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Preface

Despite a reduction in deaths over the last two decades, atherosclerosis (ATS) is still a 
major concern worldwide. Decreased mortality can be attributed to anti-smoking laws, 
especially in Western countries, as it is well established that smoking may accelerate 
ATS injury. Unfortunately, ATS morbidity and mortality are still quite high. Nowadays, 
the major cardiovascular risk (CVR) factors contributing to ATS are “metabolic” and 
include such conditions as dyslipidemia, diabetes, and metabolic syndrome. As such, 
we understand how global cardiovascular disease (CVD) determines about 30% of 
world deaths, and ATS is definitely a pivotal contributor to CVD. Although there is 
much in the literature about ATS, the discussions seem to cover most of the same topics. 
This book, however, covers not only those topics but also less debated subjects. 

For example, you are going to read about the link between CVD and obstructive 
sleep apneas (the so-called OSAs). Last evidences have linked OSAs to multiple CV 
disorders including diabetes and coronary artery disease (CAD). Very often, the 
determinants of ATS progression and OSAs are common and thus it is pivotal to 
address the linkage between them.

In this volume, you will also find a discussion about the consolidated and close rela-
tionship of rheumatology and CV risk. In particular, several contributing authors have 
been studying how and/or how much systemic rheumatic diseases might affect the 
heart. In their chapters, these authors attempt to define the state of the art of this topic. 

The carotid artery is another conventional topic around ATS. Generally, the coronary 
circle is the first investigated system in patients with ATS and CAD. For this reason, we 
underline morbidity and mortality mainly related to carotid ATS instead of CAD.

A chapter dedicated to terminology analyzes old and new insights in order to better 
describe ATS manifestations, complications, and so on. New evidence needs new 
accurate and specific terminology, and general physicians, cardiologists, geriatri-
cians, and other specialists involved with ATS must use the proper terms in manag-
ing and providing new treatments.

Finally, given the growing focus on gender medicine, a chapter on ATS and women 
explores the differences of the disease among men and women.

I would like to thank my team for collaborating on this book and bringing it to frui-
tion. In particular, I am grateful to Bruno (my expert colleague) and Aurel (my sec-
retary) for analyzing and reading the manuscript; Vincenzo, Stefano, and Andrea 
for evaluating the book’s language; and Rebecca (my future wife) for sustaining me 
in all professional activities, giving me power in daily life!

Luigi Gianturco
ASST Rhodense, Cardio Rehab, Passirana-Rho Hospital,

Italy
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Chapter 1

Introductory Chapter:
Atherosclerosis, Arteriosclerosis,
and Arteriolosclerosis
Luigi Gianturco

1. Background

Atherosclerosis (ATS) is still a great worldwide enemy despite the reduction of
deaths due to it in the last two decades. Especially in Western countries, mortality
was reduced thanks to anti-smoking laws. It is well established that smoking habits
may accelerate ATS injury. Unfortunately, ATS morbidity and mortality are still
high. Nowadays, the major cardiovascular (CV) risk (CVR) factors contributing to
ATS are “metabolic”: dyslipidemia, diabetes, and metabolic syndrome. That said,
we understand how global CV disease (CVD) still determines about 30% of world
deaths and ATS is definitely a pivotal contributor of CVD. For this reason, in
literature, we have a multitude of papers about ATS.

2. General considerations

Let us summarize what is ATS: the term atherosclerosis refers to a generic
hardening and loss of elasticity of the walls of the arteries for the formation of
plaques, called atheromas or atherosclerotic plaques. Initially, they made up of
lipids, including cholesterol, present in the blood and over time they tend to become
getting bigger until developing a sort of “support structure” also composed of
fibrous substances and connective cells. The latter, in the most advanced stage of
the disease, calcify and degenerate going toward necrosis.

ATS can develop over the decades in silence, without giving any symptoms.
When the first signs appear, generally after 40 years of age, the situation of the
arteries is usually already compromised and the risk of complications, even serious
ones, becomes very high.

ATS is often considered an exclusively cardiac problem, when in fact it can
affect the arteries in any area of the body.

Normally ATS does not give symptoms until an artery is so narrowed or
obstructed. Then, it would no longer be able to supply organs and tissues with an
adequate blood flow. In these cases, you can witness manifestations similar to those
of a myocardial infarction and/or stroke.

3. Treatment

Treatment of ATS involves, first of all, lifestyle correction (low-calorie and low-
saturated fatty acid diet, exercise, smoking cessation), and pharmacological
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treatment of concomitant cardiovascular risk factors such as high blood pressure
and diabetes mellitus. In some cases, when required by the guidelines, i.e., in
secondary prevention and primary prevention in subjects with high cardiovascular
risk, it is possible to resort to drugs that interact with the metabolism of cholesterol,
such as statins, fenofibrates, or inhibitors of absorption cholesterol.

In selected cases and always if there are indications, it is possible to treat
atherosclerotic lesions invasively with some surgical techniques. We know that
angioplasty implants particular devices (stents) useful for keeping the lumen of the
vessel dilated over time; the bypass that uses a blood vessel taken from another area
of the body or implants a synthetic tube to allow blood to get around the artery and
continue to flow. Furthermore, in case of thrombus, it is possible to implement a
therapy that consists of injecting an anticoagulant drug into the affected tract to
dissolve the thrombus and promote the outflow of blood.

Author details

Luigi Gianturco
ASST Rhodense, Cardio Rehab, Passirana-Rho Hospital, Italy

*Address all correspondence to: luigigianturco78@gmail.com

©2020TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms
of theCreativeCommonsAttribution License (http://creativecommons.org/licenses/
by/3.0),which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original work is properly cited.
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Chapter 2

Carotid Disease
Minerva Irene Hernández Rejón  
and Manuel Alexis Vargas Robles

Abstract

Atherosclerotic carotid disease causes about 30% of cerebrovascular ischemia 
transitory or permanent in the world; the severity of symptoms is variable. The 
clinical manifestations are varied from focal neurological alterations to transient or 
permanent vascular events. The treatment of the disease will depend on the location, 
degree, and risk, which can be surgical, endovascular, or medical. Open surgical 
treatment, endarterectomy, has been preferred as the first option and, however, has 
been reported to have associated complications like infection, hematoma, stroke, 
heart attack, restenosis, etc. With the advent of new technologies, endovascular 
treatment has been described as an option in patients with high risk or restenosis.

Keywords: atherosclerotic carotid disease, carotid endarterectomy, endovascular 
treatment, medical management of carotid disease, complications

1. Atherosclerotic disease and carotid stenosis

Atherosclerosis is a chronic disease of the arteries characterized by inflammation 
and plaque building in the arterial wall, eventually leading to stenosis of the vessel. 
Carotid atherosclerosis is associated with the increased risk of cardiovascular 
diseases [1].

Ischemic cardiovascular disease is a combination of progressive atherosclerosis 
and acute thrombotic complications [2].

The risk factors in atherosclerosis can be modifiable or not: non-modifiable are 
genetic predisposition, gender, and age, and modifiable factors are blood pressure, 
smoking, diabetes, cholesterol levels, obesity, and physical activity [2].

The earliest pathologic studies described the predilection of atherosclerosis near 
branch ostia, bifurcations, and bends, suggesting the important component of flow 
dynamics plays an important role in its initiation and development. Atherosclerotic 
plaque tends to form at regions where flow velocity and shear stress are reduced, in 
particular at the carotid bifurcation where disturbances in blood flow deviate from 
a laminar unidirectional pattern. Thus, the unique geometry and flow properties 
presented by the carotid bifurcation contribute [3].

Metabolic syndrome is a clinical entity characterized by multiple risk factors for 
cardiovascular disease and diabetes mellitus such as high-normal or elevated blood 
pressure, hyperglycemia, elevated triglycerides, low high-density cholesterol level, 
and abdominal obesity [4].

The increase of cardiovascular risk related to metabolic syndrome is reported; 
over the past decades, the impact of metabolic syndrome on large arterial vessels 
has been analyzed [4].



treatment of concomitant cardiovascular risk factors such as high blood pressure
and diabetes mellitus. In some cases, when required by the guidelines, i.e., in
secondary prevention and primary prevention in subjects with high cardiovascular
risk, it is possible to resort to drugs that interact with the metabolism of cholesterol,
such as statins, fenofibrates, or inhibitors of absorption cholesterol.

In selected cases and always if there are indications, it is possible to treat
atherosclerotic lesions invasively with some surgical techniques. We know that
angioplasty implants particular devices (stents) useful for keeping the lumen of the
vessel dilated over time; the bypass that uses a blood vessel taken from another area
of the body or implants a synthetic tube to allow blood to get around the artery and
continue to flow. Furthermore, in case of thrombus, it is possible to implement a
therapy that consists of injecting an anticoagulant drug into the affected tract to
dissolve the thrombus and promote the outflow of blood.

Author details

Luigi Gianturco
ASST Rhodense, Cardio Rehab, Passirana-Rho Hospital, Italy

*Address all correspondence to: luigigianturco78@gmail.com

©2020TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms
of theCreativeCommonsAttribution License (http://creativecommons.org/licenses/
by/3.0),which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original work is properly cited.

2

Atherosclerosis, Arteriosclerosis and Arteriolosclerosis

3

Chapter 2

Carotid Disease
Minerva Irene Hernández Rejón  
and Manuel Alexis Vargas Robles

Abstract

Atherosclerotic carotid disease causes about 30% of cerebrovascular ischemia 
transitory or permanent in the world; the severity of symptoms is variable. The 
clinical manifestations are varied from focal neurological alterations to transient or 
permanent vascular events. The treatment of the disease will depend on the location, 
degree, and risk, which can be surgical, endovascular, or medical. Open surgical 
treatment, endarterectomy, has been preferred as the first option and, however, has 
been reported to have associated complications like infection, hematoma, stroke, 
heart attack, restenosis, etc. With the advent of new technologies, endovascular 
treatment has been described as an option in patients with high risk or restenosis.

Keywords: atherosclerotic carotid disease, carotid endarterectomy, endovascular 
treatment, medical management of carotid disease, complications

1. Atherosclerotic disease and carotid stenosis

Atherosclerosis is a chronic disease of the arteries characterized by inflammation 
and plaque building in the arterial wall, eventually leading to stenosis of the vessel. 
Carotid atherosclerosis is associated with the increased risk of cardiovascular 
diseases [1].

Ischemic cardiovascular disease is a combination of progressive atherosclerosis 
and acute thrombotic complications [2].

The risk factors in atherosclerosis can be modifiable or not: non-modifiable are 
genetic predisposition, gender, and age, and modifiable factors are blood pressure, 
smoking, diabetes, cholesterol levels, obesity, and physical activity [2].

The earliest pathologic studies described the predilection of atherosclerosis near 
branch ostia, bifurcations, and bends, suggesting the important component of flow 
dynamics plays an important role in its initiation and development. Atherosclerotic 
plaque tends to form at regions where flow velocity and shear stress are reduced, in 
particular at the carotid bifurcation where disturbances in blood flow deviate from 
a laminar unidirectional pattern. Thus, the unique geometry and flow properties 
presented by the carotid bifurcation contribute [3].

Metabolic syndrome is a clinical entity characterized by multiple risk factors for 
cardiovascular disease and diabetes mellitus such as high-normal or elevated blood 
pressure, hyperglycemia, elevated triglycerides, low high-density cholesterol level, 
and abdominal obesity [4].

The increase of cardiovascular risk related to metabolic syndrome is reported; 
over the past decades, the impact of metabolic syndrome on large arterial vessels 
has been analyzed [4].



Atherosclerosis, Arteriosclerosis and Arteriolosclerosis

4

Carotid intima-media thickness has been proven to be a valuable predictor of 
myocardial infarction and ischemic stroke independent of traditional risk factor. 
The intima-media thickness was higher in patients with metabolic syndrome [4].

In the study IMPROVE, a multicenter observational European study, it showed 
that the intima-media thickness was a strong predictor of cardiovascular disease [4].

The maximum intima-media thickness of the common carotid artery, as mea-
sured by carotid artery ultrasound, has been used as a marker of atherosclerosis and 
cardiovascular disease. In contrast, there are reports suggesting that the predictive 
ability of intima-media thickness for cardiovascular disease is inferior than that of 
the carotid plaque score assessed by ultrasonography [5].

Recent studies have focused in adding pharmacological strategies like anti-
thrombotic therapy, lowering lipid levels, improving glycemic control, and address-
ing inflammation present in the metabolic syndrome. On the other hand, patients 
with coronary and peripheral diseases have a high risk of cardiovascular death and 
disabling vascular events [2].

Carotid artery stenosis and lower limb peripheral arterial occlusive disease usu-
ally share the same pathological changes and can coexist. It has been reported that 
the prevalence rate of significant carotid stenosis increased with the stage of lower 
limb peripheral occlusive arterial disease. So the screening for significant carotid 
disease in these patients [6].

Screening for carotid stenosis in patients who are neurologically asymptomatic 
may therefore be acceptable when there are two or more risk factors or when 
ankle/brachial index is less than 0.4 with reevaluation of 6 months. Investigations 
have identified combinations of risks that identify populations in whom the risk 
of stenosis between 50% and 99% approaches 60%. Screening patients in these 
categories who are suitable operative candidates and who would undergo operation 
were the found to have clinically important disease [7].

2. Definition and epidemiology

Stroke diagnosis has been based on the World Health Organization’s definition 
of a focal, occasionally global loss of neurological function lasting >24 h and which 
has a vascular etiology. A transient ischemic attack is defined in a similar way, but 
the duration is <24 h [8].

The principal causes of ischemic carotid territory stroke are thromboembolism 
from the internal carotid artery or middle cerebral artery (25%), small vessel 
intracranial disease (25%), cardiac embolism (20%), and other causes (5%). About 
10–15% of all strokes follow thromboembolism from previously asymptomatic 
internal carotid stenosis >50% [9].

Moderate and severe carotid artery stenosis is an important public health issue; 
this condition affects 10% of the general population by their eighth decade and 
accounts for 10% of all strokes [10].

3. Clinical manifestations

The symptoms of the carotid disease were fist described by Fisher (1951). Stroke 
produced by carotid stenosis is caused by a combination of affection of the blood 
vessels, clotting system, and hemodynamics that in conjunction cause embolism  
or/and low cerebral flow [11].

Carotid atherosclerosis is usually most severe within 2 cm of the bifurcation 
of the common carotid artery and involving the posterior wall of the vessel. The 
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definition of asymptomatic or symptomatic carotid artery stenosis is based on the 
history and physical examination [11].

Symptomatic symptoms include transient ischemic attacks produced by emboli-
zation that causes low flow with inadequate collateral blood supply. The symptoms 
depend on the cerebral artery territory involved, and total carotid artery occlusion 
can cause low flow or embolic ischemic events.

Various features of plaque morphology can be used to identify risk and include 
plaque ulceration, plaque structure and composition, and plaque volume [12].

A history of more than one episode of neurological alterations occurring in the 
same carotid territory is very suggestive of underlying carotid disease. The carotid 
bruit is an important sign over the site of the stenosis; however, is a poor predictor 
for development of stroke; and is not sufficiently predictive of high grade of carotid 
disease. However, 75% of patients with bruit had a moderate to severe stenosis 
(more than 60). Ischemic symptoms reflect ipsilateral ocular and cerebral hemi-
sphere ischemia like partial or complete blindness, hemianopsia, hemiparesis, and 
hemisensory loss [12].

4. Diagnosis

There are four diagnostic modalities to directly image the internal carotid artery: 
cerebral angiography, carotid duplex ultrasound, magnetic resonance angiography, 
and computed tomography angiography.

Cerebral angiography is the gold standard for imaging the carotid arteries; it 
permits an evaluation of the entire carotid artery system, providing information 
about tandem atherosclerotic disease, plaque morphology, and collateral circula-
tion; however, it is invasive, costs high, and has a high risk of morbidity and 
mortality [13].

There are three methods to measure carotid stenosis that predominate world-
wide (NASCET, ECST, and CC):

• The North American Symptomatic Carotid Endarterectomy Trial (NASCET) 
measures the residual lumen diameter at the most stenotic portion and com-
pares it with the normal internal carotid diameter [14].

• The European Carotid Surgery Trial (ECST) measures the lumen diameter at 
the most stenotic portion of the vessel and compares this with the estimated 
probable original diameter at the site of maximum stenosis [15].

• Common carotid (CC) measures the residual lumen diameter at the most 
stenotic portion of the vessel and compares this with the lumen diameter in the 
proximal common carotid artery [15].

Equivalent measurements for the three methods have been determined.
Carotid duplex ultrasound uses B-Mode to help detect focal increases in the 

blood flow velocity indicative of a high-grade carotid stenosis. The peak systolic 
velocity is the most frequently used measurement to gauge the severity of the 
stenosis (end-diastolic velocity, spectral configuration, and carotid index provide 
additional information) and correlate with the residual lumen diameter [16].

The sensitivity reported is 89% and the specificity 84%. It is a noninvasive, 
safe, and relative inexpensive technique, although it has limited utility in obtain-
ing information about plaque composition and intraplaque hemorrhage and is less 
precise in determining stenosis of <50% compared with stenoses of higher degrees. 
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definition of asymptomatic or symptomatic carotid artery stenosis is based on the 
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probable original diameter at the site of maximum stenosis [15].

• Common carotid (CC) measures the residual lumen diameter at the most 
stenotic portion of the vessel and compares this with the lumen diameter in the 
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blood flow velocity indicative of a high-grade carotid stenosis. The peak systolic 
velocity is the most frequently used measurement to gauge the severity of the 
stenosis (end-diastolic velocity, spectral configuration, and carotid index provide 
additional information) and correlate with the residual lumen diameter [16].

The sensitivity reported is 89% and the specificity 84%. It is a noninvasive, 
safe, and relative inexpensive technique, although it has limited utility in obtain-
ing information about plaque composition and intraplaque hemorrhage and is less 
precise in determining stenosis of <50% compared with stenoses of higher degrees. 
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Transcranial Doppler is often used in conjunction with ultrasound carotid duplex to 
evaluate the hemodynamic significance of internal carotid artery stenosis [17].

Magnetic resonance angiography technique is used for evaluating the extracra-
nial carotid arteries and produced a reproducible three-dimensional image of the 
carotid bifurcation with a good sensitivity for detecting high-grade carotid stenosis; 
however, it had been reported overestimated degree [18].

Computed tomography angiography provides an anatomic depiction of the 
carotid artery lumen, allows imaging of adjacent soft tissue structures, and is 
particularly useful when carotid duplex ultrasound is not reliable or when an overall 
view of the vascular field is required. It had a sensitivity and specificity of 97 and 
99%, respectively [19].

In earlier reports, magnetic resonance, angiography, and carotid duplex 
ultrasound had difficulties distinguishing very severe stenosis from occlusion, so 
false-positive and false-negative results occurred [20].

The location most frequently affected by atherosclerosis is the carotid 
bifurcation. Progression of atheromatous plaque results in luminal narrowing, 
often accompanied by ulceration, process that can lead to ischemic stroke and 
transient ischemic attack from embolization, thrombosis, and hemodynamic 
compromise [20].

5. Treatment

5.1 Endarterectomy

The endarterectomy is the choice treatment in those patients with transient 
ischemic attacks or who suffered a cerebral infarction with a minimal sequel [21].  
It is beneficial for symptomatic or asymptomatic patients.

The indications for carotid endarterectomy (CEA) are:

1. Bilateral carotid stenosis: in which the combined death and stroke rates in pa-
tients were almost twice than that of matched patients with unilateral disease 
(5.6% versus 2.4%) [22].

2. Prophylactic carotid endarterectomy: in patients with severe carotid stenosis 
prior to another surgery, it is rarely needed, and a decision to proceed should 
be individualized depending upon the clinician’s best estimate of the risk  
of perioperative stroke.

3. Coronary artery bypass surgery: a new stroke or transient ischemic attack 
occurs in approximately 3% of patients following coronary artery bypass 
grafting (CABG); also in general surgery, the incidence of stroke appears to be 
lower in nonvascular surgical procedures than following cardiac surgery with a 
reported incidence in patients undergoing general anesthesia of less than 0.5%.

4. Vascular procedures: there are not enough trials for prophylactic CEA prior to 
abdominal aortic aneurysm repair or other major peripheral vascular proce-
dures, because of the involvement of significant hemodynamic fluctuations.

5. Patients with intracranial aneurysm: ipsilateral intracranial aneurysms that 
are distal to a cervical internal carotid artery stenosis may be susceptible to 
sudden hemodynamic changes associated with CEA, leading to aneurysm 
rupture [23].
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6. Contraindications for carotid endarterectomy

Absolute: asymptomatic complete carotid occlusion.
Relative contraindications: history of neck radiation, concurrent tracheostomy, 

prior radical neck dissection with or without radiation, contralateral vocal cord paral-
ysis from prior endarterectomy, atypical lesion location, either high or low, that is 
surgically inaccessible, severe recurrent carotid stenosis, unacceptably high risk [24].

Carotid endarterectomy is established as safe and effective by randomized 
controlled trials for reducing the risk of ischemic stroke in both symptomatic and 
asymptomatic patients. However, carotid angioplasty and stenting are proposed as 
alternative for carotid endarterectomy.

Symptomatic carotid disease is defined as focal neurologic symptoms that are 
referable to the appropriate carotid artery distribution including transient ischemic 
attacks or ischemic strokes. The definition is contingent on the occurrence of 
carotid symptoms within the previous 6 months.

Carotid endarterectomy and stenting are recommended in patients with recently 
symptomatic carotid stenosis of 70–99% and a life expectancy of at least 5 years 
who meet all of these conditions: accessible carotid lesion, absence of clinically 
significant cardiac, pulmonary or other diseases that increase greatly the risk of 
anesthesia and surgery, and no prior ipsilateral endarterectomy.

It is suggested that carotid endarterectomy have to be done 2 weeks after a 
nondisabling stroke or transitory stroke, because between the first 48 hours, the 
risk of recurrent stroke elevates compared with later surgery. In patients who have a 
large infarction with brain swelling, hemorrhagic brain infarction and progressing 
stroke have long been thought to have high perioperative risk and expose the patient 
to an increased risk of recurrent stroke, emergent CEA for progressing/fluctuating 
stroke, or crescendo transitory attack that may have a high operative risk.

The risk of stroke can be calculated based on patient age, patient sex, degree of 
carotid stenosis, type of presenting symptomatic event, time since last symptomatic 
event, and carotid plaque morphology.

6.1 Surgical complications in carotid endarterectomy

Carotid endarterectomy complications can usually be related to comorbid condi-
tions or cardiovascular preexisting diseases and also to the surgical technique. Most 
common complications of CEA include myocardial infarction, perioperative stroke, 
postoperative bleeding, and the potential consequences of cervical hematoma, 
nerve injury, surgical site infection, and carotid restenosis. However, the rates of 
complications after carotid endarterectomy is low [25–33].

There are two important trials in which the benefit is higher than the possible 
complications: the European Trial (ICSS) reports a mortality at 120 days of post-op 
of 0.8% and complications of 4.2%. The North American Trial (CREST) [33, 34] 
reported combined results for symptomatic and asymptomatic patients. In 1240 
patients assigned to endarterectomy (47.3% asymptomatic), the 30-day death rate 
was 0.3%, and the rate of any periprocedural (30-day) stroke or death or postpro-
cedural ipsilateral stroke was 2.3%.

Appropriate perioperative medication management is important to reduce the 
risk of cardiovascular and procedure-specific complications.

There are three mains risk factors:

1. Myocardial infarction

2. Stroke
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3. Death

Others:

1. Hyperperfusion syndrome

2. Cervical hematoma

3. Nerve injury

4. Infection

5. Restenosis

There are a lot of risk factors, some of them are:

1. Age (>80 years)

2. Smoking

3. Previous stroke including transient ischemic attack

4. Previous stenosis of carotid artery

5. Special or chronic conditions such as cancer, heart diseases, hypertension, and 
diabetes

6.2 Myocardial infarction

In randomized trials, myocardial infarction has occurred at a slightly higher 
rate for carotid endarterectomy than carotid artery stenting [25, 26, 28–31]; with a 
reported incidence between 0 and 2%, pooled absolute risk of perioperative (30-day) 
myocardial infarction was 0.87%. The risk factors for myocardial infarction included 
older age, coronary heart disease, peripheral artery disease, and carotid restenosis.

6.3 Perioperative stroke

Perioperative stroke is the second most common cause of death in carotid end-
arterectomy [25, 26, 28, 32, 33, 35, 36] with a rate of less than 3% for symptomatic 
patients and less than 5% for the symptomatic patients depending on the indica-
tion of the CEA and the experience of the surgeon. But also there are some factors 
that can contribute to postoperative stroke [28, 37–42] like plaque emboli, platelet 
aggregates, improper flushing, poor cerebral protection, and relative hypotension.

If perioperative stroke is suspected, ultrasound is a good option; but if it shows 
good flow throughout the carotid artery with no thrombosis or intimal flaps, a head 
computed tomography (CT) scan should be obtained to rule out intracranial bleed-
ing [38, 43–45]. If there is access to a hybrid operating room, another approach 
to obtain may be head CT first, and, if no bleeding is identified, intraoperative 
arteriography to identify any correctable lesions is performed [28].

6.4 Hyperperfusion syndrome

It is an uncommon complication of endarterectomy, occurring after carotid 
revascularization in less than 1%; it causes the most postoperative intracerebral 
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hemorrhages and seizures in the first 2 weeks after CEA. It is caused after the 
surgery; because of the small vessels that chronically compensated the patient, and 
after endarterectomy blood flow is restored to a normal or elevated perfusion pres-
sure and those vessels are unable to vasoconstrict sufficiently to protect the capil-
lary bed, causing edema and hemorrhage and clinical manifestations. Hypertension 
is a frequent predecessor of the syndrome, underscoring the importance of good 
perioperative blood pressure control [46].

Hyperperfusion syndrome appears to be more likely with revascularization of a 
high-grade (80% or greater) stenosis.

Hyperperfusion syndrome is characterized by the following clinical features:

1. Headache ipsilateral to the revascularized internal carotid, typically im-
proved in upright posture, may herald the syndrome in the first week after 
endarterectomy.

2. Focal motor seizures are common, sometimes with postictal Todd’s paralysis 
mimicking post-endarterectomy stroke from carotid thrombosis.

3. Intracerebral hemorrhage is the most feared complication, occurring in 
 approximatelys 0.6% of patients after CEA, usually within 2 weeks of surgery.

Treatment consists of prevention, strict control of postoperative hypertension 
maintaining a systolic blood pressure below 150 mmHg, and using labetalol, nitro-
prusside, and nitroglycerin aggressively. If complication is suspected in any patient 
with severe headache following CAE, a head CT is required to confirm or discard 
this syndrome [46, 47].

6.5 Cervical hematoma

This is a catastrophic and real urgent complication, because it can result in abrupt 
loss of the airway, with an incidence of 4% after CAE and requiring a re-exploration 
of the neck. Uncontrolled hypertension during emergence from anesthesia or in the 
postoperative period can also lead to hematoma formation [26, 35, 48].

6.6 Nerve injury

Cranial nerve or other nerve injuries occur in approximately 5% of patients 
following carotid endarterectomy [27, 33].

According to the European Carotid Surgery Trial, cranial nerve injury rate 
declined to 3.7%. In the Vascular Study Group of New England (VSGNE) database, 
the overall rate of nerve injury at discharge was 5.6%; 0.7% of patients had more 
than one nerve affected.

Hypoglossal nerve is the most frequently injurie manifested by a deviation of 
the tongue to the side of the injury, the facial nerve is the second one resulting in 
paresis of the lateral aspect of the orbicularis oris muscle with asymmetric smile; 
and the vagus nerve which result in unilateral vocal cord paralysis, glossopharyn-
geal nerve can be damaged with excessive dissection in the carotid bifurcation 
[26, 32, 36].

Injury to the sympathetic nerves can result in Horner’s syndrome or, rarely, an 
entity called “first bite syndrome.” Horner’s syndrome can be complete (miosis, 
ptosis, anhidrosis) or partial (no anhidrosis) [29].

First bite syndrome is characterized by unilateral pain in the parotid region 
after the first bite of each meal felt to be due to sympathetic denervation of the 
parotid gland.
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6.7 Infection

Surgical site/patch infection (SSI) rarely occurs following carotid endarterec-
tomy, and, when they occur, most are superficial and self-limiting with antibiotic 
treatment. The prophylaxis is the best practice to prevent SSI.

Clinically the patient will have neck swelling and drainage from incision in acute 
events; in delayed infections, a draining sinus tract or pulsatile neck mass could 
be indicative of a carotid pseudoaneurysm. If infection persists, a patch excision 
is indicated with early carotid ligation, reconstruction with autogenous vein, or 
bypass; nowadays the use of negative pressure systems is a good option to perform 
a better treatment of these infections, resulting in better outcomes and reducing 
complications of a new exploratory surgery in these patients [3, 13, 19, 25–41].

6.8 Carotid restenosis

The pathology of the restenotic lesion is related to the time of presentation after 
initial surgery. Most patients with restenosis are asymptomatic and are identified 
with routine follow-up carotid imaging [29].

It is called early restenosis in those that occur within 2–3 years after CEA and 
late in those that occur more than 2–3 years after surgery. Patients at increased risk 
for restenosis include those below age 65, smokers, and women. Patch angioplasty 
appears to be associated with a decreased risk of long-term recurrent stenosis 
compared with primary closure [29, 31].

Reintervention is indicated in patients who develop neurologic symptoms refer-
able to the carotid artery and those with restenosis >80% [29, 45].

6.9 Endovascular treatment

Carotid artery angioplasty and stenting are the standard for endovascular carotid 
intervention that is preferred for most patients with symptomatic internal carotid 
atherosclerosis. Patients with symptomatic carotid disease treated by endarterec-
tomy that are considered to be less invasive have long-term benefits; nevertheless, it 
is reported that patients have an increased risk for poor outcomes with endarterec-
tomy such as stroke periprocedural (30 days). So it is recommended in patients with 
70–99% stenosis with the following conditions: not suitable surgical access, stenosis 
radiation induced, restenosis after endarterectomy, and clinically significant 
cardiac, pulmonary, or other disease that increment risk.

Low dose of aspirin treatment is recommended for all patients who are having 
an endarterectomy and have to be continued for at least 3 months after surgery; 
posterior only is indicated with cardiovascular disease.

The endovascular treatment is nowadays the first-line treatment for many 
vascular diseases. The percutaneous intraluminal angioplasty (PTA) consists in 
dilatation with a balloon for stenotic lesions, making a dehiscence effect, leading 
to fracture and separation of the arterial media from the intima; it was the first 
performed endovascular treatment. The introduction of stents was a major step in 
the evolution of the endovascular management of carotid stenosis [49].

There are a lot of diapositives that can be used in the endovascular treatment 
[22, 41, 50]; some of them are the following:

1. Cryoplasty is a type of balloon angioplasty that has liquid nitrous oxide to 
get inflated and uses cooling a-10°C (14°F) and pressure to dilate the plaque 
and vessel wall. It is well studied in iliac, infrainguinal, femoropopliteal, and 
popliteal lesions.
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2. Focal pressure balloon was designed to reduce dissection and restenosis and to 
exhibit focal pressure to the lesions; it is used in infrapopliteal lesions.

3. Drug-coated balloon: drug-eluting stents (DES) achieve local administration 
of an agent capable of inhibiting intimal hyperplasia without systemic side 
effects. Cypher stents release sirolimus which has a potent immunosuppressive 
drug that controls intimal hyperplasia. TAXUS is a second-generation DES, 
with greater durability and which reduces restenosis. These devices are used in 
femoropopliteal lesions.

4. Stents are a method to reduce the incidence of restenosis or address balloon 
PTA failure due to elastic recoil or dissection. They are classified as balloon-
expanding (BES) and self-expanding stents and also either as bare metal or 
covered stents. Self-expanding stents are composed typically of nitinol.

5. Stent grafts

a. Balloon-expanding stent grafts can be expanded beyond the stated stent 
diameter; they are used for tracheobronchial strictures but not for PAD, 
for iliac or renal artery vascular beds, for occlusive lesions, as well as for 
perforation after PTA or stenting.

b. Self-expanding stent grafts are used for various applications and in femo-
ropopliteal disease and biliary applications.

c. Drug-eluting stents have been associated with improved patency for the 
treatment of PAD compared to conventional balloon angioplasty. These 
are loaded with paclitaxel and sirolimus usually using polymers; these are 
used for femoropopliteal disease.

d. Multilayer stents:

i. Multilayer flow modulator (MFM) is designed to exclude peripheral or 
visceral aneurysm while maintaining branch vessel flow. It is a three-
dimensional braided tube composed of multilayer wire without any 
covering prostheses.

ii. Bioabsorbable stents are initially developed for coronary intervention, 
now is used also for peripheral arterial beds.
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tomy, and, when they occur, most are superficial and self-limiting with antibiotic 
treatment. The prophylaxis is the best practice to prevent SSI.

Clinically the patient will have neck swelling and drainage from incision in acute 
events; in delayed infections, a draining sinus tract or pulsatile neck mass could 
be indicative of a carotid pseudoaneurysm. If infection persists, a patch excision 
is indicated with early carotid ligation, reconstruction with autogenous vein, or 
bypass; nowadays the use of negative pressure systems is a good option to perform 
a better treatment of these infections, resulting in better outcomes and reducing 
complications of a new exploratory surgery in these patients [3, 13, 19, 25–41].

6.8 Carotid restenosis

The pathology of the restenotic lesion is related to the time of presentation after 
initial surgery. Most patients with restenosis are asymptomatic and are identified 
with routine follow-up carotid imaging [29].

It is called early restenosis in those that occur within 2–3 years after CEA and 
late in those that occur more than 2–3 years after surgery. Patients at increased risk 
for restenosis include those below age 65, smokers, and women. Patch angioplasty 
appears to be associated with a decreased risk of long-term recurrent stenosis 
compared with primary closure [29, 31].

Reintervention is indicated in patients who develop neurologic symptoms refer-
able to the carotid artery and those with restenosis >80% [29, 45].

6.9 Endovascular treatment

Carotid artery angioplasty and stenting are the standard for endovascular carotid 
intervention that is preferred for most patients with symptomatic internal carotid 
atherosclerosis. Patients with symptomatic carotid disease treated by endarterec-
tomy that are considered to be less invasive have long-term benefits; nevertheless, it 
is reported that patients have an increased risk for poor outcomes with endarterec-
tomy such as stroke periprocedural (30 days). So it is recommended in patients with 
70–99% stenosis with the following conditions: not suitable surgical access, stenosis 
radiation induced, restenosis after endarterectomy, and clinically significant 
cardiac, pulmonary, or other disease that increment risk.

Low dose of aspirin treatment is recommended for all patients who are having 
an endarterectomy and have to be continued for at least 3 months after surgery; 
posterior only is indicated with cardiovascular disease.

The endovascular treatment is nowadays the first-line treatment for many 
vascular diseases. The percutaneous intraluminal angioplasty (PTA) consists in 
dilatation with a balloon for stenotic lesions, making a dehiscence effect, leading 
to fracture and separation of the arterial media from the intima; it was the first 
performed endovascular treatment. The introduction of stents was a major step in 
the evolution of the endovascular management of carotid stenosis [49].

There are a lot of diapositives that can be used in the endovascular treatment 
[22, 41, 50]; some of them are the following:

1. Cryoplasty is a type of balloon angioplasty that has liquid nitrous oxide to 
get inflated and uses cooling a-10°C (14°F) and pressure to dilate the plaque 
and vessel wall. It is well studied in iliac, infrainguinal, femoropopliteal, and 
popliteal lesions.
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2. Focal pressure balloon was designed to reduce dissection and restenosis and to 
exhibit focal pressure to the lesions; it is used in infrapopliteal lesions.

3. Drug-coated balloon: drug-eluting stents (DES) achieve local administration 
of an agent capable of inhibiting intimal hyperplasia without systemic side 
effects. Cypher stents release sirolimus which has a potent immunosuppressive 
drug that controls intimal hyperplasia. TAXUS is a second-generation DES, 
with greater durability and which reduces restenosis. These devices are used in 
femoropopliteal lesions.

4. Stents are a method to reduce the incidence of restenosis or address balloon 
PTA failure due to elastic recoil or dissection. They are classified as balloon-
expanding (BES) and self-expanding stents and also either as bare metal or 
covered stents. Self-expanding stents are composed typically of nitinol.

5. Stent grafts

a. Balloon-expanding stent grafts can be expanded beyond the stated stent 
diameter; they are used for tracheobronchial strictures but not for PAD, 
for iliac or renal artery vascular beds, for occlusive lesions, as well as for 
perforation after PTA or stenting.

b. Self-expanding stent grafts are used for various applications and in femo-
ropopliteal disease and biliary applications.

c. Drug-eluting stents have been associated with improved patency for the 
treatment of PAD compared to conventional balloon angioplasty. These 
are loaded with paclitaxel and sirolimus usually using polymers; these are 
used for femoropopliteal disease.

d. Multilayer stents:

i. Multilayer flow modulator (MFM) is designed to exclude peripheral or 
visceral aneurysm while maintaining branch vessel flow. It is a three-
dimensional braided tube composed of multilayer wire without any 
covering prostheses.

ii. Bioabsorbable stents are initially developed for coronary intervention, 
now is used also for peripheral arterial beds.
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Mechanisms, Interindividual 
Responses and Clinical Insights
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Abstract

Obstructive sleep apnea (OSA), a nightly respiratory condition, is characterized 
by recurrent upper airway collapse causing intermittent hypoxia (IH) resembling 
ischemia and reperfusion (I/R). Consequently, blood oxygenation levels are 
cyclically reduced; sleep fragmentation and sympathetic activation develop, thus 
invoking oxidative stress and inflammation. OSA is a major risk factor for cardio-/
cerebrovascular morbidity and mortality. However, not all OSA patients develop 
cardio-/cerebrovascular disease, even if suffering from similar OSA severity. 
Possibly, this results from interindividual differences in responses to a given 
hypoxic stimulus involving gene polymorphism in oxygen-regulated transcription 
factors and downstream genes. The current review is aimed at highlighting poten-
tially protective mechanisms induced by IH and OSA, rather than its well-estab-
lished deleterious effects, while focusing on acute coronary syndromes. Therefore, 
protective mechanisms revealed in I/R biology and exhibited in vitro and in animal 
models utilizing IH followed by a severe ischemia are discussed and linked to acute 
myocardial infarction patients with concomitant OSA. The roles of endothelial 
progenitor cells, their proliferative and angiogenic properties, and collateral forma-
tion are emphasized in the clinical setting, as well as heterogenic interindividual 
responses to identical hypoxic stimuli. These findings might represent potential 
predictors to cardio-/cerebrovascular health, by identifying patients at higher or 
lower cardiovascular risk.

Keywords: intermittent hypoxia, hypoxia, endothelial progenitor cells (EPCs), 
endothelial cell colony-forming units (EC-CFUs), endothelial tube formation, 
hypoxia-inducible factor (HIF)-1α, vascular endothelial growth factor (VEGF), 
coronary collaterals

1. Introduction

Obstructive sleep apnea (OSA) is a nightly respiratory condition characterized 
by recurrent oropharyngeal upper airway collapse during sleep leading to multiple 
cycles of hypoxic episodes followed by blood reoxygenation. While blocking the 
respiratory system in OSA provokes hypoxic events, resuming respiration induces 
the reoxygenation phase. This intermittent respiration results in multiple cycles of 
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hypoxia and reoxygenation throughout the night which are termed intermittent 
hypoxia (IH). This intermittent respiration directly affects blood oxygenation/
deoxygenation levels altering physiological biochemical and molecular pathways [1].

The significance of OSA to human health stems from its high prevalence 
worldwide, the complaints regarding the quality of life, and the association with 
cardiovascular and other comorbidities. It is identified by a loud and intermittent 
snoring, excessive daytime sleepiness, and polysomnographic respiratory findings. 
In the general population with classical complaints, as loud snoring and excessive 
daytime sleepiness, OSA affects 4 and 2% of adult men and women particularly 
after menopause, respectively. However, these values are much higher in the general 
population not having the classical complaints and are estimated to be as high as 
24% in men and 9% in women. Moreover, in selected populations like the obese and 
the elderly, this value may rise up to 60% [1, 2]. Moreover, OSA is a well-established 
cardiovascular and cerebrovascular risk. It is currently implicated in the etiopatho-
genesis of cardiovascular comorbidities, arrhythmias, congestive heart failure, 
hypertension, atherosclerosis, and stroke [1].

Intermittent hypoxia is in fact the hallmark of OSA. Consequently, many physi-
ological, cellular, and biochemical alternations occur due to the cyclically reduced 
blood oxygenation levels, sleep becomes fragmented, and sympathetic nerve activ-
ity develops [3]. The severity of the IH and the hypoxemia in OSA are determined 
by the number of the hypoxic events per hour of sleep, termed Apnea-Hypopnea 
Index (AHI). It mostly ranges from a cutoff point of 10 events per hour of sleep for 
normal breathing to mild (11–20), moderate (21–30), and severe OSA (>30 events 
per hour of sleep). In severe patients, blood oxygenation levels can intermittently 
drop to as low as 60%.

Events of IH in OSA and in animal models treated with IH were shown to elicit 
cell and tissue injury by increasing the formation of reactive oxygen species (ROS) 
and promoting inflammatory pathways. Both oxidative stress and inflammation are 
fundamental mechanisms in various pathologies, inducing vascular dysfunction, tran-
scriptional reprograming, inflammation, and innate and adaptive immune activation, 
all of which are contributors of morbidity and mortality in a vast array of cardiovas-
cular and other morbidities [4]. This sequence of events initiated by IH is illustrated in 
Figure 1, which was adapted from Lavie [3] and published by Levy et al. [1].

To date, the deleterious effects of OSA and IH on the cardio-/cerebrovascular 
system are well established, many of which result from the IH-associated oxidative 
stress, systemic inflammation, and sympathetic nerve activation. These fundamental 
components are largely responsible for inducing endothelial dysfunction and vascular 
comorbidities in these patients [1, 3]. Specifically, IH was shown to induce activation 
of various leukocyte subpopulations, by increasing their ROS and inflammatory cyto-
kine production. Moreover, increased expression of adhesion molecules, increased 
avidly of OSA monocytes to endothelial cells, inhibition of neutrophil apoptosis, and 
increased cytotoxicity of CD8+ T lymphocytes and γδ T cells toward endothelial cells 
were also shown to contribute to endothelial cell damage, as illustrated in Figure 1 
[3, 5–7]. Thus, the multiple cycles of IH in OSA have been shown to resemble mecha-
nisms of ischemia and reperfusion (I/R) injury by eliciting similar fundamental 
mechanisms, including increased ROS production, activated leukocytes, inflamma-
tion, transcriptional reprograming, and vascular dysfunction [5, 6, 8].

Importantly, although the most prominent and notable effects of I/R reveal tis-
sue and organ injury leading to cardiovascular and cerebrovascular morbidity, I/R 
was also shown to confer cardioprotection by activating adaptive mechanisms such 
as ischemic preconditioning (IPC), post-conditioning, and remote-conditioning 
[9]. Thus, since not all OSA patients develop cardiovascular and other morbidi-
ties, it is feasible that in some instances IPC may occur in OSA as well. Apparently, 
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genetic polymorphism in HIF-1 and downstream genes as vascular endothelial 
growth factor (VEGF) and erythropoietin (EPO) might influence the individual 
responses to a given IH stimulus. However, also environmental- and lifestyle-related 
variables (diet, sports, air pollution) could affect these individual responses [1, 3].

Figure 1. 
Oxidative stress promotes sympathetic activation, cellular and systemic inflammation, and vascular 
comorbidities in OSA. Intermittent hypoxia induces the production of reactive oxygen species (ROS), 
resulting in oxidative stress by inducing mitochondrial dysfunction, activating NADPH oxidase (NOX) and 
xanthine oxidase (XOX), and inducing nitric oxide synthase (NOS) uncoupling. Interaction of ROS with 
nitric oxide (NO) further promotes oxidative stress while diminishing the bioavailability of NO and thus 
promoting hypertension, inflammation, endothelial dysfunction, hypercoagulability, and atherosclerosis. The 
ROS-dependent increase in sympathetic activation and in angiotensin II and endothelin 1 levels contribute 
to hypertension. Concomitantly, ROS can upregulate numerous redox-sensitive transcription factors, such as 
nuclear factor-κB (NF-κB), hypoxia-inducible factor-1α (HIF-1α), and nuclear factor (erythroid-derived 
2)-like 2 (NF2L2). NF-κB orchestrates the various inflammatory processes that lead to endothelial dysfunction 
and atherosclerosis. By contrast, HIF-1α and NF2L2, which are also upregulated by ROS levels, are involved in 
protective mechanisms, which may counteract some of deleterious effects of ROS. Comorbidities and conditions 
associated with OSA, such as hypercholesterolemia, diabetes mellitus, and obesity, also have a ROS component 
and involve NF-κB activation and inflammation. Broken line, indirect pathway; red line, inhibition. Figure 
adapted from Ref. [3], Elsevier and published in Lévy et al. [1].



Atherosclerosis, Arteriosclerosis and Arteriolosclerosis

18

hypoxia and reoxygenation throughout the night which are termed intermittent 
hypoxia (IH). This intermittent respiration directly affects blood oxygenation/
deoxygenation levels altering physiological biochemical and molecular pathways [1].

The significance of OSA to human health stems from its high prevalence 
worldwide, the complaints regarding the quality of life, and the association with 
cardiovascular and other comorbidities. It is identified by a loud and intermittent 
snoring, excessive daytime sleepiness, and polysomnographic respiratory findings. 
In the general population with classical complaints, as loud snoring and excessive 
daytime sleepiness, OSA affects 4 and 2% of adult men and women particularly 
after menopause, respectively. However, these values are much higher in the general 
population not having the classical complaints and are estimated to be as high as 
24% in men and 9% in women. Moreover, in selected populations like the obese and 
the elderly, this value may rise up to 60% [1, 2]. Moreover, OSA is a well-established 
cardiovascular and cerebrovascular risk. It is currently implicated in the etiopatho-
genesis of cardiovascular comorbidities, arrhythmias, congestive heart failure, 
hypertension, atherosclerosis, and stroke [1].

Intermittent hypoxia is in fact the hallmark of OSA. Consequently, many physi-
ological, cellular, and biochemical alternations occur due to the cyclically reduced 
blood oxygenation levels, sleep becomes fragmented, and sympathetic nerve activ-
ity develops [3]. The severity of the IH and the hypoxemia in OSA are determined 
by the number of the hypoxic events per hour of sleep, termed Apnea-Hypopnea 
Index (AHI). It mostly ranges from a cutoff point of 10 events per hour of sleep for 
normal breathing to mild (11–20), moderate (21–30), and severe OSA (>30 events 
per hour of sleep). In severe patients, blood oxygenation levels can intermittently 
drop to as low as 60%.

Events of IH in OSA and in animal models treated with IH were shown to elicit 
cell and tissue injury by increasing the formation of reactive oxygen species (ROS) 
and promoting inflammatory pathways. Both oxidative stress and inflammation are 
fundamental mechanisms in various pathologies, inducing vascular dysfunction, tran-
scriptional reprograming, inflammation, and innate and adaptive immune activation, 
all of which are contributors of morbidity and mortality in a vast array of cardiovas-
cular and other morbidities [4]. This sequence of events initiated by IH is illustrated in 
Figure 1, which was adapted from Lavie [3] and published by Levy et al. [1].

To date, the deleterious effects of OSA and IH on the cardio-/cerebrovascular 
system are well established, many of which result from the IH-associated oxidative 
stress, systemic inflammation, and sympathetic nerve activation. These fundamental 
components are largely responsible for inducing endothelial dysfunction and vascular 
comorbidities in these patients [1, 3]. Specifically, IH was shown to induce activation 
of various leukocyte subpopulations, by increasing their ROS and inflammatory cyto-
kine production. Moreover, increased expression of adhesion molecules, increased 
avidly of OSA monocytes to endothelial cells, inhibition of neutrophil apoptosis, and 
increased cytotoxicity of CD8+ T lymphocytes and γδ T cells toward endothelial cells 
were also shown to contribute to endothelial cell damage, as illustrated in Figure 1 
[3, 5–7]. Thus, the multiple cycles of IH in OSA have been shown to resemble mecha-
nisms of ischemia and reperfusion (I/R) injury by eliciting similar fundamental 
mechanisms, including increased ROS production, activated leukocytes, inflamma-
tion, transcriptional reprograming, and vascular dysfunction [5, 6, 8].

Importantly, although the most prominent and notable effects of I/R reveal tis-
sue and organ injury leading to cardiovascular and cerebrovascular morbidity, I/R 
was also shown to confer cardioprotection by activating adaptive mechanisms such 
as ischemic preconditioning (IPC), post-conditioning, and remote-conditioning 
[9]. Thus, since not all OSA patients develop cardiovascular and other morbidi-
ties, it is feasible that in some instances IPC may occur in OSA as well. Apparently, 

19

Intermittent Hypoxia and Obstructive Sleep Apnea: Mechanisms, Interindividual Responses…
DOI: http://dx.doi.org/10.5772/intechopen.86117

genetic polymorphism in HIF-1 and downstream genes as vascular endothelial 
growth factor (VEGF) and erythropoietin (EPO) might influence the individual 
responses to a given IH stimulus. However, also environmental- and lifestyle-related 
variables (diet, sports, air pollution) could affect these individual responses [1, 3].

Figure 1. 
Oxidative stress promotes sympathetic activation, cellular and systemic inflammation, and vascular 
comorbidities in OSA. Intermittent hypoxia induces the production of reactive oxygen species (ROS), 
resulting in oxidative stress by inducing mitochondrial dysfunction, activating NADPH oxidase (NOX) and 
xanthine oxidase (XOX), and inducing nitric oxide synthase (NOS) uncoupling. Interaction of ROS with 
nitric oxide (NO) further promotes oxidative stress while diminishing the bioavailability of NO and thus 
promoting hypertension, inflammation, endothelial dysfunction, hypercoagulability, and atherosclerosis. The 
ROS-dependent increase in sympathetic activation and in angiotensin II and endothelin 1 levels contribute 
to hypertension. Concomitantly, ROS can upregulate numerous redox-sensitive transcription factors, such as 
nuclear factor-κB (NF-κB), hypoxia-inducible factor-1α (HIF-1α), and nuclear factor (erythroid-derived 
2)-like 2 (NF2L2). NF-κB orchestrates the various inflammatory processes that lead to endothelial dysfunction 
and atherosclerosis. By contrast, HIF-1α and NF2L2, which are also upregulated by ROS levels, are involved in 
protective mechanisms, which may counteract some of deleterious effects of ROS. Comorbidities and conditions 
associated with OSA, such as hypercholesterolemia, diabetes mellitus, and obesity, also have a ROS component 
and involve NF-κB activation and inflammation. Broken line, indirect pathway; red line, inhibition. Figure 
adapted from Ref. [3], Elsevier and published in Lévy et al. [1].



Atherosclerosis, Arteriosclerosis and Arteriolosclerosis

20

The current review is aimed at highlighting potentially protective mechanisms 
induced by IH and OSA rather than the deleterious and well-established injurious 
effects described above while focusing on OSA patients with concomitant acute 
coronary syndromes. Thus, protective mechanisms revealed in I/R biology and also 
exhibited in animal models of IH after a global ischemic insult, as well as in patients 
with acute myocardial infarction (AMI) and concomitant OSA, are discussed and 
further elaborated in models of IH in vitro. A special emphasis is put on endothelial 
progenitor cells (EPCs), their proliferative and angiogenic properties, and their 
association with collateral formation. The significance of the heterogeneity in the 
proliferative and angiogenic functions of EPCs from healthy individuals exposed to 
a given identical IH stimulus is discussed with regard to potential collateral develop-
ment and cardiovascular outcomes. Understanding individual differences to various 
forms of hypoxia and the associated molecular pathways can help in identifying 
patients at higher or lower cardiovascular risk.

2. Protective mechanisms associated with ischemia and reperfusion

The preconditioning effect is basically an experimental strategy. Applying brief 
ischemic episodes each followed by reperfusion—prior to a longer and potentially 
lethal duration of ischemia—can confer protection to an organ or a tissue. IPC of 
the heart is the best studied one. It demonstrates the heart’s own self-preserving 
mechanism, by reducing infarct size and ventricular arrhythmias, and was shown in 
many of the models studied. In the first and seminal study demonstrating IPC [10], 
dog hearts were preconditioned by undergoing four circumflex coronary occlusions 
each lasting 5 min, separated each by 5 min of reperfusion (a total of 40 min), fol-
lowed by a sustained 40 min occlusion and 4 days of reperfusion recovery. Control 
animals underwent only a single 40 min of occlusion and 4 days of reperfusion 
recovery after which infarct size was measured. In the controls, the infarcted area 
consisted 30% of the area at risk, whereas that of the preconditioned animals was 
only 7.5% of the area at risk (25% of the infarct size in the controls). This landmark 
study has paved the way to subsequent studies demonstrating the protective effects 
of IPC in the kidney, brain, liver, and intestine [11, 12]. Moreover, in various stud-
ies, the paradigms of IPC varied considerably ranging from intervals of minutes to 
seconds. Thus, when nonlethal sequential episodes of I/R—like those occurring in 
OSA nightly, prior to the occurrence of an acute lethal I/R episode—like in AMI or 
stroke, preconditioning may occur in those patients.

2.1  Mechanisms of ischemic preconditioning in animal models of intermittent 
hypoxia

The mechanisms involving IPC are complex and intricate, implicating various 
molecular, cellular, and paracrine pathways. Some of the triggers, mediators, and 
targets activated by I/R include Ca+2 ions, ROS, reactive nitrogen species, purinergic 
signaling, kinases, cytokines, and mitochondria. Transcriptional reprograming is 
affected as well. It involves upregulation of the redox-sensitive transcription factor 
hypoxia-inducible factor (HIF)-1α and its downstream genes VEGF and EPO and 
inducible nitric oxide synthase (iNOS) [4, 12]. The angiogenic VEGF promotes 
neovascularization and collateral vessel formation, while EPO is essential for 
protection against I/R injury. Nuclear factor kB (NF-κB) and some of its regulated 
inflammatory pathways are activated as well. Collectively, these transcriptional 
alterations invoke cellular and paracrine functions. In that context, a number of 
studies utilizing animal models of IH were shown to reduce infarct size in rat hearts 
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and improve focal ischemic injury in mice. In an acute model of IH, isolated rat 
myocardium was exposed to 4 h or 30 min of preconditioning by IH, using hypoxic  
episodes of either 10 or 5% oxygen, lasting 40 s and normoxia at 21% O2 for 20 s  
(60 IH events per hour). After 24 h of recovery, sustained ischemia lasting 30 min was 
followed by 120 min of reperfusion. Only the paradigm of 4 h of IH at 10% oxygen 
induced a delayed preconditioning by reducing infarct size to more than 50% 
as compared to control hearts [13]. Moreover, besides reducing infarct size, also 
HIF-1α was stabilized and iNOS was activated. These effects were mediated through 
PKC and triggered by P38 MAPK and ERK1/ERK2 while inhibiting iNOS with 
aminoguanidine before the ischemic period abolished the IPC phenomenon [14]. 
In a chronic IH model investigating focal ischemic injury in mice, a dichotomous 
effect was noted. The mice were subjected to chronic IH at 10 or 6% O2 for 35 days 
(8 h/day 20 hypoxic episodes/hour lasting 90 s at 90 s of intervals) or to room air 
(sham). Then the mice were treated for focal ischemic injury for 30–35 min. Only 
at 10% of O2, EPO and VEGF were increased, while inflammatory markers were 
decreased compared to controls. At the more severe IH of 6% of O2, inflammatory 
markers were increased as compared to control sham animals [15]. In both the acute 
and the chronic IH animal models described, the IH served as a nonlethal precon-
ditioning effect before applying the lethal I/R stimulus. Acute as well as chronic 
IH displayed dichotomous effects, depending on the severity of the IH applied. 
Moreover, the molecular mechanisms described for IH-dependent IPC concur with 
classical IPC mechanisms in I/R (upregulation of HIF-1α, VEGF, EPO, and iNOS). 
Thus, the protective effects were dependent on the severity, the frequency, and the 
chronicity of the IH paradigms applied in these animal models of IH.

2.2  Potential involvement of IPC in OSA patients with acute MI and acute 
ischemic stroke

The involvement of IPC is potentially implicated in patients with OSA after an 
AMI or an acute ischemic stroke. For instance, peak cardiac troponin values were 
shown to be significantly higher in AMI patients without OSA than in AMI patients 
with OSA. This finding suggests that OSA might have a protective effect in the 
context of MI and that patients with OSA may experience less severe myocardial 
injury [16]. Additionally, the prevalence of non-ST-elevation myocardial infarction 
(NSTEMI) in AMI patients was associated with OSA and was shown to increase with 
the increasing severity of OSA. This finding may also suggest a cardioprotective role 
of OSA, which may attenuate the development of ST-elevation myocardial infarction 
(STEMI), perhaps through IPC [17]. In patients with OSA hospitalized because of an 
acute ischemic stroke, less severe neurological injury and lower unadjusted mortality 
rates were found than in those without a history of OSA [18]. Also, cardiac arrest sur-
vivors with OSA had better unadjusted survival rates and favorable adjusted neuro-
logical outcomes at discharge than those without OSA [19]. This latter study suggests 
that OSA patients may tolerate better acute brain ischemia due to preconditioning. 
Collectively, these recent studies favor the possibility that the presence of OSA may 
confer cardio-/neuroprotection in patients with AMI or acute ischemic stroke.

3. The role of endothelial progenitor cells in endothelial health

Blood-derived EPCs play a pivotal role in maintaining vascular homeostasis by 
providing an endogenous repair mechanism by replacing dysfunctional endothelium 
and enhancing tissue repair after an ischemic vascular insult [20, 21]. EPCs are mobi-
lized by hypoxia or tissue ischemia, HIF-1α- and VEGF-dependent pathways [22]. 
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confer cardio-/neuroprotection in patients with AMI or acute ischemic stroke.

3. The role of endothelial progenitor cells in endothelial health

Blood-derived EPCs play a pivotal role in maintaining vascular homeostasis by 
providing an endogenous repair mechanism by replacing dysfunctional endothelium 
and enhancing tissue repair after an ischemic vascular insult [20, 21]. EPCs are mobi-
lized by hypoxia or tissue ischemia, HIF-1α- and VEGF-dependent pathways [22]. 
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In AMI patients, EPCs were shown to home at the ischemic myocardium and 
 participate in vascular and cardiac repair, basically acting as an internal pool of 
endothelial cells (ECs). EPCs contribute up to 25% of ECs in newly developed 
vessels at ischemic sites. Hence, they promote coronary collateral formation while 
improving endothelial functions by integrating into newly developing capillaries 
or into injured blood vessels [20, 23]. Of note, low EPC numbers were shown to 
correlate with endothelial dysfunction, atherosclerosis, and poor cardiovascular 
outcome. Thus, they are currently considered in many studies to represent an inde-
pendent predictor of endothelial dysfunction and long-term prognosis in patients 
with coronary artery disease [21, 24]. Therefore, circulating EPC levels might be 
used as a surrogate marker to assess clinical outcomes.

In most of the studies published thus far, EPCs were primarily identified by 
CD34 (primitive hematopoietic progenitors) and VEGF-R2 (a VEGF receptor) 
expressions [20]. Their proliferative and angiogenic capacities were demonstrated 
in vitro by two widely used assays: (1) the formation of endothelial colonies in 
culture—termed endothelial cell colony-forming units (EC-CFUs) [25]—and (2) 
the determination of the paracrine effects of these developed colonies on endothe-
lial cells in culture [26].

Growing EPCs on fibronectin in vitro can induce proliferation and differentia-
tion into EC-CFUs which are characterized by a central core of round angiogenic 
T cells and outgrowing spindle-shaped cells. These colonies secret angiogenic growth 
factors such as VEGF inducing endothelial tube formation via paracrine pathways. 
Moreover, in AMI patients the expression of circulating EPCs (CD34+/VEGF-R2) 
was positively correlated with mean endothelial tube formation [27]. Also, EC-CFUs 
were shown to negatively correlate with the Framingham risk score, thus adequately 
representing circulating EPCs [25]. Both these two in vitro measures—the formation 
of EC-CFUs in culture and their paracrine effects on endothelial tube formation—
might be considered as good surrogate markers for circulating EPCs [25, 27].

3.1  Endothelial progenitor cells and their proliferative and angiogenic 
properties in AMI patients with OSA

Acute MI can be a devastating I/R event and a frequent cause of sudden death. 
Sleep apnea is highly prevalent in AMI patients, ranging in various studies from 
22 to 69%. However, in the setting of AMI, the presence of OSA is frequently not 
considered and therefore under diagnosed [28]. Evaluating circulating EPCs in 
patients diagnosed with OSA while recovering from an AMI revealed significantly 
higher EPC numbers than in AMI patients without OSA. Also the intracellular 
VEGF expression, EC-CFU numbers, and their angiogenic T cells in culture, and 
endothelial tube formation, were all significantly higher than those in AMI patients 
without OSA [27]. These findings suggest that the IH associated with OSA might 
have a crucial role in promoting these protective functions of EPCs in the setting of 
AMI. Subsequently, the development of EC-CFUs and their paracrine functions in 
healthy individuals were determined by exposure to IH in vitro. Indeed, the pro-
liferative and paracrine abilities of EC-CFUs and endothelial tube formation were 
increased by IH, as compared to those that developed under normoxic conditions 
[27, 29]. Moreover, IH in vitro increased NADPH oxidase-dependent ROS produc-
tion, protein carbonylation, and VEGF expression in EC-CFUs. Both EC-CFU num-
bers and endothelial tube formation in culture were increased by ROS-dependent 
mechanisms. Accordingly, ROS scavengers and NADPH oxidase inhibitors attenu-
ated or completely abolished the formation of EC-CFUs treated by IH in vitro. It is 
therefore likely that IH and ROS are crucial contributors to increased EPC numbers 
and their proliferative and angiogenic functions [29].
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4. Development of coronary collaterals in acute coronary syndromes

A number of studies demonstrate that coronary collaterals were increased in 
coronary artery disease patients with high EPC numbers. Conversely, inadequate 
coronary collateral development was associated with reduced numbers of circulat-
ing EPCs and impaired pro-angiogenic activity, as determined by the low values of 
EC-CFUs and tube formation in culture [30, 31]. Moreover, increased circulating 
EPC levels were also associated with collateral formation in patients with NSTEMI 
[32]. Furthermore, reduced circulating EPC numbers also predicted future cardio-
vascular events, emphasizing the clinical importance of endogenous vascular repair 
[30, 31, 33]. Therefore, circulating EPC numbers might represent a good prognostic 
marker for the outcomes in the clinical context of acute coronary syndrome [20].

Interestingly in OSA patients with total coronary occlusion, collateral develop-
ment was significantly higher than in non-OSA patients with the same coronary 
occlusion (Rentrop score 2.4 ± 0.7 vs. 1.61 ± 1.2, p = 0.02, respectively) [34]. Similar 
finding supporting increased coronary collaterals in inaugural AMI patients with 
OSA was also reported more recently [35].

5. Interindividual responses to hypoxic conditions

Interindividual differences are fundamental to the development of personal-
ized medicine. Different individuals respond in a distinctively different manner 
to an identical hypoxic stimulus. Such diverse responses can result from a number 
of reasons. Specifically, however, genetic variations in the expression of oxygen-
regulated genes are of a particular interest in this growing field of personalized and 
regenerative medicine, as EPCs and their proliferative and angiogenic functions are 
[3]. For instance, the expression of the transcription factor HIF-1α and some of its 
downstream genes as VEGF and aldolase C was determined in lymphocytes from 
healthy adults exposed to eight different hypoxic treatments ranging from 0.1 to 20% 
oxygen. The sensitivity of HIF-1α expression to hypoxia varied considerably between 
individuals. HIF expression in the “low responders” was upregulated at 0.1% oxygen, 
whereas “high responders” upregulated HIF already at 5% oxygen. Moreover, also the 
HIF-regulated downstream genes responded in the same manner in each individual, 
suggesting that the source of this variation resides within the HIF system itself [36]. 
Furthermore, in patients with ischemic heart disease, DNA was genotyped for single-
nucleotide polymorphism (C or T changes at residue 582 of HIF-1α, from proline to 
serine). HIF-1α polymorphism was associated with the development of collaterals in 
those patients and was dependent on the frequency of the T alleles. Its frequency was 
higher in patients without collaterals than in patients with collaterals (the presence 
of CT or TT was a negative predictor). Thus, variations in HIF-1α genotype may 
influence the development of collaterals in patients with significant coronary artery 
disease perhaps regardless of the severity of the ischemia they encounter [37]. In 
an earlier study, interindividual responses to hypoxia were also shown in coronary 
artery disease patients undergoing angiography. Their monocytes were harvested 
and exposed to an identical hypoxic stimulus. Then, mRNA levels of VEGF were 
determined and correlated with the presence of collaterals. Patients with no collater-
als had significantly lower hypoxic induction of mRNA VEGF levels, whereas high 
mRNA VEGF levels were correlated with high collateral formation [38]. Collectively, 
these latter studies emphasize the heterogenic responses observed between differ-
ent individuals exposed to an identical hypoxic stimulus, due to a different genetic 
background. Moreover, the significance of collateral development in the context of 
individual responses and clinical outcomes is further emphasized.
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Since high levels of EC-CFUs and endothelial tube formation were correlated 
with high collateral formation [30, 31], we investigated the effects on EC-CFUs, 
endothelial tube formation, and VEGF levels in young healthy adults by apply-
ing IH in vitro. As aforementioned, IH increased the formation of EC-CFUs and 
their paracrine activity by increasing endothelial tube formation via higher VEGF 
expression in culture [29]. However, there was also a significant variation within 
the cellular responses to the hypoxic stimuli between individuals as depicted in 
Figure 2. This latter finding emphasizes again the importance of the interindividual 
heterogeneity observed in the hypoxic responses to a specific stimulus as described 
earlier for the HIF system and the downstream genes in cardiovascular patients as 
well as in healthy individuals [36–38].

6. Conclusions

Intermittent hypoxia is the hallmark of obstructive sleep apnea. However, 
many of the molecular pathways activated in OSA and in response to IH in vivo 
and in vitro resemble pathways activated by ischemia and reperfusion (I/R). This 
is evident in injurious as well as in protective mechanisms. IH, similar to I/R, 
promotes fundamentally injurious mechanisms as oxidative stress and inflam-
mation which invoke atherosclerotic processes rendering OSA a major risk factor 
for cardio- and cerebrovascular disease. Yet, not all OSA patients develop these 
morbidities. Importantly, also, similar to I/R, some OSA patients with concomitant 
acute MI respond to the harsh effects of IH by activating akin molecular pathways 

Figure 2. 
Individual and mean EC-CFU numbers were determined on the 7th day in culture in 15 healthy donors. 
Cells were exposed to intermittent hypoxia (IH) and to sustained hypoxia (SH) and compared to normoxia 
(Norm). Each symbol represents a different donor. The horizontal black bar represents the average value for 
each treatment. (IH 12.7 ± 10.0 vs. Norm 5.0 ± 3.3 EC-CFUs/well, p < 0.017; SH 5.4 ± 4.7 vs. Norm EC-CFUs/
well, p = NS). These data were published in Avezov et al. [29].
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which promote protective mechanisms as ischemic preconditioning. It is therefore 
likely that OSA promotes IPC in some instances as well. This is particularly evident 
in patients recovering from AMI.

Both IH and ROS were shown to play a major role in increasing EPC and 
EC-CFU numbers and angiogenic functions. All in all, circulating EPC numbers 
and their angiogenic functions were shown to represent a good surrogate marker as 
well as a prognostic marker to assess the outcomes in the clinical context of acute 
MI. This is emphasized by their association and significance to collateral develop-
ment and clinical outcome. Moreover, the heterogenic responses observed between 
individuals, implicating a specific personal response to a given particular stimulus, 
based on genetic variants, might be considered as the foundation for developing 
personalized medicine for acute MI patients. Thus, IH might be considered as a new 
modality for the upregulation of angiogenic processes to induce collateral formation 
in the clinical setting. However, the severity, the frequency, and the chronicity of 
the IH paradigms should be determined in order to identify and harness IH patterns 
possessing protective effects. Collectively, based on the studies presented in this 
review, it is clearly evident that determination of collateral formation, EPC num-
bers (and possibly their proliferative and angiogenic properties), HIF polymor-
phism, downstream genes as VEGF, and additional markers, yet to be unraveled, 
represent an important tool to identify patients at higher or lower risk for outcomes 
of acute coronary syndromes. However, no less important is the identification of IH 
patterns possessing protective effects toward elevating EPC numbers in the circula-
tion of acute MI patients with low or unfavorable HIF polymorphism.
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Abstract

Cardiovascular diseases are the leading cause of morbidity and mortality in 
general population worldwide. There is an increasing significance of cardiovascular 
risk in the field of rheumatology, and accordingly, the evidence on the relation 
between immune system disorders and atherosclerosis has been substantially 
growing especially in last decades. Since novel immune and metabolic factors are 
considered to participate in pathogenesis of atherosclerosis and increased cardio-
vascular risk in rheumatic patients, they are getting to the forefront of the research. 
Since novel therapeutic approaches have improved survival of rheumatic patients, 
and decreased morbidity caused by rheumatic disease activity and damage, the 
significance of other comorbidities leading to premature mortality has arisen. 
Nevertheless, appropriate recommendations for the management of cardiovascular 
risk are still lacking. Recently, European League Against Rheumatism (EULAR) 
recommendations for management of the cardiovascular risk and comorbidities 
in patients with inflammatory arthropathies have been published. However, the 
cardiovascular management of these patients is still suboptimal. In addition, the 
situation in other orphan diseases such as idiopathic inflammatory myopathies, 
systemic sclerosis and others is even more uncertain and strongly requires further 
research. This chapter provides an overview of epidemiology, pathogenesis, clini-
cal manifestations, screening and management of atherosclerosis in patients with 
rheumatic diseases.

Keywords: atherosclerosis, rheumatic diseases, metabolic risk factors, management, 
therapy

1. Introduction

Cardiovascular diseases (CVDs) are estimated to be the leading cause of 
mortality and morbidity worldwide and are responsible for one-third of world’s 
population mortality [1]. Atherosclerosis (ATS), as the main cause of CVD, starts 
to develop early in the life and presents later with clinical manifestations depend-
ing on other circumstances. ATS is a multifactorial disease, in which the immune 
system and impairment of vascular system play a significant role. Inflammation, 
which can be triggered by infectious agents or by autoimmune reaction, wors-
ens and promotes atherogenesis by several mechanisms [2]. In addition to the 
immune system, other factors significantly participate in atherogenesis by 
facilitating the vascular damage, initiating the formation, progression and the 
rupture of atherosclerotic plaques leading to consequent clinical manifestation of 
ATS. So-called traditional risk factors include dysregulation of lipid and glucose 
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1. Introduction

Cardiovascular diseases (CVDs) are estimated to be the leading cause of 
mortality and morbidity worldwide and are responsible for one-third of world’s 
population mortality [1]. Atherosclerosis (ATS), as the main cause of CVD, starts 
to develop early in the life and presents later with clinical manifestations depend-
ing on other circumstances. ATS is a multifactorial disease, in which the immune 
system and impairment of vascular system play a significant role. Inflammation, 
which can be triggered by infectious agents or by autoimmune reaction, wors-
ens and promotes atherogenesis by several mechanisms [2]. In addition to the 
immune system, other factors significantly participate in atherogenesis by 
facilitating the vascular damage, initiating the formation, progression and the 
rupture of atherosclerotic plaques leading to consequent clinical manifestation of 
ATS. So-called traditional risk factors include dysregulation of lipid and glucose 
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metabolism, arterial hypertension, and degeneration of vascular tissue caused by 
aging, smoking and hormonal factors [3].

It is well known that autoimmune diseases are accompanied by increased CV 
morbidity and mortality, caused by exacerbation of atherogenesis [2]. Traditional 
risk factors of ATS in general population such as dyslipidemia, glucose intolerance, 
arterial hypertension, etc. can explain only about 75% of CV manifestations in 
rheumatic patients [4]. In these patients, non-traditional risk factors associated 
with the systemic inflammatory disease apply [5].

Despite the significant improvement of the therapy of rheumatic diseases, the 
incidence of CVD in rheumatic patients remains increased compared to that in 
general population [6]. Both the CV risk and CVD manifestations differ among 
rheumatic diseases according to the characteristic pathogenetic mechanism, 
inflammation activity and other specific features of the rheumatic diseases [7]. CV 
risk in the more prevalent rheumatic diseases such as rheumatoid arthritis (RA) 
or systemic lupus erythematosus (SLE) is relatively best described. On the other 
hand, the situation is less clear in orphan connective tissue diseases such as systemic 
sclerosis (SSc), idiopathic inflammatory myopathies (IIM), primary Sjögren’s 
syndrome (pSS) and others.

The aim of this review chapter is to provide an overview and sum up the current 
knowledge on CV risk factors and the treatment options of ATS-related comorbidi-
ties in rheumatic diseases.

2. Cardiovascular risks in rheumatic diseases

Traditional CV risk factors play two roles in rheumatic patients: the first one 
as a trigger, the second as a consequence of the rheumatic disease activity [3]. 
Non-traditional risk factors are given by genetic and epigenetic factors, concurrent 
autoimmune inflammatory disorder and the specific features of each particular 
rheumatic disease (age of onset, duration, activity and the type of the disease) and 
other comorbidities, among others depression [8–10].

2.1 Metabolic syndrome and its association with immune disorders

Metabolic syndrome (MetS) is defined as a cluster of comorbidities and risk fac-
tors leading to CVDs and increasing the CV mortality and morbidity. MetS includes 
obesity and visceral adiposity, diabetes and insulin resistance (IR), arterial hyperten-
sion (AH) and dyslipidemia [11]. The matter of mutual interactions and cross-talk of 
immune and metabolic system has become the object of many studies in recent years. 
Immune-metabolic interactions are regulated by genetic factors, nutritional status 
and by intestinal microbiome. The imbalance of the immune and metabolic interac-
tions contributes to the occurrence and manifestation of rheumatic diseases [12].

The prevalence of MetS in general population is estimated to be 24–44% 
depending on the exact definition of the MetS and the studied population [11, 13], 
and increases in rheumatic patients and gout to as much as 36–42%, as was reported 
in studies comparing rheumatic patients to the healthy control population [13].

Different immune mechanisms have been reported to be implemented in the patho-
genesis of MetS, including pro-inflammatory cytokines, namely interleukin (IL)-1 and 
IL-12 family. These cytokines are included in the regulation of immune response and 
atherogenic damage, and in the differentiation of T helper cells (Th), which participate 
in the pathogenesis of both autoimmune disorders and CVDs [14, 15]. Cytokines of 
IL-23/IL-17 signaling pathway are increased in rheumatic diseases, and significantly 
participate in atherogenesis [16]. MetS is associated with increased oxidative stress, 
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which, among others, leads to the formation of oxidized phospholipids (oxPL) and 
contributes to pathogenesis of autoimmune disorders [13].

IR is not only closely related to MetS, but is also considered to act as a key 
pathogenic factor in MetS [13]. The definition describes IR as a decreased 
sensitivity and responsiveness of target organs to the action of insulin result-
ing in hyperinsulinemia [17]. As consequence, this metabolic disorder leads to 
glucotoxicity, lipotoxicity and inflammation, all of which participate in endothe-
lial damage and dysfunction [18]. The visceral fat tissue is considered to be the 
major locus of these unfavorable changes. Of note, CVDs, MetS and autoimmune 
disorders share common pathogenic mechanisms and mediators of inflammation 
and activity [13].

In recent years, study of microbiome has come to the forefront of interest. An 
imbalance of intestinal microbiota (dysbiosis) is characterized by a decrease of the 
number of beneficial intestinal bacteria and the overgrowth of potentially patho-
genic bacteria. This phenomenon accompanies metabolic disorders and contributes 
to the emergence of MetS, obesity and type 2 diabetes mellitus (T2DM) [19]. 
Impaired balance of the intestinal flora may also contribute to the development of 
autoimmune disorders. Several studies have demonstrated onset of inflammation 
induced by alterations in the gut microbiome. This could explain the relationship 
between the microbiome and systemic inflammatory response [20].

2.2 Obesity as an active contributor to inflammation

The definition of obesity is mostly based on the body mass index (BMI— 
values higher than 30 kg/m2). Obesity, as well as MetS, is a global health problem 
especially in developed countries. The prevalence has been constantly grow-
ing over the years and to date, it is estimated to be almost 40% in the general 
population [21, 22]. Nevertheless, the association of obesity and CVDs in the 
general population is not clear [23]. Some evidence even suggests better prog-
nosis for people with higher value of BMI [24]. However, there is a well-known 
correlation of obesity and increased risk of T2DM and coronary arterial disease 
(CAD), as well as a negative impact of obesity on other comorbidities including 
rheumatic diseases [23]. The immunomodulatory potential of adipose tissue and 
its ability to create an inflammatory environment of moderate activity could 
explain the effect of obesity as a risk factor for the development of some auto-
immune diseases [22, 25].

Adipose tissue not only consists of adipocytes and connective tissue cells, but 
also contains immune cells as well (T cells, eosinophils, B regulatory cells and 
macrophages) [26–28]. In individuals with normal BMI, the immune cells interact 
with adipocytes and maintain a non-inflammatory environment by produc-
tion of anti-inflammatory cytokines (IL-10, IL-4, IL-13) [27]. On the contrary, 
predominance of pro-inflammatory T helper (Th) type 1 and 17 cells and pro-
inflammatory type of macrophages has been found in increased adipose tissue 
mass of obese individuals [27, 29, 30]. These changes result in the production of 
pro-inflammatory molecules such as tumor necrosis factor (TNF) and IL-6, which 
are one of the crucial cytokines involved in the pathogenesis of several rheu-
matic diseases. Moreover, obesity leads to an altered expression of adipokines, 
multifunctional molecules produced by white adipose tissue cells and involved 
in the regulation of inflammatory and autoimmune processes [31, 32]. The MetS 
and secretion of pro-inflammatory adipokines can be associated with CVDs and 
autoimmune disorders [13].

Thus, obesity is not only a passive comorbidity, but can actively participate in 
the inflammatory process. According to the current evidence, obesity can negatively 
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metabolism, arterial hypertension, and degeneration of vascular tissue caused by 
aging, smoking and hormonal factors [3].

It is well known that autoimmune diseases are accompanied by increased CV 
morbidity and mortality, caused by exacerbation of atherogenesis [2]. Traditional 
risk factors of ATS in general population such as dyslipidemia, glucose intolerance, 
arterial hypertension, etc. can explain only about 75% of CV manifestations in 
rheumatic patients [4]. In these patients, non-traditional risk factors associated 
with the systemic inflammatory disease apply [5].

Despite the significant improvement of the therapy of rheumatic diseases, the 
incidence of CVD in rheumatic patients remains increased compared to that in 
general population [6]. Both the CV risk and CVD manifestations differ among 
rheumatic diseases according to the characteristic pathogenetic mechanism, 
inflammation activity and other specific features of the rheumatic diseases [7]. CV 
risk in the more prevalent rheumatic diseases such as rheumatoid arthritis (RA) 
or systemic lupus erythematosus (SLE) is relatively best described. On the other 
hand, the situation is less clear in orphan connective tissue diseases such as systemic 
sclerosis (SSc), idiopathic inflammatory myopathies (IIM), primary Sjögren’s 
syndrome (pSS) and others.

The aim of this review chapter is to provide an overview and sum up the current 
knowledge on CV risk factors and the treatment options of ATS-related comorbidi-
ties in rheumatic diseases.

2. Cardiovascular risks in rheumatic diseases

Traditional CV risk factors play two roles in rheumatic patients: the first one 
as a trigger, the second as a consequence of the rheumatic disease activity [3]. 
Non-traditional risk factors are given by genetic and epigenetic factors, concurrent 
autoimmune inflammatory disorder and the specific features of each particular 
rheumatic disease (age of onset, duration, activity and the type of the disease) and 
other comorbidities, among others depression [8–10].

2.1 Metabolic syndrome and its association with immune disorders

Metabolic syndrome (MetS) is defined as a cluster of comorbidities and risk fac-
tors leading to CVDs and increasing the CV mortality and morbidity. MetS includes 
obesity and visceral adiposity, diabetes and insulin resistance (IR), arterial hyperten-
sion (AH) and dyslipidemia [11]. The matter of mutual interactions and cross-talk of 
immune and metabolic system has become the object of many studies in recent years. 
Immune-metabolic interactions are regulated by genetic factors, nutritional status 
and by intestinal microbiome. The imbalance of the immune and metabolic interac-
tions contributes to the occurrence and manifestation of rheumatic diseases [12].

The prevalence of MetS in general population is estimated to be 24–44% 
depending on the exact definition of the MetS and the studied population [11, 13], 
and increases in rheumatic patients and gout to as much as 36–42%, as was reported 
in studies comparing rheumatic patients to the healthy control population [13].

Different immune mechanisms have been reported to be implemented in the patho-
genesis of MetS, including pro-inflammatory cytokines, namely interleukin (IL)-1 and 
IL-12 family. These cytokines are included in the regulation of immune response and 
atherogenic damage, and in the differentiation of T helper cells (Th), which participate 
in the pathogenesis of both autoimmune disorders and CVDs [14, 15]. Cytokines of 
IL-23/IL-17 signaling pathway are increased in rheumatic diseases, and significantly 
participate in atherogenesis [16]. MetS is associated with increased oxidative stress, 
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which, among others, leads to the formation of oxidized phospholipids (oxPL) and 
contributes to pathogenesis of autoimmune disorders [13].

IR is not only closely related to MetS, but is also considered to act as a key 
pathogenic factor in MetS [13]. The definition describes IR as a decreased 
sensitivity and responsiveness of target organs to the action of insulin result-
ing in hyperinsulinemia [17]. As consequence, this metabolic disorder leads to 
glucotoxicity, lipotoxicity and inflammation, all of which participate in endothe-
lial damage and dysfunction [18]. The visceral fat tissue is considered to be the 
major locus of these unfavorable changes. Of note, CVDs, MetS and autoimmune 
disorders share common pathogenic mechanisms and mediators of inflammation 
and activity [13].

In recent years, study of microbiome has come to the forefront of interest. An 
imbalance of intestinal microbiota (dysbiosis) is characterized by a decrease of the 
number of beneficial intestinal bacteria and the overgrowth of potentially patho-
genic bacteria. This phenomenon accompanies metabolic disorders and contributes 
to the emergence of MetS, obesity and type 2 diabetes mellitus (T2DM) [19]. 
Impaired balance of the intestinal flora may also contribute to the development of 
autoimmune disorders. Several studies have demonstrated onset of inflammation 
induced by alterations in the gut microbiome. This could explain the relationship 
between the microbiome and systemic inflammatory response [20].

2.2 Obesity as an active contributor to inflammation

The definition of obesity is mostly based on the body mass index (BMI— 
values higher than 30 kg/m2). Obesity, as well as MetS, is a global health problem 
especially in developed countries. The prevalence has been constantly grow-
ing over the years and to date, it is estimated to be almost 40% in the general 
population [21, 22]. Nevertheless, the association of obesity and CVDs in the 
general population is not clear [23]. Some evidence even suggests better prog-
nosis for people with higher value of BMI [24]. However, there is a well-known 
correlation of obesity and increased risk of T2DM and coronary arterial disease 
(CAD), as well as a negative impact of obesity on other comorbidities including 
rheumatic diseases [23]. The immunomodulatory potential of adipose tissue and 
its ability to create an inflammatory environment of moderate activity could 
explain the effect of obesity as a risk factor for the development of some auto-
immune diseases [22, 25].

Adipose tissue not only consists of adipocytes and connective tissue cells, but 
also contains immune cells as well (T cells, eosinophils, B regulatory cells and 
macrophages) [26–28]. In individuals with normal BMI, the immune cells interact 
with adipocytes and maintain a non-inflammatory environment by produc-
tion of anti-inflammatory cytokines (IL-10, IL-4, IL-13) [27]. On the contrary, 
predominance of pro-inflammatory T helper (Th) type 1 and 17 cells and pro-
inflammatory type of macrophages has been found in increased adipose tissue 
mass of obese individuals [27, 29, 30]. These changes result in the production of 
pro-inflammatory molecules such as tumor necrosis factor (TNF) and IL-6, which 
are one of the crucial cytokines involved in the pathogenesis of several rheu-
matic diseases. Moreover, obesity leads to an altered expression of adipokines, 
multifunctional molecules produced by white adipose tissue cells and involved 
in the regulation of inflammatory and autoimmune processes [31, 32]. The MetS 
and secretion of pro-inflammatory adipokines can be associated with CVDs and 
autoimmune disorders [13].

Thus, obesity is not only a passive comorbidity, but can actively participate in 
the inflammatory process. According to the current evidence, obesity can negatively 
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affect the course of most rheumatic diseases, functional disability, quality of life 
and the overall prognosis [21, 22].

2.3 Dyslipidemia in autoimmune disorders

Dyslipidemia is one of the most common forms of metabolic disease in the general 
population and also a significant risk factor for atherogenic CVD. In the general popula-
tion, dyslipidemia is characterized by an increased level of total cholesterol (TC), 
low-density lipoproteins (LDLs), triglycerides (TGs) and a decreased level of high-
density lipoproteins (HDLs) [33]. Under normal circumstances, HDL (in normal serum 
levels) exerts an anti-atherogenic effect: it removes cholesterol particles from cells 
(especially macrophages in the artery wall) and from circulation; inhibits the migration 
of macrophages and the binding of monocytes to the endothelium, oxidation of LDL; 
promotes endothelial repair and improves endothelial function, and also exerts anti-
inflammatory and anti-apoptotic effects [34–36]. In systemic inflammation, HDL is 
converted into a dysfunctional form due to loss of anti-inflammatory and anti-oxidative 
proteins. The modification of apolipoprotein A1 (apo-A1) results in the inability of HDL 
to uptake LDL from macrophages and in the activation of pro-inflammatory pathways 
leading to increased risk of coronary artery involvement [35, 37].

Moreover, quantitative changes of lipidogram related to disease activity are 
often seen in rheumatic diseases. In RA patients, the levels of TC and LDL are lower 
than in general population. This so-called lipid paradox, best described in RA, is 
associated with an increased CV risk [37]. Decrease in levels of TC and LDL has 
been found to precede clinical manifestation of RA. Later, TC and LDL levels tend 
to increase after the initiation of immunosuppressive therapy and on the contrary, 
decline during the relapse of RA [38]. Therefore, the low levels of TC and LDL can 
be misinterpreted as a low CV risk factor when evaluated according to the scoring 
tools (e.g., Framingham risk score, Reynolds risk score, Systemic Coronary Risk 
Evaluation—SCORE) [39–41].

A small study in early RA patients reported non-significant, beneficial effect of 
methotrexate similar to that of tumor necrosis factor inhibitors (anti-TNF) on lipi-
dogram [42]. On the other hand, higher levels of TC, LDL and TG were described 
in patients with ankylosing spondylitis (AS) treated by anti-TNF compared to AS 
patients on nonsteroidal anti-inflammatory drug (NSAID) therapy. Nevertheless, 
results reported in a cross-sectional study do not allow for a generalized assessment 
of the influence of long-term anti-TNF therapy on lipidogram in AS [43].

Dyslipidemia is found in almost half of SLE patients, characterized by elevated 
levels of very-low density lipoprotein (VLDL) and TG. Increased levels of TC and 
TG are associated with two times increased risk of CVD [44]. In SSc, dyslipidemia 
is characterized by increased levels of lipoprotein A (LpA) and LDL and decreased 
levels of HDL and TC [45].

2.4 Role of immune system and autoantibodies in atherogenesis

The presence of immune cells in atherosclerotic plaques proves the participation 
of immune system in atherogenesis [46, 47]. These infiltrating immune cells are 
responsible for the promotion and exacerbation of ATS [48]. All the components 
of immune system are included in atherogenesis, while TNF and IL-1β are the most 
significant pro-inflammatory cytokines and mediators [1].

Damage of endothelium is the first step in atherogenesis. Particles circulating 
in the blood penetrate the damaged endothelial barrier into subendothelial layer 
via the interaction with adhesion molecules on the surface of endothelium. These 
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reactions lead to activation of endothelium and attraction of immune cells [1]. 
Penetrating particles consist mainly of LDL, which are one of the targets of oxida-
tion and form oxLDL (oxidized LDL). oxLDLs are taken up by macrophages, which 
subsequently transform into the foam cells. Specific autoantibodies against oxLDL 
(anti-oxLDL) were detected in the sera of individuals from the general popula-
tion as well as in rheumatic patients [49]. Furthermore, in rheumatic patients, the 
levels of anti-oxLDL are increased compared to those in the general population 
[49, 50]. The presence of these antibodies can predict the peripheral vascular 
involvement and even the severity of ATS [51]. On the other hand, increased levels 
of anti-oxLDL antibodies in patients with pSS were paradoxically associated with 
decreased occurrence of plaques (unlike in RA or SLE), which suggests a possible 
protective role of anti-oxLDL antibodies in pSS [52].

Many autoantibodies have been described to have a relation to higher risk of ATS 
and its clinical manifestations [2]. These include the antibodies against heat shock 
proteins (HSPs), which are expressed on the surface of endothelial cells exposed to 
stress, and to β-2-glycoprotein I (β2GPI), which are abundantly expressed within 
the subendothelial layer and intima-media borders of plaques [46, 53]. Furthermore, 
antinuclear antibodies (ANAs) are more frequently detected in patients with symp-
tomatic angina pectoris and the three-vessel disease compared to individuals without 
coronary artery involvement [54]. Moreover, ANA positivity is associated with an 
increased risk of myocardial infarction (MI) in non-rheumatic individuals [55]. 
Specific anti-endothelial cell antibodies (AECAs) are associated with subclinical or 
manifested ATS in non-rheumatic population, as well [56].

2.5 Immunosuppressive therapy and its effect on CV risk

Immunosuppressive therapy of rheumatic diseases has a potential effect on CV 
morbidity and mortality in two ways: on the one hand, it suppresses the inflammatory  
activity and thus decreases the CV risk; on the other hand, the adverse effect of 
some drugs can worsen the CV risk [9, 57]. NSAIDs and coxibs (selective blockers 
of cyclooxygenase-2) mostly used in inflammatory arthropathies exert pro-throm-
botic effect and have a negative impact on the CV risk. Due to this fact, benefit-risk 
ratio should be evaluated individually in every case. Naproxen is considered as the 
relatively safest drug from this group [58].

Corticosteroids (CSs) suppress the inflammatory activity, hence dampen the CV 
risk [59, 60]. On the other hand, CSs cause or worsen the traditional CV risk factors 
[61]. Meta-analysis evaluating CS therapy in RA reported that a long-term therapy with 
prednisone or prednisone-equivalents in high doses (above 7.5 mg per day) is associated 
with an increased risk of CV mortality [62]. The effect of lower doses (7.5–10 mg a day) 
is uncertain [63]. Duration and the cumulative dose of CS are considered as CV risk 
factors in SLE. Nevertheless, current evidence regarding the CS therapy in SLE is not 
conclusive [44]. European League Against Rheumatism (EULAR) recommends, espe-
cially in inflammatory arthropathies, to keep the glucocorticoid dosage to a minimum 
and to taper glucocorticoids in case of remission or low disease activity and to regularly 
check the reasons to continue glucocorticoid therapy [59].

The group of disease-modifying anti-rheumatic drugs (DMARDs) is a heteroge-
neous entity of medicaments with immunosuppressive effects of various specific-
ity: less specific conventional synthetic DMARDs (csDMARD), or more specific 
biologic (bDMARDs), biosimilar (bsDMARDs) or targeted synthetic molecules 
(tsDMARDs). The side effects differ within the whole group. csDMARDs have 
a potential to reduce atherogenesis and progression of ATS [64]. Thus, the early 
initiation of therapy with scDMARDs can prevent development of CVDs [65].
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affect the course of most rheumatic diseases, functional disability, quality of life 
and the overall prognosis [21, 22].

2.3 Dyslipidemia in autoimmune disorders

Dyslipidemia is one of the most common forms of metabolic disease in the general 
population and also a significant risk factor for atherogenic CVD. In the general popula-
tion, dyslipidemia is characterized by an increased level of total cholesterol (TC), 
low-density lipoproteins (LDLs), triglycerides (TGs) and a decreased level of high-
density lipoproteins (HDLs) [33]. Under normal circumstances, HDL (in normal serum 
levels) exerts an anti-atherogenic effect: it removes cholesterol particles from cells 
(especially macrophages in the artery wall) and from circulation; inhibits the migration 
of macrophages and the binding of monocytes to the endothelium, oxidation of LDL; 
promotes endothelial repair and improves endothelial function, and also exerts anti-
inflammatory and anti-apoptotic effects [34–36]. In systemic inflammation, HDL is 
converted into a dysfunctional form due to loss of anti-inflammatory and anti-oxidative 
proteins. The modification of apolipoprotein A1 (apo-A1) results in the inability of HDL 
to uptake LDL from macrophages and in the activation of pro-inflammatory pathways 
leading to increased risk of coronary artery involvement [35, 37].

Moreover, quantitative changes of lipidogram related to disease activity are 
often seen in rheumatic diseases. In RA patients, the levels of TC and LDL are lower 
than in general population. This so-called lipid paradox, best described in RA, is 
associated with an increased CV risk [37]. Decrease in levels of TC and LDL has 
been found to precede clinical manifestation of RA. Later, TC and LDL levels tend 
to increase after the initiation of immunosuppressive therapy and on the contrary, 
decline during the relapse of RA [38]. Therefore, the low levels of TC and LDL can 
be misinterpreted as a low CV risk factor when evaluated according to the scoring 
tools (e.g., Framingham risk score, Reynolds risk score, Systemic Coronary Risk 
Evaluation—SCORE) [39–41].

A small study in early RA patients reported non-significant, beneficial effect of 
methotrexate similar to that of tumor necrosis factor inhibitors (anti-TNF) on lipi-
dogram [42]. On the other hand, higher levels of TC, LDL and TG were described 
in patients with ankylosing spondylitis (AS) treated by anti-TNF compared to AS 
patients on nonsteroidal anti-inflammatory drug (NSAID) therapy. Nevertheless, 
results reported in a cross-sectional study do not allow for a generalized assessment 
of the influence of long-term anti-TNF therapy on lipidogram in AS [43].

Dyslipidemia is found in almost half of SLE patients, characterized by elevated 
levels of very-low density lipoprotein (VLDL) and TG. Increased levels of TC and 
TG are associated with two times increased risk of CVD [44]. In SSc, dyslipidemia 
is characterized by increased levels of lipoprotein A (LpA) and LDL and decreased 
levels of HDL and TC [45].

2.4 Role of immune system and autoantibodies in atherogenesis

The presence of immune cells in atherosclerotic plaques proves the participation 
of immune system in atherogenesis [46, 47]. These infiltrating immune cells are 
responsible for the promotion and exacerbation of ATS [48]. All the components 
of immune system are included in atherogenesis, while TNF and IL-1β are the most 
significant pro-inflammatory cytokines and mediators [1].

Damage of endothelium is the first step in atherogenesis. Particles circulating 
in the blood penetrate the damaged endothelial barrier into subendothelial layer 
via the interaction with adhesion molecules on the surface of endothelium. These 
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reactions lead to activation of endothelium and attraction of immune cells [1]. 
Penetrating particles consist mainly of LDL, which are one of the targets of oxida-
tion and form oxLDL (oxidized LDL). oxLDLs are taken up by macrophages, which 
subsequently transform into the foam cells. Specific autoantibodies against oxLDL 
(anti-oxLDL) were detected in the sera of individuals from the general popula-
tion as well as in rheumatic patients [49]. Furthermore, in rheumatic patients, the 
levels of anti-oxLDL are increased compared to those in the general population 
[49, 50]. The presence of these antibodies can predict the peripheral vascular 
involvement and even the severity of ATS [51]. On the other hand, increased levels 
of anti-oxLDL antibodies in patients with pSS were paradoxically associated with 
decreased occurrence of plaques (unlike in RA or SLE), which suggests a possible 
protective role of anti-oxLDL antibodies in pSS [52].

Many autoantibodies have been described to have a relation to higher risk of ATS 
and its clinical manifestations [2]. These include the antibodies against heat shock 
proteins (HSPs), which are expressed on the surface of endothelial cells exposed to 
stress, and to β-2-glycoprotein I (β2GPI), which are abundantly expressed within 
the subendothelial layer and intima-media borders of plaques [46, 53]. Furthermore, 
antinuclear antibodies (ANAs) are more frequently detected in patients with symp-
tomatic angina pectoris and the three-vessel disease compared to individuals without 
coronary artery involvement [54]. Moreover, ANA positivity is associated with an 
increased risk of myocardial infarction (MI) in non-rheumatic individuals [55]. 
Specific anti-endothelial cell antibodies (AECAs) are associated with subclinical or 
manifested ATS in non-rheumatic population, as well [56].

2.5 Immunosuppressive therapy and its effect on CV risk

Immunosuppressive therapy of rheumatic diseases has a potential effect on CV 
morbidity and mortality in two ways: on the one hand, it suppresses the inflammatory  
activity and thus decreases the CV risk; on the other hand, the adverse effect of 
some drugs can worsen the CV risk [9, 57]. NSAIDs and coxibs (selective blockers 
of cyclooxygenase-2) mostly used in inflammatory arthropathies exert pro-throm-
botic effect and have a negative impact on the CV risk. Due to this fact, benefit-risk 
ratio should be evaluated individually in every case. Naproxen is considered as the 
relatively safest drug from this group [58].

Corticosteroids (CSs) suppress the inflammatory activity, hence dampen the CV 
risk [59, 60]. On the other hand, CSs cause or worsen the traditional CV risk factors 
[61]. Meta-analysis evaluating CS therapy in RA reported that a long-term therapy with 
prednisone or prednisone-equivalents in high doses (above 7.5 mg per day) is associated 
with an increased risk of CV mortality [62]. The effect of lower doses (7.5–10 mg a day) 
is uncertain [63]. Duration and the cumulative dose of CS are considered as CV risk 
factors in SLE. Nevertheless, current evidence regarding the CS therapy in SLE is not 
conclusive [44]. European League Against Rheumatism (EULAR) recommends, espe-
cially in inflammatory arthropathies, to keep the glucocorticoid dosage to a minimum 
and to taper glucocorticoids in case of remission or low disease activity and to regularly 
check the reasons to continue glucocorticoid therapy [59].

The group of disease-modifying anti-rheumatic drugs (DMARDs) is a heteroge-
neous entity of medicaments with immunosuppressive effects of various specific-
ity: less specific conventional synthetic DMARDs (csDMARD), or more specific 
biologic (bDMARDs), biosimilar (bsDMARDs) or targeted synthetic molecules 
(tsDMARDs). The side effects differ within the whole group. csDMARDs have 
a potential to reduce atherogenesis and progression of ATS [64]. Thus, the early 
initiation of therapy with scDMARDs can prevent development of CVDs [65].
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Antimalarial drugs have been reported to act favorably on lipid and glucose 
metabolism, and in SLE patients, they have been described to reduce hypercholes-
terolemia, ATS and the risk of thrombosis [44, 66, 67]. In addition, hydroxychlo-
roquine (HCQ ) influences the production of cytokines, activation of T cells and 
monocytes via interaction with Toll-like receptor (TLR) signaling pathway, and 
attenuates the oxidative stress and endothelial dysfunction [68].

The effects of methotrexate (MTX) on the CV risk have been best studied in RA, 
in which the potential to reduce the risk of heart failure by half was demonstrated 
[69]. Moreover, MTX can decrease the mortality of RA patients caused by CVDs 
by 30% [70]. The data suggest that MTX should be considered cardioprotective 
in rheumatic diseases, although the exact mechanism of this effect is not known 
yet [71]. A possible link with anti-inflammatory effect has been proposed [72]. On 
the other hand, according to the results of a recent randomized controlled trial in 
patients with carotid artery disease or history of MI and concurrent T2DM or MetS, 
no protective effect of MTX in low doses (15–20 mg weekly) on future risk of CVD 
was described [73]. Data in other DMARDs are insufficient and, therefore, the 
effect on CV risk is not clear.

bDMARDs are targeting selectively specific pro-inflammatory molecules, 
which significantly participate in both pathogenesis of inflammatory diseases and 
atherogenesis (e.g., TNF, IL-1r, IL-6 and others) [74]. In this group, TNF inhibitors 
(anti-TNFs) are the best-studied drugs regarding the possible effect on the CV risk. 
On the one hand, they exert anti-inflammatory and anti-atherogenic effect; on 
the other hand, they have been demonstrated to worsen the cardiac insufficiency 
in a couple of first published studies [3, 8]. Their benefit was proven in several 
randomized controlled trials (RCTs) with more or less significantly beneficial 
effect when compared to MTX [72, 75–77]. Anti-TNFa influences particularly the 
level of HDL and restores its anti-atherogenic potential [78]. The results of RCTs 
in RA, PsA and psoriasis show a beneficial effect of anti-TNF therapy on glucose 
metabolism and MetS [79]. Anti-TNFs also reduce the risk of T2DM manifesta-
tion and prevent endothelial damage due to specific inhibition of TNF [74, 80]. 
Overall, current data support the beneficial effect of anti-TNF therapy on CV risk 
and CVD incidence that is probably related to the attenuation of inflammation 
and thus also of atherogenesis rather than to the effect on lipidogram (which can 
change as a consequence of changes in disease activity as well). Published studies 
have reported the potential of anti-TNF to reduce intima-media thickness and the 
number of unstable plaques [81]. Nevertheless, anti-TNF therapy is not recom-
mended in patients with congestive heart failure [82]. Not only no positive effect, 
but even a negative effect of anti-TNF on chronic heart failure has been described. 
Experts therefore suggest performing a baseline echocardiography examination in 
patients at risk before the commencement of anti-TNF therapy [81].

Higher IL-6 levels are associated with an increased CV risk, therefore therapeu-
tic blockade of tocilizumab (inhibitor of IL-6 receptor) has a protective potential 
[83]. Recently published RCT with tocilizumab and etanercept (anti-TNF) reported 
very similar effect of both drugs on CV risk [84]. Inhibition of the IL-6 receptor by 
tocilizumab is assumed to influence lipid metabolism in a favorable manner due to 
blockade of the mobilization of fatty acids to peripheral tissues mediated by IL-6 
[84]. On the contrary, anti-IL-6r therapy is known to cause a significant increase in 
the levels of HDL, TC, LDL and TG [85].

Rituximab (RTX, anti-CD20) is supposed to have a beneficial effect on CV risk 
due to inhibition of B cells and release of (auto)antibodies, which participate in the 
vasoconstriction, activation of thrombocytes and promote rupture of atherosclerotic 
plaques [74]. In SLE patients, the RTX therapy was associated with improvement of 
lipidogram [86]. The overall effect of RTX on CV risk is not clear, due to limited data 
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and lack of SLE patients treated by RTX [44]. To date, studies with RTX have not 
shown any long-term adverse cardiovascular effects or cardiotoxicity [74, 87].

The recent study CANTOS (Canacinumab Antiinflammatory Thrombosis 
Outcome Study) has proven the ability of anti-IL-1b (canacinumab) to reduce the 
CV events and stroke in non-rheumatic patients with history of MI [88]. The effect 
of bDMARDs, including the latest bsDMARDs and tsDMARDs, on the CV risk 
needs to be closely monitored and evaluated in long-term studies with sufficiently 
large cohorts of rheumatic patients.

3. Atherosclerosis and its manifestation in rheumatic diseases

3.1 Rheumatoid arthritis

RA is relatively the most common autoimmune disease with prevalence of 1%, 
which primarily affects joints and can also manifest by extra-articular involvement. 
The most frequent occurrence of RA is in middle-aged women. It can shorten the 
life expectancy by up to 2.5 years [89, 90]. In addition, there is up to three times 
higher mortality in RA patients compared to the general population [91]. CV 
involvement and complications, including asymptomatic heart failure or silent 
MI and sudden death, are the leading death causes in RA patients and occur in RA 
patients 1.5 times more often than in the general population [2, 92]. CV risk in RA is 
comparable to the risk in diabetes [93].

The underlying mechanism of increased CV mortality in RA is not completely 
understood [94]. The main cause of death in RA is ischemic heart disease (IHD), 
often asymptomatic and underdiagnosed [91, 95, 96]. Up to three times increased 
risk of IHD in RA patients with positivity of anti-cyclic citrullinated peptide 
(aCCP) antibodies and rheumatoid factor (RF) has been reported [69, 97].

In fact, RA itself can act as an independent risk factor for development of CVD 
[98]. The relation between an increase in the CV risk and the disease duration of RA 
patients is partly attributable to a higher prevalence of hypertension and smoking [99]. 
In RA, CV risk is also significantly related to traditional risk factors [100]. Smoking has 
a negative impact on the course of RA and stimulates the production of RF and aCCP 
nevertheless, the direct role in the increase of CV risk was not proved [98, 101].

Systemic inflammation accompanying the activity of RA significantly contrib-
utes to the atherogenesis and CV mortality [102]. The reduction of CV risk was 
observed during the DMARD therapy (namely HCQ , MTX, anti-TNFs). According 
to available studies and their meta-analysis, CV risk is most increased by CS therapy 
(up to 47%) and NSAIDs, in particular by coxibs (by 36%), and, on the contrary, is 
decreased by MTX (by 28%) or anti-TNF therapy (by about 30%) [72].

3.2 Ankylosing spondylitis

AS is a chronic inflammatory disease, which primarily affects the joints in the 
site of enthesis. It belongs to the group of diagnostic entity called spondyloarthrop-
athies, which typically manifest in HLA-B27 positive patients. Similar to RA, AS can 
also manifest with extra-articular manifestations, such as gastrointestinal, ocular 
and cardiac involvement. The prevalence of AS in the population is about 0.1% (the 
overall prevalence of spondyloarthritis is around 1%) and, unlike most rheumatic 
diseases, occurs more frequently in men (up to three times) [103].

Similar to RA, an increased CV risk has been reported in AS patients [104, 105]. 
However, views on the close association of ATS and AS are divergent, in particular, due 
to the small evidence and conflicting results of studies [106]. Regarding the evidence 
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Antimalarial drugs have been reported to act favorably on lipid and glucose 
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and lack of SLE patients treated by RTX [44]. To date, studies with RTX have not 
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However, views on the close association of ATS and AS are divergent, in particular, due 
to the small evidence and conflicting results of studies [106]. Regarding the evidence 
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on CV events in AS, the situation is similarly unsatisfactory and inconclusive [107–109]. 
Recently published meta-analysis has reported an increased risk of MI (RR = 1.6) and 
cerebrovascular events (RR = 1.5) compared to the general population [110].

There are several risk factors in AS, which participate in CV comorbidities. Since 
laboratory markers of inflammation are not elevated in many patients, CV risk is likely 
related to the risk profile of a typical patient with AS: a smoker with arterial hyperten-
sion and dyslipidemia, in whom low levels of HDL and TC accompany the disease 
activity [105, 110]. In addition, extra-articular cardiac manifestations of AS (e.g., 
conduction disorders, aortic valve insufficiency, left ventricular dysfunction) contrib-
ute to CV morbidity and mortality [105]. Levels of C-reactive protein (CRP), therapy 
with NSAIDs and work disability are considered significant predictive factors of CV 
mortality in AS [111, 112]. NSAIDs as the first-line therapy with the highest safety 
profile should be prescribed for the shortest time period possible [110]. On the other 
hand, anti-TNFs have a favorable effect on the endothelial function and a decrease of 
the CV risk [105, 113].

3.3 Psoriatic arthritis

PsA is a systemic inflammatory disease from the spondyloarthritis spectrum, 
associated with psoriasis [114]. The prevalence is 0.05–0.25% in the general 
population, but rises to 15–30% in patients with psoriasis [115]. The relative risk 
of CV involvement in psoriasis is reported to be 1.4, but the relative risk in PsA is 
less studied and the data are conflicting [116–119]. Meta-analysis demonstrated a 
1.43 fold higher CV risk in PsA patients compared to the general population. The 
incidence of MI, cerebrovascular events and heart failure has been reported to be 
increased (1.68, 1.22 and 1.31, respectively) [120].

According to the current evidence, various manifestations of ATS in PsA have been 
described, from subclinical involvement to symptomatic manifestations [121–125]. 
PsA is considered to be an additional independent CV risk factor, as proved by findings 
of more severe subclinical ATS compared to the general population and the association 
of plaque development with the inflammatory activity of PsA [120].

PsA is typically associated with high prevalence of MetS, which is two or three 
times more common than in other rheumatic diseases and the general population 
[126]. During the active inflammatory phase, there are characteristic alterations of 
lipidogram with a decrease of HDL and LDL, which consequently rises in remis-
sion of the disease [9]. The suggested mechanism, which causes changes of HDL 
levels, is the uptake of apoA-1 in the tissue affected by inflammation: particles of 
HDL penetrate from the circulation due to increased endothelial permeability. The 
consequent decline of serum HDL concentrations increases the CV risk in PsA in a 
similar manner as in RA [127].

The presence of subclinical ATS and its correlation with inflammatory markers 
and the effect of immunosuppressive therapy are questionable [9, 128]. Anti-TFN 
therapy seems to have a beneficial effect on CV risk in PsA, as well as in AS [129].

3.4 Systemic lupus erythematosus

SLE is characterized by a wide spectrum of clinical manifestations and 
involvement of different organs. The prevalence is 0.03% in Caucasian popula-
tion, while SLE affects predominantly women in reproductive years, in whom 
the clinically significant ATS is not usually found under normal circumstances 
[130]. Although the survival of SLE has significantly improved, thanks to new 
therapeutic options, it still remains 5–10 years shorter compared to the general 
population [131]. The rate of SLE-associated mortality has declined, but the rate 
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of CV complications, which are considered to be the leading cause of mortality 
in SLE nowadays and are responsible for 30% of deaths, has risen [131]. The 
bimodal mortality pattern describes two peaks of mortality in SLE population: the 
first peak represents death early in the course of the disease related to the disease 
activity and infectious complications, and the second peak refers to late death 
from the CV manifestations [132].

The prevalence of traditional risk factors is higher in SLE compared to the gen-
eral population [133]. In addition, SLE-related risk factors, including renal involve-
ment, apply in CV morbidity. The presence of SLE itself increases the risk of heart 
failure up to three times [134]. The clinical manifestation of ATS in SLE is predicted 
particularly by higher age at the onset of SLE, presence of arterial hypertension and 
hypercholesterolemia. Among others, the cumulative dose and the duration of CS 
therapy, long duration of SLE, and activity of immune system including autoanti-
bodies play significant role in ATS [2].

Due to their pathophysiologic mechanism both SLE and vasculitis predispose 
to the atherosclerotic involvement of coronary circulation [135]. Coronary artery 
disease affects 6–10% of SLE patients and the incidence is four to eight times higher 
than in the general population [136, 137].

Risk of heart failure in SLE significantly rises immediately after the first mani-
festation of the autoimmune disorder, mostly at a young age. The relative risk of 
heart failure is therefore most increased in young patients in the age between 20 and 
30 years, and decreases with a higher age. However, the incidence of CV diseases 
and heart failure is continually increasing in positive correlation with the increas-
ing age of patients [134]. SLE patients are at 5–10 times higher risk, and young SLE 
women at age around 40 years are even at 50 times higher risk of MI compared to 
the general population [138].

Concerning the risk of a stroke in SLE, the ischemic stroke is estimated to be 
two times, hemorrhagic stroke three times and subarachnoid hemorrhage four 
times more common in SLE than in the general population [139]. In case of a stroke, 
young patients are more threatened due to accelerated ATS during the high activity 
of inflammation. The relation between disease activity and the risk of a stroke was 
described also in other diseases. Immunosuppressive therapy and other comorbidi-
ties (e.g., vasculitis, antiphospholipid syndrome, arterial hypertension) take part 
in this increased risk, as well [139]. Accompanying factors such as antiphospholipid 
syndrome, Liebman-Sacks endocarditis and formation of immune complexes of 
antibodies with antigens predispose patients to thrombotic complications and 
ischemic stroke, while endothelial dysfunction and interrupted endothelial layer 
integrity can lead to hemorrhagic stroke. Subarachnoid hemorrhage in SLE proba-
bly results from intracerebral vasculitis and concurrent arterial hypertension [139].

Atherosclerotic plaques have been detected in 17–65% of SLE patients using 
ultrasound examination. The age seems to play a major role in prediction of athero-
sclerosis and its manifestations in SLE. Some experts suggest a role of consequences 
of the disease activity and side effects of therapy in older patients with SLE [2].

3.5 Systemic sclerosis

SSc belongs to orphan connective tissue diseases with the prevalence of 0.003–
0.06%, and is less understood, concerning the CV risk. The key pathologies leading 
to CV involvement are vasculopathy, inflammation and tissue fibrosis, which can 
also affect the heart. In addition to pathognomic microvasculopathy, macrovascular 
involvement is getting more attention in the last years [45].

To date, the relative risk of CV diseases in SSc in not known. Survival of SSc 
patients is about 16–34 years shorter compared to the general population with about 
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disease affects 6–10% of SLE patients and the incidence is four to eight times higher 
than in the general population [136, 137].
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ing age of patients [134]. SLE patients are at 5–10 times higher risk, and young SLE 
women at age around 40 years are even at 50 times higher risk of MI compared to 
the general population [138].

Concerning the risk of a stroke in SLE, the ischemic stroke is estimated to be 
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times more common in SLE than in the general population [139]. In case of a stroke, 
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To date, the relative risk of CV diseases in SSc in not known. Survival of SSc 
patients is about 16–34 years shorter compared to the general population with about 
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3.5 times higher mortality [140]. Due to advances in therapy of scleroderma renal 
crisis (SRC) and pulmonary arterial hypertension (PAH), new causes of death have 
got to the front, and the prevalence of ATS in SSc has risen [141]. Cardiac causes 
account for a quarter of the overall mortality in SSc patients [142]. The prevalence 
of traditional CV risk does not seem to differ from the general population. SSc-
associated factors, which participate in endothelial damage, include inflammation 
and ischemia-reperfusion injury caused by impaired vasodilation [45]. The level 
of inflammation in SSc is lower than in RA or SLE, which indicates lower rate of 
acceleration of ATS. Impaired vasodilation characteristic for both SSc and ATS 
precedes the clinical manifestation of SSc. It is accompanied by the mechanisms 
typical for both of these pathologies: imbalance between vasodilators (e.g., nitric 
oxide, NO) and vasoconstrictors (e.g., endothelin), defective angiogenesis caused 
by the increased expression of VEGF, the presence of AECA and others. The main 
clinical manifestations of microvascular impairment, Raynaud’s phenomenon, PAH 
and SRC, probably predict macrovascular impairment in SSc [45].

Reports on the prevalence of ATS and its clinical manifestations in SSc differ 
in various studies. Among others, the reason is asymptomatic subclinical car-
diac involvement. Increased risk of CV events is attributed both to ATS and the 
pathogenesis of SSc and its consequences (impaired microcirculation, myocardial 
fibrosis, arrhythmia, etc.), and last but not least, secondary deterioration of cardiac 
function due to renal vasculopathy, interstitial lung disease (ILD) and PAH [143].

The risk of MI is almost 2.5 times higher compared to the general population, 
while the impact of SSc itself outweighs the effect of hypertension or diabetes on the 
risk of MI. Ischemic injury of myocardium can be caused by occlusive vasculopathy 
and intermittent vasospasm (so-called myocardial Raynaud’s phenomenon) [144].

It is not clear whether the prevalence of subclinical ATS in SSc is higher com-
pared to the general population. Nussinovitch and Shoenfeld reported carotid 
involvement in more than 60% of SSc patients, where the findings were described 
to be more frequent and more severe than in a control group from the general 
population [143].

Cerebrovascular involvement in SSc patients is 1.3 times more common than 
in the general population. SSc as an independent risk factor increases the risk of 
ischemic stroke by up to 43%. There are several pathologic mechanisms in SSc play-
ing a role in the manifestation of a stroke, including vasospasm of cerebral arteries 
corresponding to the Raynaud’s phenomenon, which can manifest as a transient 
ischemic attack or a focal neurologic deficit [145].

3.6 Idiopathic inflammatory myopathies

IIM is a heterogeneous group of diseases, which primary affect the skeletal 
muscles as the common pathologic mechanism. The most prevalent subtypes are 
dermatomyositis (DM) and polymyositis (PM) [146, 147]. IIM belongs to orphan 
rheumatologic diseases and occurs in approximately 0.02% of population [148]. 
The mortality in IIM is almost four times higher than in the general population, 
with CV involvement as the leading cause [149]. The main pathology responsible 
for the cardiac involvement in IIM is myocarditis and accelerated ATS in coronary 
arteries [150]. Other mechanisms have not been sufficiently studied. Resulting 
structural alterations in myocardium can lead to disturbed function, arrhythmia 
and other, mostly asymptomatic, rarely fatal manifestations [151].

Data on cardiovascular disability in IIM are insufficient. Meta-analysis of 
studies in IIM reported 2.24 times higher CV risk compared to the general popu-
lation [152]. With regard to the prevalence of MI in IIM, there are only limited 
data. A retrospective study by Rai et al. in more than 700 IIM patients described 
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an increased risk of MI, but not of a stroke. The risk of MI has been increased in 
PM almost four times and in DM three times compared to the general population. 
Patients were most threatened by these complications during the first years after 
the onset of IIM [153].

Traditional risk factors in IIM are specifically related to the specific features of 
the disease, particularly muscle involvement resulting in impaired physical activity 
and CS therapy. The prevailing effect of CS in IIM, whether anti-inflammatory or 
pro-atherogenic, is not clear and has yet to be elucidated [152].

3.7 Primary Sjögren’s syndrome

Primary Sjögren’s syndrome is another relatively rare rheumatic disease with 
a prevalence of 0.06%. It is characterized by lymphocytic infiltration of exocrine 
glands (especially lacrimal and salivary) leading to dryness of the mucous mem-
branes (sicca syndrome) and hyperactivity of B lymphocytes. pSS affects preferen-
tially females at the age of 40–60 years [154].

The situation in terms of the CV risk in pSS is similarly unclear as in the 
above-mentioned rare systemic connective tissue diseases [155]. There is a lack 
of studies concerning the CV risk in pSS, moreover, the results are conflicting. 
CVD-associated mortality accounts for 30% of deaths. According to the recent 
meta-analysis including 14 studies in pSS, the CV risk is significantly increased 
compared to the general population: the relative risk of coronary artery disease is 
1.34, cerebrovascular events 1.46, heart failure 2.54 and thromboembolism 1.78. 
This meta-analysis has not demonstrated a significantly increased risk of mortality 
due to CV causes (RR = 1.48) [155].

Similar results have been reported in a population study that also described 
higher prevalence of arterial hypertension and hypercholesterolemia in pSS 
patients, and, in addition, suggested pSS as an independent CV risk factor [156]. 
On the other hand, some studies did not confirm the increased CV risk in pSS 
[157, 158]. One study has reported subclinical atherosclerotic involvement in 
pSS patients detected by coronary flow reserve (CFR) and pulse wave velocity 
(PWV), while the echocardiography showed no pathology [159]. Impaired PWV 
is thus suggested as a marker of endothelial dysfunction even in patients with 
normal CFR [160].

Available data rather suggest higher CV risk in pSS patients compared to the 
general population, and the need of preventive screening and appropriate manage-
ment, eventually including consultation and monitoring by a cardiologist [155].

4. Examination and estimation of the CV risk

Chronic inflammatory condition can skew the results of the examination, which 
have otherwise good reliability in the general population [3]. For example, ultra-
sound imaging of clinically insignificant atherosclerotic lesions or plaques cannot 
reveal the higher susceptibility to the progression and rupture of plaques in the 
inflammatory environment [5]. Several scoring systems were developed to facilitate 
the estimation of the CV risk in the general population. These scoring systems 
include particularly the traditional risk factors. The most used and widespread 
systems are Framingham Risk Score (FRS), Systemic Coronary Risk Evaluation 
(SCORE), QResearch Risk Score (QRISK2, or rather its updated version QRISK 3),  
Reynolds Risk Score and many others [161, 162]. FRS was the first developed 
scoring system and served as a default model for creating newer scoring systems. 
Nowadays, SCORE is probably the most used and widespread scoring system, 
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3.5 times higher mortality [140]. Due to advances in therapy of scleroderma renal 
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and ischemia-reperfusion injury caused by impaired vasodilation [45]. The level 
of inflammation in SSc is lower than in RA or SLE, which indicates lower rate of 
acceleration of ATS. Impaired vasodilation characteristic for both SSc and ATS 
precedes the clinical manifestation of SSc. It is accompanied by the mechanisms 
typical for both of these pathologies: imbalance between vasodilators (e.g., nitric 
oxide, NO) and vasoconstrictors (e.g., endothelin), defective angiogenesis caused 
by the increased expression of VEGF, the presence of AECA and others. The main 
clinical manifestations of microvascular impairment, Raynaud’s phenomenon, PAH 
and SRC, probably predict macrovascular impairment in SSc [45].
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in various studies. Among others, the reason is asymptomatic subclinical car-
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pathogenesis of SSc and its consequences (impaired microcirculation, myocardial 
fibrosis, arrhythmia, etc.), and last but not least, secondary deterioration of cardiac 
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population [143].
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ischemic attack or a focal neurologic deficit [145].

3.6 Idiopathic inflammatory myopathies

IIM is a heterogeneous group of diseases, which primary affect the skeletal 
muscles as the common pathologic mechanism. The most prevalent subtypes are 
dermatomyositis (DM) and polymyositis (PM) [146, 147]. IIM belongs to orphan 
rheumatologic diseases and occurs in approximately 0.02% of population [148]. 
The mortality in IIM is almost four times higher than in the general population, 
with CV involvement as the leading cause [149]. The main pathology responsible 
for the cardiac involvement in IIM is myocarditis and accelerated ATS in coronary 
arteries [150]. Other mechanisms have not been sufficiently studied. Resulting 
structural alterations in myocardium can lead to disturbed function, arrhythmia 
and other, mostly asymptomatic, rarely fatal manifestations [151].

Data on cardiovascular disability in IIM are insufficient. Meta-analysis of 
studies in IIM reported 2.24 times higher CV risk compared to the general popu-
lation [152]. With regard to the prevalence of MI in IIM, there are only limited 
data. A retrospective study by Rai et al. in more than 700 IIM patients described 
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an increased risk of MI, but not of a stroke. The risk of MI has been increased in 
PM almost four times and in DM three times compared to the general population. 
Patients were most threatened by these complications during the first years after 
the onset of IIM [153].

Traditional risk factors in IIM are specifically related to the specific features of 
the disease, particularly muscle involvement resulting in impaired physical activity 
and CS therapy. The prevailing effect of CS in IIM, whether anti-inflammatory or 
pro-atherogenic, is not clear and has yet to be elucidated [152].
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branes (sicca syndrome) and hyperactivity of B lymphocytes. pSS affects preferen-
tially females at the age of 40–60 years [154].

The situation in terms of the CV risk in pSS is similarly unclear as in the 
above-mentioned rare systemic connective tissue diseases [155]. There is a lack 
of studies concerning the CV risk in pSS, moreover, the results are conflicting. 
CVD-associated mortality accounts for 30% of deaths. According to the recent 
meta-analysis including 14 studies in pSS, the CV risk is significantly increased 
compared to the general population: the relative risk of coronary artery disease is 
1.34, cerebrovascular events 1.46, heart failure 2.54 and thromboembolism 1.78. 
This meta-analysis has not demonstrated a significantly increased risk of mortality 
due to CV causes (RR = 1.48) [155].

Similar results have been reported in a population study that also described 
higher prevalence of arterial hypertension and hypercholesterolemia in pSS 
patients, and, in addition, suggested pSS as an independent CV risk factor [156]. 
On the other hand, some studies did not confirm the increased CV risk in pSS 
[157, 158]. One study has reported subclinical atherosclerotic involvement in 
pSS patients detected by coronary flow reserve (CFR) and pulse wave velocity 
(PWV), while the echocardiography showed no pathology [159]. Impaired PWV 
is thus suggested as a marker of endothelial dysfunction even in patients with 
normal CFR [160].

Available data rather suggest higher CV risk in pSS patients compared to the 
general population, and the need of preventive screening and appropriate manage-
ment, eventually including consultation and monitoring by a cardiologist [155].

4. Examination and estimation of the CV risk

Chronic inflammatory condition can skew the results of the examination, which 
have otherwise good reliability in the general population [3]. For example, ultra-
sound imaging of clinically insignificant atherosclerotic lesions or plaques cannot 
reveal the higher susceptibility to the progression and rupture of plaques in the 
inflammatory environment [5]. Several scoring systems were developed to facilitate 
the estimation of the CV risk in the general population. These scoring systems 
include particularly the traditional risk factors. The most used and widespread 
systems are Framingham Risk Score (FRS), Systemic Coronary Risk Evaluation 
(SCORE), QResearch Risk Score (QRISK2, or rather its updated version QRISK 3),  
Reynolds Risk Score and many others [161, 162]. FRS was the first developed 
scoring system and served as a default model for creating newer scoring systems. 
Nowadays, SCORE is probably the most used and widespread scoring system, 
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especially in Europe [163]. Above-mentioned classic scoring systems underestimate 
the CV risk in rheumatic patients and therefore are not suitable for estimating 
the CV risk in these patients. A certain compromise was made by developing the 
Reynolds Risk Score by inclusion of CRP value as a marker of inflammation, and 
QRISK2 by inclusion the presence of RA as an independent risk factor [161]. Based 
on the recent EULAR recommendations for management of the CV risk in inflam-
matory arthropathies published in 2016, a modified SCORE system (mSCORE) 
should be used for evaluation of the CV risk in RA patients, which is calculated by 
multiplying the standard calculated value by a coefficient of 1.5 in all RA patients 
[58]. Despite this modification, mSCORE is not completely reliable in estimation 
of the CV risk, as was shown in studies describing findings of subclinical ATS in 
rheumatic patients classified in the low-risk category according to the mSCORE, 
and the evidence of higher tendency to formation of ATS plaques and instability of 
these plaques in RA. Due to these reasons, EULAR proposed simultaneous regular 
non-invasive examination by ultrasound of carotids and/or measuring the ankle-
brachial index (ABI) for detection of subclinical ATS in asymptomatic patients in a 
low-risk category (SCORE 1–4%) [58, 82].

The CV risk should be assessed at least every 5 years in patients with low disease 
activity and should be reconsidered after major changes in therapy or progression 
of the disease [58, 59, 82]. In common practise, this assessment means regular 
examination of blood pressure and lipidogram during the outpatient control and in 
case of pathologic findings, early consultation by a preventive cardiologist and an 
adequate therapeutic intervention [62, 164].

5. Therapy

Preventive measures are the first-line therapy recommended in the general 
population to manage the CV risk. In rheumatic patients, these measures may be 
complicated due to a chronic disease. Therefore, the pharmacological treatment is 
needed [62, 82].

Metformin is recommended as the first line for the treatment of the MetS. It has 
a beneficial effect not only on improvement of insulin sensitivity, but also reduces 
the levels of LDL and TC and has a beneficial effect on the vascular function, as 
well as statins. Similar beneficial effect on glucose metabolism is related to admin-
istration of antimalarial drugs, which are often used in the treatment of SLE, pSS 
and also RA. HCQ exerts immunomodulatory and anti-inflammatory effect, and, 
in addition, induces an increase in insulin activity and serum levels of glucagon and 
improves the glucose tolerance. Moreover, HCQ reduces plasma glucose levels even 
in the general population and is therefore suitable as a part of MetS therapy [82]. 
Other drugs for glucose metabolism control include pioglitazone (a nuclear peroxi-
some proliferator-activated receptor-γ agonist), and liraglutide (glucagon-like 
peptide-1 analog), which has a beneficial effect in obese patients [13].

When managing and treating dyslipidemia, the recommended target 
levels of LDL (especially for RA) are lower than for the general population 
(LDL < 2.6 mmol/L; in individuals at higher risk, even <1.8 mmol/L). At the 
same time, preventive antiplatelet therapy should be considered [62]. Statins 
have been extensively discussed, especially in rheumatology. Via competitive 
inhibition of HMG-CoA (3-hydroxy-3-methyl-glutaryl-coenzym A) reductase, 
they inhibit the intermediate step in the synthesis of cholesterol. Despite the 
concerns of potential side effects as induction of immune-mediated necrotizing 
myopathy (IMNM), the use of statins in IIM patients does not seem to be more 
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risky than in the general population [165]. Several studies demonstrated a ben-
eficial potential of statins to reduce the CV risk via attenuation of the oxidative 
stress and improvement of endothelial function. Due to their anti-inflammatory 
potential, statins are preferentially recommended in the therapy of rheumatic 
patients according to the EULAR recommendations [62]. For example, atorvas-
tatin, when administrated to RA patients, not only reduces the levels of TC and 
LDL, but apparently also inhibits the inflammation activity [166]. This favorable 
effect was confirmed in TRACE-RA study [167]. Rosuvastatin exerts a similar 
beneficial effect in inflammatory joint diseases [168]. Another therapeutic 
option for dyslipidemia treatment is fenofibrate, which increases the HDL levels, 
and niacin [13].

Regarding the management of arterial hypertension, targeting the optimal 
blood pressure is more important than considering the type of drug used in therapy 
[58]. ACE inhibitors or blockers of AT1 receptor for angiotensin II exert a poten-
tial anti-inflammatory effect similar to statins, and therefore are preferentially 
recommended for treatment of arterial hypertension [62]. There is an exception 
in SSc patients. ACE inhibitors are recommended in the treatment of manifested 
SRC, but not as a prevention of SRC. Thus, other antihypertensive drugs should be 
prescribed (if SRC is not present), especially calcium channel blockers due to their 
beneficial effect on Raynaud’s phenomenon [169].

Among other drugs with beneficial effect, vitamin D should not be forgotten. It 
was demonstrated that vitamin D acts as an immunomodulator and probably plays 
a protective role in the development of CV diseases, insulin resistance and obesity, 
and has anti-inflammatory effect and can potentially prevent from the development 
of MetS in RA patients. Also, probiotics are worth mentioning. Based on the results 
of studies showing that adverse changes of gut microbiome can induce autoimmune 
disorders, administration of probiotics may be profitable, as this could prevent the 
development of autoimmune disease or mitigate the consequences of already pres-
ent pathological metabolic changes. However, further studies are needed to confirm 
these hypotheses [13].

Finally, the other side of this issue must not be forgotten, that is, adequate anti-
inflammatory therapy of rheumatic diseases using DMARDs (especially MTX and 
TNF inhibitors in RA). Such therapy leads to mitigation of inflammatory activity 
and also improvement of quality of life and fitness of patients. Better fitness enables 
physical activity and thus facilitates the elimination of traditional risk factors and 
thereby reduces the CV risk [13].

6. Conclusion

Rheumatic patients are significantly more at risk of atherosclerosis and its com-
plications than individuals from the general population. Traditional risk factors are 
in rheumatic patients more frequent. Moreover, these risk factors are often hard to 
manage by modification of life style. Nowadays, a wide range of therapeutic options 
is available for elimination of traditional risk factors and reduction of the cardio-
vascular risk. The appropriate anti-inflammatory therapy represents the golden 
standard. Despite the growing evidence on the cardiovascular risk in rheumatic 
patents, the adequate recommendations for management of these patients and 
early detection of a higher risk are still lacking. The task for the future is to create 
an examination algorithm to prevent underestimation and negligence of risk in 
rheumatic patients and also to extend the knowledge on the cardiovascular risk in 
rare rheumatic diseases.
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risky than in the general population [165]. Several studies demonstrated a ben-
eficial potential of statins to reduce the CV risk via attenuation of the oxidative 
stress and improvement of endothelial function. Due to their anti-inflammatory 
potential, statins are preferentially recommended in the therapy of rheumatic 
patients according to the EULAR recommendations [62]. For example, atorvas-
tatin, when administrated to RA patients, not only reduces the levels of TC and 
LDL, but apparently also inhibits the inflammation activity [166]. This favorable 
effect was confirmed in TRACE-RA study [167]. Rosuvastatin exerts a similar 
beneficial effect in inflammatory joint diseases [168]. Another therapeutic 
option for dyslipidemia treatment is fenofibrate, which increases the HDL levels, 
and niacin [13].

Regarding the management of arterial hypertension, targeting the optimal 
blood pressure is more important than considering the type of drug used in therapy 
[58]. ACE inhibitors or blockers of AT1 receptor for angiotensin II exert a poten-
tial anti-inflammatory effect similar to statins, and therefore are preferentially 
recommended for treatment of arterial hypertension [62]. There is an exception 
in SSc patients. ACE inhibitors are recommended in the treatment of manifested 
SRC, but not as a prevention of SRC. Thus, other antihypertensive drugs should be 
prescribed (if SRC is not present), especially calcium channel blockers due to their 
beneficial effect on Raynaud’s phenomenon [169].

Among other drugs with beneficial effect, vitamin D should not be forgotten. It 
was demonstrated that vitamin D acts as an immunomodulator and probably plays 
a protective role in the development of CV diseases, insulin resistance and obesity, 
and has anti-inflammatory effect and can potentially prevent from the development 
of MetS in RA patients. Also, probiotics are worth mentioning. Based on the results 
of studies showing that adverse changes of gut microbiome can induce autoimmune 
disorders, administration of probiotics may be profitable, as this could prevent the 
development of autoimmune disease or mitigate the consequences of already pres-
ent pathological metabolic changes. However, further studies are needed to confirm 
these hypotheses [13].

Finally, the other side of this issue must not be forgotten, that is, adequate anti-
inflammatory therapy of rheumatic diseases using DMARDs (especially MTX and 
TNF inhibitors in RA). Such therapy leads to mitigation of inflammatory activity 
and also improvement of quality of life and fitness of patients. Better fitness enables 
physical activity and thus facilitates the elimination of traditional risk factors and 
thereby reduces the CV risk [13].

6. Conclusion

Rheumatic patients are significantly more at risk of atherosclerosis and its com-
plications than individuals from the general population. Traditional risk factors are 
in rheumatic patients more frequent. Moreover, these risk factors are often hard to 
manage by modification of life style. Nowadays, a wide range of therapeutic options 
is available for elimination of traditional risk factors and reduction of the cardio-
vascular risk. The appropriate anti-inflammatory therapy represents the golden 
standard. Despite the growing evidence on the cardiovascular risk in rheumatic 
patents, the adequate recommendations for management of these patients and 
early detection of a higher risk are still lacking. The task for the future is to create 
an examination algorithm to prevent underestimation and negligence of risk in 
rheumatic patients and also to extend the knowledge on the cardiovascular risk in 
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The term atherosclerosis underwent a tedious pathway to arrive at its current 
status and interpretation. Furthermore, terms such as atherosclerosis, arterioscle-
rosis and arteriolosclerosis appear similar and are misused interchangeably. This 
chapter highlighted the various terminologies linked with atherosclerosis. This 
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the various classifications, e.g., atherosclerosis, Monckeberg calcific sclerosis and 
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1. Introduction

The understanding of atherosclerosis evolved uniquely in terms of terminol-
ogy, aetiology, structural features or pathophysiology over the last 300 years [1]. 
Furthermore, the three terms, atherosclerosis, arteriosclerosis and arteriolosclero-
sis, with lethal implications and similar terminologies affecting the arterial vessels, 
however, can easily be confused or just used interchangeably indiscriminately 
[1–5]. There is evidence in the literature that these terms are mistakenly inter-
changed [3, 4, 6]. This confusion was not helped by the key stakeholders like the 
pathologists and clinicians who over the years failed to reach a consensus to delin-
eate them [7].

A remarkable example of such confusion is that emanating from the American 
Heart Association (AHA) who publishes journals titled Arteriosclerosis, Thrombosis, 
and Vascular Biology and Hypertension. While the Arteriosclerosis, Thrombosis, and 
Vascular Biology journal publishes mainly articles related to the experimental, 
clinical and epidemiological facets of atherosclerosis, the Hypertension journal has a 
prominent section on “arteriosclerosis” [6].

Interestingly the confusion around the nomenclature appears to be age-long. 
Hueper, WC’s writing in the Archives of Pathology and Laboratory Medicine in 
1945 titled “Arteriosclerosis” suggests the term atherosclerosis was extensively 
used concerning the pathology related to cholesterol metabolism [8]. Rabson 
a medical doctor while writing a letter to the editor of the American College 
of Clinical Pathology expressed his alarm at the confusion of the degenerative 
disease [8, 9]. This alarm was stemmed from the observation of an article titled 
arteriosclerosis, but the article did not use any of such nomenclature rather than 
atherosclerosis [9].

As recent as 1995, the AHA Report from the Committee on Vascular Lesions of 
the Council Arteriosclerosis interchanged arteriosclerosis and atherosclerosis [11].
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1945 titled “Arteriosclerosis” suggests the term atherosclerosis was extensively 
used concerning the pathology related to cholesterol metabolism [8]. Rabson 
a medical doctor while writing a letter to the editor of the American College 
of Clinical Pathology expressed his alarm at the confusion of the degenerative 
disease [8, 9]. This alarm was stemmed from the observation of an article titled 
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Not that there are no prominent attempts to delineate these terms, especially 
for arteriosclerosis and atherosclerosis. As far back as 1963, George Pickering, one 
of the fathers of modern cardiology, highlighted the similar confusion between 
arteriosclerosis and atherosclerosis in his lecture at The University of Alabama, 
published in the article “Arteriosclerosis and Atherosclerosis: The Need for Clear 
Thinking” which stated the definition in clear terms [6, 7]. He believed the confu-
sion might be as a result of affectation of the arterial system by the two entities 
although they affect different arterial sizes. He, however, delineated them by 
defining atherosclerosis as a complex inflammatory process associated with the pres-
ence of oxidized low-density lipoprotein (LDL) cholesterol in the intima and media 
of the arterial wall and arteriosclerosis as the functional depletion of large artery 
elasticity [6].

Also, notable observation is that arteriosclerosis [10] serves two functions, an 
overarching term for other sub-terms and merely a term that can be inter-used 
with atherosclerosis [2, 11]. Besides, there is poor agreement on the terms related to 
atherosclerosis.

Also, over the years, other terms such as Mönckeberg medial calcific sclerosis 
(MCS) and arteriolosclerosis gained popularity [1]. There was a feeble attempt for 
clear terms and classification as related to atherosclerosis.

The chapter will also highlight recommendations on possible reclassification 
based on gross and histopathologic features, among others. In summary, the chapter 
will extensively discuss the key terms related to arteriosclerosis and the historical 
evolution of these terms and highlight recommendations on possible reclassification 
as having been previously recommended and published.

2. Arteriosclerosis

Arteriosclerosis is derived from the Greek word arteria, meaning artery, and 
sclerosis, meaning hardening, and “osis” is a Greek suffix that means a diseased 
condition [14]. Much literature appears to refer to arteriosclerosis as the overarch-
ing term that includes three different lesions, atherosclerosis, arteriolosclerosis 
and Mönckeberg medial calcific sclerosis (Figure 1) [2, 12]. The three lesions 
are underpinned by the resultant hardening and thickening of the arterial wall 
[2]. However there appears not to be any consensus document by any significant 
cardiovascular or pathology organization on such division rather than such classi-
fication emanated from classic textbooks of pathology [1]. Many articles also carry 
this classification [13].

It, however, appears that the term is also used to describe the functional diminu-
tion of large artery elasticity marked by pulse wave velocity [14]. It, however, brings 
to fore another dimension of intermix with atherosclerosis.

Figure 1. 
The classification of arteriosclerosis.
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3. Atherosclerosis

Atherosclerosis is derived from the Greek word “athero”, meaning gruel or paste, 
and sclerosis, meaning hardening, and “osis” is a Greek suffix that describes a diseased 
condition [15]. It merely is the hardening of an artery precisely due to an atheromatous 
plaque. Atherosclerotic lesions otherwise called atheromata are asymmetric focal 

Year Milestones

1575 Fallopius wrote about “a degeneration of arteries into bone,” and anatomists of that era 
commonly mentioned ossified arteries [2]

1740 Johann Friedrich Crell described this as the hardening of the vessels instead of bony arteries [17]

1755 von Haller described this hardening as thickening as “atheroma” [1, 37, 38]

1833 Frenchman Jean Frederic Martin Lobstein first used the term “arteriosclerosis” to describe 
calcified arterial lesions [1]

1868 George Johnson limited the term arteriosclerosis to “noncalcified, non-atheromatous 
stiffening of small vessels” [2]

1881 Jean Frederic Martin Lobstein first used the term arteriosclerosis in the second volume of his 
book titled Traité d’Anatomie Pathologique [17, 39]

1903 Mönckeberg arteriosclerosis was first described and named after Johann Georg Mönckeberg 
using details from 130 patients. It was also called “Mönckeberg media sclerosis” or 
“Mönckeberg media calcinosis” [38, 40]

1904 Félix Marchand introduced the term “atherosclerosis” and suggested it is responsible for 
obstructive processes in the arteries [2, 33, 41]

1908 A.I. Ignatowski demonstrated that rabbits experimentally develop atherosclerosis by feeding 
on cholesterol-rich food of egg and meat [33, 34]

1910 Adolf Windaus demonstrated that atheromatous plaque has a concentration of cholesterol [33, 42]

1914 Anitschkow described the role of cholesterol accumulation in the development of 
atherosclerosis [35]

2012 Faber differentiated calcification in the coronary arteries which are atherosclerotic in origin 
from Mönckeberg sclerosis [4]

1913 Nikolai N. Anichkov showed that cholesterol alone caused the atheromatous changes in the 
vascular wall [33, 43]

1954 Rabson SM noted that arteriosclerosis lacked specificity, uniformity and consistency. He 
suggested how the term would be used [2]

1961 Sir George Pickering, one of the fathers of modern cardiology in his lecture at the fourth 
Tinsley Randolph Harrison lecture at The University of Alabama, clearly differentiated 
arteriosclerosis and atherosclerosis

1965 Eggen and other workers demonstrated atherosclerotic coronary artery calcification [4]

1971 Russell Ross and Seymour J. Klebanoff using electron microscopy demonstrated that the 
atherosclerosis lesions are characterized by an accumulation of smooth muscle cells associated 
with abundant connective tissue matrix [44]

1972 Ross and colleagues showed that vascular smooth muscle cells proliferate and synthesize and secrete 
all three major constituents of connective tissue: collagen, elastic fibre microfibrils and elastin

1975 Watanabe heritable hyperlipidaemic rabbits were discovered and subsequently used in most 
experimental settings for lipid disorder and atherosclerosis [45]

1985 Brown and Goldstein discovered the role of low-density lipoprotein (LDL) receptors which 
won them the 1985 Nobel Prize

1992 The AHA started to release a series to define the intima of human arteries and its 
atherosclerosis-prone regions

1995 The AHA published the last of report classifying atherosclerosis using histological 
composition and structure [11]

Table 1. 
Key milestone which refined the term atherosclerosis and related terms.
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Atherosclerosis [18] Arteriolosclerosis Mönckeberg arteriosclerosis

Dyslipidaemia Dyslipidaemia

Hypertension Hypertension

Diabetes mellitus Diabetes mellitus Diabetes mellitus

Genetic risk factors Genetic risk factors such as 
ABCC9 gene variant

Genetic diseases such as Keutel 
syndrome

Inflammation Chronic inflammatory disease such 
as systemic lupus erythematosus, etc.

Ageing Ageing Ageing

Disturbances of calcium metabolism

Obesity

Family history of early heart 
disease or coronary heart 
disease

Chronic kidney disease Chronic kidney disease

Smoking and other tobacco use

High level of CRP

Alcohol

Sleep apnoea

Sedentary lifestyle

Fibrinogen level

Type A personality type

Air pollution

Blood-brain barrier 
dysfunctions

Table 2. 
The risk factors associated with atherosclerosis, arteriolosclerosis and Mönckeberg’s arteriosclerosis.

Atherosclerosis Arteriolosclerosis Mönckeberg 
arteriosclerosis

Key processes Lipid accumulation Protein accumulation 
and fibromuscular 
proliferation of the 
intima

Calcium 
deposition

Type of process Pathologic Pathologic Physiology and 
pathologic

Vessels affected Large and medium 
arteries

Concentric media 
thickening of muscular 
arteries

Part of the vessel affected Intima and underlying 
smooth muscle

Media Internal elastic 
lamina

Pathomorphological Plaque-forming 
degenerative changes 
of the large elastic 
arteries such as the 
aorta

Thickening of the vessel 
walls that narrows the 
lumen

Patchy 
calcification of 
the intima

Effect on vessel dimension Decrease Decrease Nil

Calcification ++ +++

Table 3. 
Some key differences in atherosclerosis, arteriolosclerosis and Mönckeberg arteriosclerosis.
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thickenings of the intima which is the innermost layer of the artery [16]. While arte-
riosclerosis is a chronic pathological disease concept which refers to arterial lesions 
characterized by intimal thickening, stiffening and remodelling of the arterial walls [2]. 
Atherosclerosis is a generic term used to describe a general term describing a hardening 
of medium or large arteries [1, 2]. It is also referred to as atherosclerotic vascular disease.

The atheroma principally blocks large- and medium-sized elastic and muscular 
arteries leading to ischemia in the heart, brain or extremities, thereby causing infarction 
[17]. The most critical risk factor for atherosclerosis is dyslipidaemia due to high plasma 
concentrations of cholesterol, especially low-density lipoprotein (LDL) cholesterol or 
high-density lipoprotein. While dyslipidaemia is a key risk factor, it can be found at age 
(Tables 1–3) [17]. The critical step in atherosclerosis formation includes (i) fatty streak 
formation, (ii) atheroma formation and (iii) atherosclerotic plaque formation [18].

4. Arteriolosclerosis

Arteriolosclerosis is simply the hardening and loss of the elasticity of the small 
arteries and arterioles due to the progressive increase in the elastic and muscular 
components of the wall of those vessels. It is simply the small vessel disease and prin-
cipally affects the brain and the kidneys [19, 20]. In the brain, it is associated with 
the lacunar infarcts, vascular cognitive impairment and diffuse white matter lesions 
[19]. The key predisposing factors include hypertension, ageing, ABCC9 gene vari-
ant, diabetes mellitus and blood-brain barrier dysfunctions (Tables 2 and 3) [21]. 
The sub-types include hyaline arteriolosclerosis and hyperplastic arteriolosclerosis.

5. Mönckeberg medial calcific sclerosis (MCS)

Monckeberg medial calcific sclerosis (MCS), Mönckeberg arteriosclerosis, or 
Mönckeberg sclerosis is a degenerative and noninflammatory disease in which the 
media of medium-sized and small muscular arteries becomes calcified independent 
of atherosclerosis [22]. It is also considered as atherosclerotic medial calcification [4]. 
It is a ringlike calcification of the vascular media of small- to medium-sized vessels 
without associated intimal thickening [22, 23]. It is a form of arteriosclerosis or ves-
sel hardening, where calcium deposits are in the muscular middle layer of the walls 
of arteries (the tunica media). It usually causes damage to the kidney and heart.

Mönckeberg arteriosclerosis is commonly mixed up with calciphylaxis and prob-
ably is the most controversial type of arteriosclerosis [4, 24].

6. Historical background of atherosclerosis

Atherosclerosis or other related nomenclatures are not new disease entities 
(Tables 2 and 3). There was, however, some emerging insight into what was later 
termed as atherosclerosis. Hippocrates (469–377 BC), the father of modern medicine, 
described the sudden cardiac death, while approximately 300 BC, Erasistratus 
described the typical claudication intermittent symptoms of peripheral arterial 
disease [25].

Egyptian mummies were noted to have evidence of atherosclerosis; although this 
was not yet named atherosclerosis [8, 26–28]. In the earlier times, due to the lack of 
sophisticated equipment to help the understanding, degenerative and nondegenera-
tive arteriopathy was also lumped together and poorly delineated. However, the 
understanding of atherosclerosis increased exponentially in the last seven decades, 
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Atherosclerosis [18] Arteriolosclerosis Mönckeberg arteriosclerosis
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disease or coronary heart 
disease
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Sedentary lifestyle

Fibrinogen level
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Air pollution

Blood-brain barrier 
dysfunctions

Table 2. 
The risk factors associated with atherosclerosis, arteriolosclerosis and Mönckeberg’s arteriosclerosis.

Atherosclerosis Arteriolosclerosis Mönckeberg 
arteriosclerosis

Key processes Lipid accumulation Protein accumulation 
and fibromuscular 
proliferation of the 
intima

Calcium 
deposition

Type of process Pathologic Pathologic Physiology and 
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Vessels affected Large and medium 
arteries
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degenerative changes 
of the large elastic 
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the intima
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Table 3. 
Some key differences in atherosclerosis, arteriolosclerosis and Mönckeberg arteriosclerosis.
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even though it was earlier thought to be a mere accomplishment of ageing and 
dodged for many years with controversies surrounding its link with cholesterol [27].

Albrecht von Haller, a Swiss biologist and the father of experimental physiology, 
used the Latin term “atheroma,” in 1755, to describe the plaque deposited on the 
innermost layer of systemic artery walls [29]. However it appears that Celsius may 
have used the same word about 2000 years ago while describing a fatty tumour [30].

In 1575, Fallopius wrote about “a degeneration of arteries into bone” suggestive 
of the presence of calcified atherosclerotic lesions in the arteries. Furthermore, 
ossified arteries were commonly mentioned by anatomists of that era [2]. By the 
eighteenth century, it was apparent that some progress has been made in under-
standing albeit rudimentary on what we call atherosclerosis today. For example, in 
1799, Parry suggested the relationship between coronary lesions and the symptoms 
of angina pectoris [25].

Also, in 1815, J. Hodgson defined the fatty arterial degeneration as atheroma-
tosis [30].

Frenchman Jean Frederic Martin Lobstein first used the term “arteriosclerosis” 
to describe calcified arterial lesions in his main body of work, a four-volume work 
on pathological anatomy written in French titled Traité d’Anatomie Pathologique 
(Treatise on Pathological Anatomy), based upon his vast personal experience [1, 25]. 
The work was unfinished at the time of his death in 1835.

The first mention of nondegenerative arteriopathy in the textbook was 
by Maurice Raynaud’s in De l’Asphyxie Locale et de la Gangrene Symetrique des 
Extremites (1852) and Leo Buerger’s “Thromboangiitis obliterans” [31]. While in 
1879, more than 80 years later, Potain interpreted the relationship Parry found to 
arise from myocardial ischemia [25].

From 1900 onwards, the most significant progress in the understanding of 
atherosclerosis was made. At the beginning of the twentieth century, Aschoff intro-
duced atherosis and atherosclerosis to describe morphologically different intimal 
lipid deposits of children and adults as early and late stages, respectively [32].

By 1904, Félix Marchand suggested that “atherosclerosis” should be better 
instead of “atheroma” as earlier described by Haller [29]. He had combined two 
Greek root words: athéré, which meant gruel or porridge, and sclerosis, which 
signifies hardening [29]. He did not only gave a nomenclature currently in use, 
but he also did justice to the pathologic process involving the association of fatty 
degeneration and vessel stiffening. He believed that atherosclerosis was responsible 
for almost all obstructive processes in the arteries [33]. In 1910, Adolf Windaus 
demonstrated that aortic “atheromatous lesions” contained six times as much as 
free cholesterol and 20-fold of esterified cholesterol compared to normal aortic wall 
[27, 33]. A.I. Ignatowski demonstrated that rabbits experimentally develop athero-
sclerosis by feeding on cholesterol-rich food of egg and meat [33, 34].

In 1914, Anitschkow, influenced by Ignatowski’s work, gave the first descrip-
tion of the role of cholesterol accumulation in the development of atherosclerosis 
while emphasizing the cardinal role of cholesterol in atheromatous changes in the 
vascular wall [35]. He had used a cholesterol-fed rabbit model while working at 
the Military Medical Academy in St. Petersburg to demonstrate that the extent of 
atherosclerosis was proportional to the absolute amount of and length of exposure 
to high blood cholesterol [27, 35]. His discovery was a defining moment in the 
study of this disease entity, although not without scepticism. While the rabbit 
model develops atherosclerosis after being fed high amounts of meat, eggs and 
milk, the dog and rat model did not [33]. This finding by later workers almost 
torpedoed this discovery attributable to Anitschkow [27]. It was also a blow to the 
lipid hypothesis due to these later species relative resistance to diet-induced hyper-
cholesterolemia. Other factors that may have eroded the most unequivocal link of 
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cholesterol and atherosclerosis as enunciated by Anitschkow was the prevailing 
senescence hypothesis as a plausible reason for the development of atherosclerosis 
when he made the discovery [27]. Anitschkow also first described the cholester-
inesterphagozyten, which today commonly is known as foam cells, derived from 
macrophages [25, 35].

The discussion of lipid hypothesis generally in the first 50 years of the twenti-
eth century was also dodged with controversy, particularly the role of high blood 
cholesterol levels to the causal relationship of atherosclerosis and coronary heart 
disease, and that atherosclerosis was a reward of ageing as espoused by senescence 
hypothesis [27, 36].

With the improvement in morphological, immunohistological and molecular 
methods and advanced investigative techniques, LDL receptor and its roles in the 
development of atherosclerosis were discovered by Brown and Goldstein [25]. By 
1958, there was enough information to make classification of atherosclerosis by the 
World Health Organization and described the sequences as a fatty streak, atheroma, 
fibrous plaque and complicated lesions [32]. The American Heart Association 
(AHA) starting from 1992 proposed a new morphological classification based on 
eight lesion types designated by Roman numerals which indicate the usual sequence 
of lesion progression [32].

Jian-Jun Li and Chun-Hong Fang’s writing in Medical Hypotheses journal suggests 
that atheroscleritis is a more rational term for atherosclerosis [29].

We now know the pathological processes that underpin atherosclerosis, which 
entails (1) endothelial injury, (2) intimal cholesterol accumulation and monocyte 
invasion with subsequent foam cell formation, (3) migration and proliferation of 
smooth muscle cells with expression of extracellular matrix, (4) local thrombus 
formation with secondary organization, (5) calcification and/or plaque rupture and 
(6) final occlusion due to plaque rupture/thrombus formation [25].

7. Challenges with terms

Gregory et al. pointed out the difficulty with terms which they notice: (i) it has 
an inconsistent naming convention, (ii) it fails to use terms that accurately describe 
the lesions, (iii) significant sclerotic arterial lesions are absent from the classifica-
tion, and (iv) interchangeability of arteriosclerosis and atherosclerosis [2]:

1. Naming convention. The three authors noticed that the arteriosclerosis, 
atherosclerosis and Mönckeberg medial sclerosis are defined by their gross 
and histopathologic attributes while arteriolosclerosis was defined by vessel 
dimension [2]. Furthermore, “arteriolo” is a descriptive pathologic term.

2. Description of lesion. This term poorly describes the terms [2]. The Möncke-
berg medial sclerosis as described by Mönckeberg, ironically, may not be de-
scribed, and the lesion may involve the arterial intima rather than the arterial 
media [2]. Furthermore, arteriolosclerosis, which is a hardening of the vessel, 
does not describe the lesion since the process involves both protein accumula-
tion and fibromuscular proliferation of the intima [1].

3. Absence of crucial lesion from the classifications. Restenosis lesions after 
balloon angioplasty and stenting, transplant arteriopathy, intimal nonathero-
sclerotic proliferative lesions in arterial vessels larger than arterioles, and a 
variety of disorders associated with vascular calcification are not yet included 
in the current classification.
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Although Gregory et al. highlighted the problems with terms, they retained the 
classifications which do not have all the necessary inclusion [2]. They suggested 
atherosclerosis, primary arterial calcification, fibromuscular intimal hyperplasia, 
hyalinosis, and miscellaneous categories which include amyloidosis and oxalosis, 
among others [1].

8. Conclusion

Atherosclerosis, arteriosclerosis and arteriolosclerosis are not only confused; 
they are also associated with some controversies. However, while the current clas-
sifications and description of terms have been developed over the centuries, there 
are possible better ways to classify the terms.
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Chapter 6

Coronary Atherosclerosis in 
Women
Abhishek Ojha and Nishtha Sareen

Abstract

Despite numerous studies focused on women’s cardiac health, deaths from 
cardiovascular disease continue to rise in women. Cardiovascular disease (CVD) 
continues to be the leading cause of death even in women in many areas of the 
world. It has been noted that despite higher frequency of chest pain/angina in 
women compared to men, the incidence of obstructive coronary artery disease 
(CAD) remains lower in the female population compared with men presenting 
with similar symptoms. It is critical to have a deep understanding of these topics 
to ensure a meaningful communication between public, patients, and healthcare 
professionals. One reason to which this discrepancy has been attributed to is that 
chest pain in women is less likely to be secondary to obstructive coronary stenosis 
in comparison to men presenting with similar symptoms. The other issue is that the 
gold standard for coronary atherosclerosis continues to coronary angiography. This 
is a key limitation in cardiovascular atherosclerosis management since endothelial 
dysfunction in addition to a higher risk of atherosclerosis is prevalent in women 
with hypertension, diabetes, and dyslipidemia. In this chapter, we will focus on the 
aspects of coronary atherosclerosis that deserve attention with respect to gender-
specific considerations, particularly with respect to clinical practice.

Keywords: atherosclerosis, coronary, myocardial infarction, females, gender

1. Introduction

Despite numerous studies focused on women’s cardiac health, deaths from 
cardiovascular disease continue to rise in women. Cardiovascular disease (CVD) 
continues to be the leading cause of death even in women in many areas of the 
world. It has been note that despite higher frequency of chest pain/angina in women 
compared to men, the incidence of obstructive coronary artery disease (CAD) 
remains lower in the female population compared with men presenting with similar 
symptoms [1]. It is critical to have a deep understanding of these topics to ensure a 
meaningful communication between public, patients, and healthcare professionals.

It is important to note that despite all the literature diagnoses, cardiovascular 
illness in women remains underdeveloped. One of the reasons which it has been 
attributed to is that chest pain in women is less likely to be secondary to obstructive 
or flow-limiting coronary stenosis in comparison to men presenting with similar 
symptoms [1]. The other issue is that the gold standard for coronary atherosclerosis 
continues to coronary angiography [1]. This is a key limitation in cardiovascular 
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atherosclerosis management since endothelial dysfunction, in addition to a higher 
risk of atherosclerosis is prevalent in women with hypertension, diabetes, and 
dyslipidemia [2].

Gianturco et al. [3] have also explained the role of systemic inflammation as a 
potential under-recognized player in endothelial dysfunction. Both inflammation 
and immunity seem to be the critical players [3]. The authors have emphasized 
on the need for preventive strategies after detailed understanding of the possible 
underlying pathogenesis [3].

In this chapter, we will focus on the aspects of coronary atherosclerosis that 
deserve attention with respect to gender specific considerations, particularly with 
respect to clinical practice.

2. Pathogenesis

Endothelial dysfunction, inflammation, and atheromatous plaque in women, 
as well as men, is primarily caused as a result of aging, dyslipidemia, hypertension, 
cigarette smoking, and diabetes. These five risk factors mentioned are all well-
known traditional risk factors with well-documented correlation to pathophysiol-
ogy of CAD [4].

2.1 Oral contraceptives and heart disease

Oral contraceptives (OC) have been associated with a higher risk of athero-
sclerosis and venous thrombosis since their introduction in clinical practice [5]. 
The risk for acute heart attack was increased by a factor of 2.5 in those who used 
second-generation contraceptives when compared to third-generation OC (OR1.3) 
on comparison of the different generations of these medications. This suggests a 
lower risk in newer generation OC but the overall findings remain inconclusive. The 
authors, hence, concluded that the recommendation to health care providers should 
include a dedicated screen for traditional cardiovascular risk factors and events 
before prescribing OC [6].

2.2 Pregnancy and heart disease

Pregnancy is associated with elevated atherogenic responses, including insulin 
resistance and dyslipidemia, with consequent manifestation as preeclampsia and 
gestational diabetes. These complications can contribute to higher postpartum risk of 
CVD, with a two-fold increase in CAD and cerebrovascular disease [7]. Preeclampsia 
has been associated with insulin resistance, hypertension, lower high-density 
lipoprotein concentrations, higher plasma levels of triglycerides, high uric acid, and 
high levels of insulin. This is in addition to its recognition as a state of sympathetic 
overactivity and proinflammatory changes [7]. Thus, preeclampsia should be 
carefully evaluated as a potential index manifestation of the metabolic syndrome.

2.3 Parity and heart disease

There is a well-established relationship between number of children, CAD 
risk factors and prevalent CAD in both women and men in the age range of 
60–79 years [8].

The comparison of gender indexes helps delineate whether the association is 
secondary to biological processes or due to lifestyle factors. The results have con-
sistently shown an association of increasing number of children with increasing 
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obesity in both sexes. In women alone, there was suggestion of association between 
number of children and CAD, even after adjustment for obesity and metabolic 
factors [8].

2.4 ACS in women

A detailed review of the Rapid Early Action for Coronary Treatment (REACT) 
study designed by the NHLBI was performed, which tested multistrategy cam-
paigns to reduce patient delay to seek care for ACS symptoms [9]. It was clearly 
shown that reducing the time to treatment was associated with significantly lower 
rates of death and disability caused by AMI [9]. This is critical information for edu-
cation not only of the healthcare providers, but also of patients, individual women 
and the general public. Timely recognition of symptoms of ACS with prompt medi-
cal response to early symptoms can be lifesaving.

The study has, hence, made some direct recommendations. One is patient 
awareness of symptoms in addition to chest pain, pressure, or discomfort. In addi-
tion, the fact is that the symptoms may not be dramatic or sudden. The recognition 
of symptoms by women in the community and the healthcare providers in female 
patients requires further research. This research should focus on the prodromal 
syndromes with dedicated dissemination of public messages and information aimed 
at healthcare providers. Lastly, the NHLBI document diligently encourages better 
understanding of all pathophysiological basis of ACS in women with the intention 
to optimize treatment recommendations.

2.5 Endothelial dysfunction

Endothelium interacts with nearly each and every system of the human body, with 
definite implication in end organ diseases of systems including neurologic, renal, 
hepatic, vascular, dermatologic, immunologic, and cardiac [10]. Additionally, the 
endothelium regulates vascular tone, maintaining careful balance between vasocon-
striction and vasodilation with the intention to provide adequate perfusion pressure to 
target organs. Additional functions include regulation of angiogenesis, wound heal-
ing, smooth muscle cell proliferation, fibrosis, and inflammation [10]. Interestingly, 
the factors that adversely affect the endothelium are also the common cardiovascular 
risk factors such as tobacco use, obesity, age, hypertension, hyperlipidemia, physical 
inactivity, and poor dietary habits [10].

3. Management strategies of atherosclerosis in women

It has been shown in studies that in female patients with coronary artery disease, 
persistent impairment of endothelial vasomotor function despite optimized therapy 
to reduce risk factors can adversely affect clinical outcomes [11].

The following, however, should be aggressively managed to combat atheroscle-
rotic disease in female patients:

1. Life style modifications (diet, exercise, smoking, weight reduction)

Adherence with healthy eating habits, regular exercising and weight reduction 
are all important determinants of atherosclerosis and should be recommended in 
both genders [12]. Smoking cessation is critical and dedicated time should be spent 
with patients to generate that awareness [12].
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2. Receptor and enzyme pathways (beta-blockers, ET, ACE-I, ARB)

Just as the traditional risk factors play a critical role in the pathogenesis of 
atherosclerotic CAD in females, the routine therapies should be considered in this 
patient population [13].

Most studies have found the benefit of statins in ameliorating and even eliminat-
ing endothelial dysfunction [13]. These medications are well known mainstay in 
decreasing CVD risk in most patients secondary to their lipid-lowering and anti-
inflammatory mechanism [13]. Addition of ACE-inhibition to statin therapy has 
been shown to improve endothelial-dependent relaxation in the coronary vascula-
ture through NO-dependent mechanism [14, 15].

3. NO pathway (L-arginine, PDE-I)

Both intravenous and intracoronary administration of L-arginine, the 
physiologic precursor for NO, has been shown to acutely improve endothelium-
dependent, but not endothelium-independent, vasodilation in participants with 
hypercholesterolemia or CAD [16]. The longer-term effects of oral L-arginine have 
additionally been evaluated. Among patients who have underlying heart failure, 
oral L-arginine improved endothelial function, arterial compliance, and functional 
status [17].

The other agent is Nicorandil, which is a potent antianginal, however, unavail-
able in the US. It has dual nitrate and potassium-ATP channel agonist properties 
and increases the formation of cyclic GMP. This agent has been shown to improve 
endothelial function in patients without prior CAD at 1 year follow up with con-
comitant documented reductions in inflammatory markers [18].

4. Channel pathways (Ca, K)

Nifedipine has been shown to have antioxidant effects with additional effect 
on endothelial nitric oxide synthase expression. In a study including 454 patients 
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dilatation was evaluated with intracoronary acetylcholine following 6 months of 
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Ranolazine is a sodium channel inhibitor used in patients who have  refractory 
angina. It has been shown to improve symptoms of microvascular angina, 
 however there was no clear change seen in microvascular function with the use 
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