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    Chapter 1   
 Infl ammation Biomarkers 
and Cardiometabolic Risk 

             Flávio     Reis       and     Filipe     Palavra    

    Abstract     The ominous presence of infl ammation in all phases of atherosclerosis 
has prompted the evaluation of emergent biomarkers of infl ammation as tools to 
help in identifying patients at high risk for future cardiovascular events, to improve 
diagnostic and prognostic abilities, and to monitor disease activity and effi cacy of 
therapy. Acute-phase reactants, pro- and anti-infl ammatory cytokines, cell adhesion 
molecules, chemokines, and other mediators involved in the pathogenesis of athero-
sclerosis have been shown to have predictive value to determine future cardiovascu-
lar events and/or death, but until now, none, with the exception of hsCRP, has 
demonstrated additive value to the Framingham Risk Score.  
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        Infl ammation in Health and Disease: Overview 

 Infl ammation, derived from the Latin word  infl ammare , means “to set on fi re.” 
Infl ammation is a part of the host defense system that counteracts insults incurred 
by internal or external stimuli, and the typical clinical signs include redness, heat, 
swelling, pain, and loss of function. Infl ammation is not injurious in its essence and 
is necessary for the removal of challenges faced by the organism and consequent 
homeostasis restoration. In fact, the infl ammatory responsiveness should be viewed 
as part of the physiological mechanisms operating to respond to stress experienced 
by cells, tissues, and organs. 

 Infl ammation can be classifi ed as acute or chronic. Chronic and acute infl amma-
tory processes were traditionally thought to be motivated by different causes, 
through the activities of different cells and mediators, resulting in different out-
comes. Nevertheless, a more modern vision indicates that processes are connected 
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in order to give organisms the ability to deal with distinct insults in a robust and 
fl exible manner, thus regulating key homeostatic functions [ 1 ]. 

 Acute infl ammation is an immediate response of the body and is required to 
remove injurious pathogens. Facing infection, tissue damage, or acute infl amma-
tion, the host undergoes a series of biochemical and physiological changes known 
as acute-phase response. This process involves a cascade of events and is mediated 
by several distinct cells and molecules that locate pathogens or damaged tissue, 
recruit other cells and molecules, and then eliminate harmful agents, fi nally restor-
ing body equilibrium. In brief, in a normal infl ammatory response, tissue injury 
induces the release into the surrounding area of pro-infl ammatory mediators, such 
as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, histamine, leukotrienes, 
and prostaglandins, by mast cells and resident macrophages, resulting in vasodila-
tion and leaky blood vessels. Complement plasma proteins are released and call for 
phagocytic cells (i.e., monocytes and neutrophils) to the area to remove necrotic 
tissue, invading bacteria, and debris. The fi nal step of infl ammation is resolution and 
occurs due to neutrophil-evoked conversion of prostaglandins and leukotrienes in 
lipoxins, thus initiating the termination sequence, as well as due to production and 
release of anti-infl ammatory factors, such as transforming growth factor (TGF)-β 
and IL-10, by activated macrophages. In addition, neutrophils and reparative fi bro-
blasts infi ltrate the area, releasing matrix metalloproteinases (MMPs) for tissue 
remodeling and producing extracellular matrix (ECM) and collagen. Macrophages 
fi nally leave the site through lymph vessels. When these steps are fi rmly followed, 
acute infl ammation resolves without tissue damage [ 2 ]. 

 When infl ammation persists for a longer time, the type of cells at the site of dam-
age changes, leading to chronic infl ammation, which is a delayed response. Chronic 
infl ammation involves persistent acute infl ammation due to a deregulated resolution 
phase, which could result from incapacity to remove the infl ammatory stimulus, an 
incessant procession of leukocytes which are responsible for the production of pro- 
infl ammatory cytokines and reactive oxygen species (ROS) that persistently dam-
age and remodel tissue, as well as due to a condition that maintains leukocytes at the 
site of infl ammation [ 2 ]. 

 Chronic infl ammatory diseases (which are known to initiate due to persistent or 
deregulated infl ammation) defi ne an extremely important part of human pathology, 
and several examples can be cited as follows: asthma, systemic lupus erythemato-
sus, rheumatoid arthritis, prostatitis, ulcerative colitis, Crohn’s disease, wound heal-
ing, reperfusion injury, sarcoidosis, transplant rejection, vasculitis, chronic 
obstructive pulmonary disease, psoriasis, sepsis, cancer, Alzheimer’s disease, as 
well as atherosclerosis, diabetes, and obesity [ 2 ]. 

 Numerous molecules and factors are implicated in the regulation of infl amma-
tion at the molecular level, including cytokines (such as IL-l, IL-2, IL-6, IL-12, and 
TNF-α), chemokines (i.e., monocyte chemoattractant protein 1, IL-8), pro- 
infl ammatory transcription factors (NF-κB, STAT3) and enzymes (COX-2, 5-LOX, 
12-LOX, MMPs), prostate-specifi c antigen (PSA), C-reactive protein, adhesion 
molecules (intercellular adhesion molecule-1 [ICAM-l], vascular cell adhesion 
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molecule-1 [VCAM-1], endothelial leukocyte adhesion molecule [ELAM-1]), 
 vascular endothelial growth factor (VEGF), and TWIST. During the last year, 
 several of these mediators and factors have been studied as putative disease/risk 
markers in distinct infl ammatory conditions, including in cardiovascular and meta-
bolic disorders.  

    Infl ammation and Cardiometabolic Risk 

 Regardless of the availability of successful treatment strategies for dyslipidemia and 
hypertension, cardiovascular diseases (CVD) account for one-third of all deaths 
worldwide, and prevalence still increases [ 3 ]. CVD comprise a class of diseases that 
involve heart and systemic blood vessels. In coronary heart disease, cerebrovascular 
disease, or peripheral arterial disease, impaired blood vessel function leads to an 
inadequate blood supply of organs. Several factors infl uence the risk of developing 
CVD, including lifestyle habits (such as unhealthy diet, physical inactivity, smok-
ing, obesity, diabetes, high blood pressure, and dyslipidemia) as well as genetic, 
epigenetic, and environmental factors. 

 Atherosclerosis is the most common pathological process that leads to CVD, 
including myocardial infarction (MI), heart failure, stroke, and claudication. A cen-
tral event is the development of atherosclerotic plaques in the inner lining of arter-
ies, which is characterized by necrotic cores, calcifi cation, and accumulation of 
modifi ed lipids and foam cells, but also other cell types such as smooth muscle 
cells, vascular dendritic cells, T cells, and endothelial cells are involved in lesion 
formation [ 4 ]. The multifactorial background makes it diffi cult to unravel initial 
pathological events, which are suggested to occur in a variety of cell types in a very 
early phase of disease, when symptoms are subclinical. While in the past atheroscle-
rosis was viewed primarily as a passive process of cholesterol accumulation, recent 
evidence indicates that it is a highly active process involving components of the 
vascular, immune, metabolic, and endocrine systems [ 4 ]. 

 Even though the conventional risk factors (age, male sex, hypercholesterolemia, 
hypertension, and smoking) in the Framingham Risk Score (FRS) account for most 
of the risk of coronary heart disease (CHD), about one-third of individuals with 
none or only one risk factor indeed develop CHD, and up to 40 % of subjects with 
cholesterol levels below the population average die from CHD [ 5 ,  6 ]. In addition, 
many cardiovascular (CV) events occur in patients treated with statin therapy [ 7 ]. 
Regardless the important role of cholesterol in atherosclerosis, many individuals 
who experience acute MI present total and/or LDL cholesterol below thresholds. 
Statin therapy alone appears to be insuffi cient in decreasing the high level of resid-
ual risk of further CV events, which remains at 50–75 % of that of control groups 
[ 7 ]. In addition, absolute CV risk remains high: about one in six patients treated 
with a statin in monotherapy experiences further events over a 5-year period [ 7 ], and 
one in fi ve patients with a history of acute coronary syndrome who is treated with a 
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statin dies within 30 months [ 8 ]. This convergence of clinical fi ndings highlights the 
need for improving our ability to predict CV risk. 

 A major shift in the paradigm of our understanding of the pathogenesis of 
 atherosclerosis has been seen in the last decade. The biology of the atherosclerotic 
plaque, rather than the degree of stenosis, is now recognized as a pivotal feature in 
determining plaque stability. Infl ammatory mechanisms play a crucial role in all 
phases of atherosclerosis, from initial recruitment of circulating leucocytes to the 
arterial wall to eventual rupture of the unstable plaque. An abundant presence of 
infl ammatory cells, including monocyte-derived macrophages and T lymphocytes, 
was found at the site of rupture or superfi cial erosion, which is preceded by endo-
thelial cell dysfunction with production of adhesion molecules that interact with 
infl ammatory cells [ 9 ,  10 ]. Macrophages secrete various cytokines, chemokines, 
growth factors, and disintegrins that cause activation and proliferation of smooth 
muscle cells (SMCs) and lesion progression; fi nally, weakening of vulnerable 
plaque occurs by matrix degradation of its fi brous cap [ 11 ]. Several factors are 
found in the atherosclerotic plaque maintaining and amplifying the infl ammatory 
mechanisms in the atherosclerotic region, including adipocytokines, angiotensin II 
(ANG II), heat shock proteins (HSPs), immune complexes, ROS, and pro-infl am-
matory cytokines. 

 Advances in vascular biology have established the interaction of the innate 
immune system with atherosclerosis; in fact, infl ammation is pivotal to the initiation 
and progression of atherothrombosis and to triggering CVD [ 12 – 14 ]. Infl ammation 
in cells involved in atherosclerosis is elicited by many other risk factors associated 
with atherosclerosis, including cigarette smoking, insulin resistance/diabetes, and 
arterial hypertension [ 15 ]. Thus, the infl ammatory pathways involved in both innate 
and adaptive immune responses appear to transduce many of the traditional risk fac-
tors for atherosclerosis. 

 The ominous presence of infl ammation in atherosclerosis has prompted the eval-
uation of emergent biomarkers of infl ammation as tools to help in identifying 
patients at high risk for future CV events. 

 Epidemiologic, experimental, preclinical, and clinical studies have led to the 
identifi cation of key non-modifi able and modifi able risk factors for CVD, which 
were able to allow discrimination of risk between individuals and serve as basis for 
scores of risk calculators, being the most widely used the FRS. However, the burden 
of obesity and diabetes has been changing the way we classically look for CV risk 
factors. Organizations around the world have defi ned the metabolic syndrome 
(MetS) as a cluster of metabolic abnormalities, with insulin resistance and 
 adiposity as central features [ 16 ,  17 ]. Diagnostic criteria for MetS have been defi ned 
by the National Cholesterol Education Program Adult Treatment Panel III (NCEP-
ATP III): central obesity, dyslipidemia (high triglycerides, low high-density 
 lipoprotein [HDL] cholesterol), hypertension, and impaired fasting glucose. 
The presence of three of these features is considered suffi cient to diagnose the 
 syndrome [ 17 ]. 
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 Infl ammation has also been identifi ed as one relevant feature of the metabolic 
abnormalities found among individuals with MetS [ 18 ], which have an increased 
burden of CVD [ 19 ]. Besides the effect on CV morbidity and mortality, the compo-
nents of MetS have been associated with diabetes. In fact, meta-analyses have 
clearly shown that MetS increases relative risk of CVD outcomes by about 1.5–2.0 
times and of type 2 diabetes by three to fi ve times [ 20 ,  21 ]. 

 Regardless of the fact that the diagnosis of MetS is useful to alert physicians and 
patients about the risk associated with a sedentary lifestyle and wrong nutritional 
habits that cause abdominal obesity and its related constellation of metabolic abnor-
malities, its presence cannot appropriately predict absolute CVD risk [ 22 ]. Thus, the 
risk related to the contribution of MetS to global CVD risk was incorporated in the 
algorithms through the concept of cardiometabolic risk [ 22 ]. In a simple way, the 
cardiometabolic risk can be defi ned as the absolute CVD risk determined by tradi-
tional risk factors to which we add the additional risk associated with the features of 
the MetS, thus linking infl ammation, obesity (excess visceral/ectopic fat), and insu-
lin resistance to CVD (Fig.  1.1 ) [ 18 ].   

  Fig. 1.1    Global cardiovascular/cardiometabolic risk factors (RFs), including the established 
Framingham Risk Score RFs and the emergent metabolic syndrome RFs related with obesity and 
infl ammation       
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    Established vs. Emergent Biomarkers: Experimental 
and Clinical Data 

 Biomarkers and/or risk factors can be either biochemical, physiological, anatomi-
cal, or physical, and they can be classifi ed into three broad categories, genetic 
(including tissue or cellular) biomarkers, imaging biomarkers, and circulating bio-
markers, and further into traditional and nontraditional (novel or emergent) risk 
factors or biomarkers. 

 The distinction between risk factors and biomarkers for a disease is subtle. The 
traditional view considers infl ammatory biomarkers as risk markers rather than risk 
factors. A risk factor has a biological role in disease, while a biomarker that is also 
a risk factor is able to measure a step in pathological processes. A risk marker is 
statistically associated with the disease, but causality is not an obligatory character-
istic of the marker: it is an indirect measure of disease processes and may be a 
response to other risk factors indeed involved in the pathogenesis, as was previously 
revised [ 23 ,  24 ]. 

 During the last decades, advances in biomarker research and discovery have 
allowed remarkable progress in diagnosis and management of several diseases. The 
US Food and Drug Administration (FDA) defi ned biomarker as a substance that can 
be objectively measured as an indicator of normal biologic or pathogenic processes 
or of pharmacologic responses to therapeutic intervention [ 25 ]. In fact, biomarkers 
provide a more direct measure of a disease pathway and are ubiquitous tools that 
can aid in understanding disease mechanisms as well as in predicting, diagnosing, 
and monitoring disease processes. 

 CVD are caused by a number of potentially modifi able etiologies and risk factors 
and have been one of the major areas of biomarker research and application, espe-
cially because CHD remains the leading cause of morbidity and mortality in the 
developed world. Biomarkers are crucial for the quantitation of this risk. The con-
cept of global risk assessment was introduced by the Framingham Heart Study more 
than 50 years ago; however, atherosclerosis is now clearly recognized as having an 
infl ammatory signature, recommending upgrade of risk prediction tools. 
Understanding the infl ammatory cascade in the development of atherosclerosis 
allows the consideration of a number of infl ammatory markers as potentially useful 
predictors of CVD. Although there is no debate that the infl ammatory process is 
essential to the atherosclerotic lesion, the question raised is whether the infl amma-
tory response characterized by elevated circulating levels of biomarkers is an epi-
phenomenon or has a causal role. In other words, independently of cholesterol and 
regulators of blood pressure, could infl ammatory biomarkers further report on dif-
ferent aspects of the pathogenic mechanisms underlying the disease? 

 As stated by Rao et al. [ 26 ], for the routine clinical use of a biomarker, several 
requirements must be accomplished: “1) the ability to control the standardization of 
the assay and variability of the measurement, 2) consistency in epidemiologic fi nd-
ings from prospective studies with clearly defi ned endpoints, 3) evidence that 
the marker adds to risk prediction over and above that already achievable through 
the use of established risk factors, 4) availability of population norms to guide 

F. Reis and F. Palavra



7

 interpretation of results, 5) generalizability to various population groups, 6) cost- 
effectiveness—the incremental cost of the test should be justifi ed by a reduction in 
other costs and the indirect costs of a positive test should not be limiting” [ 7 ]. 

 The list of putative biomarkers of infl ammation has considerably grown during 
the last years, accompanying the extensive research on this area of knowledge. In 
2003, a Centers for Disease Control and Prevention (CDC)/American Heart 
Association (AHA) scientifi c statement on markers of infl ammation and CVD con-
sidered several infl ammatory markers as potentially useful predictors of CVD 
(adhesion molecules; cytokines; acute-phase reactants, including C-reactive protein 
[CRP], serum amyloid A protein [SAA], and fi brinogen; white blood cell [WBC] 
count; and erythrocyte sedimentation rate [ESR]). However, the list of putative bio-
markers of infl ammation under evaluation during the last years is larger (Table  1.1 ).

   Several other molecules have been associated with infl ammation and CVD, but 
their primary nature is not infl ammatory, including oxidative and carbonyl stress 
compounds; advanced lipoxidation end products (namely, malondialdehyde); 

  Table 1.1    List of putative 
biomarkers of infl ammation 
associated with 
cardiovascular disease  

  Acute - phase reactants  
 High-sensitivity C-reactive protein (hsCRP) 
 Fibrinogen 
 Serum amyloid A (SAA) 
  Pro - infl ammatory cytokines  
 Interleukin-1 (IL-1), IL-6, IL-18 
 Tumor necrosis factor alpha (TNF-α) 
 Interferon gamma (IFN-γ) 
 CD40/CD40 ligand 
  Anti - infl ammatory cytokines  
 Interleukin (IL)-4, IL-10 
 Transforming growth factor (TGF-β) 
 Adiponectin 
 Other adipocytokines (leptin, resistin, visfatin) 
  Cell adhesion molecules  
 E-selectin, P-selectin 
 Intercellular cell adhesion molecule-1 (ICAM-1) 
 Vascular cell adhesion molecule-1 (VCAM-1) 
 Platelet endothelial cell adhesion molecule-1 (PECAM-1) 
  Chemokines  
 Interleukin-8 (IL-8) 
 Migration inhibitory factor (MIF) 
 Monocyte chemoattractant-1 (MCP-1) 
  Other molecules / mediators of infl ammation  
 Matrix metalloproteinases (MMPs) 
 Myeloperoxidase (MPO) 
 Myeloid-related protein (MRP) 8/14 
  White blood cell  ( WBC )  count  
  Erythrocyte sedimentation rate  ( ESR ) 
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advanced glycosylation end products (AGEs), such as plasma F2α-isoprostanes, 
advanced oxidation protein products, pentosidine, and carboxymethyl lysine; hemo-
static and endothelial injury/dysfunction factors, including plasminogen activator 
inhibitor type 1, von Willebrand factor, and asymmetric dimethylarginine; homo-
cysteine; lipid-associated markers, i.e., oxidized LDL and antibody to oxidized 
LDL, small dense LDL particles, lipoprotein (a), lipoprotein-associated phospholi-
pase A2 (Lp-PLA2); heat shock protein (HSPs); and RANTES (regulated on activa-
tion, normal T cell expressed and secreted), among others. 

 Regarding clinical utility of putative infl ammatory biomarkers of CV risk, it is 
important to consider some questions: does the biomarker add any information to 
that available from existing and well-established risk factors? Is it a suitable ana-
lyte? Is it stable in terms of diet infl uences and variations intra- and inter-day? 
Preferably, the biomarker should provide additional and independent information 
on cardiovascular risk; it should be easy to measure using standardized commercial 
assays with low variability and reasonably priced and not requiring specialized 
plasma collection or assay techniques. CRP has emerged as a robust, yet controver-
sial clinical marker, since some of the previous requirements are accomplished. 

 This chapter starts exploring the most relevant data available and controversies 
and doubts concerning the putative use of CRP as a clinical biomarker of CV risk. 
Other molecule candidates to act as infl ammatory biomarkers will be also debated. 

    High-Sensitivity C-Reactive Protein 

 High-sensitivity C-reactive protein (hsCRP) was fi rst discovered in 1930, but its 
link to CHD was reported more than 60 years later. hsCRP is an acute-phase reac-
tant mainly produced in hepatocytes in response to several cytokines, including IL-6 
released from activated leukocytes in response to infection or trauma and from vas-
cular SMCs during atherosclerosis lesion evolution. The role of CRP in atheroscle-
rotic plaque formation is complex, acting in many cells involved in the process 
(Fig.  1.2 ) [ 27 ]. Although previous reports suggested a role of CRP as a surrogate of 
the underlying infl ammatory process of atherothrombosis, accumulating evidence 
from in vitro and in vivo studies in clinical and experimental models robustly indi-
cate a role of CRP as a proatherogenic factor [ 27 – 30 ].  

 In brief, CRP induces endothelial cell activation and dysfunction by several dis-
tinct activities, including directly binding with highly atherogenic oxidized LDL-C 
(oxLDL); increasing adhesion molecules (VCAM-1, ICAM-1, E-selectin, MCP-1); 
decreasing eNOS, prostacyclin, and tPA; impairing endothelial progenitor cell 
(EPC) number and function; and increasing pro-infl ammatory cytokines and other 
important mediators of endothelial lesion (such as PAI-1, IL-8, CD40/CD40L, 
MMP-1, and ET-1) underlying atherosclerosis; in addition, it facilitates monocyte 
adhesion and transmigration into the vessel wall, a critical early step in the athero-
sclerotic process, and promotes other important modifi cations on monocytes 
(increasing tissue factor, superoxide, and myeloperoxidase contents, decreasing 
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IL-10 amounts, promoting oxLDL uptake, decreasing cholesterol effl ux, and 
enhancing macrophage colony-stimulating factor [M-CSF] levels and prolifera-
tion); CRP also catalyzes macrophage polarization, which is a pro-infl ammatory 
trigger in plaque deposition, leading to macrophage infi ltration of both adipose tis-
sue and atherosclerotic lesions [ 27 – 30 ]. 

 Several lines of evidence have indicated that infl ammation plays a central role in 
all stages of the atherothrombotic process. In clinical terms, translation of the ath-
erosclerosis infl ammatory hypothesis to practice has been based on observational 
evidence linking infl ammatory biomarkers to the risk of future vascular events, 
namely, using hsCRP [ 31 – 33 ]. In fact, large-scale prospective studies demonstrate 
that CRP strongly and independently predicts adverse CV events, including MI, 
ischemic stroke, and sudden cardiac death [ 14 ,  33 ,  34 ]. The inclusion of CRP to 
classical cholesterol screening improves CV risk prediction independently of LDL- 
C, suggesting that increased CRP may identify asymptomatic individuals at high 
risk for future events, despite average cholesterol concentrations [ 33 ]. Furthermore, 

  Fig. 1.2    Potential mechanisms of C-reactive protein (CRP) involvement in the pathogenesis of 
atherosclerotic plaque formation and rupture. While it remains uncertain whether CRP is directly 
involved in the pathogenesis of atherosclerosis or it is just a surrogate marker (an epiphenomenon) 
of other processes, several lines of evidence have been suggesting that CRP is localized within 
atherosclerotic lesions and exerts pro-infl ammatory and proatherogenic effects       

 

1 Infl ammation Biomarkers and Cardiometabolic Risk



10

CRP concentration monitoring adds relevant prognostic information on CV risk at 
all LDL-C concentrations, but also at all levels of the FRS [ 33 ,  34 ]. As shown in the 
meta-analysis of Kaptoge et al., the magnitude of CV risk associated with a one-
standard- deviation increase in hsCRP levels is at least as large as that associated 
with a one-standard-deviation increase in either total cholesterol or blood pressure 
[ 35 ]. Additionally, increased plasma CRP concentrations correlate with the compo-
nents of MetS, such as central obesity, increased plasma triglyceride concentrations, 
low plasma concentrations of HDL-C, hypertension, and increased concentrations 
of blood glucose [ 33 ], and CRP contributes to risk prediction of MetS patients [ 36 ]. 
This evidence led to the development of the Reynolds Risk Score, which adds CRP 
to the FRS and improves global CV risk prediction in women by reclassifying 
>50 % of women considered at intermediate risk into higher- or lower-risk catego-
ries [ 37 ]. 

 CRP was classifi ed as an independent marker of CV risk by an expert panel 
assembled by the CDC and the AHA, as a way to improve risk stratifi cation in popu-
lations’ primary prevention [ 38 ]. The panel recommended that global risk predic-
tion in asymptomatic individuals deemed at intermediate risk for CVD by classical 
risk factors should include CRP measurement and the cutoff points of <1 mg/L for 
low-risk and >3 mg/L for high-risk individuals. 

 Further than being used as an adjunctive tool in risk prediction and reclassifi ca-
tion, there is interest in using hsCRP levels to select patients for statin initiation and 
to tailor intensity of therapy. Statins reduce hsCRP in an LDL-independent manner, 
and the benefi ts are superior in patients with infl ammation [ 39 ]; the lower the hsCRP 
levels, the lower the risk [ 40 ,  41 ]. These evidences raised the question of whether 
patients that do not meet criteria for statin prescription (given the low/average 
LDL-C concentrations) would benefi t from that medication if they had 
hsCRP > 2 mg/L, indicative of an enhanced infl ammatory response, thus suggesting 
that statins could have a dual infl uence: reduction of LDL-C levels and direct anti- 
infl ammatory effects. These questions/hypotheses were the basis for the JUPITER 
trial (Justifi cation for the Use of Statins in Prevention: an Intervention Trial 
Evaluating Rosuvastatin) [ 42 ], which enrolled 17,802 men and women with no evi-
dence of CV disease and average or low LDL-C contents, for testing the putative 
benefi t of rosuvastatin (20 mg po daily) treatment. JUPITER trial showed a major 
reduction in CV events (54 % in MI and 51 % in ischemic stroke) and in all-cause 
mortality (20 %), as well as in need for bypass surgery or angioplasty (46 %), with 
an overall 44 % relative risk reduction for the primary endpoint of major arterial 
vascular events. Results were identical between several subpopulations in all ethnic 
groups, including women vs. men, elderly, as well as with and without arterial 
hypertension, obesity, or MetS [ 42 – 44 ]. As recently commended [ 45 ], JUPITER 
trial also showed that there was a signifi cant reduction in venous thromboembolism 
(43 %), and the maximum levels of risk reduction were found in those who achieved 
low hsCRP levels. Magnitude of hsCRP reduction could not be predicted on the 
basis of the magnitude of LDL-C reduction, and the reduction of absolute risk of 
events for both the rosuvastatin-treated and placebo-treated (control) groups was 
greater among those with higher levels of CRP at study entry, an effect not observed 

F. Reis and F. Palavra



11

for LDL-C. Genetic determinants of rosuvastatin-induced LDL-C reduction were 
found to differ from the genetic determinants of rosuvastatin-induced CRP reduc-
tion, altogether suggesting that at least part of the benefi ts of statin therapy were due 
to anti-infl ammatory effects independent of LDL-C reduction. All those strong evi-
dences coming from JUPITER trial, including the smaller number needed to treat 
(NNT) found for subjects with low LDL-C levels and elevated hsCRP concentra-
tions (when compared with primary prevention patients under treatment of dyslip-
idemia or arterial hypertension) [ 46 ], had impacted the spectrum of patients 
candidate for statin therapy according to the FDA, as well as to other several national 
authorities, now including patients with elevated hsCRP levels and at least one addi-
tional risk factor, independently of high or average LDL-C levels. 

 Despite several strong indications coming from that trial, highlighting a statin 
benefi t that goes beyond the effect on LDL-C reduction, additional studies were 
recommended to clearly test the hypothesis that directly targeting infl ammation will 
improve vascular outcomes. The Canakinumab Anti-infl ammatory Thrombosis 
Outcomes Study (CANTOS) and the Cardiovascular Infl ammation Reduction Trial 
(CIRT) have recently started and will evaluate, respectively, a human monoclonal 
antibody that targets human interleukin-1β (IL-1β) and low-dose methotrexate, in 
order to reduce cardiovascular event rates, due to direct anti-infl ammatory effects 
[ 47 ,  48 ]. The results of these trials are expected with great curiosity, as they could 
be essential to defi ne new algorithms to improve CV risk prediction and to gather 
information that could serve as basis to defi ne new drugs targeting the machinery of 
infl ammation.  

    Emergent Biomarkers 

    Other Acute-Phase Reactants 

 Serum amyloid A (SAA) protein and fi brinogen, like CRP, are acute-phase reactants 
generated downstream of IL-6 in the liver, as part of the acute-phase response, 
refl ecting the intensity of cytokine activation. 

   Fibrinogen 

 Fibrinogen infl uences endothelial function, thrombosis, and infl ammation and has 
been indicated as an independent variable contributing to CV risk. In brief, fi brino-
gen forms the substrate for thrombin (leading to platelet aggregation), modulates 
endothelial function, and promotes SMC proliferation and migration [ 49 ]. Several 
epidemiologic studies demonstrate that fi brinogen concentrations predict future risk 
of MI and stroke. However, it seems to be a less potent predictor of CV events than 
CRP [ 50 ]. Whether or not fi brinogen is causally involved in atherothrombogenesis 
remains to be elucidated.  
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   Serum Amyloid A (SAA) 

 SAA protein, like CRP, is an acute-phase protein synthesized in the liver in response 
to infection, infl ammation, injury, or stress. It has been linked to atherosclerosis, 
namely, because it is secreted as the predominant apolipoprotein on plasma HDL 
cholesterol particles, where it seems to replace apolipoprotein A-I, thus changing 
HDL-mediated cholesterol delivery to cells [ 51 ]. 

 The more rapid response of SAA than other nonspecifi c infl ammatory markers, 
such as CRP, has suggested that it could be a better marker of disease. SAA has also 
been shown to be a predictor of CV events [ 52 ]. However, some studies suggest that 
this relationship may be dependent on other risk factors [ 32 ], indicating that the 
independent predictive value of SAA for CAD and CV events remains unclear, 
deserving further studies.   

    Cytokines 

 Cytokines are key in regulating infl ammatory and immune responses and have a 
pivotal role in controlling the innate and the adaptive immunity. Pathogenesis of 
atherosclerosis involves a complex interplay between cytokines, chemokines, and 
adhesion molecules, leading to monocyte infi ltration and multiple other leukocyte 
responses within the arterial wall. A variety of plasma infl ammatory markers have 
been shown to predict future CV risk. In addition, they may be useful for risk strati-
fi cation and also to identify patients who might benefi t from targeted therapy. 
Cytokines are classifi ed according to their pro- or anti-infl ammatory activities. The 
balance between pro- and anti-infl ammatory cytokines has emerged as a major 
determinant of plaque stability [ 53 ]. 

   Pro-infl ammatory Cytokines 

 Several infl ammatory cytokines have also been investigated as markers of CV risk, 
including TNF-α, IL-6, and CD40/CD40 ligand. 

   Tumor Necrosis Factor Alpha (TNF-α) 

 TNF-α is a cytokine primarily produced by macrophages, endothelial cells, and 
SMCs of atherosclerotic arteries and has been shown to have several pro- infl ammatory 
properties, including induction of expression of cellular adhesion molecules, surface 
leukocyte adhesion molecules, chemokines, other cytokines, and growth factors, as 
well as proangiogenic activity [ 54 ]. TNF-α activities affect atherosclerotic process 
and have been implicated in metabolic disorders, such as obesity and insulin resis-
tance [ 54 ,  55 ]. Increased plasma concentrations of TNF-α have been associated with 
increased risk of CV events, namely, in stable patients after MI, as it was demon-
strated in the Cholesterol and Recurrent Events (CARE) trial [ 56 ].  
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   Interleukin-6 (IL-6) 

 IL-6 is produced by hepatocytes, endothelial cells, fi broblasts, phagocytes, 
 neutrophils, and lymphocytes, among other cell types. This pleiotropic cytokine has 
a broad range of functions and regulates several cellular processes, including 
growth, differentiation, angiogenesis, and healing. The precise role of IL-6 in the 
evolution of atherosclerosis lesions remains uncertain, but several important activi-
ties/effects of IL-6 have been described, namely, in ApoE knockout mice, including 
stimulation of synthesis and secretion of CRP and enhancement of fatty lesion 
development [ 57 ]. Increased levels of IL-6 seem to be predictive of future CV 
events, as suggested in the Physicians’ Health Study (PHS) [ 58 ].  

   CD40/CD40 Ligand 

 CD40 ligand (CD40L) is a transmembrane protein of the TNF family that links to 
its receptor (CD40) and has a role in the infl ammatory processes underlying athero-
sclerosis, plaque destabilization, and thrombosis. In fact, CD40/CD40L, expressed 
in a variety of immune and vascular cells, regulates platelet-dependent responses 
that contribute to atherothrombosis, activate endothelial cells, and in vitro promote 
expression of adhesion molecules, pro-infl ammatory cytokines, and chemokines 
[ 59 ]. Soluble CD40L levels have been indicated as predictive of CV events (MI and 
stroke) and death in some populations [ 60 ].   

   Anti-infl ammatory Cytokines 

   Interleukin-4 (IL-4) and IL-10 

 IL-4 and IL-10 are pleiotropic cytokines produced by Th2 lymphocytes and by 
other types of immune cells that have been associated with anti-infl ammatory activ-
ities, mostly in mouse models of atherosclerosis. While decreased IL-10 levels have 
been reported in patients with acute CV events [ 61 ], the association of IL-4 levels 
with CVD is debatable as IL-4 may also play a role in atherosclerosis through 
induction of infl ammatory responses (it is worth to say that increased IL-4 levels 
were found in patients with CAD) [ 62 ].  

   Transforming Growth Factor Beta (TGF-β) 

 TGF-β is a potent anti-infl ammatory cytokine that plays a pivotal role in the main-
tenance of normal blood vessel wall architecture and protects against vulnerability 
to atherosclerosis. TGF-β isoforms 1, 2, and 3 are mainly expressed by SMCs and 
modulate vascular development and remodeling and determine the extent to which 
developing atherosclerotic lesions are stabilized [ 63 ]. Decreased levels of TGF-β1, 
as well as genetic polymorphisms and defective TGF-β signaling, have been 
reported in patients with CVD [ 64 ,  65 ].  
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   Adiponectin 

 Adiponectin is an adipocytokine produced by adipocytes that exerts  anti- infl ammatory 
and antiatherogenic effects, having a protective role in CV terms [ 66 ]. It reduces 
TNF-α-stimulated expression of E-selectin, NF-κB, VCAM-1, and IL-8 and regu-
lates monocyte adhesion to endothelium and endothelial nitric oxide synthase 
(eNOS) activity. Adiponectin also has insulin-sensitizing effects, and its secretion 
diminishes as adipose tissue mass increases. It is suggested that adiponectin contrib-
utes to the relationship between obesity, insulin resistance, and CV disease. Its con-
centrations are inversely associated with CVD incidence in most of the studies. In 
the PHS, there was a robust inverse relationship between total adiponectin and inci-
dent CHD, even after adjustment for traditional risk factors, while high levels of 
adiponectin have been associated with lower risk for CV events [ 67 ,  68 ]. 

 These observations suggest that there is promise for the application of adiponec-
tin and other cytokines as predictors of CVD risk. However, since the associations 
are complex, a more complete understanding of the exact role played by these emer-
gent biomarkers in disease’s pathophysiology is required, as well as stronger evi-
dences from larger clinical studies without confounding factors and after proper 
adjustment for traditional risk factors.    

   Cell Adhesion Molecules 

 Due to their central role in the recruitment of infl ammatory cells to the site of ather-
oma development, the cell adhesion molecules (CAMs) are promising candidates to 
refl ect underlying vascular infl ammation. E-selectin, vascular cell adhesion mole-
cule- 1 (VCAM-1), and intercellular cell adhesion molecule-1 (ICAM-1) are all mem-
bers of the cellular adhesion molecule family, each having a plasma-soluble form, 
which can serve as a surrogate marker for increased expression of CAMs on vascular 
endothelial cells, refl ecting infl ammation and activation of endothelial cells [ 69 ]. 

   E-Selectin 

 E-selectin is the most interesting form of the selectin family, which also includes L 
and P selectins. E-selectin promotes the interaction between endothelial cells, where 
it is expressed, to leukocytes. While increased E-selectin levels have been observed 
in some studies with CVD populations, other reports showed divergent results; at the 
moment, the prognostic value of E-selectin remains to be clearly defi ned [ 69 ,  70 ].  

   Intercellular Cell Adhesion Molecule-1 (ICAM-1) 

 ICAM-1 mediates attachment of circulating leukocytes to the endothelium and their 
subsequent transmigration and accumulation in the arterial intima, thus promoting 
progression of atherosclerosis. The circulating soluble form of ICAM-1, which is 
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expressed on the surface of endothelial cells, leukocytes, and SMCs in response to 
a variety of stimuli (such as shear stress and pro-infl ammatory cytokines), is released 
from endothelial cell membranes and may be viewed as a marker of atherosclerosis. 
Increased levels of ICAM-1 have been shown to predict future CV events and are 
associated with death due to CV events in distinct populations [ 71 ,  72 ].  

   Vascular Cell Adhesion Molecule-1 (VCAM-1) 

 VCAM-1 expression in vessels is increased when endothelial cells are stimulated by 
cytokines (namely, TNF-α and IL-1), facilitating adhesion and migration of leuko-
cytes across the endothelial barrier. sICAM-l is viewed as a general marker of a 
pro-infl ammatory status and correlates with CRP in primary prevention studies. 
While ICAM-1 predicts symptomatic disease in healthy individuals, VCAM-1 
seems to be a better marker of the extent and severity of atherosclerosis in patients 
with established disease. VCAM-1 has been reported to predict future cardiovascu-
lar events in patients with CAD and CHD [ 71 ,  73 ] and proved to be a better predic-
tor than ICAM and E-selectin in a study that evaluated these three cell adhesion 
molecules [ 73 ]. 

 E-selectin, VCAM-1, and ICAM-1 could be viewed as markers of infl ammation 
and activation of endothelial cells, but their prognostic value remains unclear, 
deserving further elucidation.   

   Chemokines 

 Chemokines are pro-infl ammatory chemotactic cytokines present in circulation and 
in atherosclerotic lesions and cause leukocyte migration into vascular-infl amed tis-
sue, being also involved in SMC migration and growth and platelet activation [ 74 ]. 

   Interleukin-8 (IL-8) 

 IL-8 is mainly produced by monocytes and macrophages and acts as a chemoattrac-
tant for neutrophils and T lymphocytes. While most of the current knowledge was 
obtained from experimental animal studies, clinical data showed that IL-8 might have 
a predictive value for CV events, namely, in patients presenting with acute MI [ 75 ].  

   Migration Inhibitory Factor (MIF) 

 MIF is expressed in a wide variety of tissues, where it is able to promote the synthe-
sis of other pro-infl ammatory mediators. During the progression of atherosclerosis, 
MIF is overexpressed in endothelial cells, SMCs, and macrophages [ 76 ]. Preclinical 
and clinical data have been showing divergent data, but increased circulating levels 
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of MIF were associated to future CV events in patients with stable CAD and type 2 
diabetes mellitus, even after adjusting for the traditional risk factors [ 77 ].  

   Monocyte Chemoattractant-1 (MCP-1) 

 MCP-1 is one of the key chemokines that regulate migration and infi ltration of 
monocytes and macrophages and appears to play a relevant role in atherosclerotic 
lesions. Elevated levels of MCP-1 have been suggested as direct markers of infl am-
mation for populations of CVD risk [ 78 ].   

   Other Molecules 

   Matrix Metalloproteinases (MMPs) 

 MMPs are a family of endopeptidases predominantly expressed in macrophages but 
also in vascular SMCs, lymphocytes, and endothelial cells, playing a role in vascu-
lar remodeling, progression of atherosclerosis, and plaque destabilization [ 79 ]. By 
degrading the extracellular matrix, MPPs promote increment of plaque vulnerabil-
ity when submitted to mechanical stresses, thus increasing risk of acute CV events. 
In fact, increased levels of MMPs were found in distinct risk populations, namely, 
in those with acute coronary syndromes [ 80 ].  

   Myeloperoxidase (MPO) 

 MPO is a heme protein mainly secreted by activated neutrophils and monocytes, 
which has also been found in human plaques and exerts proatherogenic effects, 
including oxidation of LDL and reduction of NO bioavailability [ 81 ]. Elevated lev-
els of MPO have been indicated as an independent predictor of mortality in acute 
MI patients and of future CV events, even after correction for traditional risk factors 
and CRP; however, it seems to be a weaker predictor than these established CV risk 
factors and CRP [ 82 ,  83 ].     

    Unanswered Questions and Challenges 

 The revolution in the understanding of the pathophysiology of atherosclerosis 
has focused interest on infl ammation and provided new insight into mechanisms of 
disease. Several lines of evidence illustrate the remarkable data that associate infl am-
mation with risk of future CV events and emphasize the pivotal relevance of infl am-
matory mechanisms in determining plaque vulnerability. Clinical application of the 
concept that infl ammation is crucial in the initiation and progression of atherosclero-
sis illustrates the translation of basic science understanding to clinical practice. 
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 During the last years, several putative biomarkers of infl ammation have been 
tentatively adopted to improve diagnostic capacity, to monitor disease activity and 
effi cacy of therapy, as well as to improve prognosis. However, evaluation of clinical 
use of biomarkers in the context of atherosclerotic CV disease requires considerable 
attention, starting from proper distinction between risk factor and risk marker, 
which depends whether (risk factor) or not (biomarker) it has a causal role in the 
pathology. Additionally, the putative utility of the biomarker should be clearly 
established, defi ning if it will be useful for risk stratifi cation of healthy individuals 
or diseased populations, if it could be used per se or in addition to traditional 
accepted risk factors, or if it could be used to monitor effi cacy of therapy. These 
questions will determine the type of validation needed. Before a novel marker 
reaches clinical application, important conditions must be met: there should be 
robust data coming from several large-scale prospective studies; the marker must 
improve knowledge upon traditional risk evaluation; there should be a standardized 
assay to its feasible quantifi cation, and it should potentially assist in therapeutic 
interventions. 

 Although the circulating concentrations of several infl ammatory mediators 
 correlate with increased CV risk or were able to predict future events, few have been 
able to be considered as really candidates for clinical use. Despite the controversies, 
hsCRP has been viewed as the strongest candidate to clinically act as a biomarker. 
hsCRP has proved to be robust because it is a stable protein (analyte), with a stan-
dardized and high-sensitivity assay, it has minor diurnal variations and a long 
plasma half-life, and it is independent of food intake. One of the major problems is 
that elevated levels of hsCRP, despite strongly associated with risk, do not allow to 
infer directly the presence of a disease, but of an infl ammatory state, acting as a 
biomarker rather than a risk factor. The causality can only be considered after 
 properly excluding the contribution of confounders. A wide collection of studies 
shows that epidemiologic associations between hsCRP and CVD outcomes are 
 independent of other risk factors. However, several of them have not properly 
adjusted all the modifi able (obesity, insulin resistance, or physical inactivity) and 
non- modifi able (genetic or ethnic characteristics) risk factors, which is obviously 
relevant, because several risk factors for atherosclerosis, such as smoking habits, 
obesity, insulin resistance, diabetes, or dyslipidemia, are themselves associated with 
increased infl ammation. 

 Emerging evidence has shown a strong relationship between hsCRP and various 
characteristics of MetS. The addition of hsCRP measurement to the actual defi nition 
of MetS may help in identifying patients at high risk for future diabetes and 
CVD. Further research is required to clarify the precise role of hsCRP in MetS 
pathogenesis and whether it is able to improve prediction of CV events in patients 
with elevated hsCRP concentrations. 

 Accumulated evidence of improved CV risk prediction using hsCRP levels inde-
pendently of LDL-C led to the development of the Reynolds Risk Score, which adds 
hsCRP to the FRS and improves global CV risk prediction in women by  reclassifying 
up to 50 % of subjects considered at intermediate risk into higher- or lower-risk 
categories. An expert panel assembled by CDC and AHA has recommended that 
global risk prediction in asymptomatic individuals deemed at intermediate risk for 
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CVD by classical risk factors should include hsCRP measurement using the cutoff 
points of <1 mg/L for low-risk and >3 mg/L for high-risk individuals. 

 If hsCRP is a risk factor with a causal role, interventions targeted towards lower-
ing its levels should improve outcomes. JUPITER study showed a clear benefi t of 
aggressive statin (rosuvastatin) therapy in patients with hsCRP greater than 2 mg/L 
that do not meet formal criteria for statin prescription (given the low/average LDL-C 
concentrations). The remarkable reduction in CV events and in all-cause mortality, 
among several other positive indications, in the JUPITER trial, suggested that at 
least part of the benefi ts of statin therapy were due to anti-infl ammatory effects 
independent of LDL-C reduction. That strong evidence coming from the trial had 
impacted on the spectrum of statin clinical usage according to the FDA, as well as 
several national authorities, now considering for treating patients with elevated 
hsCRP levels and at least one additional risk factor, independently of high or aver-
age LDL-C levels. Two clinical trials (CANTOS and CIRT) are ongoing, aiming to 
test the hypothesis that directly targeting infl ammation will improve vascular out-
comes and the results might bring new light on the issue. 

 With the exception of hsCRP, until now, none of the emerging/novel infl amma-
tion biomarkers for CV risk has demonstrated additive value to the FRS, and few 
have available commercial assays that achieve adequate levels of standardization 
and accuracy for clinical use. Like CRP, SAA and fi brinogen are acute-phase reac-
tants that seem to be involved in several steps of atherosclerosis mechanisms, 
despite that an undoubtedly causal role in atherothrombogenesis remains to be elu-
cidated. In addition, fi brinogen seems to be a less potent predictor of CV events than 
hsCRP, and the predictive value of SAA for CAD and CV events seems to be depen-
dent on other risk factors, deserving further research. 

 The balance between pro- and anti-infl ammatory cytokines may be important for 
risk stratifi cation and also to identify patients who might benefi t from targeted 
 therapy. Measurement of pro-infl ammatory (namely, IL-6, IL-1, TNF-α, and INF-γ) 
and anti-infl ammatory cytokines (namely, IL-4, IL-10, TGF-β, and adiponectin) 
may be useful for indicating the complex interplay between infl ammatory and anti- 
infl ammatory processes. Despite preclinical and clinical evidences suggesting that 
pro-infl ammatory cytokines (namely, TNF-α, IL-6, and sCD40L), but also INF-γ 
and IL-1, have a role in atherosclerosis development and that their levels could be 
predictive of future CVD events and CV deaths, more data are needed, in order to 
validate these molecules as biomarkers of CVD. The clinical utility of adiponectin 
is based on its strong epidemiologic relationships with obesity, infl ammation, and 
diabetes, strengthened by its established biological actions in blood vessels and 
immune cells. Adiponectin levels have been widely evaluated as epidemiologic 
markers of diabetes and CVD risk, and increased concentrations of adiponectin are 
being studied as indicators of treatment need, as predictors of response to therapy, 
and as markers of therapeutic effectiveness, in order to feasibly translate adiponec-
tin measurements into clinical practice. 

 E-selectin, VCAM-1, and ICAM-1, all belonging to the cellular adhesion mole-
cule family, have been tested as markers of early onset of infl ammation, but their 
prognostic value remains uncertain. VCAM-1 seems to be unable to act as risk fac-
tor in healthy individuals but as strong predictor of risk in patients. 
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 The role of chemokines (including IL-8, MCP-1, and MIF) as biomarkers 
remains also unclear. While IL-8 and MCP-1 have shown ability to act as markers 
of infl ammation in subpopulations of CVD-diagnosed patients, MIF seems to show 
ability to predict future CV events in patients with stable CAD or type 2 diabetes. 
MMPs may be useful for prognosis in patients with ACS, while elevated MPO levels 
have been suggested to predict future risk of CAD in healthy subjects, but for both 
of them, available data are insuffi cient to dispose of a direct clinical application. 

 Studies including a larger number of patients are needed to confi rm some data 
already available. However, some strategies must be previously considered to be suc-
cessful, such as include serial determinations in protocols (and not only baseline 
measurements) and recruit preferably patients with preexisting CAD or ACS, instead 
of healthy populations. In addition, the quality of the trials and the power of the evi-
dence will depend on the evaluation of the relationship between the concentrations of 
these molecules and the degree of atherosclerosis and plaque instability, which is 
better estimated using new technical approaches, namely, molecular imaging. 

 Due to the complexities of CVD pathogenesis, a single biomarker cannot be used 
to estimate absolute risk of future CV events. Furthermore, particular biomarkers 
are more suited for prognosis of particular events and for a given stage of a given 
CVD. It should also be recognized that the biological functions of many biomarkers 
may overlap. Therefore, they should be selected for a specifi c stage of a given dis-
ease, and a particular biomarker should not be considered in isolation. Simultaneous 
measurements of disease appropriate biomarkers over time can provide a more 
detailed picture of the specifi c nature of the CV event. 

 It is also important to underscore that the lack of value as a biomarker does not 
exclude an important pathogenic role of these molecules in atherogenesis and 
plaque destabilization and, accordingly, does not negate the potential value as novel 
targets for therapy in atherosclerotic disorders. 

 Further studies, both in progress and on the horizon, will help to evaluate the role 
of novel and emerging biomarkers in the clinical management of atherosclerosis 
and targeting of therapies. Until then, while measurement of infl ammatory biomark-
ers is a valuable adjunct to CVD risk assessment, the emphasis should not digress 
from lowering the burden of conventional modifi able risk factors.  

    Take-Home Messages 

•     Even though conventional risk factors in the FRS account for most of the risk of 
CV events, a substantial percentage of subjects die from CHD. In addition, many 
of those events occur in patients treated with statins and presenting with choles-
terol levels below population average. Thus, an improved ability to predict CV 
risk and decrease the high level of residual risk of further CV events is 
mandatory.  

•   A major shift in the paradigm of our understanding of atherosclerosis pathogen-
esis has been seen in the last decade, which is now recognized as having a clear 
infl ammatory signature, since infl ammatory mechanisms play a crucial role in all 
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phases of the disease, from initial recruitment of circulating leucocytes to the 
arterial wall to eventual rupture of the unstable plaque.  

•   The ominous presence of infl ammation in atherosclerosis allows the consider-
ation of a number of emergent biomarkers as potentially useful tools to help in 
identifying patients at high risk for future CV events, including acute-phase reac-
tants, pro- and anti-infl ammatory cytokines, cell adhesion molecules, chemo-
kines, as well as other mediators involved in the pathogenesis of atherosclerosis.  

•   While experimental and/or clinical data have been shown the possibility of sev-
eral emergent biomarkers to have predictive value in determining future CV 
events and/or death, until now only hsCRP has demonstrated additive value to 
the FRS. Therefore, an expert panel assembled by the CDC and the AHA recom-
mended that global risk prediction in asymptomatic individuals deemed at inter-
mediate risk for CVD by classical risk factors should include hsCRP measurement 
and the cutoff points of <1 mg/L for low-risk and >3 mg/L for high-risk 
individuals.  

•   Further studies, some of them already ongoing and others on the horizon, will 
defi ne the precise value of all these novel/emerging biomarkers of infl ammation 
in the clinical management of CVD risk prediction and therapy.        
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