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Abbreviations
CRP: C-reactive protein
HDL: High Density Lipoprotein
IL-6: Interleukin 6
IL-17: Interleukin 17
LDL: Low Density Lipoprotein
NF-kB: Nuclear Factor kB
Th 1: Auxiliary T 1 lymphocytes
Th 17: Auxiliary T 17 lymphocytes
TMAO: Trimethylamine-N-Oxide
TNF-α: Tumor Necrosis Factor Alpha
VEGF: Vascular Endothelial Growth Factor
VLDL: Very Low Density Lipoprotein

With the exception of some developing countries where infectious dis-
eases and malnutrition still predominate, cardiovascular diseases repre-
sent the greatest cause of morbidity and mortality in the rest of the world. 

Among these, cerebrovascular disease, whether ischemic or hemorrhagic 
and ischemic heart disease are the most important and have a common 
etiopathogenesis that is atherosclerotic disease.

When studying the treatment of dyslipidemias and atherosclerosis it is 
necessary to review some concepts that, if not well understood, can gen-
erate some distortions. To do so, the terms arteriosclerosis, atherosclerosis 
and arteriolosclerosis should initially be defined [1].

The term arteriosclerosis comes from the Greek and literally means hard-
ening of the arteries and was first used in the literature in 1835 by Lobstein 
[2], and this process is caused by many diseases that have in common the 
increase in thickness and the loss of elasticity of the arterial wall, which 
may involve large and small arteries and the various layers of them. Within 
this term, there are three variants:
1. Atherosclerosis, characterized by the formation of plaques in the in-

timate layer of the arteries, consisting of fat deposits, inflammatory 
cells, fibrous connective tissue, smooth muscle cells and sometimes 
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*Abstract
This review aims at the historical path for understanding the atherosclerotic process and the role of dyslipidemias in their pathophysiology. Responsible 
for about 33% of the world’s mortality, followed by afar by neoplastic diseases in some countries and violent deaths in others, atherosclerotic disease 
was already present at least 3,500 3500 before Christ (BC), as morphological findings in Egyptian mummies verified by anatomical studies show. Hip-
pocrates described sudden death and Erysisths symptoms of intermittent claudication, both around 300 BC. In 1904 Felix Marchand introduced the 
term atherosclerosis and suggested that it was responsible for most of the obstructive processes of the arteries. The oldest descriptions of atherosclerotic 
lesions focused on morphologies from fatty striae to fibroatheromas and advanced plaques complicated with hemorrhage, calcification ulceration and 
thrombosis, however, there is no description of how the plaques developed to trigger an acute coronary syndrome. The pathophysiology of atherosclero-
sis involves the transformation of a normal artery into an atherosclerotic artery, through several steps, such as: activation or endothelial lesion, absorp-
tion and retention of LDL particles with subsequent oxidation, infiltration of monocytes and their conversion into macrophages and then in fatty cells, 
proliferation of smooth muscle cells of the arterial wall, proliferation of the middle tunic and migration to the intimate region and finally thrombosis. 
The higher the lipid nucleus, the number of inflammatory cells, the higher concentration of cytokines and proteinases (peptidases, collagenases and 
gelatinases) formed by these inflammatory cells, the greater the vulnerability of the plaque, with thinning of its fibrous layer, and can more easily lead to 
its rupture. Presently in the COVID-19 pandemic era the process is accelerated by cytokines storms leading to the precipitation of cardiovascular events 
linked to the inflammatory and pro thrombotic stimuli.
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calcium, often leading to a narrowing of the vessel light, and may 
involve different arterial groups, such as coronary arteries, carotid 
arteries, renal arteries and arteries of lower limbs.

2. Arteriosclerosis characterized by thickening of the walls of small ar-
teries or arterioles, either by cell proliferation or by deposition of hy-
aline material and which has arterial hypertension as its main cause.

3. Calcified medial sclerosis of Mönckeberg presenting calcification of 
the middle layer of muscular arteries, usually occurring in conjunc-
tion with atherosclerosis and in the old people.

At the end of the 20th century, it became an important public health prob-
lem due to its high incidence and high morbidity and mortality, coronary 
artery disease, which can lead to angina pectoris and acute myocardial 
infarction, was one of the major responsible for the increased interest in 
the study of atherosclerotic disease. However, atherosclerosis may also 
manifest in other arterial territories, which may lead to cerebral vascular 
disease, peripheral arterial disease, kidney disease, aortic aneurysms or 
even manifest in other arterial territories.

Responsible for about 33% of the world’s mortality, followed by afar by 
neoplastic diseases in some countries and violent deaths in others, ath-
erosclerotic disease was already present at least 3,500 3500 before Christ 
(BC), as morphological findings in Egyptian mummies verified by ana-
tomical studies show. Hippocrates described sudden death and Erysisths 
symptoms of intermittent claudication, both around 300 BC. In 1575 Fal-
lopius observed certain pathological findings in arteries that characterized 
as bone degeneration suggesting the presence of calcified lesions. Around 
1719 Potain interpreted the symptoms of angina pectoris as a result of 
myocardial ischemia, and in 1799 Parry related these symptoms to coro-
nary artery lesions. In 1904 Felix Marchand introduced the term athero-
sclerosis and suggested that it was responsible for most of the obstructive 
processes of the arteries. In 1910 Windaus showed that atheromatous le-
sions contained 6 times more cholesterol free and 20 times more esterified 
cholesterol than the walls of normal arteries. From there, epidemiological, 
clinical and laboratory research have been unveiling the entire atherogen-
esis process, with its risk factors, pathophysiology, evolution and clinical 
manifestations, leading to effective therapeutic strategies for the preven-
tion and treatment of atherosclerotic diseases.

Anitschkow in St. Petersburg, Russia in 1913 was the first scientist to 
demonstrate the role of cholesterol in the development of atherosclero-
sis and his research is often cited among the great discoveries of the 20th 
century. Unlike other research groups that conducted experiments with 
protein-enriched diets, Anitschkow used rabbits fed a high cholesterol diet 
and observed atherosclerotic alterations in the intimate layer of the arter-
ies of these animals that were very similar to those that occurred in human 
arteries [3]. Analyzing plaque development and histology, it demonstrated 
the different cell types in which recent research on atherosclerosis has fo-
cused through immunohistochemical studies, especially smooth muscle 
cells, macrophages and lymphocytes.

The oldest descriptions of atherosclerotic lesions focused on morpholo-
gies from fatty striae to fibroatheromas and advanced plaques complicated 
with hemorrhage, calcification ulceration and thrombosis, however, there 
is no description of how the plaques developed to trigger an acute coro-
nary syndrome. In the 1990s, a consensus of the American Heart Asso-
ciation developed a classification of the plates, classifying them into six 
categories[4].

1.  adaptive intimal thickening
2.  greasy streaks 
3.  intermediate (transition) lesion
4.  Atheroma

5. Fibroatheroma or atheroma with thickened fibrous capsule and 
6. Complicated lesions with capsule rupture, hemorrhage or thrombo-

sis.

The pathophysiology of atherosclerosis involves the transformation of a 
normal artery into an atherosclerotic artery, through several steps, such 
as: activation or endothelial lesion, absorption and retention of Low Den-
sity Lipoprotein (LDL) particles with subsequent oxidation, infiltration of 
monocytes and their conversion into macrophages and then in fatty cells, 
proliferation of smooth muscle cells of the arterial wall, proliferation of the 
middle tunic and migration to the intimate region and finally thrombosis. 
Endothelial dysfunction begins in the presence of so-called cardiovascular 
risk factors, such as age, heredity, hypercholesterolemia, smoking, diabetes 
mellitus, insulin resistance, hypertension and inflammatory processes.

LDL oxidation is one of the factors that most contributes to the activation 
of the vascular endothelium. Macrophages express relatively few non-ox-
idized LDL[5], receptors, but in the meantime, oxidized LDLs are abitu-
ously absorbed by macrophages through endocytosis by cleanse receptors 
(LOX 1, scavenger), facilitating the transformation of macrophages into 
foam cells [5]. The cytotoxicity of oxidized LDLs can be induced by perox-
idation of lipids by free radicals. These LOX 1 receptors are also expressed 
in endothelial cells and smooth muscle cells of the arterial wall and the 
presence of oxidized LDL and other proinflammatory cytokines increase 
the expression of these receptors. The interaction of oxidized LDL with 
LOX 1 receptors increases the level of reactive oxygen species, reduces the 
level of nitric oxide, activates the nuclear factor kB (NF-kB) and the che-
moattractive protein of monocytes (facilitates the binding of monocytes in 
the endothelium) and also induces apoptosis. In addition, oxidized LDL 
causes a molecular change in Apoprotein A-I (Apo A-I), the largest lipo-
protein in High Density Lipoprotein (HDL) that facilitates the outflow of 
cholesterol from macrophages, leading to the transformation of HDL into 
dysfunctional HDL and impairing the reverse transport of cholesterol [6].

Although populations with total cholesterol lower than 150 mg/dL and 
LDL below 80 mg/dL have a low incidence of atherosclerotic disease, there 
are other important processes in atherogenesis and inflammation is an im-
portant component in this scenario.

Proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α) 
which is secreted by body tissues in response to an infectious process for 
example, can lead to activation of the endothelium through the release 
of reactive oxygen species, growth factors, adhering molecules and ma-
trix metalloproteinases. These molecules participate in important pheno-
typic changes in vascular wall cells, such as cell proliferation, molecular 
adeation, migration, angiogenesis and apoptosis, events that can cause 
onset, progression, severity of the atherosclerotic process or even rupture 
of the atheroma plaque. Other cytokines are also produced through the in-
teraction of vascular wall cells with TNF-α, such as interleukin 6 (IL-6), re-
sulting from the interaction of the vascular wall with arterial smooth mus-
cle cells. Once in the bloodstream IL-6 binds to the hepatocyte stimulating 
the synthesis and secretion of C-reactive protein (CRP). This increases the 
bond of oxidized LDL with macrophages. CRP can be found in the serum 
of patients with bacterial infections, diabetes mellitus, atherosclerosis, vis-
ceral adiposity and insulin resistance and leads to the release of free fatty 
acids and also IL-6 from adipose tissue. The increased supply of free fatty 
acids to the hepatocyte increases the production of triglycerides and very 
low density lipoprotein (VLDL), leading to the atherogenic phenotypic of 
low HDL and small and dense LDL. In recent studies, the measurement of 
high-sensitivity CRP as an inflammatory marker has been shown to be an 
important marker of cardiovascular disease regardless of LDL value. In the 
JUPITER study, the treatment of 17,802 healthy people with an LDL lower 
than 130 mg/dL and high sensitivity CRP greater than 2 mg/dL with rosu-
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vastatin 20 mg per day reduced total mortality by 20% and the incidence of 
cardiovascular events by 44% when compared with placebo [7].

The immunity cream and also the acquired have the ability to modify 
lipoproteins in the vascular wall. The different subtypes of CD4+ lym-
phocytes have opposite roles in the atherosclerotic process. Auxiliary T 
lymphocytes (Th1) have a proatherogenic role, while regulatory lympho-
cytes induce the suppression of effector T cells, blocking the activation 
and function of these lymphocytes, being important in controlling the 
immune response and having an antiatherogenic action [8]. Auxiliary T 
17 lymphocytes (Th 17) cells are a relatively new subtype of CD4+ lympho-
cytes that produce interleukin 17 (IL-17) which plays an important role in 
various inflammatory and autoimmune diseases. Although many recent 
studies have investigated the role of IL-17 in the atherogenic process, there 
is still no consensus on the real result of its action, whether proatherogenic 
or atheroprotective.

Adipose tissue is considered today not only a fat depositing organ, but an 
endocrine organ, producing adipocytoquines. Some of these have a proin-
flammatory effect while others have an anti-inflammatory effect and the 
balance between them is an important determinant in vascular homeo-
stasis in physiological or pathophysiological conditions. Overweight and 
obesity are characterized by dysfunctional adipose tissue with the preva-
lence of proinflammatory mediators with harmful effect on the arteries.

Unlike adiponectin which is anti-inflammatory, certain proinflammatory 
adipocytokines such as leptin and resistin promote endothelial dysfunc-
tion and inflammatory processes involved in the progression and vulnera-
bility of atherosclerotic plate.

Recently, the role of perivascular adipose tissue has also been demonstrat-
ed as an important modulator of atherosclerotic processes due to its inter-
action with the underlying vascular tissue. With the recent discovery of 
new adipocytokines with different inflammatory effects, there is talk today 
in a network of adipocytokines whose real role is not yet fully understood 
and whose study may lead to the discovery of new markers of cardiovas-
cular risk and potential therapeutic processes.

In addition to these risk factors already widely known and studied, today 
we speak of the important role of bacteria that live in symbiosis with hu-
mans, being part of the homeostasis of this. It is estimated that the number 
of bacteria residing in our body is 1 to 3 times greater than the very num-
ber of cells of this organism. Most of these bacteria inhabit the digestive 
tract and each part of it has a different composition of the microbial flora. 
This “organ”, called microbiota, has a wide variety of functions that are 
vital to the host organism. Changes in the intestinal microbiota play an 
important role in obesity, insulin resistance, dyslipidemia, diabetes melli-
tus and atherogenesis.

The intestinal microbiota and its metabolic products interact with the 
host in different ways, influencing the homeostase of the whole organism. 
The composition of the intestinal microbiota responds to changes in diet, 
mainly due to competition for substrates and tolerance of intestinal condi-
tions. Metabolic products excreted by the microbiota, such as short-chain 
fatty acids, are influenced by the supplementation of dietary components 
and also by the composition of this microbiota determined by the diet. 
Many metabolic passages responsible for these changes are already being 
unraveled. For example, the formation of butyrate and propionate from 
hexoses are due to several bacterial species and the propionate in partic-
ular can be formed through alternative passages through lactate and re-
duced sugars.

One of the mechanisms by which the intestinal microbiota can influ-
ence cardiovascular morbidity is through the production of trime-

thylamine-N-Oxide (TMAO), a compound that has been shown to be 
proatherogenic. It was found that the order Lactobacillales is significantly 
increased and the filum Bacteroidetes significantly decreased in patients 
with cardiovascular disease. It is known that TMAO alters the atherogenic 
process through macrophage recruitment, an increase in the expression of 
CD36, TNF-α and IL-6 facilitating the formation of foam cells [9].

In addition to the factors exposed so far, we should also comment on the 
role of two other important factors in atherogenesis: angiogenesis and free 
radicals.
The rupture of atherosclerotic plates with subsequent acute cardiovascu-
lar complications is as has already been seen the main tail of morbidity 
and mortality in the world. Hypoxia conditions within the plaque acti-
vate the vascular endothelium in the vasa vasorum, leading to the pro-
duction of vascular endothelial growth factor (VEGF), which stimulates 
angiogenesis. Evidence from studies on routed and unstable plaques show 
that intraplaque angiogenesis promotes destabilization of this, making it 
vulnerable.

The class of molecules known as oxygen-reactive species (or free radicals) 
are important signaling intermediates in the activation of cytokines, such 
as TNFα, IL-6 and also oxidized phospholipids, and are therefore import-
ant signalers in atherogenesis and also in carcinogenesis.

In summary, an artery with an initially normal endothelium, suffering the 
action of so-called risk factors (age, smoking, diabetes mellitus, dyslipid-
emia, etc.), passes to a dysfunctional endothelium stage. This over time 
becomes more permeable, allowing LDL to enter the arterial wall. These, 
once inserted there, undergo an oxidation process, attracting macro-
phages, which initially sticking and then crossing the endothelium, absorb 
them through endocytosis mediated by “scavenger” receptors and turn 
into foam cells. These, along with oxidized LDL are important cytokine 
activators that perpetuate the intra-arterial inflammatory process and in-
crease plaque size. These plaques vary in size, lipid content, inflammatory 
cell content and thickness of their fibrous layer. The higher the lipid nu-
cleus, the number of inflammatory cells, the higher concentration of cy-
tokines and proteinases (peptidases, collagenases and gelatinases) formed 
by these inflammatory cells, the greater the vulnerability of the plaque, 
with thinning of its fibrous layer, and can more easily lead to its rupture. 
Presently in the COVID-19 pandemic era the process is accelerated by cy-
tokines storms leading to the precipitation of cardiovascular events linked 
to the inflammatory and pro thrombotic stimuli [10]. When this occurs, 
there is an exposure of its internal environment to circulating platelets, 
thus initiating the atherothrombosis process, which is ultimately responsi-
ble for the dramatic clinical events of acute coronary syndromes, strokes, 
peripheral arterial ischemia and may also occur in other organs.
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