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ABSTRACT 

Atherogenesis is a local (patchy) growth of cells and accumulation of lipids within the 

arterial wall consisting of a progression from microscopic foci, to fatty streaks, to raised 

plaques that become fibrous and calcified. These lesions may lead to narrowing due to 

the buildup of atheromatous plaque. At onset there are usually no symptoms, but if 

they develop, symptoms generally begin around middle age. When severe, it can result 

in coronary artery disease, stroke, peripheral artery disease, or kidney problems, 

depending on which arteries are affected. The exact cause is not known and is 

proposed to be multifactorial. Risk factors include abnormal cholesterol levels, 

elevated levels of inflammatory markers, high blood 

pressure, diabetes, smoking, obesity, family history, genetic and an unhealthy 

diet. Plaque is made up of fat, cholesterol, calcium, and other substances found in 

the blood. The narrowing of arteries limits the flow of oxygen-rich blood to parts of 

the body. Diagnosis is based upon a physical exam, electrocardiogram, and exercise 

stress test, among others. Prevention is generally by eating a healthy diet, exercising, 

not smoking, and maintaining a normal weight. Treatment of established disease may 

include medications to lower cholesterol such as statins, blood pressure medication, 

or medications that decrease clotting, such as aspirin. A number of procedures may 

also be carried out such as percutaneous coronary intervention, coronary artery 

bypass graft, or carotid endarterectomy. Atherosclerosis generally starts when a person 

is young and worsens with age. Almost all people are affected to some degree by the 

age of 65. It is the number one cause of death and disability in the developed 

world. Though it was first described in 1575, there is evidence that the condition 

occurred in people more than 5,000 years ago.  

Keywords:Accumulation of lipids, inflammatory markers, high blood 

pressure, diabetes, smoking and obesity 

 

INTRODUCTION 

Atherosclerosis is asymptomatic for 

decades because the arteries enlarge at 

all plaque locations, thus there is no 

effect on blood flow [1]. Even 

most plaque ruptures do not produce 

symptoms until enough narrowing or 

closure of an artery, due to clots, 

occurs. Signs and symptoms only occur 

after severe narrowing or closure 

impedes blood flow to different organs 

enough to induce symptoms. Most of 

the time, patients realize that they have 

the disease only when they experience 

other cardiovascular disorders such 

as stroke or heart attack. These 

symptoms, however, still vary 

depending on which artery or organ is 

affected [2]. Abnormalities associated 

with atherosclerosis begin in childhood. 

Fibrous and gelatinous lesions have 

been observed in the coronary 

arteries of children aged 6–10. Fatty 

streaks have been observed in the 

coronary arteries of juveniles aged 11–

15, though they appear at a much 

younger age within the aorta. Clinically, 

given enlargement of the arteries for 

decades, symptomatic atherosclerosis is 

typically associated with men in their 

40s and women in their 50s to 60s 

[3]. Sub-clinically, the disease begins to 

appear in childhood and rarely is 

already present at birth. Noticeable 

signs can begin developing at puberty. 

Though symptoms are rarely exhibited 

in children, early screening of children 

for cardiovascular diseases could be 

beneficial to both the child and his/her 

relatives. While coronary artery 

disease is more prevalent in men than 

women, atherosclerosis of the cerebral 

arteries and strokes equally affect both 

sexes [4]. Marked narrowing in the 

coronary arteries, which are responsible 

for bringing oxygenated blood to the 

heart, can produce symptoms such as 
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chest pain of angina and shortness of 

breath, sweating, nausea, dizziness or 

light-headedness, breathlessness 

or palpitations [5]. Abnormal heart 

rhythms called arrhythmias the heart 

beating either too slowly or too quickly 

are another consequence of ischemia. 

Carotid arteries supply blood to the 

brain and neck. Marked narrowing of 

the carotid arteries can present with 

symptoms such as: a feeling of 

weakness; being unable to think 

straight; difficulty speaking; dizziness; 

difficulty in walking or standing up 

straight; blurred vision; numbness of 

the face, arms and legs; severe 

headache; and loss of consciousness. 

These symptoms are also related to 

stroke (the death of brain cells). Stroke 

is caused by marked narrowing or 

closure of arteries going to the brain; 

lack of adequate blood supply leads to 

the death of the cells of the affected 

tissue [5]. Peripheral arteries, which 

supply blood to the legs, arms and 

pelvis, also experience marked 

narrowing due to plaque rupture and 

clots. Symptoms of the narrowing are 

numbness within the arms or legs, as 

well as pain. Another significant 

location for plaque formation is 

the renal arteries, which supply blood 

to the kidneys. Plaque occurrence and 

accumulation lead to decreased kidney 

blood flow and chronic kidney disease, 

which, like in all other areas, is typically 

asymptomatic until late stages. 

According to United States data for 

2004, in about 66% of men and 47% of 

women, the first symptom of 

atherosclerotic cardiovasculardisease i

s a heart attack or sudden cardiac 

death (death within one hour of onset 

of the symptom) [6].  

Dietary 

The relation between dietary fat and 

atherosclerosis is controversial. 

The USDA, in its food pyramid, 

promotes a diet of about 

64% carbohydrates from total calories. 

The American Heart Association, 

the American Diabetes Association and 

the National Cholesterol Education 

Program make similar 

recommendations. In contrast, 

Prof Walter Willett (Harvard School of 

Public Health, PI of the second Nurses' 

Health Study) recommends much higher 

levels of fat, especially 

of monounsaturated and polyunsatura

ted fat. These dietary recommendations 

reach a consensus, though, against 

consumption of trans fats. The role of 

eating oxidized fats (rancid fats) in 

humans is not clear. Rabbits fed rancid 

fats develop atherosclerosis faster. Rats 

fed DHA-containing oils experienced 

marked disruptions to 

their antioxidant systems, and 

accumulated significant amounts 

of phospholipid hydroperoxide in 

their blood, livers and kidneys. Rabbits 

fed atherogenic diets containing various 

oils were found to undergo the most 

oxidative susceptibility of LDL via 

polyunsaturated oils. In another study, 

rabbits fed heated soybean oil "grossly 

induced atherosclerosis and marked 

liver damage were histologically and 

clinically 

demonstrated." However, Fred 

Kummerow claims that it is not dietary 

cholesterol, but oxysterols, or oxidized 

cholesterols, from fried foods and 

smoking, that are the culprit. Rancid 

fats and oils taste very unpleasant in 

even small amounts, so people avoid 

eating them. It is very difficult to 

measure or estimate the actual human 

consumption of these 

substances. Highly unsaturated omega-

3 rich oils such as fish oil, when being 

sold in pill form, can hide the taste of 

oxidized or rancid fat that might be 

present. In the US, the health food 

industry's dietary supplements are self-

regulated and outside of FDA 

regulations. To properly protect 

unsaturated fats from oxidation, it is 

best to keep them cool and in oxygen-

free environments [7]. 

PATHOPHYSIOLOGY 

Atherogenesis is the developmental 

process of atheromatous plaques. It is 

characterized by a remodeling of 

arteries leading to subendothelial 

accumulation of fatty substances called 

plaques. The buildup of an 

atheromatous plaque is a slow process, 

developed over a period of several years 

through a complex series of cellular 

events occurring within the arterial wall 

and in response to a variety of local 

vascular circulating factors. One recent 
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hypothesis suggests that, for unknown 

reasons, leukocytes, such 

as monocytes or basophils, begin to 

attack the endothelium of the artery 

lumen in cardiac muscle. The 

ensuing inflammation leads to the 

formation of atheromatous plaques in 

the arterial tunica intima, a region of 

the vessel wall located between 

the endothelium and the tunica media. 

The bulk of these lesions is made of 

excess fat, collagen, and elastin. At 

first, as the plaques grow, only wall 

thickening occurs without any 

narrowing. Stenosis is a late event, 

which may never occur and is often the 

result of repeated plaque rupture and 

healing responses, not just the 

atherosclerotic process by itself [8]. 

Cellular 

Early atherogenesis is characterized by 

the adherence of blood 

circulating monocytes (a type of white 

blood cell) to the vascular bed lining, 

the endothelium, then by their 

migration to the sub-endothelial space, 

and further activation into monocyte-

derived macrophages. The primary 

documented driver of this process is 

oxidized lipoprotein particles within the 

wall, beneath the endothelial cells, 

though upper normal or elevated 

concentrations of blood glucose also 

plays a major role and not all factors are 

fully understood. Fatty streaks may 

appear and disappear. Low-density 

lipoprotein (LDL) particles in blood 

plasma invade the endothelium and 

become oxidized, creating risk 

of cardiovascular disease. A complex 

set of biochemical reactions regulates 

the oxidation of LDL, involving 

enzymes (such as Lp-LpA2) and free 

radicals in the endothelium.
 

 

 

Initial damage to the endothelium 

results in an inflammatory response. 

Monocytes enter the artery wall from the 

bloodstream, with platelets adhering to 

the area of insult. This may be promoted 

by redox signaling induction of factors 

such as VCAM-1, which recruit 

circulating monocytes, and M-CSF, 

which is selectively required for the 

differentiation of monocytes to 

macrophages. The monocytes 

differentiate into macrophages, which 

proliferate locally, ingest oxidized LDL, 

slowly turning into large "foam cells" – 

so-called because of their changed 

appearance resulting from the numerous 

internal cytoplasmic vesicles and 

resulting high lipid content. Under the 

microscope, the lesion now appears as a 

fatty streak. Foam cells eventually die 

and further propagate the inflammatory 

process. In addition to these cellular 

activities, there is also smooth 

muscle proliferation and migration 

from the tunica media into 

the intima in response 

to cytokines secreted by damaged 

endothelial cells. This causes the 

formation of a fibrous capsule covering 

the fatty streak. Intact endothelium can 

prevent this smooth muscle 

proliferation by releasing nitric oxide. 

Calcification and Lipids 

Calcification forms among vascular 

smooth muscle cells of the surrounding 

muscular layer, specifically in the 

muscle cells adjacent to atheromas and 

on the surface of atheroma plaques and 

tissue. In time, as cells die, this leads to 

extracellular calcium deposits between 

the muscular wall and outer portion of 

the atheromatous plaques. With the 

atheromatous plaque interfering with 

the regulation of the calcium deposition, 

it accumulates and crystallizes. A 
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similar form of intramural calcification, 

presenting the picture of an early phase 

of arteriosclerosis, appears to be 

induced by many drugs that have an 

antiproliferative mechanism of action 

[8]. Cholesterol is delivered into the 

vessel wall by cholesterol-

containing low-density 

lipoprotein (LDL) particles. To attract 

and stimulate macrophages, the 

cholesterol must be released from the 

LDL particles and oxidized, a key step in 

the ongoing inflammatory process. The 

process is worsened if it is 

insufficient high-density 

lipoprotein (HDL), the lipoprotein 

particle that removes cholesterol from 

tissues and carries it back to the liver. 

The foamcells and platelets encourage 

the migration and proliferation 

of smooth muscle cells, which in turn 

ingest lipids, become replaced 

by collagen, and transform into foam 

cells themselves. A protective fibrous 

cap normally forms between the fatty 

deposits and the artery lining 

(the intima). These capped fatty 

deposits (now called 'atheromas') 

produce enzymes that cause the artery 

to enlarge over time. As long as the 

artery enlarges sufficiently to 

compensate for the extra thickness of 

the atheroma, then no narrowing 

("stenosis") of the opening ("lumen") 

occurs. The artery becomes expanded 

with an egg-shaped cross-section, still 

with a circular opening. If the 

enlargement is beyond proportion to the 

atheroma thickness, then 

an aneurysm is created. 

                                                           Visible features 

Although arteries are not typically 

studied microscopically, two plaque 

types can be distinguished:  

1. The fibro-lipid (fibro-fatty) 

plaque is characterized by an 

accumulation of lipid-laden cells 

underneath the intima of the 

arteries, typically without 

narrowing the lumen due to 

compensatory expansion of the 

bounding muscular layer of the 

artery wall. Beneath the 

endothelium, there is a "fibrous 

cap" covering the atheromatous 

"core" of the plaque. The core 

consists of lipid-laden cells 

(macrophages and smooth 

muscle cells) with elevated 

tissue cholesterol 

and cholesterolester content, fi

brin, proteoglycans, collagen, e

lastin, and cellular debris. In 

advanced plaques, the central 

core of the plaque usually 

contains extracellular cholesterol 

deposits (released from dead 

cells), which form areas of 

cholesterol crystals with empty, 

needle-like clefts. At the 

periphery of the plaque are 

younger "foamy" cells and 

capillaries. These plaques 

usually produce the most 

damage to the individual when 

they rupture. Cholesterol 

crystals may also play a role.  

2. The fibrous plaque is also 

localized under the intima, 

within the wall of the artery 

resulting in thickening and 

expansion of the wall and, 

sometimes, spotty localized 

narrowing of the lumen with 

some atrophy of the muscular 

layer. The fibrous plaque 

contains collagen fibers 

(eosinophilic), precipitates of 

calcium (hematoxylinophilic), 

and rarely, lipid-laden cells.  
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Severe atherosclerosis of the aorta.   

In effect, the muscular portion of the 

artery wall forms small aneurysms just 

large enough to hold the atheroma that 

are present. The muscular portion of 

artery walls usually remains strong, 

even after they have remodeled to 

compensate for the atheromatous 

plaques. However, atheromas within the 

vessel wall are soft and fragile with little 

elasticity. Arteries constantly expand 

and contract with each heartbeat, i.e., 

the pulse. In addition, the calcification 

deposits between the outer portion of 

the atheroma and the muscular wall, as 

they progress, lead to a loss of elasticity 

and stiffening of the artery as a whole. 

The calcification deposits, after they 

have become sufficiently advanced, are 

partially visible on coronary 

artery computedtomography or electro

n beam tomography (EBT) as rings of 

increased radiographic density, forming 

halos around the outer edges of the 

atheromatous plaques, within the artery 

wall. On CT, >130 units on 

the Hounsfield scale (some argue for 

90 units) has been the radiographic 

density usually accepted as clearly 

representing tissue calcification within 

arteries. These deposits demonstrate 

unequivocal evidence of the disease, 

relatively advanced, even though the 

lumen of the artery is often still normal 

by angiography. 

Rupture and Stenosis 

Although the disease process tends to 

be slowly progressive over decades, it 

usually remains asymptomatic until an 

atheroma ulcerates, which leads to 

immediate blood clotting at the site of 

the atheroma ulcer. This triggers a 

cascade of events that leads to clot 

enlargement, which may quickly 

obstruct the flow of blood. A complete 

blockage leads to ischemia of the 

myocardial (heart) muscle and damage. 

This process is the myocardial 

infarction or "heart attack". If the heart 

attack is not fatal, fibrous organization 

of the clot within the lumen ensues, 

covering the rupture but also 

producing stenosis or closure of the 

lumen, or over time and after repeated 

ruptures, resulting in a persistent, 

usually localized stenosis or blockage of 

the artery lumen. Stenoses can be slowly 

progressive, whereas plaque ulceration 

is a sudden event that occurs 

specifically in atheromas with 

thinner/weaker fibrous caps that have 

become"unstable".
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Components 

The plaque is divided into three distinct 

components: 

1. The atheroma ("lump of gruel", 

from Greek ἀθήρα (athera) 'gru

el'), which is the nodular 

accumulation of a soft, flaky, 

yellowish material at the center 

of large plaques, composed of 

macrophages nearest 

the lumen of the artery 

2. Underlying areas of cholesterol 

crystals 

3. Calcification at the outer base of 

older or more advanced lesions. 

Atherosclerotic lesions, or 

atherosclerotic plaques, are 

separated into two broad 

categories: Stable and unstable 

(also called vulnerable). The 

pathobiology of atherosclerotic 

lesions is very complicated, but 

generally, stable atherosclerotic 

plaques, which tend to be 

asymptomatic, are rich 

in extracellular 

matrix and smooth muscle 

cells. On the other hand, 

unstable plaques are rich in 

macrophages and foam cells, 

and the extracellular matrix 

separating the lesion from the 

arterial lumen (also known as 

the fibrous cap) is usually weak 

and prone to rupture. Ruptures 

of the fibrous cap expose 

thrombogenic material, such 

as collagen, to the circulation 

and eventually 

induce thrombus formation in 

the lumen. Upon formation, 

intraluminal thrombi can 

occlude arteries outright (e.g., 

coronary occlusion), but more 

often they detach, move into the 

circulation, and eventually 

occlude smaller downstream 

branches 

causing thromboembolism.  

Apart from thromboembolism, 

chronically expanding atherosclerotic 

lesions can cause complete closure of 

the lumen. Chronically expanding 

lesions are often asymptomatic until 

lumen stenosis is so severe (usually 

over 80%) that blood supply to 

downstream tissue(s) is insufficient, 

resulting in ischemia. These 

complications of advanced 

atherosclerosis are chronic, slowly 

progressive, and cumulative. Most 

commonly, soft plaque suddenly 

ruptures (see vulnerable plaque), 

causing the formation of a thrombus 

that will rapidly slow or stop blood flow, 

leading to the death of the tissues fed 

by the artery in approximately five 

minutes. This event is called 

an infarction. 

DIAGNOSIS 

Areas of severe narrowing, stenosis, 

detectable by angiography, and to a 

lesser extent "stress testing" have long 

been the focus of human diagnostic 

techniques for cardiovascular disease, 

in general. However, these methods 

focus on detecting only severe 

narrowing, not the underlying 

atherosclerosis disease. As 

demonstrated by human clinical studies, 

most severe events occur in locations 

with heavy plaque, yet little or no lumen 

narrowing present before debilitating 

events suddenly occur. Plaque rupture 
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can lead to artery lumen occlusion 

within seconds to minutes, and 

potential permanent debility, and 

sometimes sudden death.  Plaques that 

have ruptured are called complicated 

lesions. The extracellular matrix of the 

lesion breaks, usually at the shoulder of 

the fibrous cap that separates the lesion 

from the arterial lumen, where the 

exposed thrombogenic components of 

the plaque, mainly collagen, will 

trigger thrombus formation. The 

thrombus then travels downstream to 

other blood vessels, where the blood 

clot may partially or completely block 

blood flow. If the blood flow is 

completely blocked, cell deaths occur 

due to the lack of oxygen supply to 

nearby cells, resulting in necrosis. The 

narrowing or obstruction of blood flow 

can occur in any artery within the body. 

Obstruction of arteries supplying the 

heart muscle results in a heart attack, 

while the obstruction of arteries 

supplying the brain results in an 

ischaemic stroke. Lumen stenosis that 

is greater than 75% was considered the 

hallmark of clinically significant disease 

in the past because recurring episodes 

of angina and abnormalities in stress 

tests are only detectable at that 

particular severity of stenosis. However, 

clinical trials have shown that only 

about 14% of clinically debilitating 

events occur at sites with more than 75% 

stenosis. The majority of cardiovascular 

events that involve sudden rupture of 

the atheroma plaque do not display any 

evident narrowing of the lumen. Thus, 

greater attention has been focused on 

"vulnerable plaque" from the late 1990s 

onwards. 

Prevention 

Up to 90% of cardiovascular disease may 

be preventable if established risk 

factors are avoided. Medical 

management of atherosclerosis first 

involves modification to risk factors for 

example, via smoking cessation and diet 

restrictions. Prevention then is generally 

by eating a healthy diet, exercising, not 

smoking, and maintaining a normal 

weight. 

Treatment 

Treatment of established disease may 

include medications to lower cholesterol 

such as statins, blood pressure 

medication, or medications that 

decrease clotting, such as aspirin. A 

number of procedures may also be 

carried out such as percutaneous 

coronary intervention, coronary artery 

bypass graft, or carotid 

endarterectomy.  Medical treatments 

often focus on alleviating symptoms. 

However measures which focus on 

decreasing underlying atherosclerosis as 

opposed to simply treating symptoms 

are more effective. Non-pharmaceutical 

means are usually the first method of 

treatment, such as stopping smoking 

and practicing regular exercise. If these 

methods do not work, medicines are 

usually the next step in treating 

cardiovascular diseases and, with 

improvements, have increasingly 

become the most effective method over 

the long term. The key to the more 

effective approaches is to combine 

multiple different treatment 

strategies. In addition, for those 

approaches, such as lipoprotein 

transport behaviors, which have been 

shown to produce the most success, 

adopting more aggressive combination 

treatment strategies taken on a daily 

basis and indefinitely has generally 

produced better results, both before and 

especially after people are symptomatic. 

Lipids 

An indication of the role of high-density 

lipoprotein (HDL) on atherosclerosis 

has been with the rare Apo-A1 

Milano human genetic variant of 

this HDL protein. A small short-term 

trial using bacterial synthesized 

human Apo-A1 Milano HDL in people 

with unstable angina produced a fairly 

dramatic reduction in measured 

coronary plaque volume in only six 

weeks vs. the usual increase in plaque 

volume in those randomized to placebo. 

The trial was published in JAMA in 

early 2006. Ongoing work starting in 

the 1990s may lead to human clinical 

trials probably by about 2008. These 

may use synthesized Apo-A1 Milano 

HDL directly, or they may use gene-

transfer methods to pass the ability to 

synthesize the Apo-A1 Milano 

HDLipoprotein. Methods to increase HDL 

particle concentrations, which in some 
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animal studies largely reverses and 

removes atheromas, are being 

developed and researched. However, 

increasing HDL by any means is not 

necessarily helpful. For example, the 

drug torcetrapib is the most effective 

agent currently known for raising HDL 

(by up to 60%). However, in clinical 

trials, it also raised deaths by 60%. All 

studies regarding this drug were halted 

in December 2006. The actions 

of macrophages drive atherosclerotic 

plaqueprogression.  Immunomodulation 

of atherosclerosis is the term for 

techniques that modulate immune 

system function to suppress this 

macrophage action. Involvement 

of lipid peroxidation chain reaction in 

atherogenesis triggered research on the 

protective role of the heavy isotope 

(deuterated)  polyunsaturated fatty 

acids (D-PUFAs) that are less prone to 

oxidation than ordinary PUFAs (H-

PUFAs). PUFAs are essential nutrients – 

they are involved in metabolism in that 

very form as they are consumed with 

food. In transgenic mice, that are a 

model for human-like lipoprotein 

metabolism, adding D-PUFAs to diet 

indeed reduced body weight gain, 

improved cholesterol handling and 

reduced atherosclerotic damage to the 

aorta. 

                                                              CONCLUSION 

Atherogenesis is the process of 

atherosclerotic plaque formation, 

leading to coronary artery heart disease. 

This process involves immune cells, 

mainly T and B cells, monocytes and 

macrophages. The process of 

atherogenesis is induced by 

inflammatory damage of endothelial 

cells. The characteristic construction 

features of the atherosclerotic plaque is 

a predisposing factor for acute coronary 

syndromes. The accumulation of 

inflammatory cells in the artery inner 

membrane enhances the local 

inflammatory process due to the 

secretion of reactive oxygen species, 

inflammatory cytokines and 

metalloproteinases, which accelerate the 

development of atherosclerotic lesions 

in the arteries. In chronic inflammation 

of endothelial cells, which is 

atherosclerosis, there is a decrease in 

the concentration of elastin and collagen 

as a result of the increased apoptosis of 

smooth muscle cells of the intima. This 

reduces the integrity and strength of the 

fibrous cap that covers a layer of 

thrombogenic plaque from contact with 

blood elements. Permanent 

inflammation promotes the formation of 

necrotic core, composed of dead smooth 

muscle cells, macrophages and foam 

cells formed by phagocytosis of 

oxidized lipid molecules. The thin 

fibrous cap and a large necrotic core are 

the cause of plaque rupture and 

thrombus formation within the coronary 

artery. 
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