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ABSTRACT: Chronic inflammatory diseases are associated with increases in cardiovascular diseases 

(CVD) and subclinical atherosclerosis as well as early-stage endothelial dysfunction screening using the 

FMD method (Flow Mediated Dilation). This phenomenon, referred to as accelerated pathological 

remodeling of arterial wall, could be attributed to traditional risk factors associated with atherosclerosis. 

Several new non-invasive techniques have been used to study arterial wall’s structural and functional 

alterations.These techniques (based of Radio Frequency, RF) allow for an assessment of artery age through 

calculations of intima-media thickness (RF- QIMT), pulse wave rate (RF- QAS) and endothelial dysfunction 

degree (FMD). The inflammatory and autoimmune diseases should now be considered as new 

cardiovascular risk factors, result of the major consequences of oxidative stress and RAS (Renin 

Angiotensin System) imbalance associated with the deleterious effect of known risk factors that lead to the 

alteration of the arterial wall. Inflammation plays a key role in all stages of the formation of vascular lesions 

maintained and exacerbated by the risk factors. The consequence of chronic inflammation is endothelial 

dysfunction that sets in and we can define it as an integrated marker of the damage to arterial walls by 

classic risk factors. The atherosclerosis, which develops among these patients, is the main cause for 

cardiovascular morbi-mortality and uncontrolled chronic biological inflammation, which quickly favors 

endothelial dysfunction. These inflammatory and autoimmune diseases should now be considered as new 

cardiovascular risk factors. 
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Aging Chronic inflammatory diseases are associated with 

increases in cardiovascular diseases (CVD), subclinical 

atherosclerosis prevalence and outcomes as well as early-

stage endothelial dysfunction screening using the 

FMD method (Flow Mediated Dilation). Such diseases 

may occur before the appearance of a clinical illness and 

therefore act as an early identification objective [1, 2]. 

This phenomenon, referred to as accelerated 

pathological remodeling, could be attributed to traditional 

risk factors associated with atherosclerosis. However, it 

might also be the result of other autoimmune and 

inflammatory mechanisms that are aggravated with 

chronic inflammatory diseases and more so with certain 

recently studied diseases such as chronic inflammatory 

arthritis and connective diseases. This remodeling of the 

arterial wall is accelerated for the above-mentioned 

diseases as the associated inflammatory disorders and 

autoimmune mechanisms can work in synergy with 

traditional risk factors, which makes them particularly 

harmful and can therefore contribute to endothelial 

dysfunction, considered to be the first step towards 

atherogenesis. These inflammatory and autoimmune 

diseases should now be considered as new cardiovascular 

risk factors. These non-traditional risk factors are said to 

contribute to atherogenesis via several mechanisms: 

autoantibodies against phospholipids: Anti Phospholipid 
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Syndrome (APS); against cells: ds-ADN endothelial 

dsDNA (anti-double-stranded DNA antibodies (anti-

dsDNA) purified from patients with active systemic lupus 

erythematosus (SLE) or neutrophil polynuclear anti 

cytoplasmic antibodies (NP), systemic inflammation, 

acute lipid oxidation, thermal shock proteins (HSP); 

antibodies against HSPs, association of anti-oxldl/2 Gp1  

OxLDL/beta2GPI-anti-oxLDL/beta2GPI complex and 

atherosclerosis in SLE patients, immune complex and 

accelerated atherosclerosis in patients with primary APS 

oxLDL/B2GP1 and anti-oxLDL/B2GP1[1, 3, 4].  

We currently use several new non-invasive techniques 

to study arterial walls' structural and functional 

alterations.These non-invasive techniques allow for an 

assessment of artery age via calculations of intima-media 

thickness (RF- QIMT), pulse wave rate (RF- QAS) and 

endothelial dysfunction degree by FMD. These are 

currently the only reliable markers, evidencing sub-

clinical arterial damage caused by risk factors and chronic 

inflammatory diseases. Such screening is justified with 

these patients in order to assess the degree of accelerated 

arterial wall aging associated with screening of the 

atheromatosis and its progression, and to also assess the 

state of the endothelial function and therefore the actual 

cardiovascular risk thereby allowing for a better care 

management strategy and a decrease in the occurrence of 

cardiovascular events [5-7]. 

 

Vessel structure alterations as part of artery aging due 

to old age 

 

From a histological standpoint, the alterations pertain to 

all artery linings. Intima media thickness considerably 

increases with age, which is a result of extracellular 

molecular and smooth muscular cell cluttering. In the 

intima media (level of arterial wall), the endothelial cells 

feature alterations with a less unclear alignment, flatter 

cells or, on the contrary, hypertrophic or irregular cells.  

In the media, elastin destruction and the increase in 

collagen contents inverts the elastin/collagen ratio, 

followed by collagen stiffening and a decrease in 

elasticity. These structural arterial wall alterations are 

evidenced by the occurrence of vasomotricity stiffening 

and alteration as years go by. Such vascular aging is 

accelerated by the presence of non-treated or non-

controlled risk factors and chronic inflammatory diseases, 

which favor atheromatous progression and ultimately 

result in severe endothelial dysfunction. These changes 

quickly increase the arteries' sensitivity to hypertension, 

atherosclerosis, medial degeneration and the initiation of 

another set of artery complications (i.e. myocardial 
infarctions, strokes, aneurisms)[8-12].  

 

 

Chronic inflammation   

 

Oxidative stress is the basic etiology of the alteration of 

the arterial wall; it is an imbalance between of anti-

oxidants and free radicals or, between the enzymatic 

systems of oxygen and free radicals. This imbalance 

causes side effects by decreasing the bio- availability of 

Nitric Oxide (NO), Arginine and Adenosine Tri-

Phosphate (ATP), a destructive cascade identified at the 

arterial wall, followed by the initiation of chronic 

inflammation, and dysfunction of the endothelium. The 

dysfunction of protective mechanisms against 

atherosclerosis leads to vascular dysfunction and the 

progressive onset from subclinical lesions to clinical 

pathological manifestations. Causes that promote 

oxidative stress are: hypoxia, respiratory diseases favored 

by repeated pulmonary infections, smoking, frequent 

exposure to the sun, alcohol and air pollution [13-16]. 

 

The key role of the Renin Angiotensin System (RAS) 

in vascular disease: participation and remodeling of the 

arterial wall. Stimulation of the Angiotensin II AT1 

receptor level increases the production of cell adhesion, 

which allows monocytes to infiltrate the endothelium, and 

transform into macrophages, and become foam cells. 

These cells secrete cytokines and inflammation markers 

(Interleukins, CRP) following the assault.  The 

inflammatory response then begins and alters the arterial 

wall. The first manifestation of this infrastructural disease 

remodeling is a disruption of elastic blades of the intima 

media, with migration of smooth muscle cells to the sub- 

endothelial space that transforms into fibrocytary or 

myofibrocytary cells [17-20]. 

 

Chronic inflammation: Chronic inflammation is a 

result of the major consequences of oxidative stress and 

RAS imbalance associated with the deleterious effect of 

known risk factors that lead to the alteration of the arterial 

wall. Inflammation plays a key role in all stages of the 

formation of vascular lesions maintained and exacerbated 

by risk factors. These result in changes in the arterial wall 

such as geometric vascular remodeling (the increase in 

intima-media thickness) and functional remodeling. And 

with time leads to endothelial dysfunction, its homeostatic 

properties and the loss of the key role in protection against 

atherosclerosis.    

The consequence of chronic inflammation is 

endothelial dysfunction that sets in and we can define it as 

an integrated marker of the damage to arterial walls by 

classic risk factors. We can also evaluate their ability to 

repair and thus become an important factor in the 
development and progression of the atherosclerotic 

process and its consequences. However, this is also the 
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case in the prognosis of patients with risk factors [16, 21-

24].  

 

Pathogenesis of atherosclerosis and endothelial 

dysfunction as part of chronic inflammatory diseases 

  

Among recently studied chronic inflammatory diseases, 

which are involved in atherosclerosis and endothelial 

dysfunction pathogenesis, one finds inflammatory 

arthritis, autoimmune and connective diseases such as 

erythematous lupus and the anti-phospholipid syndrome, 

currently considered to be potential cardiovascular risk 

factors. These accelerate the vessel aging process and 

increase the general cardiovascular risk, just as metabolic 

syndrome, obesity, diabetes, chronic renal insufficiency 

and sleep apnea syndrome (SAS) do [25, 26]. 

 

 

 
 

Figure 1. The genesis of the inflammatory plaque and 

endothelial dysfunction. Penetration and accumulation of 

lipoproteins in the intima LDL = by passive phenomenon 

Modification of LDL oxidized LDL. 

 

 

 

Atherosclerosis pathogenesis 
 

These traditional risk factors are said to contribute to 

atherogenesis via several complex mechanisms: 

autoantibodies against phospholipids and against cells, 

dsDNA, endothelial or ANCA, systemic inflammation, 

acute lipid oxidation, thermal shock proteins (HSP) and 

antibodies against HSPs, oxLDL/B2GP1 and anti-

oxLDL/B2GP1. The atherosclerosis, which develops 

among these patients with cardiovascular risk factors and 

inflammatory syndrome, is the main cause for 

cardiovascular morbi-mortality and uncontrolled chronic 

biological inflammation, which quickly favors endothelial 

dysfunction [27, 28]. 

 

 

 

Endothelial dysfunction pathogenesis 

 

We now describe the mechanism of endothelial 

dysfunction for these diseases, firstly covering chronic 

rheumatic and connective diseases, which currently cause 

the most cardiovascular damage throughout the world as 

a result of their frequency and aggressiveness (Figure 1). 

 

Chronic inflammatory and connective tissue diseases  

 

Rheumatoid arthritis and connective tissue diseases such 

as erythematous lupus and anti-phospholipid syndrome 

are autoimmune diseases, which are involved in 

atherosclerosis and endothelial dysfunction pathogenesis. 

These autoimmune diseases are associated with an 

increase in cardiovascular diseases due to the accelerated 

atherosclerosis they cause and their frequently observed 

associations with traditional cardiovascular risk factors 

and specific chronic inflammatory pathology factors. 

They are currently considered to be non-traditional risk 

factors and are associated with an increase in coronary and 

cerebral-vascular mortality. We will mainly discuss 

rheumatoid arthritis, a very frequent autoimmune disease 

that is known for favoring important and accelerated 

atherosclerosis and an aggravated inflammatory reaction 

in the articulations and arterial walls, with an acute 

cardiovascular risk [26, 28, 29] (Figure 2). 

 

Endothelial dysfunction in rheumatoid polyarthritis 

 

The pathophysiological mechanisms of endothelial 

dysfunction in rheumatoid arthritis are not well known. 

Arginase regulates the vascular NO level, as this enzyme 

competes with NO synthase (NOS) for a common 

substrate, L-Arginine. The alteration of arginine 

transportation in the endothelial cell could be one of the 

alteration mechanisms of way of NO as part of the aging 

process. There is currently knowledge of the existence of 

Arginase activity and expression anomalies in vessels, as 

well as of this enzyme's role in endothelial dysfunction. 

This anomaly has allowed us to identify a new endothelial 

dysfunction mechanism associated with chronic arthritis, 

suggesting that Arginase could constitute a new 

therapeutic prevention target [30-33]. 

 

Hypoxia (Sleep Apnea Syndrome SAS) 

 

The SAS (Sleep Apnea Syndrome) as two immediate 

pathophysiological effects, which can be associated with 

endothelial dysfunction and arterial lesions. As part of 

hypopnea and apneas, intermittent drops in arterial 
oxygen saturation, referred to as intermittent hypoxia (IH) 

occur, and are considered to be responsible for most 

harmful impacts on arterial walls and the heart. This IH 
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causes an acute formation of oxygen radicals and 

consequently oxidative stress, and an intermittent 

systemic and cellular inflammation increase, as well as the 

consequences of these factors on the endothelial function 

at the expense of SAS patients' cardiovascular health. The 

persistence of combined SAS and inflammation is 

involved in the development of arterial stiffness and 

endothelial dysfunction [34-36]. 

 

 

 

 

 

 

 

 

 
Fgiure 2. Chronic inflammatory diseases and endothelial dysfunction. 

 

 

 

 

Diabetes  
 

The loss of the endothelium's mandatory role in 

vasomotor modulation is a primary target for diabetes. 

With all the endothelium’s functions being disrupted, it 

favors pathological vascular remodeling and plaque 

development. The atherosclerosis, which develops among 

these patients, is the main cause for cardiovascular morbi-

mortality and uncontrolled chronic biological 

inflammation, which quickly favors endothelial 

dysfunction [37, 38]. 

 

Endothelial dysfunction pathogenesis  

 

Hyperglycemia, being a direct stimulus of oxidative 
stress, causes NO inactivation through an excess 

production of free radicals, advanced glycation and a 

decrease in free radical removal. The excess free radicals 

contribute to the harmful effects on the endothelium 

incurred by high glucose concentrations. Disruption of the 

L-arginine-NO metabolic pathway, an essential pathway 

for vasomotricity homeostasis, appears to be essential for 

the development of vasculopathy and atherosclerosis, and 

leads to a decrease in vasodilatation, anti-platelet and anti-

thrombotic activities as well as structural alterations [39, 

40].  

 

Obesity and Metabolic Syndrome:  

 

Obesity and metabolic syndrome are factors considered to 

accelerate aging of the arteries and the early development 

of atherosclerosis. The uncontrolled chronic biological 

inflammation, which quickly favors endothelial 
dysfunction, and develops among the atherosclerosis, and 

is the main cause for cardiovascular morbi- mortality.  
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Endothelial dysfunction pathogenesis  

 

The accumulation of visceral and abdominal fat tissue, its 

secretion products and the decrease in adiponectin 

plasmatic concentration, which is the protein secreted by 

adipocytes and macrophages, are responsible for 

unfavorable effects on the whole vascular wall. New 

research is currently focusing on the mechanisms and 

causes of this endothelial dysfunction, which is the 

earliest vascular anomaly for these patients.  

In metabolic syndrome, all components are 

endothelium aggression factors and mutually take part in 

altering endothelial functions with a decrease in NO 

(Nitric oxide) bioavailability. The central elements seem 

to be an increase in oxidative stress and a decrease in local 

NO bioavailability. In obesity, preadipocytes and 

macrophages present in fat tissue of the obese person have 

important adipokine production and secretion functions as 

well as pro-inflammatory cytokines (IL-1b, IL-6, IL-8, 

MCP-1 and TNF-alpha) released by the preadipocytes. 

Three elements can explain the link between obesity and 

chronic inflammation, namely: the inflammation could be 

a response to oxidative stress, local hypoxia and/or 

activation of the endoplasmic reticulum. These three 

hypotheses are may be associated with endoplasmic 

reticulum stress and the generation of oxygen free radicals 

potentially caused by hypoxia, the latter therefore being 

the main cause of fat tissue inflammation [41, 42] 

 

Chronic Renal Insufficiency (CRI)  

 

The aging process often associated with traditional risk 

factors, entails an accelerated remodeling of the arterial 

wall. This remodeling’s progress during the CRI, gives 

credit to the assumption that renal dysfunction is 

responsible for this vascular process and the vessels 

respond with structural ("remodeling") and functional 

adaptations (a decrease in vessel distensibility), as well as 

vasomotor tone anomalies and plaque development. 

Cardiovascular diseases are the first cause of morbidity 

and mortality for patients suffering from renal 

insufficiency. This can be linked to the numerous 

cardiovascular complications occurring before the 

chronic renal insufficiency (CRI) stage and/or to the 

primary cause for kidney ailments (such as diabetes, 

vascular nephropathies and hemodynamic anomalies 

associated with renal insufficiency itself. 

 

Endothelial dysfunction and CRI 

 

The causes of endothelium alteration are unclear, but it 
seems to be linked to chronic endothelial cell activation 

and their subsequent dysfunction. This is objectivized on 

a biological level by an increase in the blood 

concentrations of the many humoral factors that are 

synthesized and regulated by the endothelium, such as: 

endothelin, von Willebrand factor, plasminogen activator 

type 1, plasminogen's inhibitor and activator, etc., and the 

activation of receptors which are sensitive to neuro 

humoral agents. Histological research has shown the 

existence of sub epidermal capillary micro-angiopathy in 

patients suffering from renal insufficiency, which is 

evidenced among other things by the presence of 

activation and an apoptosis of endothelial cells. This 

initial endothelial lesion leads to vasoconstriction 

followed by diffuse platelet aggregation, and the 

occlusion of vascular light by fibrinous thrombins [43, 

44].   

 

Assessment review - Atheromatosis and endothelial 

function in patients suffering from a chronic 

inflammatory disease  

 

Any assessment should start by thorough questioning 

followed by a clinical examination aiming to find clinical 

atheromatosis markers, as well as paraclinical assessment 

tests for atheromatosis and its complications and an 

assessment of arterial remodeling [45-47]. 

 

Questioning 

 

Personal history (search for risk factors):  

1 - High blood pressure, 2 - Tobacco, 3 - Dyslipidemia, 4 

- Malnutrition, 5 - Diabetes, 6 - Obesity, 7 - BMI, 8 - 

Sedentary lifestyle. Risk factors associated with chronic 

inflammatory diseases increase the probability of an 

occurrence of a cardiovascular (CV) event. 

 

Clinical examination 

 

Comprehensive cardiovascular clinical examination to 

look for clinical markers and cardiovascular or renal 

complications pertaining to atheromatosis plaque.  

 

Clinical markers 

 

Peripheral arterial (systolic) pressure, central pressure 

(CP), central and peripheral pulse pressure, average TA, 

arm-ankle systolic index, waist measurement, body mass 

index (BMI), prehypertension, LVH (left ventricular 

hypertrophy), basic clinical examination for patients 

suffering from hypertension and diabetes.  

 

Non-invasive exploration of the atheromatosis plaque 

and its complications  
 

Non-invasive CV (cardiovascular) imaging techniques: 

arterial Doppler Ultrasonography of the neck and lower 
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limbs, stress test, coro-scanner and calcium scoring, TTE 

(trans thoracic echocardiography), renal ultrasonography 

and Doppler ultrasonography of renal arteries and the 

research for silent ischemia myocardial ischemia (by 

methods like a stress ultrasonography, myocardial 

perfusion, stress MRI especially for diabetic patients) [48, 

49]. 

 

Structural and functional exploration of the arterial 

wall (arterial age) 

 

Screening TECHNIQUES for pathological remodeling 

of the artery wall in the coronary and carotid 

 

Integrating markers: 

 QIMT (carotid artery) studies the geometrical 

alterations of the arterial wall (intima media 

thickness). 

 QAS studies the artery's functional alterations (pulse 

wave speed and stiffness coefficient). 

 PVI ultrasonography (carotid stress).  

 MRI carotid velocimetry studies the arterial wall 

constraints.  

 FMD method (at the humeral artery) classically 

studies the vasodilator function of the endothelium, 

and is used to assess the endothelial dysfunction 

level.  

 

If this exploration of the endothelial function does 

not yield conclusive results, it should be further supported 

by the serum markers analysis of the endothelial function 

[50-55]. 

 

Biological markers of oxidative and biochemical stress  

Biological markers  

 

General assessment to be made, pertaining to biological 

inflammation and an assessment adapted to each patient 

with specific biological markers according to the chronic 

illness to study. Specific biological markers for 

atheromatosis are currently still in their experimental 

stage. Other non-specific biological markers required to 

study the endothelial function include: micro albuminuria, 

Homocysteinemia and the von Willbrand factor.  

 
Oxidative stress markers: 

 

TBARS (nmol/gHb), plasmatic, TBARS (μmol/L), Ox 

LDL (UI/L), protein carbonyls (μmol/gprot), vitamin A 

(μmol/l), α-tocopherol (mg/L), Cu/Zn SOD (UI/g Hb), 

carotene, Ce, Se, plasmatic vitamins [5, 56-58]. 

 
Biochemical assessment  

 

Serum markers of endothelial function: NO, asymmetrical 

dimethyl-arginine (acute inflammation expression), NO 

synthase, and cGMP [59, 60]. 

 
Therapeutic strategies   

 

All treatments to be carried out for these patients should 

on one hand control the biological inflammation of the 

basic disease and the risk factors, and on the other hand 

slow down atheromatosis and restore the endothelium. 

This strategy will in the future remain the best approach 

to reduce cardiovascular events for the chronic 

inflammation patient population [59, 61].  

 

Conclusion  
 

Chronic inflammatory diseases are associated with an 

increase in cardiovascular diseases (CVD), subclinical 

atherosclerosis prevalence and outcomes as well as early-

stage endothelial dysfunction screening using the FMV 

method, which can occur before the appearance of a 

chronic disease and therefore be considered as an early 

identification objective. This phenomenon, referred to as 

accelerated pathological remodeling, can be attributed to 

traditional risk factors associated with atherosclerosis, but 

could also be the result of other autoimmune and 

inflammatory mechanisms that are aggravated with 

chronic inflammatory diseases and more so with certain 

recently studied diseases such as chronic inflammatory 

arthritis and connective diseases. This remodeling of the 

arterial wall is accelerated for the above-mentioned 

diseases as the associated inflammatory disorders and 

autoimmune mechanisms can work in synergy with 

traditional risk factors, which makes them particularly 

harmful and can therefore contribute to endothelial 

dysfunction, considered to be the first step towards 

atherogenesis. The he biological inflammation and the 

endothelial dysfunction is oxidative stress, a common 

mechanism for all chronic inflammatory diseases and 

vasculopathy appearance. Since 2007, non-invasive 

imaging has been used in endothelial dysfunction 

diagnoses, which allow a detailed analysis and a more 

precise calculation of the intima-media thickness 

(RFQIMT), the velocity of the pulse wave (VPW) and the 

degree of endothelial dysfunction at the level of the 

brachial artery by the FMD method. The abnormal values 

of which have recently been considered to be evidence of 

accelerated pathological aging, allows us to have a general 

overview of damage incurred by the arterial wall and of 

the state of endothelial function. These patients' 

assessment should of course be complemented by 
paraclinical examinations of atheromatosis and its 

complications. One may even conclude that the 

removal/regression of the persistent biological 
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inflammation, which is itself the cause of the 

atherosclerotic progression and endothelial dysfunction. 

These chronic inflammatory diseases, and even more so 

chronic inflammatory arthritis and connective diseases, 

should now be considered as new cardiovascular risk 

factors. 
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