Laboratory Medicine—Chemistry III
Glucose (Fasting)

Normal – 70-105mg/dL

Critical Values - <50 (males), <40 (females), >400mg/dL
Pathophysiology

SEE HANDOUT!
Interfering Factors
Increased Levels
1) Stress – burns, trauma, infection, MI

2) Caffeine

3) D5W – dextrose 5%
4) Postprandial

5) Pregnancy – gestational diabetes

6) Drugs – TCAs, b-blockers, steroids, INH, anti-psychotics, phenytoin, diuretics, glucagon, salicylates, EPI, and estrogen 
Decreased Levels
1) Drugs – insulin, APA, alcohol, propranolol, and MAOIs
2) Beta-blockers mask the signs and symptoms of hypoglycemia
Procedure

1) Fasting at least 8 hours, not to exceed 16 hours

2) Withhold oral hypoglycemics and insulin
3) Collect 7ml venous blood in red-top tube

4) Alternatively – finger stick glucose determination 
Clinical Application
Increased Levels

1) Diabetes Mellitus – FPG >126mg/dL on 2 occasions, symptomatic and random glucose >200mg/dL.  FPG 110-125mg/dL suggests impaired fasting glucose

2) Acute stress

3) Cushing’s syndrome

4) Pheochromocytoma

5) CRF

6) Acute pancreatitis

7) Acromegaly – increase in GH leads to increase glucose

8) Hyperthyroidism

9) Drugs – corticosteroids (cortisol) and diuretic therapy
Decreased Levels
1) Insulin overdose – MCC

2) Insulinoma – pancreas pumps out too much insulin 

3) Hypothyroidism

4) Hypopituitarism

5) Addison’s disease – decreased steroids leads to decreased glucose

6) Liver failure

7) Poor intake
Additional Testing – Hemoglobin A1C


Glycosylated hemoglobin (HbA1C) is a measure, in percent, of the average glucose present in the blood, over the entire life-span of a RBC, three to four months (100-120 days).  It is a measure of long term control only, and cannot be used to diagnose DM.  Most hemoglobin in RBCs is of the type A (hemoglobin A) and about 7% of hemoglobin A is particularly receptive to glucose.  This specific hemoglobin A is known as A1C.  HbA1C binds with glucose through glycosylation.  The greater the amount of glucose a RBC is exposed to over its lifetime, the higher the HbA1C.  
Interpretation




HbA1C (%)

Non-diabetic adult



2.2-4.8

Non-diabetic child 



1.8-4.0

Good diabetic control 


2.5-5.9

Fair diabetic control 


6-8

Poor diabetic control 


>8
Prostatic Acid Phosphatase (PAP)


PAP is an isoenzyme of the total acid phosphatase and is found in the prostate gland.  It is chiefly used for the detection, staging, and monitoring response to treatment in prostate cancer, especially metastasis.  PAP may not, however, become elevated in all prostate cancers.  In addition, PAP doses not detect early stage carcinoma.


PAP is more accurate than acid phosphatase, but less accurate than PSA.  PSA will always be favored over PAP in the screening and treatment monitoring of prostate cancer.
Interfering Factors 

Increased Levels

1) S/P prostatic manipulation

2) Increased alkaline phosphatase conditions

3) Drugs – androgens, Clofibrate
Decreased Levels
1) Drugs – fluorides, phosphates, heparin, alcohol, and oxalates
Procedure

1) Withdraw 5-10ml in red-top tube

2) Avoid hemolysis

3) Note recent prostatic manipulation and refrigerate sample
Clinical Application – Increased Levels

1) Prostate cancer

2) BPH
3) Prostatitis
4) Multiple myeloma
5) Paget’s disease
6) Hyperparathyroidism
7) Sickle cell disease
8) Liver dysfunction
Additional Testing


NEVER DO PAP WITHOUT PSA!!!
Creatine Phosphokinase (CPK, CP, CK)


Creatine Phosphokinase is an enzyme that denotes tissue insult or injury.  It is found in the cells of three major systems: heart muscle, skeletal muscle, and the brain.  Each of these three systems, when encountering insult or injury, secretes a specific isoenzyme of CPK: CPK-MB is specific for myocardial cells; CPK-MM is for skeletal muscle; CPK-BB is found in the brain (and pulmonary system).  


In normal, healthy people, only CPK-MM should be present in testing (100% of total CPK), as this reflects skeletal muscle mass.  Increases in the normal CPK-MM is significant for skeletal muscle disease/trauma.
Interfering Factors – Increased Levels

1) Drugs – Amphotericin B, HMG-CoA reductase inhibitors, fibric acid derivatives, ASA, alcohol, lidocaine, succinylcholine, Dexamethasone, ampicillin, and anti-coagulants

2) IM injections

3) Vigorous exercise

4) Recent surgery

5) Pregnancy

6) Increased muscle mass

7) Cellular damage
Procedure

1) Explain necessity of frequent, serial venous draws

2) Rotate venipuncture sites

3) Avoid hemolysis

4) Avoid IM injections in patients with heart disease, MI – falsely elevated levels

5) Red-top tube
Clinical Applications – Increased Levels

CPK-MM
1) IM injections

2) Recent surgery

3) Strenuous exercise

4) Crush injuries/trauma

5) ECT

6) Convulsive disorders

7) Shock – hypoxia leads to cell death

8) Delirium tremens – alcohol withdrawal

9) Rhabdomyolysis

10) Muscular dystrophy

11) Myositis
CPK-BB

1) Head trauma/brain injury

2) ECT

3) Brain tumor

4) CVA

5) Seizure disorder

6) Intracerebral hemorrhage

7) Shock

8) Reye’s syndrome

9) Lung/breast cancer

10) Pulmonary embolus
CPK-MB

1) Acute MI

2) Cardiac contusion – post-MVA
3) Cardiomyopathy
4) Myocarditis
5) Unstable angina
Total CPK

1) Disease or injury to heart, muscle, and brain 

Further Interpretation – Other Cardiac Enzymes – MI
	Enzyme
	Starts to Rise (Hrs)
	Peak (Hrs)
	Returns to Normal (days)

	CPK-MB
	4
	18
	2

	Troponin T
	4-6
	10-24
	10

	Troponin I
	4-6
	10-24
	4


Total Cholesterol/Lipoproteins/Triglyceride

Cholesterol - <200mg/dL

LDL – 60-180mg/dL – less than 100 for any vascular risk factor

VLDL – 25-50% of total cholesterol

HDL – Males >45mg/dL, Females >55mg/dL

Triglycerides – Males <160mg/dL, Females <135mg/dL


Cholesterol, a dietary lipid, is the underlying agent in atherosclerotic vascular disease.  It is consumed via animal products, including meat and dairy.  Cholesterol is needed for the production of steroids, sex hormones, bile acids, and membrane structural support (phospholipids).  In order to travel, triglycerides and cholesterol must be soluble.  This is accomplished by binding with proteins, forming lipoprotein complexes.


Dietary cholesterol and triglycerides are transported from the small intestine to the liver as Chylomicrons.  Chylomicrons are large lipoproteins, but have the lowest percentage of protein composition (thus highest cholesterol content), and therefore have the lowest density.



Chylomicrons < VLDL < LDL < IDL < HDL


The liver converts Chylomicrons into free cholesterol.  It is then bound to LDL.  LDL is comprised mostly of cholesterol (75% of all cholesterol), and little protein.  LDL delivers cholesterol to cells for use.  LDL contributes significantly to coronary heart disease (CHD).


LDL is difficult to measure directly.  Therefore, it is usually tabulated in terms of cholesterol and triglycerides:



LDL = Total cholesterol – (HDL + TG/5)


Dietary triglycerides are absorbed by the small intestine through chylomicrons and delivered to skeletal muscle and adipose tissue as fatty acids through lipoprotein lipase (exogenous pathway).  VLDL is responsible for transport of TG manufactured in the liver, the endogenous TG pathway.  VLDL delivers TG into storage in adipose tissue, and like LDL, contributes to coronary and arteriosclerotic vascular disease.


HDL has the lowest cholesterol content and highest protein content of all the lipoproteins.  It is produced in the liver and carries cholesterol (about 25% of all cholesterol).  It functions as a cholesterol scavenger; it both removes cholesterol from tissues and shuttles it to the liver for excretion (as bile salts), and prevents uptake of cholesterol/lipids in cells.  High HDL levels (>60mg/dL) are cardioprotective; it corresponds to a lower risk CAD
Cholesterol

Interfering Factors – Increased

1) Pregnancy

2) Menopause

3) Drugs – steroids, ACTH, b-blockers, phenytoin, and thiazide diuretics
Interfering Factors – Decreased

1) Drugs – anti-hyperlipidemics, erythromycin, INH, and captopril
Clinical Application – Increased Levels

1) Familial hypercholesterolemia/hyperlipidemia

2) Hypothyroidism – decreased metabolism of fatty substances

3) Xanthomatosis

4) DM

5) Nephrotic syndrome

6) Intake

7) HTN

8) MI

9) Atherosclerosis

10) Stress
Clinical Application – Decreased Levels

1) Malabsorption

2) Malnutrition

3) Cancer

4) Medication

5) Pernicious anemia

6) Hyperthyroidism 

7) Sepsis/stress

8) MI
Lipoproteins and Triglycerides

Interfering Factors

1) HDL reduced by smoking and alcohol

2) TG increased with alcohol via increased VLDL

3) HDL decreases following MI

4) HDL increased in hypothyroidism, decreased in hyperthyroidism

5) Fatty meals and pregnancy increase TG levels

6) Drugs – b-blockers, steroids, OCPs, ASA, and thiazide diuretics increase lipoproteins.  

7) Drugs – Cholestyramine increases TG.  Ascorbic acid, Clofibrate, and Colestipol decrease TG levels
Procedure – Cholesterol, Triglyceride, and Lipoprotein Testing

1) Patient must fast 12 hours prior to test – only water consumption allowed

2) No changes in diet up to 1 week prior to testing

3) Collect 5-10ml in red-top tube

4) Patient education following test – exercise, decrease animal fats, increase fruits and vegetables
Clinical Application – HDL

Increased Levels

1) Familial HDL lipoproteinemia

2) Excessive exercise
Decreased Levels

1) Familial low HDL

2) Liver dysfunction

3) Hypoproteinemia
Clinical Applications – LDL and VLDL, Triglycerides

Increased Levels

1) Familial LDL lipoproteinemia/hypercholesterolemia type 2a and hypertriglyceridemia

2) Hypoproteinemia – decreased HDL, which will increase the others

3) Nephrotic syndrome

4) Hypothyroidism

5) Alcohol usage

6) Hepatoma

7) Gammapathies

8) Cushing’s syndrome

9) Hyperlipidemia

10) High carbohydrate diet

11) Poorly controlled diabetes

12) Chronic renal failure
Decreased Levels

1) Familial low VLDL and LDL

2) Hypoproteinemia – initially low, then increase

3) Hyperthyroidism

4) Malabsorption
Further Testing


Total cholesterol: HDL ratio is used to predict coronary and vascular events.  Desired ratios are less than 4:1.  Significant vascular disease and CHD, including MI, is observed when the ratio exceeds 5:1.

Apoproteins levels may be measured in conjunction with lipoproteins.  Apoproteins are polypeptides (the protein component of lipoproteins) that are responsible for lipoprotein metabolism.  HDL is associated with A-I and A-II, with LDL is associated with Apo B-100.  
