Endo—Diabetes Mellitus Type I
Type I Diabetes Mellitus


Diabetes is a syndrome consisting of a disordered metabolism and inappropriate hyperglycemia.  This syndrome may be due to a deficiency of insulin secretion or a combination of insulin resistance and inadequate insulin secretion to compensate.
Autoimmune


Autoimmune is the most common form of type I DM.  It is mediated by pancreatic beta islet cell destruction.  The rapid destruction of beta islet cells usually occurs in infants and children but may occur at any age.  The slow destruction of beta islet cells is an occasional occurrence and can occur in non-obese individuals as well as elderly individuals with first appearance of hyperglycemia.


The highest incidence of immune-mediated type I diabetes is in Scandinavia and northern Europe (37 per 100,000).  The United States averages 15 per 100,000.  China and parts of South America have the lowest incidence (less than 1 per 100,000).
Idiopathic (Atypical)


Idiopathic (atypical) occurs in less than 10% of type I DM.  Many cases are of African or Asian heritage (strongly inherited).  Some patients have permanent insulinopenia and are prone to ketoacidosis.  Idiopathic type I DM lacks immunological evidence of beta cell autoimmunity.  Patients do not have an ABSOLUTE requirement for insulin replacement therapy.  Insulin is not required for survival, but often for glycemic control.  These patients are usually not obese or insulin resistant.  
Immune-Mediated Type I DM


Immune-mediated type I DM results from an infectious or toxic insult to persons who immune system is genetically predisposed to develop a vigorous autoimmune response against pancreatic beta cell antigens or any molecule resembling a viral protein.


Extrinsic factors that affect pancreatic beta cell function include mumps and coxsackie viruses and environmental links.  Also occurs in individuals who are prone to other autoimmune disorders, such as Grave’s, vitiligo, viral hepatitis, and myasthenia gravis.  
Genetic Predisposition


95% of patients with type I diabetes possess either HLA-DR3 or HLA-DR4 (Human leukocyte antigen).  Circulating islet cell antibodies are present in 85% of patients tested in the first weeks of diabetes onset.  This is helpful as a screening tool for asymptomatic siblings of affected children as well as adults with atypical features of type II when you are looking for an autoimmune cause of their diabetes (highly sensitive immunoassay).  
Clinical Presentation


Individuals with type I DM are dependent on exogenous insulin for life.  Up to 90% of beta cells can be destroyed before symptoms manifest.  Insulin helps bring glucose to cell.  
1) Urinary symptoms – nocturia and polyuria
2) Polydipsia, polyphagia – translates to starvation 
3) Ophthalmic symptoms – blurry vision 
4) Weight loss/inability to gain weight – not using glucose.  Uses alternative fuel.  Fluid loss
5) Postural hypotension – orthostatic.  >20mmHg drop.  Reflects dehydration
6) Musculoskeletal symptoms – ion losses cause fatigue and cramps (electrolyte imbalance)
7) Skin changes – xanthomas and Acanthosis Nigracans 
8) Neurological symptoms – loss of vibratory sensation 

Diabetic ketoacidosis is the most serious complication of DM.  Presents with a fruity breath odor due to acetone, acetoacetate, and hydroxybutyrate.  Neurological symptoms and changes in the level of consciousness are other associated symptoms.  Also presents with abdominal pain, n/v, and profound dehydration.    
Diagnosis and Screening

Screening


Screening should be done in all individuals at age 45.  If results fall within the reference range, repeat at 3 year intervals.  Testing should be done at a younger age if overweight (BMI >25), patient with 1st or 2nd degree relative with diabetes, patients who are members of high-risk ethnic groups, delivery of a baby >9lbs, or any patient with signs and symptoms of insulin resistance.


Fasting plasma glucose (FPG) is the preferred screening test for non-pregnant adults and children.  Fasting is defined as no caloric intake for at least 8 hours.

1) FPG <100mg/dL = reference range

2) FPG >100mg/dL = impaired fasting glucose (IFG) – pre-diabetic state

3) FPG >126mg/dL = diagnostic of diabetes (repeat test)


Random plasma glucose (RPG) should be done 1-2 hours post-meal.  May be done for convenience.  Not diagnostic as a stand alone test.  Needs further testing or clinical correlation.  Values >140 should have FPG or OGTT


Oral glucose tolerance test (OGTT) is the gold standard, i.e. greatest positive yield in diagnosing diabetes.  Confirmatory test for DM.  It is a 2 hour plasma glucose testing after fasting and glucose load given.  Used mainly for pregnant patients.

1) Non pregnant patients

a) FPG – 110mg/dL

b) Two hours after glucose load – 140mg/dL

2) Impaired glucose tolerance (IGT)

a) FPG – 110-125mg/dL

b) Two hours after glucose load - >140 but <200mg/dL
c) In these individuals, glucose levels are higher than normal, but not diagnostic of DM
3) DM diagnostic values

a) FPG - >126mg/dL

b) Two hours after glucose load - >200mg/dL
Diagnostic Criteria for DM in non-pregnant individuals include the following:

1) Symptoms of diabetes plus RPG concentration of >200mg/dL

2) FPG >126mg/dL on 2 occasions

3) Two hour plasma glucose > 200mg/dL during an OGTT

4) Hemoglobin A1C should be maintained at <6.5% without major hypoglycemia.  Value may be affected by hemoglobiopathies and rapid blood loss.  Helps log glycemic control over a period of time
5) Urinalysis – spillage of glucose in the urine, proteinuria (good indication of kidney function – use ACE-I), Ketonuria (more advanced diabetes).  Specific gravity may also be affected (increased solute)
6) Islet cell antibodies – present in as many as 95% of patients tested in the first few weeks of their diabetes

7) Anti-insulin antibodies – may also be present and contribute to insulin resistance
Treatment Goals
1) “Near-normal” range blood glucose level without severe hypoglycemia – HbA1C <6.5%.  Monitor every 2-3 months
2) “Normal” range blood pressure - <130/80mmHg
3) Maintain normal blood lipids – LDL <100mg/dL, HDL >45mg/dL in men and >55 in women, TG <150mg/dL
4) Prevention of macrovascular and microvascular complications – coronary and cerebral artery disease (macrovascular).  Retinopathy, neuropathy, and nephropathy (microvascular).  
Patient Education and Treatment Goal


Patient education should optimally include a comprehensive team approach.  This may include the patient, MD/PA, nurse/educator, registered dietician, and a pharmacist who is a Certified Diabetes Educator (CDE).  If needed, an exercise therapist and psychologist/psychiatrist intervention can be utilized.
1) Diabetic Disease Process
2) Meal Planning – Carbohydrate intake individualized.  Carb counting should be done instead of a fixed meal plan.  1 unit of insulin covers 7-25g of carbs.  Extra carbs may be needed to avoid hypoglycemia.  Fiber 25-35g/day minimum reverses hyperlipidemia and cholesterol problems.  Proteins should be the main source of calorie intake, but not too much (15-20% of total daily energy).  Fat should be <10% from saturated fats.  Trans fatty acids should be limited.  Cholesterol <300mg/day or <200mg/day if LDL >100.  Usage of artificial sweeteners should be utilized
3) Self-monitoring blood glucose (SMBG) – record keeping of results

4) Insulin use – cornerstone of therapy in the chronic course

5) Prevention of hypoglycemia, as well as detection and treatment

Physical Activity Benefits and Precautions

1) Detailed medical exam and comprehensive cardiac evaluation to minimize risks

2) Decrease cardiac risk factors – exercise can increase HDL and decrease VLDL and LDL
3) Improvement of strength and endurance
4) Improved sense of well-being, control, and quality of life
5) May precipitate arrhythmic or myocardial event if patient has significant heart disease (increased myocardial demand)
6) May hasten development of foot or joint problems, especially if nephropathy or other joint disease is present
7) Exposure to injury during exercise regimen
8) May precipitate acute vitreous hemorrhage if proliferate retinopathy is present – especially with exercise that is jarring, pounding, or jerky in nature
9) Can precipitate hypoglycemia if insulin level is high during and after high level of exercise
Other Factors

1) Recognition of chronic complications with risk factor reduction and screening for early detection – annual ophthalmologist and podiatry assessments

2) Ongoing monitoring with A1C at least 4x/year
3) Behavioral modification techniques, problem solving, goal setting, and contact for assistance if necessary
4) Support network – may include family members, educators, health care staff, and professional psychological components.
Insulin Action Times

	
	Onset (Hours)
	Peak (Hours)
	Effective Duration (Hours)

	Rapid Acting
	
	
	

	Lispro (Humalog)
	0.2 – 0.5
	0.5 – 2.5
	<5

	Aspart (Novalog) 
	0.2
	1-3
	3-5

	
	
	
	

	Short Acting
	
	
	

	Regular 
	0.5 – 1
	2 – 3 
	4 – 8

	
	
	
	

	Intermediate Acting
	
	
	

	NPH
	2 – 4 
	4 – 10
	10 – 16

	Lente 
	3 – 4
	4 – 12
	12 – 18

	
	
	
	

	Long Acting
	
	
	

	Ultralente
	 6 – 10
	10 – 16 
	18 – 20

	
	
	
	

	Combinations
	
	
	

	50NPH/50 Regular
	0.5
	Dual
	10-16

	70NPH/30 Regular

(2/3 taken in the morning, remaining 1/3 in the evening)
	0.5
	Dual
	10-16

	70NPH/30 Aspart
	0.2
	Dual
	10-16

	75NPH/25 Lispro
	0.2
	Dual
	10-16



Insulin can be administered via traditional fine-needle insulin syringe, jet injection devices (rarely used), disposable and non-disposable insulin pens (used with cartridges), and insulin pumps (implanted devices used for patients difficult to control with traditional methods.

Insulin can be adjusted in upward or downward calculations with short or rapid acting insulin, based on measurement of blood glucose and assumed peaks of insulin patient has already administered


Somogyi effect occurs with type I patients who may develop nocturnal hypoglycemia.  This is most likely due to too much insulin medicine the night before.  This may stimulate a surge of counter-regulator hormones to produce high blood glucose levels by 7am.  The pancreas as a result secretes glucagon, increasing blood glucose.  Reducing inappropriately high doses of administered insulin improves morning hypoglycemia.  These patients may awaken during the night with nightmares, nervousness, jittery, or headaches (caused by hypoglycemia).  Insulin dose should be decreased at night.

Dawn phenomenon may be present in as many as 75% of patients with type I.  Can occur in type II and “normal” subjects as well.  It is persistent hypoglycemia characterized by reduced tissue sensitivity to insulin developing between 5am and 8am.  Thought to be activated by spikes of GH released at the onset of sleep.  If this phenomenon occurs alone, it may produce only mild hyperglycemia.  Coupled with the Somogyi effect, hypoglycemia may be more pronounced.  Insulin dose should be increased at night to decrease the hyperglycemia in the morning.

Islet cell transplantation is in experimental stages.  Islets are harvested from a cadaver pancreas and injected either into the portal vein laproscopically or via open lapartomy.  More than 1 cadaver pancreas is needed and injections are spaced weeks apart.  Acute and chronic immunosuppression is needed for this procedure.  Success rate is 85% at 1 year.  Prime candidates are lean, have poorly controlled type I DM with recurrent severe hypoglycemia, and no evidence of renal dysfunction.



Pancreas implantation is mainly done in type I patients who need a cadaver renal transplant.  Candidates must otherwise be free of significant CV disease.  Success rate is 85% at 1 year and 70% at 5 years.  
Complications


Acute complications are usually due to a precipitating cause.
Diabetic Ketoacidosis – Diagnostic Criteria
1) Acidosis – pH <7.3 or bicarbonate <15-18mEq/L

2) Increased anion gap >20mEq/L

3) Ketosis – Ketonuria

4) Hyperglycemia (250mg/dL or greater) – may include vomiting, abdominal pain, polyuria, polydipsia, fatigue, stupor, and Kussmaul respiration (rapid breathing, fruity breath odor).

5) Dehydration, hypotension, and/or tachycardia

Treatment of DKA
1) Aggressive fluid replacement – 0.9% NS at 15ml/kg/hr, 1L/hr.  At three hours, decrease NS by 0.45% at 7.5ml/kg/hour.  Add D5 when blood glucose <250mg/kg.
2) Potassium replacement/electrolytes – 5-10 mEq/kg/24h.  Based on serum K, begin within 2h of starting insulin and when urine output is established

3) Insulin replacement – use continuous IV infusion with variable rate based on hourly bedside blood glucose.  Continue until patient is eating and on SC dosage on insulin

4) Bicarbonate therapy – not needed unless pH <7.0 in children.  Re-measure pH after initial hour of hydration before giving bicarbonate

5) Treat underlying precipitating cause – infection, stressor

Diabetic coma can result from hyperglycemia or hypoglycemia
Chronic Complications

1) Microvascular complication – retinopathy (common cause of blindness in the US), nephropathy (common cause of dialysis in the US), and neuropathy (weakness, paresthesias, autonomic neuropathy).
2) Macrovascular complication – CV disease (atherosclerosis and MI), cerebrovascular disease (strokes), and PVD (gangrene, infections, and ulcerations)
People involved in the TX of Diabetes:
1) Endocrinologist

2) Nephrologist
3) Ophthalmologist
4) Cardiologist
5) Nutritionist
6) Podiatrist
7) Neurologist
