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Hyperlipidemia

Diagnosis & Management
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Why Should We Care About Hyperlipidemia ? 
Introduction: 

· The association between elevated serum cholesterol and atherosclerotic disease was first reported in the 1930s.
· Subsequent large epidemiologic studies such as the Seven Countries Study and the Framingham Heart Study confirmed the strong relationship between serum cholesterol and CHD.
· In the Multiple Risk Factor Intervention Trial, 356,222 men with no history of MI were screened and followed for the development of CHD over the course of 6 years.
·  The relationship between serum cholesterol level and subsequent CHD was found to be continuous, graded, and strong .
· The Lipid Research Clinics Prevalence Study demonstrated in a 10-year follow-up that cholesterol level at baseline was strongly associated with CHD death in men who did and men who did not have CHD when they entered the study.
· In the Johns Hopkins Precursors Study, cholesterol levels determined in young men in their early twenties were predictive of the risk of developing CHD three to four decades later .

· These and many other epidemiologic and observational studies formed the basis of the “cholesterol hypothesis,” which states that the relationship between serum cholesterol and atherosclerosis is causal and that reduction of serum cholesterol reduces atherosclerotic disease.

· The subfractionation of serum cholesterol into cholesterol contained within specific lipoproteins, such as LDLs and high-density lipoproteins (HDLs), was a major clinical advance. 
· Risk for CHD was found to be strongly associated with LDL cholesterol levels. 
· The observation that HDL cholesterol levels were inversely associated with cardiovascular risk was made in the 1950s and rediscovered in the 1970s .
· The relationship between fasting serum triglycerides and cardiovascular risk has been confounded by the inverse association between triglycerides and HDL cholesterol, as well as by the association of triglycerides with other risk factors, such as diabetes mellitus and body mass.
· Earlier epidemiologic studies demonstrated that fasting triglycerides were not independently associated with cardiovascular risk.
· However, in the last several years, several prospective studies have indicated that triglyceride levels are an important independent predictor of risk . 
Several Types: 

· Lipid disorders are common and are an important risk factor for coronary heart disease (CHD) and all types of atherosclerotic cardiovascular disease (ASCVD). 
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Terminology :
· Lipoproteins: Complexes responsible for transporting lipids (cholesterol, triglyceride, phospholipids) within the blood.
· Apolipoprotein: major protein component of lipoproteins; apolipoproteins have a variety of functions.

· Chylomicron: intestinal triglyceride-rich lipoprotein; Elevated when triglycerides are >1,000 mg per dl.

· Hepatic lipase (HL): endothelial-anchored enzyme in liver that is primarily responsible for hydrolysis of triglycerides and phospholipids in intermediate-density lipoprotein and high-density lipoprotein.
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· Lipoprotein lipase (LPL): Endothelial-anchored enzyme primarily responsible for hydrolysis of chylomicron and very-low-density lipoprotein triglycerides, especially in muscle and adipose tissue.

· High-density lipoprotein (HDL): small lipoprotein thought to participate in levels are inversely associated with risk of coronary artery disease.

· 3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase: rate-limiting enzyme in cholesterol biosynthesis; Inhibition by statins results in reduction of plasma LDL-cholesterol levels.

· Intermediate-density lipoprotein (IDL): lipoprotein formed by hydrolysis of triglycerides in very.
· Lecithin-cholesterol acyltransferase (LCAT): Enzyme that converts free cholesterol to cholesteryl ester on high-density lipoprotein.

· Very-low-density lipoprotein (VLDL): Major triglyceride-containing lipoprotein when fasting triglycerides are <1,000 mg per dL; made by the liver.

· Low-density lipoprotein (LDL): Major cholesterol-containing lipoprotein and major atherogenic lipoprotein.

· Primary prevention: Treatment to prevent atherosclerosis and coronary artery disease events in persons who do not have evidence of coronary artery disease.

· Secondary prevention: Treatment to prevent recurrent coronary artery disease events in persons who have documented coronary artery disease.
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Physiology and Pathophysiology of Lipoprotein Metabolism and Relationship to Atherosclerosis
· Lipoproteins are large macromolecular complexes that transport cholesterol and triglycerides within the blood. 
· They contain a neutral lipid core consisting of triglycerides and cholesteryl esters that is surrounded by phospholipids and specialized proteins known as apolipoproteins.
· Chylomicrons are the largest and most lipid-rich lipoproteins, whereas HDLs are the smallest lipoproteins and contain the least amount of lipid. 

· Apolipoproteins are required for the structural integrity of lipoproteins and direct their metabolic interactions with enzymes, lipid transport proteins, and cell surface receptors.
· Apolipoprotein A-I (apoA-I) is a major component of all HDL particles and serves as a marker for this lipoprotein family.
· Apolipoprotein B (apoB) is the major apolipoprotein for all the remaining non-HDL lipoproteins. 
· There are two forms of apoB, apoB-48 and apoB-100, both of which are derived from the same gene. 
· In the liver, the apoB messenger RNA is translated to produce the larger apoB-100, which is found in lipoproteins derived from the liver (VLDL, IDL, LDL).
· In the intestine, the apoB messenger RNA is “edited” by a complex resulting in the synthesis of a smaller protein (apoB-48), which is then found in lipoproteins derived from the intestine (chylomicrons).

· Lipoprotein receptors are a class of cell surface proteins that bind lipoproteins.
· The known lipoprotein receptors bind regions of apolipoproteins on the lipoprotein particles.
· The best-understood lipoprotein receptor is the LDL receptor, which is responsible for catabolizing both chylomicron and VLDL remnants as well as LDL.
· The LDL receptor binds apolipoprotein E and apoB and has sometimes been called the “apoB/E receptor.” 
· The level of LDL receptor expression in the liver plays a major role in regulating the plasma level of cholesterol .

· The LDL receptor–related protein (LRP) has a variety of ligands, including apoE .
· It serves as a second pathway for clearance of apoE-containing chylomicron and VLDL remnants, especially in the deficiency of LDL receptors .
· The VLDL receptor is expressed in several extrahepatic tissues and may play a role in the delivery of fat to peripheral cells .
· The scavenger receptor binds modified or oxidized LDL (in addition to other ligands) and is thought to play a role in the development of the macrophage into the foam cell . 
· Lipid-modifying enzymes and lipid transport proteins play a major role in lipoprotein metabolism and potentially in atherosclerosis.
· Lipoprotein lipase (LPL) is an enzyme that hydrolyzes triglycerides in chylomicrons and VLDL. 
· It is bound to the surface of the capillary endothelium, especially in muscle and adipose tissue, and binds to the chylomicrons as they traverse the capillary bed. 
· Apolipoprotein C-II (apoC-II), found on the chylomicrons, serves as a required cofactor for LPL. 
· The free fatty acids generated by triglyceride hydrolysis enter the tissue to serve as a source of energy or fat storage, and the resulting chylomicron remnant is released and is eventually taken up by the liver. 
· Hepatic lipase (HL) is found primarily on the endothelium of the hepatic sinusoids.
· HL has both triglyceride and phospholipid hydrolytic activity. 
· One major substrate for HL is IDL, possibly resulting in conversion to LDL or in some cases promoting the catabolism of IDL. 
· The other major substrate for HL is HDL, in which the phospholipid hydrolysis results in conversion to smaller HDL particles that may be more rapidly catabolized.
· Lecithin-cholesterol acyltransferase (LCAT) converts free cholesterol to cholesteryl ester on lipoproteins (especially HDL) by transferring fatty acids from phospholipids to cholesterol .
· One major role of LCAT is thought to be the esterification of free cholesterol that is acquired by HDL from cells, thus creating a gradient for free cholesterol and enhancing further cholesterol efflux from cells. 
· The cholesteryl ester transfer protein (CETP) transfers cholesteryl esters and other lipids among lipoproteins . 
· One major role of CETP is thought to be the transfer of cholesteryl esters from HDL (formed as a result of LCAT activity) to VLDL and IDL in exchange for triglycerides. 
· This may be a major pathway by which cholesterol obtained from cells by HDL is eventually returned to the liver in a process that has been termed “reverse cholesterol transport.” 
· However, some cholesteryl esters are transferred by CETP to VLDL and LDL, and therefore CETP could promote atherogenesis;
· the relationship of CETP to atherosclerosis remains uncertain. 
· The phospholipid transfer protein transfers phospholipids among lipoproteins , although its role in lipoprotein metabolism and atherosclerosis has not yet been fully elucidated. 
· These lipoprotein-modifying enzymes and lipid transport enzymes act in concert to modulate lipoprotein metabolism and probably have important effects on atherosclerosis.

· Disorders of lipoprotein metabolism involve perturbations that cause.
· elevation of triglyceride and/or cholesterol levels,
· reduction of HDL cholesterol levels,
· alteration of properties of lipoproteins, such as their size or composition.
· These perturbations can be.
· genetic (primary) or.
· Secondary ( as a result of other diseases, conditions, or drugs .
· Many (but not all) lipoprotein disorders have as their most important clinical consequence the increased risk of premature ASCVD. 
· The mechanisms by which elevated serum cholesterol promotes atherosclerosis has been a subject of intensive research for decades. 
· Much of this work has traditionally focused on the mechanisms by which lipoproteins promote foam-cell formation. 
· In vitro studies by several investigators demonstrated that native LDL is not taken up by macrophages in culture and does not promote their conversion to foam cells.
· However, modification or oxidation of the LDL was demonstrated to result in cholesterol loading and foam-cell formation.
· This led to the “oxidized LDL hypothesis,” which states that LDL must be oxidized before it becomes atherogenic, and a large body of research has supported this general concept . 
· It is not certain that oxidation is required for all of the atherogenic effects of lipoproteins to take place. 
· In addition, LDL and other lipoproteins are likely to have other atherosclerosis-promoting effects that are distinct from foam-cell formation and may not require oxidation, such as effects on endothelial function, platelets, and smooth muscle cells . 
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· The epidemiologic inverse association of HDL cholesterol with CHD is well established. 
· The mechanistic relationship of HDL metabolism to atherogenesis is not well understood 
· The leading hypothesis for decades has been the “reverse cholesterol transport hypothesis,” in which HDL removes excess cholesterol from cells within the arterial wall and returns it to the liver for excretion in the bile.
· Although this process occurs in tissues throughout the body, its direct relationship to HDL metabolism and atherogenesis remains uncertain.
· HDL may work by other mechanisms as well.
· HDL has been demonstrated in vitro to.
·  inhibit LDL oxidation,
· stabilize prostacyclin,
· inhibit endothelial adhesion molecule expression.
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Familial Dyslipidemia :

Therapy: 


Errors, Like Straus upon the surface flow;

He who would search for pearls must dive below
 “ John Driden “ 
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