30. Atherosclerosis, hyperlipoproteinemia 

Atherosclerosis is a type of arteriosclerosis or hardening of the arteries. It represents degenerative (inflammatory) disease of arteries with formation of fibrofatty lesions (plaques) in the intimal lining that change physical parameters of the large and medium-sized arteries and predispose them to aggregation of platelets - thrombus formation.
Atherosclerotic lesions can be characterized by:
1. accumulation of intracellular and extracellular lipids
2. proliferation of vascular smooth muscle cells
3. formation of large amounts of scar tissue and connective tissue proteins

Historical hypotheses of atherogenesis:
1852 - Thrombogenic hypothesis by Rokitansky: Repeated depositions of blood elements (fibrin, platelets, etc.) on the endothelium results in formation of microthrombi; old deposits degenerate as new material continues to accumulate and platelets release a factor that stimulates smooth muscle proliferation.
1862 - Lipid infiltration by Virchow: Circulating lipids enter arterial endothelium and accumulate around the smooth muscle; endothelial permeability is adversely affected, allowing continued lipid filtration.
These historical opinions fit well to the much newer theories:
Response to injury: Arterial endothelium is injured by altered hemodynamic forces (hypertension), harmful chemicals (nicotine, catecholamines), bacterial infection, hyperlipidemia, or mechanical trauma; endothelial membrane is disrupted, permeability is altered and platelets, lipids and smooth muscle aggregate on the intimal layer.
Lipogenic hypothesis: Elevated levels of low density lipoproteins (LDLs), decreased levels of high density lipoproteins (HDLs) result in migration and accumulation of LDLs and cholesterol in the tunica intima and tunica media.

Predisposing/contributing factors:
- endocrine and metabolic - hyperlipoproteinemia/dyslipoproteinemia (see below)
- diabetes mellitus
- obesity
- stress
- personality type A (see chapter - Stress)
- mechanical factors - hypertension, turbulent flow (in bifurcation of arteries)
- toxic (nicotine)
- genetic (familial hypercholeterolemia, hyperhomocysteinemia - not proved sufficiently so far, mechanism is not well known - hypotheses about facilitation of thrombogenesis, toxicity to endothelium, increased oxidation of LDL)
- infectious (Chlamydia)
- endothelial dysfunction (see below)
- inflammation - influx of lipids
- sedentary lifestyle
- increasing age

Development
- predisposing factors lead to endothelial dysfunction (lower mechanical resistance, increased permeability)
- development of chronic aseptic inflammation
- influx of lipids - accumulated in macrophages → "foamy cells"
- macrophages produce cytokines →proliferation of smooth muscle cells of tunica media - shift to subendothelial space
- inflammatory process makes fibrotisation
- growth of plate

Accelerated atherosclerotic process in men
Women are protected by estrogens (until menopause, then they also have acceleration):
- increased formation of NO- increased secretion of prostacyclins
- lower number of angiotensin receptors
- lower production of endothelin (see below - Endothelial dysfunction)
= predominance of vasodilating agents

Consequences
● hemodynamic
- stenosis (predominance of vasoconstrictive agents)
- lower perfusion, ischemia, atrophy
● thrombogenic
- rupture of plates, internal bleeding → stenosis
- infarctions, aneurysmas

Predilection places
- coronary arteries
- carotids
- visceral branches, aorta ascendens
- iliac arteries

Possible influencing
- elimination of risk factors
- pharmacotherapy - fibrates, statins (↓ LDL), supplementation by estrogens in menopause
- diet rich for L arginine → increased availability of NO, vit. B6, B12, folic acid →↓homocysteine (?? - not sufficiently proved)

Hyperlipoproteinemia
- according to recent theories of the pathogenesis of atherosclerosis it is one of the main etiological factors
- among all possible types of hyperlipoproteinemias, "familial hypercholesterolemia" (type IIA) represents the main risk - is characterized by elevated LDL and normal triglycerides
- more important than absolute level of LDL ("bad cholesterol") is its proportion to HDL (high density lipoproteins - "good cholesterol" - it is posible to increase this with fibrates - e.g. Gemfibrozil)
- it is possible to reduce synthesis of endogenous cholesterol (more significant than decreased  intake of exogenous cholesterol in nutrition) in liver by statins (e.g. lovastatin, pravastatin) - tendency to achieve level < 4.5 mmol/l
- fibrates (Fibric Acid derivates – e.g. Clofibrate) can significantly reduce elevated triglyceride through their lipoprotein lipase-mediated effect on lipolysis and by reducing triglyceride production in the liver - adverse effects include cholelithiasis caused by increased cholesterol excretion in the bile and elevated liver transaminases
- cholesterolemia can be decreased also via binding of bile acids in the gut (e.g.with cholestyramine) and their increased elimination (their new formation from cholesterol decreases cholesterolemia) 
- there is some evidence that soluble fibre may reduce the absorption of cholesterol from the gut into the bloodstream (Dietary fibre is a collective term for a variety of plant substances that are resistant to digestion by human gastrointestinal enzymes. They can be classified into two groups depending on their solubility in water. It has been suggested that soluble fibres such as oats, psyllium, pectin and guar gum lower total and low density lipoprotein (LDL) cholesterol.)

- in homozygous patients with familial cholesterolemia it is necessary to carry out regular plasmapheresis (removal of cholesterol from plasma) to prevent very early death due to complications of atherosclerosis
- saturated (animal) fats in diet increase cholesterol levels
-intake of non-saturated fatty acids - omega 3 has been recommended (fish oil)
- moderate alcohol intake (up to about 20 g of pure alcohol/day - sex and age dependent - highest tolerance is in older men) increases HDL levels
- suspected beneficial effect of endogenous antioxidants - limit oxidation of LDL cholesterol (vit. E, beta-carotene)
- among all possible exogenous antioxidants particularly vit. C and flavonoids seem to be beneficial (red wine and tea are high in flavonoids and in some studies the low incidence of atherosclerosis in France and Greece is attributed to the high consumption of red wine in these countries - however, other factors such as genetics and style of life can play a role in epidemiological studies of this kind)
- glycation of cholesterol (increased in DM) can also be a contributing factor in acceleration of atherogenesis -  





