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Abstract
Atherosclerotic plaque ruptures with subsequent intraluminal thrombosis are the most prevalent causes 

of acute coronary syndromes, ischemic stroke, acute limb ischemia or cardiovascular death. Hyperlipidemia 
is no longer considered the primary cause of atherosclerotic disease, as recent data supports the involvement 
of other triggers such as age, excessive activation of sympathetic nervous system in arterial hypertension, 
and most importantly, inflammation. Arteriosclerosis is a consequence of interaction between similar mech-
anisms resulting in arterial stiffening. Furthermore, wall stiffening resulted from the arteriosclerotic pro-
cess is a risk factor for atherosclerotic disease. This unstructured literature review aimed to present the un-
derlying remodelling processes and mechanisms for atherosclerosis and arteriosclerosis highlighting the 
common aspects of this two entities and the continuous interrelation that eventually leads to cardiovascular 
events. 
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INTRODUCTION

In the last decades important steps forward have 
been made in understanding the pathogenesis of ath-
erosclerotic disease, thus bringing us closer to the pos-
sibility of preventing it’s most poignant consequences, 
namely acute coronary syndromes (ACS), ischemic 
stroke, acute limb ischemia or cardiovascular death. 
The most prevalent aforementioned entities are lumi-
nal thrombosis following plaque rupture, plaque ero-
sions and calcified nodules.

Arteriosclerosis, an age-related degenerative 
change of the arterial wall characterized by arterial 
stiffening without lumen narrowing, represents a dis-
tinct process from atherosclerotic disease; however, 
both pathologies coexist in the same arterial territory 
and share risk factors such as inflammation. Age-relat-

ed chronic inflammatory changes in the arterial wall 
seem to be the basis of the linking mechanisms be-
tween inflammation and arterial stiffness.

ATHEROSCLEROSIS

Atherosclerotic plaque disruption, superimposed 
atherothrombosis and subsequent vessel oclussion 
are responsible for most of the atherosclerotic cardio-
vascular (CV) events (1). Disruption tends to occur in 
an plaque with a substantial necrotic core which rep-
resents ≥ 30% of the entire plaque, covered by a thin 
fibrous cap of less than 65 µm (2). Inflammatory cells 
consisting primarily of macrophages and T-lympho-
cytes are abundant in these lesions and the matrix 
metalloproteinases (MMP) released by macrophages 
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in the cap, notably MMP-1, -3, and -8, are mainly re-
sponsible for the fibrous cap thinning (3,4). However, 
Johnson et al suggest that MMP-3 and MMP-9 might 
be involved in plaque stabilization (5). 

The rupture of the lesion is preceded by a thin-cap 
fibroatheroma with a smaller amount of macrophages 
infiltrating the cap and a smaller necrotic core (4).

An additional characteristic feature for disrupted 
lesions is the raise of free cholesterols and cholesterol 
clefts with a decrease in cholesterol esters (6). Choles-
terol clefts emerge from cholesterol crystals dissolu-
tion by using paraffin for histological preparation. In 
non-disrupted lesions, esterified cholesterol is the 
main component of lipid droplets from foam cells as 
the free cholesterol in excess is still efficiently trans-
ported out of the macrophages to HDL particles (7,8).

Negative remodelling of the arterial wall is associ-
ated with lumen reduction while positive remodelling 
of the atherosclerotic arterial wall represents a com-
pensatory outward wall enlargement, that can be fa-
vourable provided the plaque load remains <40% and 
the lumen diameter remains constant (9,10). Still, 
compensatory enlargement of the coronary arterial 
wall has been associated with rupture prone plaques, 
as well as with macrophage infiltration in post-mor-
tem examinations (11,12). Additionally, provided cir-
cumstances with similar geometrical conditions, coro-
nary arteries with positive remodelling are more prone 
to rupture when compared with negative remodelling 
arteries (10).

In contrast to rupture prone plaques, also referred 
to as vulnerable plaques, the erosion prone plaques 
showed fewer inflammatory cells and a negative re-
modelling pattern (11). The erosion prone lesions usu-
ally consist in equal measures of the primal athero-
sclerotic changes namely pathologic intimal thickening 
and fibroatheroma (2).

The pathologic intimal thickening represents the ear-
liest change and consists of a proteoglycan and collagen 
matrix with layers of smooth muscle cells rooted by an 
acellular lipid pool, all accumulated near the lumen (1).

Fibroatheroma is composed of a necrotic core en-
capsuled by a thick fibrous cap made of smooth mus-
cle cells and a matrix of proteoglycans and collagen 
(1). Sakakura et al divide fibroatheromas into early and 
late necrotic core. The early lesions consist of foam 
cells present at the luminal border of the lipid pools, 
large cholesterol clefts, signs of extracellular matrix ly-
sis, and presence of proteoglycans, versican, biglycan 
and hyaluronan, which are typically absent in late ne-
crotic cores. Other characteristic features of late ne-
crotic cores are the presence of free cholesterol, apop-
totic macrophages and the absence of a collagenous 
matrix (2). In both cases the fibrous cap will remain 
intact and the absence of endothelial lining will be the 
cause of thrombus formation (2,13). 

Even though the primary event leading to athero-
sclerosis (ASCL) was thought to be represented mainly 
by hyperlipidemia, new reports support the involve-
ment of other mechanisms such as age, single nucleo-
tide polymorphism, the disruption of repair mecha-
nisms responsible for endothelial wall integrity, 
sympathetic overactivation encountered in hyperten-
sion (HTN) and most importantly, inflammation (14). 
As a consequence, ASCL is recognized as being charac-
terised by a low-grade chronic inflammation, in which 
oxidised low density lipoproteins (OxLDL), seen as in-
flammation by-products, have a significant contribu-
tion (15). Subclinical inflammation that occurs with 
atherosclerotic disease might be an indicator of im-
mune response to the developing changes in the arte-
rial wall during plaque formation, such as endothelial 
dysfunction and oxLDL generation (15).

Currently observed mechanisms responsible for 
ASCL report that the innate and adaptive immune sys-
tem cells accumulate into the atherosclerotic plaque, 
leading to complex events that result in generation of 
antibodies against OxLDL and other chronic inflamma-
tion by-products. The final results, as concluded in re-
cent data, depend on the lymphocyte subset. Thus, it 
is suggested that B1 lymphocyte subsets might have a 
protective role against ASCL, while a pro-atherogenic 
role is related to B2 lymphocyte subsets (15).

A distinct feature of atherosclerotic disease is rep-
resented by vascular calcification. Arterial calcification 
bears an increased risk for CV morbidity and mortality 
(16,17). Vascular calcification has a mixed pathomech-
anism, including intimal calcification specific for ather-
osclerotic disease, and medial calcification character-
istic for arteriosclerosis (18). 

ARTERIOSCLEROSIS

Arteriosclerosis, an age related degenerative 
change of the arterial wall which occurs in association 
with ASCL, has also captured a lot of interest when 
evaluating different etiologies of CV diseases. Charac-
terized by arterial stiffening, it occurs as a conse-
quence of degeneration of extracellular matrix in the 
media layer of elastic arteries, with loss of elastic fib-
ers and increased fibrosis as a consequence of in-
creased cyclic stress (19). The changes in arterial stiff-
ening are morpho-pathologically different from ASCL, 
a process that involves the intima layer and is charac-
terized by patchy intimal thickening with subsequent 
lumen narrowing (1).

Increased arterial stiffness is considered to be the 
initial indicator of arterial wall dysfunction and, along 
with traditional CV risk factors, has an independent 
predictive value for adverse CV outcomes (20,21). Pa-
tients with diabetes mellitus, metabolic syndrome or 
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other pathologies with a chronic inflammation status 
are at high risk of developing increased arterial stiff-
ness (22,23). Furthermore, arterial stiffness is associ-
ated with inflammatory markers, such as fibrinogen, C 
reactive protein (CRP), cytokines, high-sensitive CRP, 
and also neutrophil-to-lymphocyte ratio, a new emerg-
ing inflammatory marker (24). Extensive data regard-
ing inflammation and arteriosclerosis concern CRP, as 
this inflammatory marker has been reported to be as-
sociated with increased arterial stiffness in healthy in-
dividuals (25,26,27) and also individuals with known 
atherosclerotic disease (28).

Additionally, extracellular matrix stiffening from ar-
teriosclerosis might be a risk factor for atherosclerotic 
disease, as a result of breakage of endothelial barrier. 
Subsequently, endothelial permeability is increased 
and cholesterol accumulates in the arterial wall, thus 
explaining the frequent association between arterial 
stiffness and plaque (29).

Aside from the direct effect of arteriosclerosis, in-
flammation as well might represent a common patho-
logical state linking ASCL to arteriosclerosis. Data sup-
porting this hypothesis come from in vivo studies 
where CRP is reported to decrease nitric oxide syn-
thase (NOS) availability in cultured human aortic en-
dothelial cells (30) with development of increased ar-
terial stiffness as a result of endothelial dysfunction 
secondary to decline in NOS (31).

Human studies also support inflammation as a pos-
sible link between ASCL and arteriosclerosis. The main 
determinants of increased arterial stiffness are age 
and increased blood pressure (32,33) while other risk 
factors having insignificant influence (34). Still, as pre-
viously mentioned, arterial stiffening is frequently re-
ported in pro-inflammatory conditions such as diabe-
tes mellitus, insulin resistance, metabolic syndrome 
regardless of blood pressure or age (22). This occur-
rence can be justified by arterial wall hypertrophy and 
fibrosis as a consequence of increased angiotensin 
type I receptor expression in the context of increased 
activity of renin-angiotensin-aldosterone system 
(RAAS). Insulin resistance and hyperinsulinemia are re-
sponsible for the stimulation of RAAS (35,36).

Inflammation related to age and CV risk factors en-
hances arterial stiffness by other means as well, such 
as metalloproteinases synthesis up-regulation, which 
leads toward an imbalance between elastin produc-
tion and breakdown/degradation of basement mem-
branes (37).

Moreover, the age-related chronic pro-inflamma-
tory profile bears a specific senescence phenotype, 
characterized by an increase in inflammatory modula-
tors, such as MCP-1, and cytokines (IL-1, IL-6, IL-17) 
(38) and also increased activity of RAAS which results 
in an increased vascular smooth muscle tone with 
age-related arterial remodelling (39). 

The sympathetic nervous system is involved in reg-
ulating average blood pressure and resistance of vas-
cular system. Changes in the normal activity of the 
sympathetic nervous system may be responsible for 
idiopathic HTN (40). Hypertensive patients present de-
creased baroreceptor sensitivity with an increased 
sympathetic activity and reduced parasympathetic 
tone compared with normotensive controls (41). In 
HTN, a permanent increase in mean blood pressure 
associated with increased sympathetic activity induce 
changes in the elastic properties of the arterial wall, 
resulting a permanent reduction of arterial distensibil-
ity and increased stiffness (42). As a consequence, hy-
persympatheticotonia may be another common risk 
factor for arteriosclerosis and ASCL, due to the direct 
effect on the vascular wall and also as a consequence 
of the inflammation induced by granulocytosis sec-
ondary to local vascular activation of sympathetic 
nervous systems. In addition, changes in mean blood 
pressure, heart rate and left ventricular function, can 
also be considered as determinant factors of transient 
changes in elastic arterial properties (43,44).

A clear distinction between the different stages of 
atherosclerotic disease is impossible without refined 
imaging studies. In the absence of suggestive symp-
tomatology or classic risk factors for atherosclerotic 
disease, patients do not present an indication for com-
prehensive investigations. Taking in consideration re-
cent studies reporting that classic risk factors no longer 
account for all cases of atherosclerotic disease, novel 
risk factors for ASCL and arteriosclerosis, such as in-
flammation might aid in selecting asymptomatic indi-
viduals without obvious risk factors for further multi-
modality imaging studies.

Arteriosclerosis gained recognition in recent years 
as an emerging entity with important implications in 
CV morbidity and mortality. Proper evaluation requires 
well-trained personell and inaccessible or hard to 
reach tools. Furthermore, a clear consensus on appro-
priate evaluation of arteriosclerosis is still lacking (45). 
Inflammation however, proved to be a reliable predic-
tor for arteriosclerosis, hence, it can aid in selecting 
individuals with risk for arterial stiffness as well. 

CONCLUSIONS
Both atherosclerosis and arteriosclerosis are im-

portant factors of CV diseases. Even though these are 
distinct afflictions of the arterial wall, they present 
morphopatologically interrelated processes. Further-
more, they share important, conclusive risk factors 
such as chronic inflammation, age and hypersympa-
theticotonia.
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