Subclinical atherosclerosis and inflammatory markers: the influence on the Global CV risk
There is great interest in identifying asymptomatic individuals at risk, who would be candidates for more intensive, evidence-based medical interventions aimed at preventing death and disability from coronary heart disease (CHD) and stroke.
  Cardiovascular (CV) disease is a leading cause of death and disability. For many individuals the first symptom of heart disease is sudden cardiac death or myocardial infarction (MI). Therefore, there is great interest in identifying asymptomatic individuals at risk, who would be candidates for more intensive, evidence-based medical interventions aimed at preventing death and disability from coronary heart disease (CHD) and stroke. The traditional approach to CHD risk assessment is based on identifying and to a certain extent quantifying established CV risk factors. Several algorithms based on this approach are used. 

Global absolute risk assessment
  The Global Absolute Risk (GAR) is an indicator which allows to assess the likelihood of experiencing a major cardiovascular event (myocardial infarction, stroke, sudden cardiac death)  in asymptomatic patients when the level of some risk factors is known.
With this new approach, individuals at risk are no more identified only on the strength of each risk factor considered individually, but rather the global assessment of all major risk factors is taken into account. Therefore, GAR is not based on the simple summation of risk factors' values. The use of GAR takes account of the multifactorial origin of cardiovascular disease: the risk level is assessed for each individual on the basis of the principal risk factors considered.
Mathematical functions, derived from longitudinal studies carried out on population groups followed up over time, are used to assess the GAR. These functions have been used to develop two tools for global absolute risk assessment- the cardiovascular risk charts and the individual risk score.

  The risk charts consist of global absolute risk classes calculated for risk factors categories (age, sex, diabetes, smoking, systolic blood pressure and total serum cholesterol). The individual risk score  provides an even more accurate assessment as it takes into account continuous values for some risk factors such as age, total serum HDL cholesterol and systolic blood pressure.
Particularly the Italian cardiovascular risk chart (Progetto Cuore) is a simple and objective way of assessing the likelihood of experiencing a first major cardiovascular event over the following ten years, when the values of six risk factors - gender, history of diabetes, smoking, age, systolic blood pressure and total serum cholesterol – are known. It can be applied to men and women ages 40-69 free from previous coronary or cerebrovascular event.  According to the risk profile of each subject, four different risk charts can be distinguished: diabetic man, non diabetic man, diabetic woman and non diabetic woman; for each of these four categories the charts are further subdivided into smokers and non smokers (Figures 1/4).
  Six cardiovascular risk categories (MCV) were constructed: the CVD risk category indicates how many persons out of 100 with the same characteristics will fall ill over next 10 years. The risk grows from level I to level VI 
.
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Non invasive assessment of Subclinical Atherosclerosis:
  Subclinical cardiovascular disease (CVD) can be assessed by non-invasive measurement techniques including: measurement of endothelial dysfunction (a marker of subclinical CVD);  carotid intima-media thickness (IMT); ankle brachial index (ABI < 0.90) and multilayer TC for the diagnosis of asymptomatic coronary artery disease. 
  A healthy endothelium plays a central role in cardiovascular control. Therefore, endothelial dysfunction (ED), which is characterized by an imbalance between relaxing and contracting factors, procoagulant and anticoagulant substances, and between pro-inflammatory and anti-inflammatory mediators, may play a particularly significant role in the pathogenesis of atherosclerosis. ED is closely related to different risk factors of atherosclerosis, to their intensity and their duration. The common denominator whereby different risk factors cause ED is most probably increased oxidative stress and/or inflammation. ED promotes atherosclerosis and probably plays an important role in the development of thrombotic complications in the late stages of the disease.
 
  Brachial flow-mediated dilation (FMD) is a validated non-invasive  measure of endothelial dysfunction: the  examination  requires  the patients  to be  supine,  at rest,  in  a  quiet  air  conditioned  room.  A  longitudinal section  of  the  brachial  artery  is  analyzed;  after a baseline measurement, a cuff, which can be placed either above or below the transducer position, is inflated  to  suprasystolic pressure  to produce  ischemia  in the  forearm.  The  cuff  is  deflated  after  some  minutes (usually  5)  thus  causing  a  reactive  hyperemia  which  in turn  produces  a  shear  stress  stimulus  that  induces  the endothelium  to  release  nitric oxide (NO),  a  vasodilator.  FMD,  which reflects endothelium dependent vasodilatation, is calculated as  the percentage  increase  in  diameter  from  baseline  to the  maximum  value  which  is  obtained  after  the cuff deflation. The final scan was recorded 3 to 4 minutes after nitroglycerin sublingual dosing.
  Patients with low FMD have a high likelihood of developing cardiovascular events than those subjects with higher FMD . This result shows that a lack of NO synthesis by endothelial nitric oxide synthase (e-NOS) is a crucial factor in endothelial dysfunction. 
  Intima-media thickness is a measure of the early structural changes that occurs in the wall of blood vessels due to atherosclerosis. Measurement of carotid intima-media thickness (IMT) with B-mode ultrasound is a non-invasive, sensitive, and highly reproducible technique for identifying and quantifying atherosclerotic burden.
 Several epidemiological studies have shown an association between increased carotid intima-media thickness and incidence of cardiovascular disease in the general population. The study of normal arterial wall with this method shows the presence of two parallel hyperechoic lines separated by a hypoechoic area; these lines represent respectively the lumen-intima interface (endothelium - basal lamina) and media adventitia of the vessel wall.   

  Hypo-echogenic space between these two interfaces is therefore the complex of intima-media thickness. Thickening of that portion is, in fact, one of the earliest structural changes that can be analyzed and monitored at the carotid axis. According to the guidelines of the European Society of Cardiology, IMT greater than 1,5 mm is synonymous with asymptomatic carotid plaque, representing  an indicator of the presence of significant injuries in terms of prognosis 
. Hence, one of the intima-media thickness > 1 mm is comparable to coronary artery disease, automatically placing the patient in the same risk category of patients with known heart disease. It appears that the intima-media thickening indicates a 2-fold increase in the risk of acute coronary events and the presence of a plaque is instead associated with an increase of 4 times and the presence of a true carotid stenosis include an increase of risk for coronary events of 6 times compared to a person with arterial wall unscathed.
  Cardiovascular RF are associated with impaired endothelial function and increased IMT, and  the presence of carotid and femoral IMT is significantly correlated with endothelial dysfunction.

A recent study demonstrated that endothelial dysfunction and carotid lesions are strong predictors of clinical events in patients with early stages of atherosclerosis, so the assessment of systemic vasoreactivity and carotid IMT evaluation may provide, in this category of patients, important prognostic information in addition to that derived from traditional established cardiovascular risk factors.
 
  Moreover the Framingham score and common carotid artery IMT values were significantly correlated, although variations in CCA IMT only explained a modest part of the Framingham score and vice versa.
 Carotid atherosclerosis correlates better with coronary atherosclerosis when both circulations are investigated by the same technique (ultrasound) using the same parameter (IMT). 
  This supports the concept that carotid IMT is a good surrogate marker of coronary atherosclerosis.
 Carotid ultrasound is a useful tool to detect plaque and measure carotid intimal-medial thickness (CIMT), which help identify asymptomatic patients at risk of cardiovascular events. However, the role of carotid ultrasound in stratifying risk in symptomatic patients has not been studied. Kanwar’s group examined the hypothesis that in symptomatic patients undergoing exercise (or pharmacologic) stress testing (EST), CIMT and carotid plaque could improve the ability to identify patients with coronary diameter stenosis  ≥ 50%. Mean and maximal CIMTs were measured in 50 symptomatic patients without known coronary artery disease (CAD) and in conclusion, carotid ultrasound appears to offer incremental value to EST in predicting presence or absence of coronary diameter stenosis  ≥ 50% in symptomatic patients with equivocal/negative EST result.
 A meta-analysis of 8 population studies (Kuopio IHD-RF Study, ARIC Study, Rotterdam Study, CVH Study, Malmo Diet and Cancer Study, Longitudinal Investigation for the Longevity and Aging in Hokkaido Country, CAPS and Kitamura Study) analyzed the association between carotid IMT and cerebro and CV events in a total of 37197 subjects with a mean follow-up of 5,5 years. The meta-analysis relived that an IMT increase of 0.1 mm was associated with an enhanced risk of 15% for AMI and of 18% for Stroke, so showing that precocious ATS lesions of carotid arteries are an independent marker of cerebro- and CV events .
 

  The ankle-brachial index (ABI)  is used to predict the severity of peripheral arterial disease (PAD). Ankle systolic pressures are measured in the posterior tibial artery of first the right then the left leg using a Doppler ultrasound probe and a random zero sphygmomanometer with the cuff positioned just proximal to the malleoli. The pulse is located using the Doppler probe, and the cuff then inflated until the pulse is  obliterated; the cuff is then deflated and the pressure recorded at the point when the pulse reappears. The ABI for each leg is calculated dividing the ankle systolic pressure by the brachial pressure and the lower result value of the indices obtained for the two legs is used as the measure of disease severity. Normally, the ankle blood pressure is equal or slightly higher than that of arms. In peripheral arterial disease, the atherosclerotic plaque blocking the blood flow of the arteries in the legs, so the ankles pressure will be lower than that of arms.
 The occurrence of the value of ABI < 0.9 is an index of multiple atherosclerotic plaques  (Table 1). The ABI even if measured simply by palpation of the foot arteries is a strong predictor for future cardiovascular events and for all-cause mortality even in patients with no clinical symptoms of PAD. A clinical treatment with Ramipril can prevent major cardiovascular events in patients with clinical as well as subclinical PAD.

	ABI 
	Meaning

	> 0.9 
	Unlikely Peripheral Arterial Occlusive Disease (PAOD) 

	0.9 > 0.6 
	Moderate Arterial Disease

	< .6 
	Highly probable Arterial Disease, with segmental stenosis or obstructive lesions 

	< 0.5 
	Severe Arterial Disease, likely with Multiple Arterial Lesions along arterial axis 


Table 1

  According to the recommendation of the TASC II (Transatlantic Intersociety for the management of the Peripheral Artery Disease - PAD): 

- all patients with Symptomatic PAD should have reduced their LDL-C < 100 mg/dL;
- in patients with PAD and History of Multifocal Disease is suggested to reduce LDL-C < 70 mg/dL.

- all patients with Asymptomatic PAD, without other clinical evidence of CV disease, should have reduced their  LDL-C < 100 mg/dL 
 
  Evaluation of CT-guided CALCIUM SCORE: element characterizing the CT-Multilayer  is the large number of detectors, this allows to acquire very short time (0.30 seconds) up to 128 layers of the human body. It allows the perfect reconstruction of heart with all its vessels. In particular, it makes the arteries displayed coronary arteries with sufficient details to replace the most famous, but much more invasive, coronary catheterism. CT angiography examination can begin with a "simple" quantification of coronary calcification present in the walls (so-called "calcium scoring"), then proceed with the demonstration of anatomic coronary lumen. Such technique today holds a leading role in the diagnosis of ischemic heart disease in asymptomatic patients. The process of calcification of atherosclerotic plaque is similar to bone formation and occurs at various stages of progression of the plaque. It is believed to be involved in this process some proteins such as osteopontin (membrane protein), the osteonectin (calcium-binding protein), osteocalcin (a protein gamma carboxylated regulating mineralization), the protein 2a (powerful differentiating  factor osteoblasts).  Initially the plaque is made of  small aggregates of crystalline particles of lipid cores and subsequently calcified deposits in atherosclerotic lesions are more advanced. However, not all lesions have calcification within them, however, the area of coronary artery calcification measured with CT has a direct positive correlation with the area of coronary plaque analyzed on the basis of histopathology. The absence of calcifications does not exclude the presence of atherosclerotic plaques but is correlated with a low risk of cardiovascular events in the next 5 years. The correlation between coronary calcium and the presence of subclinical atherosclerotic lesions with an increased risk of ominous cardiac events is that the accumulation of calcium on the atherosclerotic plaque causes the destabilization of this plaque, thus facilitating the rupture. It follows therefore that not only hemodynamically significant atherosclerotic lesions are the most dangerous, but also smaller ones that are made unstable by the presence of a layer of calcium overlapped. The calcium score index may have additional significance in evaluating the risk profile in patients in whom this is uncertain: for example in post-menopausal women with isolated hypercholesterolemia or hyperhomocysteinemia. The introduction of these imaging techniques may therefore provide an additional benefit in the future. 
Natural history of atherosclerosis
  In the development of atherosclerotic lesions, we can distinguish several phases: the initial processes that generate clinically silent lesions; stages of progression that lead to the formation of stenotic lesions that are not necessarily symptomatic, complicating events that underlie the clinical manifestations of chronic or acute. Morphologically atherosclerosis evolves through three stages: the first manifestation is the fatty streak consisting primarily in an accumulation of fat beneath the endothelium. The fatty streaks do not protrude into the lumen significantly, and, consequently, they don’t create barriers to the bloodstream. Not all fatty streaks are destined to turn into plaques.
 The plaques eventually developed have a focal nature. Morphology it presents a central core rich in fat and covered by a fibrous cap and it tends to protrude into the lumen of the artery. Atherosclerotic plaques can be divided morphologically and functionally into stable plaques and vulnerable plaques. The mediators of inflammation, may, on the one hand reduce the synthesis of collagen matrix necessary for the maintenance and the repair of the plaque and the other to trigger the degradation of macromolecules of the matrix, weakening the plaque and leading to the break.   

  Thrombosis of a disrupted atheroma, the cause of most acute coronary syndromes, results from weakening of  the fibrous cap and thrombogenicity of the lipid core. 
Inflammation: the secret killer
  The pathogenesis of atherosclerosis is complex, involving the interactions of many genetic and environmental influences. Inflammation plays a key role in the development of the atheromatous plaque. Haemostatic factors appear to be involved early in atherogenesis such as factors VII (FVII) and VIII (FVIII),  vonWillebrand factor (vWF) and above all elevated levels of fibrinogen.
 The inflammatory nature of atherosclerosis was expressed for the first time by Virchow in the last century, but only recently have been thoroughly carried out several studies proving this hypothesis.   

  The mechanism in question includes the secretion of proinflammatory cytokines from the endothelium and the hepatic production of acute phase proteins. Several proinflammatory stimuli (infectious agents, LDL, advanced glycation products, homocysteine, shear stress, etc..) induce the endothelium to secrete some cytokines such as IL-1 and TNFα, defined primary proinflammatory cytokines wich in turn, stimulate the secretion of IL-6 by the endothelium, which can act as a cytokine messenger. In the liver, the cytokine changes the protein synthesis in pro-inflammatory effect by inducing of proteins of the acute phase (C-reactive protein, serum amyloid protein A, fibrinogen, and adhesion molecules). Among them, CRP is now widely identified as the inflammatory marker most effective for the long half-life and because detectable in peripheral blood in a simple and very low expensive way.

  Several experimental evidences have correlated the levels of C-reactive protein with acute coronary syndromes, demonstrating the strong predictive value: higher CRP values are correlated with a higher prevalence of carotid stenosis 
 , so hsCRP is a sensitive marker to identify vascular risk patients, but not to monitor the progression of the disease 
ˉ
–
. Patients with metabolic syndrome had a higher incidence of carotid and coronary disease, if CRP levels were above 0.3 mg/dL 
 . C-reactive protein and fibrinogen have a predictive role for fatal or non fatal events in patients with diabetes mellitus
 so as in patients with hypertension.
 These markers seem to significantly influence the occurrence of cerebrovascular and cardiovascular events in patients with baseline asymptomatic carotid lesions 
-
 .
  Low HDL-cholesterol concentrations are associated with increased cardiovascular risk and recent evidences suggest that HDL-c may aggravate the atherosclerotic process promoting inflammation: HDL-c are anti-inflammatory in the absence of inflammation but it can become proinflammatory in the presence of atherosclerosis and low-HDL-c values have a role on the atherosclerotic disease progression from subclinical lesions to clinical events.
 In another trial of persons without hyperlipidemia but with elevated high-sensitivity C-reactive protein levels, rosuvastatin significantly reduced the incidence of major cardiovascular events.

  Over 20 large-scale prospective studies show that the inflammatory biomarker high-sensitivity C-reactive protein (hsCRP) is an independent predictor of future cardiovascular events that additionally predicts risk of incident hypertension and diabetes. In many studies, the relative impact of hsCRP is at least as large as that individually of low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, blood pressure, or smoking, and knowledge of hsCRP correctly reclassifies a substantial proportion of "intermediate-risk" individuals into clinically relevant higher- or lower-risk categories. Nonetheless, it remains controversial whether the time has come to modify traditional algorithms used for global risk detection.

  Finally, genetic studies have demonstrated that polymorphisms in the CRP gene are associated with marked increases in CRP levels and thus with a theoretically predicted increase in the risk of ischemic vascular disease. However, these polymorphisms are not in themselves associated with an increased risk of ischemic vascular disease.
 
Inflammation and Future
  Inflammation participates in all phases of Atherothrombotic Disease:  initial lesion, progression of  lesion and thrombotic complications.

  Furthermore inflammation gives an important contribute in the process of atherothrombosis. The CRP is a clear example of how a biological marker can guide medical therapy and it continues to represent a field of research. The dosage of CRP is considered the heart test that could save life: “If CRP was half as effective and twice as expensive, physician use would be ten times higher” 
. 
  What are the potential clinical applications of these evidences? Since CRP is an independent marker for cardiovascular disease, its assessment could add prognostic information to the lipid set screening and the condition of Metabolic Syndrome. 
  Although recent evidences support the idea that CRP is unlikely to be a causal factor for cardiovascular disease and most of the association between inflammation and ischemic vascular disease depends on conventional risk factors and fibrinogen concentration 
, it is undoubted that high levels of hs CRP identifies subjects at high cardiovascular risk, who would benefit from treatment with statin therapy.
  In conclusion both subclinical atherosclerosis (5, 7, 11-14, 34) and markers of inflammation (21-24, 27, 29) consent to identify some people that being at intermediate risk according to the evaluation of CV risk by using the risk’s charts, really have a ten year CV risk > 20%. So, they need of a strong treatment of all risk factors aiming to the recommended target for patients in secondary prevention (35, 36).  
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