose.

· Examples: The -glucosidase inhibitors acarbose and miglitol are such currently available drugs
Insulin

· Insulin is indicated for type 1 diabetes as well as for type 2 diabetic patients with insulinopenia whose hyperglycemia does not respond to diet therapy either alone or combined with oral hypoglycemic drugs.

· Human insulin is produced by recombinant DNA techniques (biosynthetic human insulin) as Humulin (Eli Lilly) and as Novolin (Novo Nordisk). 

· It is dispensed as either regular (R), NPH (N), lente (L), or ultralente (U) formulations
· Three analogs of human insulin-two rapidly acting (insulin lispro, insulin aspart) and one very long-acting (insulin glargine)-are now available for clinical use

· Four principal types of insulins are available: (1) ultra-short-acting, with very rapid onset and short duration; (2) short-acting, with rapid onset of action; (3) intermediate-acting; and (4) long-acting, with slow onset of action

Transplantation

· Pancreas transplantation at the time of renal transplantation is becoming more widely accepted.

· Islet cell transplantation is a minimally invasive procedure
Prevention

· Type 2 DM is preceded by a period of IGT, and a number of lifestyle modifications and pharmacologic agents prevent or delay the onset of DM. 
· The Diabetes Prevention Program (DPP) demonstrated that intensive changes in lifestyle (diet and exercise for 30 min/day five times/week) in individuals with IGT prevented or delayed the development of type 2 DM by 58% compared to placebo. 
· This effect was seen in individuals regardless of age, sex, or ethnic group. 
· In the same study, metformin prevented or delayed diabetes by 31% compared to placebo. 
· The lifestyle intervention group lost 5–7% of their body weight during the 3 years of the study. 
· Studies in Finnish and Chinese populations noted similar efficacy of diet and exercise in preventing or delaying type 2 DM; acarbose, metformin, thiazolidinediones, and orlistat prevent or delay type 2 DM but are not approved for this purpose. 
· When administered to nondiabetic individuals for other reasons (cardiac, cholesterol lowering, etc.), pravastatin reduced the number of new cases of diabetes. 
· Individuals with a strong family history of type 2 DM and individuals with IFG or IGT should be strongly encouraged to maintain a normal BMI and engage in regular physical activity. 
· Pharmacologic therapy for individuals with prediabetes is currently controversial because its cost-effectiveness and safety profile are not known. 
· A recent ADA Consensus panel concluded that metformin, but not other medications, could be considered in individuals with both IFG and IGT who are at very high risk for progression to diabetes (age < 60 years, BMI 35 kg/m2, family history of diabetes in first-degree relative, elevated triglycerides, reduced HDL, hypertension, or A1C > 6.0%).

