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Objectives
1. Learn current classification of Diabetes Mellitus

2. Learn major clinical features of Type 1 and Type 2 Diabetes Mellitus

3. Learn criteria for diagnosis of Diabetes Mellitus

4. Describe major clinical features, laboratory abnormalities and pathogenesis of acute complications of Diabetes Mellitus

5. Describe the role of Hemoglobin A1c and micro

6. albumin (urinary albumin excretion) in monitoring long term control and Diabetes Mellitus

INTRODUCTION
More than 10,000,000 North Americans have this disease and more than 40,000 deaths/year are directly attributable to diabetes.

Prior to the availability of insulin, a major cause of death was the acute complications of diabetic ketoacidosis.  Today, the chief causes of death and morbidity in diabetics are the chronic complications.  Diabetics are twice as likely to die of a myocardial infarct than normal people.  They are five times more likely to develop peripheral vascular problems.  Diabetes is a leading cause of chronic renal failure and blindness.  Even with the availability of insulin, patients with diabetes have shorter life expectancies than normal.  With the potential development of better control regimens for hyperglycemia, with better understanding and control of autoimmune destruction, development of an artificial pancreas, improved pharmacological agents or reversing diabetic complications, and wider use of islet cell or pancreatic transplantation in the future, perhaps this will be changed. Tight control of glucose concentration is the most important means we have today to control these chronic complications.

CLASSIFICATION
The table below summarizes the current classification of diabetes mellitus based on the 1979 National Diabetes Data Group.  Type I (IDDM) accounts for 10% of all diabetics.  Type II (NIDDM) accounts for approximately 90% of all diabetics.  Category 3 + 4 causes are less common.

Current classification of diabetes

Diagnoses associated with glucose intolerance 

A.
Diabetes mellitus (DM)

1.
Type I, insulin-dependent (IDDM)

2.
Type II, non-insulin dependent (NIDDM)

3.
Diabetes associated with certain conditions and syndromes

a.
Pancreatic diabetes

b.
Drug- or chemical-induced diabetes

c.
endocrinopathies

d.
Insulin receptor disorders

4.
Certain genetic syndromes

B.
Impaired glucose tolerance (IGT) (glucose levels between normal and diabetic)

C.
Gestational diabetes (GDM) (glucose intolerance during pregnancy)

IDDM vs. NIDDM
The next table summarizes the major characteristics of the two most important causes of diabetes mellitus.  In type I, the pancreatic cells are destroyed by an autoimmune process triggered by unknown factors, possibly a viral infection.  There is always a marked deficiency of insulin.  The presence of islet cell antibodies in the circulation precedes the onset.  Type II (NIDDM) diabetes presents later in life and has a slow onset.  Obesity is present in approximately 40%.  There is usually a combination of resistance to insulin action and diminished capacity to release insulin in these individuals.  The beta cells of the pancreas are "worn out".


Major characteristics of IDDM and NIDDM


Feature

IDDM

NIDDM

typical age of onset

onset

habitus

weight loss

ketosis-prone

serum insulin concentration

family history of diabetes

HLA association
childhood, young adult

acute

lean

usual

usually

low or absent

uncommon

DR3, DR4
middle-age, elderly

gradual

often obese

uncommon

usually not

often normal

common

none

CLINICAL FEATURES
The clinical manifestations of diabetes are related to two different aspects of the disease:

1.
Acute metabolic disturbances.  Discussed later.

2.
Chronic metabolic complications.

Acute metabolic complications result in classical symptoms of diabetes:  polyuria, polydipsia, weight loss, dehydration, coma.

Chronic complications increase with duration of the disease.  These include nephropathy, neuropathy, retinopathy and arteriopathy.

DIAGNOSIS
Usually, the diagnosis of diabetes depends on the demonstration of a fasting plasma glucose greater than 7.8 mmol/L on two occasions.  Also, if a random plasma glucose, or 2‑hour post‑glucose load plasma glucose exceeds 11.1 mmol/L on more than one occasion, the diagnosis can be made.  If this occurs, an oral glucose tolerance test is not required.  Also, if both results are normal a patient does not have diabetes mellitus and an oral glucose tolerance (oGTT) test is not necessary.  GTT may be indicated if the results are equivocal.  Most GTTs are now performed on pregnant women to establish the diagnosis of gestational diabetes.

Glucose Tolerance Test Instructions

patient must be fasting >10 <16 hours;


normal carbohydrate intake in the days prior to the test;


patient must be at rest during test;


patient is given a 75 gram oral load of glucose (Glucola) and blood drawn for plasma determination of glucose at 0, 0.5, 1, 1.5 and 2 hours;

· for gestational diabetes, 100 grams of glucose are given and blood samples are drawn at hourly intervals for 3 hours.


DIAGNOSTIC CRITERIA FOR DIABETES MELLITUS
A.
Diabetes Mellitus in Non-Pregnant Adults

1.
Classic symptoms of DM with plasma glucose >11.1 mmol/L;

2.
Fasting plasma glucose >7.8 mmol/L on 2 occasions or along with elevated HbA1c;

3.
Oral glucose tolerance test.  Two hour glucose >11.1 mmol/L and at least one other value at 0.5, 1.0, or 1.5 hours >11.1 mmol/L.  Fasting level should be >7.8 mmol/L;

*
WHO protocol does not require 0.5, 1.0, or 1.5 hour samples.

B.
Impaired Glucose Tolerance

1.
Fasting glucose between 6.4 and 7.8 mmol/L;

2.
Two hour value in oral glucose tolerance test between 7.8 and 11.1 mmol/L plus one other value at 0.5, 1.0, or 1.5 hours >11.1 mmol/L.

C.
Gestational Diabetes

1.
Two or more of the following values for glucose must be met or exceeded:

Fasting

1 hour

2 hours

3 hours
mmol/L

   5.8

  10.6

   9.2

   8.1

*
this test performed following a screening 1 hour glucose post 50 gram load exceeding 7.8 mmol/L.

D. 
Normal

1.
Fasting plasma glucose <6.4 mmol/L;

2.
Two hour glucose tolerance test value <7.8 mmol/L.

ACUTE COMPLICATIONS OF DIABETES MELLITUS
1.
Diabetic ketoacidosis ‑ mortality up to 10%;

2.
Hyperosmolar non‑ketotic hyperglycemia ‑ mortality ~50%;

3.
Hypoglycemia.

Patient in each of the above cases may present in coma.  The first test to perform in emergency is glucometer analysis of capillary blood.  If glucose is high, then proceed with investigation and management of diabetic ketoacidosis.  If glucose is low, treat the patient for hypoglycemia.

Diabetic Ketoacidosis:

Ketoacidosis may be the first presenting symptom in IDDM, or it may develop in a known diabetic who omits to take insulin, or whose insulin requirements have increased because of acute illness, such as an M.I., trauma, or infection.

The major clinical and metabolic features are listed in the table below:


Clinical and metabolic features

of diabetic ketoacidosis

Clinical

thirst

polyuria (but oliguria late)

dehydration

hypotension, tachycardia and

peripheral circulatory failure

ketosis

hyperventilation

vomiting

abdominal pain

drowsiness and coma

Metabolic

hyperglycemia

glycosuria

metabolic acidosis

ketonemia

uremia

hyperkalemia

hypertriglyceridemia

hemoconcentration

Pathogenesis
Both relative and absolute insulin deficiency lead to increased gluconeogenesis and glycogenolysis while, at the same time, glucose uptake by insulin dependent cells is reduced.  The end result is hyperglycemia, leading to intracellular dehydration and osmotic diuresis, with accompanying loss of electrolytes.  In the absence of insulin, lipolysis and ketogenesis also occur.  Accumulation of ketones leads to acidosis and compensatory hyperventilation.  In the absence of insulin, and in the presence of acidosis, potassium moves out of the cells into the vascular space and is lost into the urine, along with water and other electrolytes.

 
Laboratory tests that should be ordered immediately are:  blood gases, glucose, ketones, urea, creatinine, electrolytes and phosphate.  The significance of these tests will be discussed.

Treatment and monitoring:

First, restore blood volume with isotonic saline.  If the pH is less than 7.0, treat with intravenous bicarbonate.  Give insulin (bolus and continuous infusion).  The glucose should drop by approximately 20% per hour.  The main goal of insulin therapy is to give enough to block gluconeogenesis, which contributes to the hyperglycemia, and lipolysis, which contributes to the ketogenesis.

Monitor clinical signs, electrolytes (especially potassium), phosphate, pH, bicarbonate and glucose.

Patients may initially present with an increased potassium.  However, their total body potassium may be depleted.  As their pH is normalized and following insulin infusion, potassium will move into the cells and the patients may develop hypokalemia.  Potassium must be monitored closely.  Phosphate also moves into the cells with glucose following insulin therapy.  Therefore, this anion must be monitored as well.

Hyperosmolar Non‑ketotic Hyperglycemia:

This complication is more common in elderly NIDDM patients.  Their major problem is extreme dehydration secondary to osmotic diuresis.  Because there is some residual insulin activity in patients with NIDDM, lipolysis is not activated and there is no ketoacidosis from the metabolism of fatty acids.

The degree of unconsciousness in these patients is usually proportional to the increase in serum osmolality.

The precipitating factor is usually increased insulin resistance secondary to stress of illness (myocardial infarct, embolism, sepsis, pancreatitis, renal failure), or it may be a complication of certain drugs (propranolol, dilantin, thiazide diuretics).

Laboratory Diagnosis:


glucose increased (greater than 45 mmol/L);


negative ketones;


pH normal (sometimes lactic acidosis);


decreased serum sodium;


increased osmolality (greater than 340 mOsm/kg).

Treatment and monitoring:


normal saline;


bolus and continuous infusion I.V. insulin;


monitor central venous pressure to prevent fluid overload;


monitor osmolality, electrolytes, phosphate, glucose;


best assessment is degree of mental activity.

CHRONIC COMPLICATIONS OF DIABETES
Prior to insulin therapy, diabetic ketoacidosis was the cause of death in more than 50% of diabetics.  Today, the major cause of death is vascular disease.

1.
Macrovascular disease:

Diabetics have twice the risk of developing coronary artery disease;


One half of all non‑traumatic amputations are performed on diabetics.

Some of the risk factors include increased LDL cholesterol, decreased HDL cholesterol and increased susceptibility to infections.  Also glycosylated proteins in the vascular wall can lead to basement membrane thickening and vascular complications.

2.
Diabetic retinopathy:

Diabetes is the leading cause of new blindness in adults;


5% of individuals with diabetes of greater than 20 years duration have severe visual impairment:  12% have cataracts.

3.
Diabetic nephropathy:

Diabetes is the most important cause of end stage renal disease in North America;


One third of patients with IDDM will develop significant proteinuria within 15‑20 years.  Within a further five years, these individuals will develop renal failure.

4.
Diabetic neuropathy:

This is a major problem in IDDM and NIDDM patients who have had their disease for more than 15 years;


They can have both a peripheral and an autonomic neuropathy.

Does good glucose control prevent, slow, or reverse the chronic complications of diabetes?  Recent studies have now proven that good control does make a difference with lower incidence of retinopathy and nephropathy.

Monitoring long term control
The laboratory and the patient play major roles in assessing long term glucose control in diabetics.  In the past, urine glucose testing was common.  Today, home capillary blood glucose monitoring is common.

Glycosylated hemoglobin, or HbA1c has greatly improved the laboratory's ability to assess long term control.  Hemoglobin, by a non‑enzymatic process, becomes glycosylated at the N‑terminal valine position of the ‑subunit to form hemoglobin A1c.  A chemical transformation (Amadori rearrangement), which occurs slowly makes this step irreversible.  The amount of stable HbA1c measured in the blood of a patient is directly proportional to the average glucose concentration over the previous 6 weeks.

Fructosamine levels, measured in some laboratories, represents mainly glycosylated albumin.  This test can be used to provide a measure of shorter term control.  Half‑life of albumin is 20 days, compared to 120 day life‑span of red blood cells.

It is now recognized that glycosylation of a wide variety of proteins occurs when exposed to high concentrations of glucose.  The chemical properties and, therefore, function of these proteins, which form advanced glycation end product (AGEs),  are altered.  This phenomenon may explain some of the long term complications of diabetes.

Another recent development is the measurement of low levels of albumin excreted into the urine (microalbuminuria).  This urine albumin test can be used to predict which patients are at greater risk of developing diabetic nephropathy.  The earliest sign of this complication is increased concentration of albumin in the urine.  Sensitive immunoassays are required to measure these small changes in albumin excretion.  It is believed that vigorous management at the earliest sign of microalbuminuria, with angiotensin converting enzyme inhibitors, to control renal hemodynamics and blood pressure, may reverse or slow the progress of this complication.
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