Hypercholesterolemia

Hyperlipidemia (hyperlipoproteinemia): Elevated lipoprotein levels in the plasma, which may be primary or secondary.

The major plasma lipids, including cholesterol (or total cholesterol [TC]) and the triglycerides, do not circulate freely in solution in plasma, but are bound to proteins and transported as macromolecular complexes called lipoproteins.  The major lipoprotein classes--chylomicrons, very low-density lipoproteins (VLDL), low-density lipoproteins (LDL), and high density lipoproteins (HDL)--although closely interrelated, are usually classified in terms of physicochemical properties (e.g., electrophoretic mobility and density after separation in the ultracentrifuge). The major lipids transported in the blood are triglycerides; between 70 and 150 g enter and leave the plasma daily compared with 1 to 2 g of cholesterol or phospholipid. 

Chylomicrons, the largest lipoproteins, carry exogenous triglyceride from the intestine via the thoracic duct to the venous system. Fatty acids and glycerol, derived from hydrolysis of chylomicrons, enter the adipocytes and muscle cells for energy use or storage.  VLDL carries endogenous triglyceride primarily from the liver to the same peripheral sites (adipocytes and muscle cells) for storage or use. The same lipases that act on chylomicrons quickly degrade endogenous triglyceride in VLDL, giving rise to intermediate density lipoproteins (IDL) which give rise LDL, which in turn has a plasma half-life of 2 to 3 days. VLDL is, therefore, the main source of plasma LDL.

The fate of LDL is unclear: The liver removes about 70%, and active receptor sites have been found on the surfaces of hepatocytes and other cells that specifically bind to apolipoprotein B (apo B, the ligand associated with LDL that binds with LDL receptors) and remove most LDL from the circulation. 

Hypercholesterolemia can result either from overproduction or defective clearance of VLDL or from increased conversion of VLDL to LDL. Obesity, diabetes mellitus, alcohol excess, nephrotic syndrome, or genetic disorders may cause overproduction of VLDL by the liver. 

Symptoms
A high level of cholesterol in the blood does not have obvious symptoms but can be a risk factor for other conditions that do have recognizable symptoms, including angina, atherosclerosis, heart disease, high blood pressure, stroke and other circulatory ailments.  Soft, yellowish skin growths or lesions called xanthomas may indicate a genetic predisposition to the body's inability to process cholesterol and triglycerides normally.  Obesity and diabetes may be associated with high cholesterol levels.  In men, impotence may be due to arteries affected by excessive blood cholesterol.

Diagnosis

The optimal plasma TC for a middle-aged adult free of CAD is <= 200 mg/dL (<= 5.18 mmol/L). Hypercholesterolemia has usually been defined as a value above the 95th percentile for the population, which ranges from 210 mg/dL (5.44 mmol/L) in Americans < 20 yr old to > 280 mg/dL (> 7.25 mmol/L) in those > 60 yr old. However, these limits are clearly excessive because of the known high risk of cardiovascular disease at these levels.

A consensus of the National Cholesterol Education Program (NCEP) defines TC levels < 200 mg/dL (< 5.18 mmol/L) as desirable, levels between 200 and 240 mg/dL (5.18 and 6.22 mmol/L) as borderline high, and levels > 240 mg/dL (> 6.22 mmol/L) as high.

Lab tests

A useful clinical appraisal of lipids can usually be made by determining plasma TC, HDL-cholesterol, and triglyceride levels after the patient has fasted for >= 12 h. The specimen should also be observed for a milky chylomicron layer after it stands overnight in a refrigerator at 4° C (39.2° F). Colorimetric, gas-liquid chromatographic, enzymatic or other automated “direct” methods may determine plasma TC. Enzymatic methods are usually most accurate and are standard in virtually all clinical laboratories. Plasma triglyceride is usually measured as glycerol by either colorimetric, enzymatic, or fluorometric methods after alkaline or enzymatic hydrolysis to glycerol and formaldehyde. HDL levels are measured enzymatically after precipitation of VLDL, IDL, and LDL from plasma.

Type II Hyperlipoproteinemia 
An elevation of low-density lipoprotein (LDL), which may be primary or secondary.
PRIMARY ELEVATIONS OF LDL
(Primary Type II Hyperlipoproteinemia)
Primary type II hyperlipoproteinemia includes several genetic conditions that lead to elevation of LDL, including familial hypercholesterolemia, familial combined hyperlipidemia, familial defective apolipoprotein B, and polygenic hypercholesterolemia.

Familial Hypercholesterolemia 
A common genetic disorder of lipid metabolism characterized by elevated serum TC in association with xanthelasma, tendon and tuberous xanthomas, corneal arcus juvenilis, accelerated atherosclerosis, and early death from MI.
This disorder occurs most often in a familial pattern of a dominant gene with complete penetrance and is much more severe in homozygotes than in heterozygotes. It is caused by absent or defective LDL cell receptors, resulting in delayed LDL clearance, increased levels of plasma LDL, and accumulation of LDL cholesterol in macrophages, over joints and pressure points, and in blood vessels.

Familial Combined Hyperlipidemia 
A genetic disorder of lipid metabolism, characterized by elevated serum TC and a variety of lipoprotein patterns (excess LDL, VLDL, or both).
Familial combined hyperlipidemia is sometimes confused with familial hypercholesterolemia. It is transmitted in a dominant manner but often is not chemically manifest until after adolescence. A large number of genes probably affect various steps in lipoprotein transport that can cause this phenotype. Combinations of gene defects are the probable cause in many patients. The disorder appears to be due to excessive hepatic production of apo B. Since apo B is the major protein of VLDL and LDL, this disorder can lead to excess LDL, VLDL, or both, depending on clearance. Different lipoprotein patterns in different affected members of the same family are often found. Xanthomas are very uncommon in familial combined hypercholesterolemia, but there is a marked predisposition for premature Coronary Artery Disease (CAD).

Familial Defective Apolipoprotein B 
Familial defective apolipoprotein B (apo B) is a very uncommon condition caused by mutations in the gene for apo B (the protein moiety of LDL), rendering the protein poorly recognized or unrecognized by the LDL receptor. LDL levels are lower than in familial hypercholesterolemia, and xanthomas are uncommon. These patients are at increased risk of CAD.

Polygenic Hypercholesterolemia 
Polygenic hypercholesterolemia is probably a heterogeneous group of disorders and accounts for the largest number of patients with modest genetic elevation of LDL. Most patients with polygenic hypercholesterolemia exhibit impaired clearance of LDL.

SECONDARY ELEVATIONS OF LDL 
In North America and Europe, dietary cholesterol and saturated fats are the most common causes of mild to moderate elevations of LDL.

Hypercholesterolemia is common in biliary cirrhosis, as is a marked increase in the serum phospholipids and an elevated free cholesterol/cholesterol ester ratio (> 0.2). The plasma is not lactescent because the overabundant lipoproteins (lipoprotein X) are small and do not scatter light. Planar xanthomas and xanthelasma are common with prolonged and severe lipemia.

Hypercholesterolemia due to increased LDL levels may be associated with endocrinopathies (hypothyroidism, hypopituitarism, diabetes mellitus) and is usually reversed by hormone therapy. Hypoproteinemias as in the nephrotic syndrome, metabolic aberrations such as acute porphyria, or dietary excesses with cholesterol-rich foods may also produce elevated LDL levels. LDL levels rise at menopause and fall in response to estrogen replacement therapy. TC levels may be elevated secondary to increased HDL levels in postmenopausal women or in younger women taking oral contraceptives or hormone replacement therapy, which contains primarily estrogen.

Treatment of Elevated LDL 
The major reason for therapy is to prevent premature development of atherosclerosis and to lessen the likelihood of CAD and MI.  Altered diet and exercise are the first option in treatment.

Diet: Ingestion of saturated fats and cholesterol suppresses hepatic LDL receptor activity, thus retarding the clearance and raising the levels of plasma LDL.

Drug therapy: Drugs lower elevated LDL cholesterol levels by several known mechanisms: 

(1) Bile acid sequestrants (cholestyramine and colestipol)

(2) HMG-CoA reductase inhibitors, also known as statins, stimulate the clearance of LDL primarily via receptor-mediated mechanisms, although reduced secretion of VLDL and IDL has also been demonstrated in some groups of patients given statins.

(3) Nicotinic acid (niacin) reduces the rate of synthesis of VLDL, the precursor of LDL.

(4) Fibric acid derivatives (gemfibrozil and clofibrate in the USA and fenofibrate and bezafibrate in Europe) accelerate the clearance of VLDL. In published clinical trials, bile acid sequestrants, statins, nicotinic acid, and gemfibrozil have been shown to prevent CAD, and nicotinic acid and statins have been shown to reduce overall mortality.

Cholestyramine and colestipol effectively lower serum LDL, especially when coupled with diet, reducing the number of events from CAD (eg, development of a positive exercise test, anginal episodes, sudden cardiac death). 

The HMG-CoA reductase inhibitors  (atorvastatin, pravastatin, simvastatin, lovastatin) can remarkably lower LDL levels. Aggressive cholesterol lowering with statins has been shown to prevent unstable angina and MI and decrease the need for surgical coronary revascularization. The statins appear to be similar in their side effect profile and differ only in their maximum potency. At the highest doses, simvastatin (80 mg) can lower LDL by 45 to 50%. Their effectiveness can be further enhanced when combined with cholestyramine and/or niacin. Overt side effects with the statins are uncommon, but include hepatitis and myositis. Caution: The risk of myositis and rhabdomyolysis that can result in renal failure increases when the statins are combined with cyclosporine, gemfibrozil, clofibrate, or niacin. Therefore, such combinations should be used only in special situations that warrant the risks, and then only with careful supervision and monitoring.

Niacin (nicotinic acid) may be useful for elevated LDL levels, but the high dosage required (2 to 9 g/day po in divided doses with meals) coupled with its side effects (eg, gastric irritability, hyperuricemia, hyperglycemia, flushing, and pruritus) often restricts its use. 

The fibric acid derivatives have little effect on plasma TC or LDL levels in type II hyperlipoproteinemia, may produce gallstones and other metabolic problems, and usually are not indicated. Other drugs are generally less effective than strict dietary management.

Reference:  The Merck manual
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