Drugs For Diabetes Mellitus
Classification

Type I Diabetes (IDDM) (5-10% of DM)


Type I diabetes usually has an onset <30 years old (mean onset of 12 years old).  It is an autoimmune disease characterized by destruction of the pancreatic B cells.  There is severe insulin deficiency predisposing the patient to ketoacidosis and ketonemia.  Insulin is required for survival.  Diet and exercise can be used to maintain blood glucose 
Type II Diabetes (NIDDM) (90-95% of DM)


Type II diabetes usually has an onset over >30 years old.  Associated with obesity.


Hyperglycemia occurs due to the following factors: 1) genetics 2) insulin resistance – there is normal insulin production but decreased insulin receptors or inefficient glucose transport 3) hepatic glucose production – associated with fat breakdown.  If the body is not efficiently using glucose for energy, the fat stored in adipose tissue will become an important energy source.  Substrates from fat breakdown stimulate the liver to produce glucose.  4) B cell deficiency (defect in normal insulin secretion) – phase I insulin secretion (bolus of insulin secreted minutes after meal) deteriorates in the early stage of DM.  Blood glucose will be high 1-2 hours after a large meal.  Phase II insulin secretion (steady insulin secretion as long as there is glucose stimulation) worsens as the disease progress (a.k.a. pancreatic B cell exhaustion).

Treated with diet, exercise, and weight loss.  Oral medications can also be given.  Insulin may be given as the disease progresses and B cell insulin secretion worsens.    
Insulin


Insulin is normally produced in B cells in Islets of Langerhans in the pancreas (glucagon in A cells).  Insulin normally promotes uptake, utilization, and storage of glucose, therefore lowering blood glucose.  It is a storage hormone that promotes anabolism and inhibits catabolism.


Insulin functions in the following: 1) transport of glucose from blood to the cell 2) conversion of glucose to glycogen (glycogenesis) – inhibits the enzymes responsible for gluconeogenesis and inhibits glycogenolysis 3) conversion of glucose to fatty acids (lipogenesis) – when converted, fatty acids will be stored as TG.  Also inhibits lipolysis 4) stimulates protein synthesis – inhibits protein breakdown and amino acid output
Pathophysiology of DM

Early Manifestations


Acute metabolic abnormalities from the lack of insulin is the result of decreased glucose uptake by muscle and adipose, increased hepatic output of glucose, increased catabolism of proteins in muscle tissue, increased lipolysis and release of fatty acids from adipose tissue.


Reduction of glucose utilization with increase in hepatic glucose production results in hyperglycemia.  When blood glucose goes >180, the kidney can no longer absorb the glucose, so glucose will spill into the urine (glycosuria).  Glucose in the urine will act as an osmotic diuretic, causing polyuria, dehydration, and weight loss.  Polydipsia and polyphagia also occurs.


Increased lipolysis ( increased ketones in the liver ( body cannot metabolize ketones ( keto acids secreted in urine ( ketoacidosis. 

Increased catabolism of proteins and loss of nitrogen in the urine leads to urea and uric acid buildup.  
Long Term Complications

Microvascular

1) Nephropathy

2) Retinopathy

Macrovascular

1) Cerebrovascular disease

2) HTN

3) Dyslipidemia

4) Coronary artery disease – most prevalent cause of death

5) PVD

Neuropathic Complications

1) Related to protein synthesis and glucose related demyelination

Strategies for Controlling Blood Glucose

1) Increase circulating insulin level

2) Improve insulin sensitivity – exercise

3) Regulate glucose production in the liver – exercise

4) Decrease postprandial glucose – diet will help.  This is a major culprit in the development of complications of DM.  Must monitor blood glucose after meals.  New meds address this problem

5) Diet and exercise are always essential components.
Drug Therapy with Insulin

Insulin Preparations


Animal derived insulin is predominantly pork derived.  Bovine derivatives should not be used due to mad cow disease.


Human insulin has a shorter onset and DOA then pork insulin.  Includes Humulin (genetically engineered E. coli) and Novolin (insertion of human AAs).


Sites of injection for insulin, from fastest to slowest, include the abdomen, arm, buttock, and thigh.  Sites should be rotated.  All injections are given SC.


Insulin injections are usually used as a combo of regular and NPH (or ultralente).  If they are being combined into one syringe, regular insulin should be drawn into the syringe first.  The insulin should be refrigerated but not frozen.  To mix, the insulin should be rotated and not shaken.  

A starting dose of 0.5-1 units/kg/day in divided doses is used for children and adults.  For adolescents during a growth spurt, use 0.8-1.2 units/kg/day in divided doses.  The dose should be adjusted based on glucose and Hb1Ac.  70% is NPH and 30% is regular.  Regular insulin IV drip should be used for diabetic ketoacidosis.


SEs include hypoglycemia, local allergy, systemic allergy (more common with animal insulin), immunological resistance (similar to tolerance – increase dose), and local fat atrophy/hypertrophy (decreased absorption of insulin).
SEE CHART!  
Drug Therapy with Oral Agents

Sulfonylureas 


Sulfonylureas are the most common oral agent for type II DM.  They are not useful in type I DM.  They stimulate insulin release from B cells and bind to specific sulfonylurea receptor.  Also decreases the hepatic clearance of insulin.  Both effects will therefore increase circulating insulin levels.  They are sulfur containing drugs and should be avoided in patients allergic to sulfa.  Dose may need to be adjusted in renal dysfunction.

1st generation is used more often in the elderly but have worse side effects.  They are rarely used now because they have been replaced by 2nd generation.  Cannot be used in sulfa allergy.  Include chlorpropramide.

2nd generation include glipizide, glyburide, and glimeripide.  Most are given QD but can be given BID.  Glipizide is preferred in the elderly because of shorter half-life.  May be able to be used in sulfa allergy.


ADRs include weight gain, hypoglycemia, CNS effects, skin reactions, GI effects, hematologic SEs.  Chlorpropramide can lead to SIADH and disulfiram-like reaction with alcohol.


  DDIs that could lead to hypoglycemia include coumadin and fluconazole.  Hyperglycemia can occur when combined with thiazide diuretics

Sulfonylureas should be taken 30 minutes before meals.  They lose effectiveness after 1-2 years.  Glimeripide may have sustained effects on FBG and HbA1C after 2.5 years.  When used in combination with insulin and other oral anti-diabetic agents, there is an increase risk of hypoglycemia.  
Meglitinides


Meglitinides include repaglinide (Prandin) and nateglinide (Starlix).  They stimulate insulin release from B cells, by closing K+ channels and opening Ca2+ channels on B cells.  Not useful in type I DM.  Caution should be taken in patients with hepatic dysfunction.


ADRs include hypoglycemia, n/v/d/, sweating, tremor, URI, and arthralgias.  More active levels of Meglitinides with lead to more insulin, therefore hypoglycemia


DDIs are increased effects with azoles and macrolides (due to P450 enzyme inhibition).  Caution should be taken with highly protein bound drugs like NSAIDs, aspirin, sulfonamides, and coumadin.  There is decreased effectiveness with P450 enzyme inducers like barbiturates, carbamazepine, and rifampin.


Should be dosed 30 minutes prior to meals (like sulfonylurea).  Can be used with metformin or Thiazolidinediones.  CANNOT be used with insulin or sulfonylurea due to alike MOA.  Poor compliance because they are taken 3x/day before meals.  
Biguanides


Metformin (Glucophage) is the only drug in the class of Biguanides.  It inhibits gluconeogenesis by the liver, increases glucose uptake into muscle, and increases insulin receptor sensitivity.  It is contraindicated in CHF and if Cr > 1.5mg/dL in males and >1.4 in females.  The drug can accumulate and cause life threatening lactic acidosis.  They drug should be withheld for 48 hours if receiving iodinated radiocontrast.  Caution should be taken in patients with hepatic and pulmonary disease and MI.  LFTs should be monitored.


ADRs include lactic acidosis, diarrhea, nausea, bloating, metallic taste, anorexia, and decreased folate and B12 absorption.  Does not cause weight gain.  The drug also provides the greatest reduction in HbA1c.


DDI include sulfonylureas (increased hypoglycemia), alcohol (increased lactic acidosis risk), cimetidine, Nifedipine, ranitidine, digoxin, and vancomycin.  All can increase metformin levels.


Metformin rarely causes hypoglycemia when used alone because it doesn’t stimulate insulin release.  Should be gradually titrated due to GI distress.  Can be given with meals to minimize but is not required. 
Thiazolidinediones


Thiazolidinediones are a.k.a. glitazones.  Includes pioglitazone (Actos) and rosiglitazone (Actos).  Their MOA is unique.  They reduce insulin resistance at target tissue by increasing insulin sensitivity in muscle and adipose.  They bind to specific receptors and require the presence of insulin to work.  Also decreases hepatic glucose production.  Can be used in both types of diabetes.  Monitor LFT every 2 months for the first year and periodically thereafter.  Caution should be taken in patients with CHF due to increased edema (not contraindicated).  Level of caution depends on the stage and severity of CHF.  Can be used in early stages with appropriate monitoring.


ADRs include hypoglycemia (especially when combined with other agents), increased LDL (more with rosiglitazone), weight gain, edema, and mild anemia.  


DDI include decreased effectiveness of oral contraceptives, increased effect of pioglitazone with CYP450 enzyme inhibitors


Can be taken without regard to meals because of unique MOA.  Dose adjustments are made only after 12 weeks based on blood glucose and HbA1c because of unique MOA.
Alpha-Glucosidase Inhibitors


Alpha-glucosidase inhibitors work locally in the GI tract.  Includes Acarbose (Precose) and Miglitol (Glyset).  They are reversible inhibitors of alpha glucosidase in the small intestine, therefore interfering with the hydrolysis of complex carbs and dietary disaccharides.  Reduces intestinal absorption of starches and disaccharides and slows the absorption of carbohydrates, lowering postprandial glucose.  Contraindicated in IBD, colonic ulceration, or intestinal obstruction.

These drugs lower postprandial glucose by 50-60mg/dL.  Their effect on fasting blood glucose is minimal and they have a less effect on HbA1c than other classes.  Useful in early stage of disease in patients with mild increases in HbA1c and high glucose after meals.


ADRs include flatulence, diarrhea, and abdominal pain.


There are no significant DDI because it works locally in the gut and is not absorbed systemically.  Beano or pancreatic enzymes may decrease drug effectiveness.


Must be given with first bite of each meal, which usually results in poor compliance.  Titrate slowly to minimize GI effects.
Drugs that can affect blood Glucose
Hyperglycemia

1) Thiazide diuretics

2) Corticosteroids
Hypoglycemia 

1) ASA

2) Sulfonamides
New Drugs for DM


Exanatide (Byetta) is given SC.  It is an incretin mimetic agent.  Promotes insulin release and decreases postprandial glucose.  Inhibits glucagon release.  Used as adjunct with other oral anti-diabetics in patients who have no received optimal glycemic control.  Not for use with insulin.  Do not use in CrCl <30ml/min.  ADRs include hypoglycemia and GI effects.  Provides modest lowering of fasting plasma glucose.  


Pramlintide (Symlin) is given SC.  It is a human amylin analog, which is co-secreted with insulin in response to food intake.  Used as adjunct treatment in Type 1 and Type 2 DM patients who use insulin as mealtimes and who have failed to achieve glucose control.  ADRs include GI effects, headache, hypoglycemia, and no weight gain.  
