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ABSTRACT

Arteriosclerosis is a chronic inflammatory vascular pathology that features a leading cause
of coronary artery disease contributing to significant mortality and reduced quality of life.
The recent identification of the possible role of infections in the initiation of a serious of
inflammatory events represents an interesting development towards the better
understanding of immune mediated vascular injury and premature atherosclerosis in
patients with chronic HCV infection. A number of factors related to chronic HCV infection
have been hypothesized to contribute to arteriosclerosis. The current review displays
some of the aspects of interaction between the chronic viral infection, the immune system
and cytokine networks and its relation to the increased risk of coronary artery disease.
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1. INTRODUCTION

The advancing recognition of the potential of viral infections to provoke systemic immune
mediated inflammatory responses is increasingly attracting researchers’ attention. Amongst
these infections the hepatitis C virus stands out with its potential to stimulate a variety of
autoimmune inflammatory diseases. Being a well-recognized small RNA member of the
family Flaviviridae, the HCV induces both acute and chronic necro-inflammatory liver
disease. The virus affects 1.6% of the adult population in the United States and 1% in the
United Kingdom (UK). The majority of the population infected up to 80% usually progress to
chronic infection with persistent viremia (HCV RNA in the blood) and 20% progressing to
hepatic cirrhosis with significant hepatic function compromise. In addition to the established
viral hepatotropism HCV is additionally quite capable of inducing a striking cluster of extra-
hepatic immune mediated syndromes with protean manifestations owing to its recently
recognized viral lymphotropism [1-3]. Amidst such extra-hepatic syndromes, HCV induced
immune mediated vascular inflammation has been linked to premature arteriosclerosis in a
variety of clinical researches in the recent era with its possible potential to induce premature
arteriosclerosis of the coronaries establishing its position in the list of such vascular events.

Coronary artery disease (CAD) is currently considered a global vascular epidemic
contributing to significant mortality and reduced quality of life in the affected population. In
the U.S.A. CAD is responsible for 1 in every 6 deaths and is estimated to cost over
US$177.5 billion per annum. The exact trigger for vessel wall injury in CAD remains unclear
[1,4-9].

2. PATHOGENIC BASIS OF THE ATHEROMATOUS PLAQUE FORMATION

The pathogenic basis of arteriosclerosis resides in the potential of the provocative agent
whether an antigenic stimulant and/or an oxidative stress to induce activation of the local
inflammatory response of the vascular endothelium [7-9]. It has been clearly defined that
signs of inflammation go hand in hand with the incipient lipid accumulation in the arterial
wall. The inflammatory burden within a plaque is usually reflected by the local burden of
activated macrophages. Macrophages potentiate localized inflammatory responses by
expressing scavenger receptors for modified lipoproteins, permitting them to ingest lipid and
become foam cells. Synergistically the macrophage colony-stimulating factor (M-CSF)
contributes to the differentiation of the blood monocyte into macrophage foam cells. These
macrophages were found to express more than six structurally different scavenger receptors
concerned with uptake of modified forms of low-density lipoproteins (LDLs) that promote the
cellular accumulation of cholesterol, fatty streak progression and the development of the
atherosclerotic plaque. The scavenger receptor-A (SR-A) was first reported in 1990 and was
to give rise to 3 differentially spliced mRNAs that code for type I transmembrane receptors
predominantly expressed in macrophages. With advancing research it became apparent that
these receptors were part of a larger receptor family nominated as class A SRs and
renamed SR-AI, SR-AII, and SR-AIII. The A class of SRs has grown to include 5 members
that share common collagen-like domains and a homotrimeric structure: SR-AI, SR-AII, SR-
AIII, macrophage receptor with collagenous structure (MARCO), and SR with C-type lectin.
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Another scavenger molecule include CD36 a known type III receptor (multiple
transmembrane domains) that was originally identified in the late 1980s as glycoprotein IV, a
platelet receptor that binds thrombospondin, in 1993 it was shown to act as a macrophage
receptor for moderately oxidized LDL. This class of scavenger receptors contains 2
additional members with similar structure: SR-BI and lysosomal integral membrane protein–
II. CD36 binds several ligands in common with SR-A (β-amyloid, anionic phospholipids,
apoptotic cells, advanced glycation end-products. However, CD 36 is distinct in its ability to
bind native lipoproteins (LDL, high-density lipoprotein [HDL], and very low–density
lipoprotein [VLDL]), as well as thrombospondin-1, collagen, fatty acids, and pathogen-
derived ligands (P. falciparum peptides, bacterial lipopeptides). As a result of its broad
specificity, CD36 has been reported to contribute to a varied list of normal and pathologic
processes such as apoptotic cell clearance, fatty acid transport, adhesion, angiogenesis and
atherosclerosis. In addition to its contribution to macrophage activation and lipid deposition
CD36 was found to further promote pro-inflammatory signaling that may drive chronic
inflammation in the arterial wall.

It is becoming clear that it is actually the disruption and inflammation of vascular endothelium
that represents the trigger insult after which lipid-rich fatty streaks start to develop. The
triggered active endothelial cells react by a downstream of chemokines (TNF alpha, IL-1, IL-
6) and adhesion molecules, such cascade of immune mediators attracts the
monocyte/lymphocyte system and by their recruitment macrophages start to accumulate and
locally infiltrate into the sub-endothelium. Inflammatory activity within these lesions flourishes
as more lipids and more macrophages progressively accumulate, resulting in complex
remodeling of the fibro-fatty atheromatous plaques. Such cascade of inflammatory events
gets established by the aid of the immune cell responses, particularly the monocyte
macrophage as well as the natural killer cell and T cell responses. The presence of a
significant T lymphocyte burden around the atheromatous plaque and in the fibrous cap has
been another important feature supporting their immune-pathogenic role in atherosclerosis.
These T cells likewise were found to encounter signals that cause them to elaborate
inflammatory cytokines such as γ-interferon and lymphotoxin (tumor necrosis factor-β [TNF–
β] that in turn can stimulate macrophages, vascular endothelial cells as well as SMCs. As
this inflammatory process continues, the activated leukocytes and intrinsic arterial cells can
release fibrogenic mediators (peptide growth factors) with deposition of dense extracellular
matrix promoting more advanced atherosclerotic lesions. The tissue factor produced by the
macrophage system is another recognized major pro-coagulant that triggers thrombosis in
the atheromatous plaques [7-15].

3. PATHOGENESIS OF ATHEROSCLEROSIS WITH HCV INFECTION IN LIGHT
OF THE CURRENT UNDERSTANDINGS

With the initial HCV infection the inflammatory response gets triggered by the viral RNA
particles and infection of hepatocytes. The initial assult comes from the innate immune
system with its complement cascade, natural killer cells and macrophage phagocytes set
into immediate action, producing a series of pro-inflammatory cytokines, orchestrating
presentation of antigens to T-and B cells. This is accompanied by activation of the humoral
innate immune proteins, which act as Pattern Recognition Receptors (PRRs) namely
pentraxins and defense collagens such as lectins and ficolins. Such PRRs function to
recognize Pathogen-Associated Molecular Patterns (PAMPs) defined in this case as HCV
glycoproteins located either on the virus particles, or on the surface of infected cells. The
process of binding of PAMPs to the antigen presenting cells results in activation and
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initiation of the inflammatory responses and presentation of viral antigens to T cells. HCV
stimulates a sustained T cell response that persists and presents a fluctuating potency
throughout the course of the infection.

Activation of T cells by viral proteins results in production of the soluble cytokines IFN-γ, IL-
1α, IL-1β and TNF-α, and the IL-6 family of cytokines. Oligoclonal expansion of T cells has
been reported within atherosclerotic lesions. Another recently recognized T cell subset, Th17
cells with its specific cytokine signature (Il-17, IL-23) has been linked to the pro-inflammatory
responses in HCV patients in association with vascular inflammation.

At the hepatocyte level HCV stimulates local parenchymal production of chemokines by the
liver cells, including IFN-gamma-inducible protein (IP-10/CXCL10), IFN-gamma-induced
monokine (MIG/CXCL9), IFN-inducible T-cell alpha chemo-attractant (I-TAC/CXCL11),
macrophage inflammatory protein (MIP)-1alpha (MIP/CCL3), and MIP-1beta/CCL4, with up
regulation of vascular adhesion molecules which has been specifically observed in patients
with extra-hepatic disease. These cytokines have been directly involved  in vessel injury,
endothelial activation, plaque formation and thrombosis where up-regulation of a variety of
pro-inflammatory cytokines have been observed in patients with atherosclerosis amongst
these cytokines the most recognized are the TGF-beta, TNF superfamily members, IL-1, IL-
2, IL-6, IL-12, IL-18, and IFN- γ [2,3,9,16-19].

Activation of NF-k B has been another well recognized signaling pathway associating the
HCV induced pro inflammatory drive, where the HC viral proteins tend to associate with the
mitochondria and the endoplasmic reticulum provoking oxidative stress that initiate and
propagate signals involving the p38 mitogen-activated protein kinase that leads to activation
of nuclear factor kappa B. Activated NF-k B induces up-regulation of genes encoding pro-
inflammatory cytokines, adhesion molecules, chemokines, growth factors, matrix
metalloproteinases MMP-1,-3 and -9and inducible enzymes such as cyclooxygenase-2
(COX2) and inducible nitric oxide synthase (iNOS) which contributes to further activation of
the local inflammatory endothelial response and establishment of atheromatous plaque.
Additionally, it promotes pro-coagulant state via up-regulation of the expression and local
production of tissue factor by the activated macrophages. Evidences from late researches
demonstrated activated NF-kB in smooth muscle cells, macrophages and endothelial cells of
human atherosclerotic lesions supporting the role of this signaling pathway in vascular injury
[17-26].

Still working at the hepatocytes level, the viral induced pro-inflammatory profile particularly
IL-6 stimulates the production of acute-phase proteins. These proteins are being sub-
classified to Class I and II. Class I proteins include complement components, C-reactive
protein (CRP), serum Amyloid A, and α1-acid glycoprotein. These are induced by the action
of IL-1α, IL-1β and TNF-α and Class II proteins are induced by IL-6 produced from
macrophages and include fibrinogen, haptoglobin, α1-antichmotrypsin and α1-antitrypsin.
Elevated values of circulating inflammatory markers such as CRP, serum amyloid A, IL-6,
and IL-1 receptor antagonist were found to be a common finding in patients with acute
coronary syndrome and such elevations correlated with in-hospital and short-term adverse
prognosis, not only a high prevalence of myocardial necrosis, ischemia-reperfusion damage,
or severe coronary atherosclerosis but also a primary inflammatory instigator of coronary
instability. CRP is a component of the “acute phase response” associated with infection,
inflammation, and tissue damage. Over the last decades, evidences has accumulated that
systemic inflammatory activity plays a key pathogenic role in atherosclerosis and CVD.
Elevated serum CRP level, as detected by the hs-CRP assay, has been shown to be a
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stronger predictor of incident cardiovascular events in healthy men than LDL cholesterol and
to be additive to the Framingham risk score and was consistently found to be an
independent predictor of coronary vascular diseases (CVD). In the most recent
comprehensive meta-analysis, high-sensitivity C-reactive protein (hs-CRP) was consistently
found to be an independent predictor of cardiovascular disease CVD. Increased hs-CRP has
been associated with increased risk for development of hypertension, transient ischemic
attack, stroke, peripheral arterial disease, and sudden coronary deaths. B-type natriuretic
peptide is a novel early blood marker of acute myocardial infarction in patients with chest
pain and no ST-segment elevation. NT-pro-BNP has been demonstrated to be independent
risk markers in heart failure patients, and in patients with acute coronary syndrome, and also
in non-hospitalized subjects without known cardiovascular disease. One study has showed
that, in patients with heart failure from HCV myocarditis, NT-pro-BNP is a more sensitive
marker of myocardial injury than cardiac troponins. Another study by Antonelli et al. [19]
demonstrated that patients with hepatitis C showed significantly higher plasma NT-proBNP
levels than healthy controls. Increased NT-pro-BNP has been proposed as a marker for
detecting subclinical LV diastolic dysfunction in HCV-infected patients in some studies.  Late
studies have also illustrated a statistically significant linear correlation between NT-pro-BNP
and hs-CRP in HCV-infected patients [27-34].

Activation of TLRs through PAMPs represents another co-stimulatory pathway that leads to
the production of cytokines by macrophages and vascular cells. In vitro studies showed that
the peripheral blood mononuclear cells from HCV-infected individuals showed a higher
expression level of TLR4 compared with those of healthy individuals. Among all of the viral
proteins, only NS5A caused TLR4 induction in hepatocytes and B cells which was found to
significantly increase beta interferon (IFN- β) and interleukin-6 (IL-6) secretion from B cells
particularly after lipopolysaccharide stimulation. TLR4 appears to be involved in several
aspects of the inflammatory response even in the absence of infection, by recognizing
endogenous ligands produced during inflammation. Enhanced expression of TLR4 was
detected in murine and human carotid and coronary atherosclerotic plaques. Functional
TLR4 expression has also been found to correlate with the development of aortic intimal
hyperplasia in a mouse model of artery injury. Furthermore, TLR4 may exert LPS-
independent atherogenic activities, a hypothesis supported by the facts that oxLDL
enhances TLR4 expression in macrophages. Interestingly, the TLR4 and/or its intracellular
adaptor protein, MyD88, were found to reduce the risk of atherosclerosis with a concomitant
marked reduction in macrophage infiltration and MCP-1 expression in the atherosclerotic
lesions as well as the circulating levels of IL-12 and MCP-1 in uninfected apoE-deficient
mice [35-40]. The newly announced population of T lymphocytes referred to as regulatory T
cells Treg cells CD4+, CD25+ were found to selectively express TLR 4–5-7–8 a response
that might be triggered by TGF beta and IL-2 suggesting a possible pathogenic role of these
cells in vascular development of inflammatory atheroma [41,42].

The Smad dependent genes pathway represents another interesting pro-atherogenic
pathway with HCV infection. HCV has been capable of up-regulating the expression of Smad
dependent genes via its induced TGF beta response. Despite that the TGF beta signaling
has been found to confer protection against excessive plaqueinflammation, effector
leukocyte function, loss of collagen content, and induction of regulatory immunity an action
suggested to be related to the TGF beta induction of IL-11. On the other hand, TGF beta
single nucleotide polymorphism has been associated by increased atherogenic potential and
CAD. In the settings of HCV infection such TGF beta response has been found to trigger the
Smad dependent proteins pathway. A family of proteins that appeared to have a good share
in regulating the inflammatory response in atherosclerosis as evidenced by results from
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immune-histochemical and RT-PCR analysis of human plaques in different studies. Such
studies disclosed an over-expression Smad2, Smad3, and Smad4 in macrophages of fibro-
fatty lesions and in SMC of fibrous caps raising alerts to their possible pro-fibro-atherogenic
potential [43-45].

3.1 Metabolic Associates of HCV Infection and Coronary Artery Disease

The metabolic syndrome (MS) represents a complicated disorder that confers a significant
risk for micro- and macro-vascular pathologies. Multiple studies clearly highlighted that anti-
HCV positivity was significantly associated with MS, however, the data concerning the cause
effect relationship between specific viral genotypes and MS remain controversial.
Approximately 6% of HCV patients have steato-hepatitis a metabolic event that interestingly
develops accompanied by other metabolic abnormalities including hyper-uricemia, reversible
hypo-cholesterolemia, insulin resistance, arterial hypertension and expansion of visceral
adipose tissue collectively referred to as “hepatitis C-associated dysmetabolic syndrome”
(HCADS) [46-49]. It is probably the viral lipotropism that causes the virus to bind to
circulating low density lipoproteins (LDL) using their LDL receptors to stick on the hepatocyte
surface. This LDL-R on the hepatocyte surface sequesters cholesterol-containing
lipoproteins from the circulation for uptake of cholesterol into the infected cells. Despite its
primary affinity to the circulating LDL the receptor has also a high affinity for VLDL particles
that contains multiple copies of apoE. Lipoprotein particles complexed to LDL-R are
internalized by endocytosis via clathrin-coated pits and then transported to endosomes. HCV
entry to hepatocytes is primarily mediated by this clathrin coated pits and patients with HCV
infection were found to have an increased risk of developing hepatic steatosis, which shares
many clinical features with the metabolic syndrome. Experimental evidences from microarray
studies in chimpanzees have indicated that both acute and chronic HCV infection correlates
with changes in the expression patterns of genes, which have either a direct role in lipid
metabolism or regulate the fatty acid and cholesterol biosynthesis pathways suggesting a
link between viremia and lipid metabolism.  The possibly involved mechanisms by which the
virus can develop such effects on lipid metabolism include: 1- Viral induced hepatic steatosis
which has been associated with elevated levels of markers of inflammation and endothelial
dysfunction. 2- Chronic infection with hepatitis C virus (HCV) can induce insulin resistance
(IR) in a genotype-dependent fashion, thus contributing to steatosis. 3- TNF-alpha produced
as a part of the virus induced pro-inflammatory response was found to inhibit the function of
insulin receptor substrates and decreases the expression of the glucose transporter and
lipoprotein lipase in peripheral tissues, which is responsible for the promotion of insulin
resistance with HCV, 4- A fourth hypothesis suggesting that reduced adiponectin levels, loss
of adiponectin receptors, and decreased anti-inflammatory peroxisome proliferator-activated
receptor alpha in the liver of HCV patients may contribute to reduced fatty acid oxidation,
inflammation, and eventually lipotoxicity. However, patients with HCV infection were found to
have lower levels of LDL, triglycerides and total cholesterol compared to healthy controls
which is not in favor of proposing dyslipidemia as one mechanism involved in viral induced
coronary artery disease a rather remote hypothesis [6,16,47-49].

Recently, there is increasing evidence supporting that patients with chronic HCV infection
are at increased risk for the development of type 2 diabetes mellitus (DM). HCV proteins can
activate TNF-alpha expression and inhibit the function of insulin receptor substrate (IRS)
proteins, which contribute to insulin resistance by decreasing glucose transporter (GLUT-4)
expression and lipoprotein lipase in peripheral tissues. The induced hyperglycemia can lead
to modification of macromolecules with the formation of advance glycation end products
(AGE). AGE subsequently binds to their surface receptor RAGE (receptor for AGE) on
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vascular endothelial cells, promoting the production of pro-inflammatory cytokines and
vascular endothelial growth factor, as well as adhesion molecules contributing to
inflammatory vascular injury and microangiopathies with HCV.  Additionally important insulin
resistance is frequently associated with steatosis, fibrosis progression and lower response to
HCV antiviral therapy with PEGylated interferon and ribavirin. Beyond the hyperglycemia,
the diabetic state promotes oxidative stress mediated by reactive oxygen species and
carbonyl groups. Asignificant elevation in serum levels of Tissue Plasminogen Activator TPA
has been observed in patients with Chronic HCV, such circulating TPA was associated with
inflammatory marker CRP and the presence of diabetes in patients with chronic HCV which
contributed to the establishment of the associated metabolic syndromes with infection but
not with markers of liver injury aminotransferases [47-57].

4. DISCUSSION

Arteriosclerosis is being currently recognized as one of the chronic inflammatory disorders
that engages both the innate and adaptive arms of the immune response. Both poles of the
immune response synergize to initiate and propagate the downstream of the inflammatory
events promoting progression of the vascular injury and atherosclerosis with ultimate
thrombosis [8,17]. Coronary artery disease has been recognized as one of the most
common complications of atherosclerosis. The different mechanisms contributing to
coronary atherosclerosis are one of the important standpoints in the future development of
cardiovascular medicine. A number of hypotheses have been proposed in this regard in an
effort to improve the understanding of the pathogenesis and approach to successful
prevention and treatment. The first hypotheses in 1970s, was the monoclonal hypothesis
which proposed that a mutation or a viral antigen might represent the trigger to
transformation of a single smooth muscle cell into the progenitor of a proliferative clone,
introducing the concept that the plaque may be considered a monoclonal benign neoplasm.
A more recent hypothesis involves the role of pro-inflammatory cytokines in vessel wall injury
and plaque formation with a number of studies supporting a significant correlation between
TNF-alpha, IL-6 and the severity of CAD. TNF-alpha and IL-6 were proven in different
studies to be significant predictors of the severity of coronary artery disease. This
association was likely an indicator of the chronic inflammatory burden and an important
marker of increased atherosclerosis risk [2,6,8]. A third non inflammatory hypothesis
suggests that a hypoxic insult might be the stimulus for neovascularization of the normally
avascular coronary intima. Such neovascularization contributes to increased vascular
permeability from the adventitial vasa vasorum which subsequently leads to diffuse coronary
intimal thickening. According to this alternative proposal, coronary atherosclerosis is not
solely related to inflammation or dyslipidemia and may occur in individuals with normal
circulating levels of LDL, a hypothesis that has been found consistent with findings reported
in few late researches.

Currently, the most identified consensus defines atherosclerosis to be a systemic disease,
initiated by endothelial dysfunction due to inflammation and high levels of LDL, leading to
lipid and macrophage deposition in the tunica intima from blood of the coronary lumen, and
plaque formation (modified response-to-injury hypothesis) [14,15].

Several studies have suggested that some infectious agents may cause cellular and
molecular changes that contribute to the pathogenesis of atherosclerosis. The recent
identification of the possible role of viral infections and endotoxin induced acute inflammatory
response (pro-inflammatory cytokines and acute phase reactants) in the initiation and
maintenance of a series of inflammatory vascular events represents an interesting
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development towards the better understanding of immune mediated vascular injury and
premature atherosclerosis [15]. The data obtained indicate the identification of viral genomes
in the atherosclerotic plaques and also pro-atherogenic effects of viral infection in cells
relevant to atherogenesis (smooth muscle cells, monocyte macrophages, T cells, endothelial
cells). Experimental models have also shown promotion and acceleration of atherosclerosis
by infectious agents. Recent results indicate that infection by several different pathogens
(Human immunodeficiency virus, Chlamydia pneumonia and hepatitis B and C viruses) can
confer high risk in both early (plaque formation) and advanced atherogenesis (vascular
narrowing and thrombotic occlusion).

Despite the increasing epidemiologic evidences emphasizing the pathogenic association
between chronic HCV infection and coronary artery disease, there is no definite consensus
regarding the pathogenic role. Up to date little data about the possible relation between HCV
infection and its associated putative pathogenic processes and atherosclerosis are available.
In a recent study by Alyan et al. [16], the researchers aimed to investigate the relevance of
sero-positivity to HCV to the risk of coronary artery disease, the study enrolled 139 HCV
sero-positive and 225 HCV sero-negative patients with angiographically documented CAD,
Reardon severity score for severity of CAD was used in which the coronary circulation into
eight proximal segments disease in the distal segments was not considered because of
difficulty in quantifying the severity of lesions. The eight proximal segments were: the left
main coronary artery; the left anterior descending artery (LAD) up to and including the origin
of its second diagonal branch; the proximal third of the major septal branch of the LAD; the
proximal third of the major diagonal branch of the LAD; the circumflex (CFX) artery up to and
including the origin of its second obtuse marginal branch; the first third of the major obtuse
marginal branch of the CFX; the right coronary artery. The percentage by which each lesion
in the proximal coronary circulation narrowed the artery was assessed according to the
maximal narrowing of the diameter in all projections of the artery. The extent and severity of
the proximal coronary disease was assessed by assigning points to each lesion as follows:
less than 50% stenosis of the luminal diameter, 1; 50-740% stenosis, 2; 75-99%, 3; and total
obstruction 4.The points for each lesion in the proximal coronary circulation were summed
and a coronary atherosclerosis score (CAS) obtained [58,59].

With adjustment for potential confounders the investigators found that HCV seropositivity still
represented an independent risk and predictor for severity of coronary atherosclerosis as
demonstrated by higher Reardon severity score with an odds ratio of 2.018 (95% confidence
interval 1.575-2.579, p<0.001) which has been associated with a significant increase in the
levels of CRP and fibrinogen in seropositive patients compared to the sero-negative control
group. In another large cohort study by Butt et al. [6], 82,083 HCV-infected and 89,582 HCV-
uninfected subjects were investigated for coronary artery disease and its relation to risk
factors for atherosclerosis in the study population. Interestingly, the HCV-infected subjects
were less likely to have hypertension, hyperlipidemia, and diabetes but were more likely to
abuse alcohol and drugs and to have renal failure and anemia. HCV-infected subjects had
lower mean (±:standard deviation) total plasma cholesterol (175±40.8mg/dLvs.
198±41.0mg/dL), low-density lipoprotein cholesterol (102±36.8mg/dLvs.119±38.2mg/dL),
and triglyceride (144±119mg/dLvs.179±151mg/dL) levels, compared with HCV-uninfected
subjects (p<.001 for all comparisons). In multivariable analysis, HCV infection was
associated with a higher risk of CAD (hazard ratio, 1.25; 95% confidence interval, 1.20-1.30).
Traditional risk factors (age, hypertension, chronic obstructive pulmonary disease, diabetes,
and hyperlipidemia) were associated with a higher risk of CAD in both groups, whereas
minority race and female sex were associated with a lower risk of CAD. Such conclusions
have been confirmed by results from a number of late studies which potentially confirmed
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that sero-positivity for HCV had a positive association with carotid artery plaque and carotid
intima–media thickening compared to matching controls, independent from other risk factors
for atherosclerosis and after adjustment for potential confounders like age, sex, cigarette
smoking, obesity, hypertension, dyslipidemias and diabetes mellitus [12]. Furthermore, there
was a clear association between CAD and pathogen burden, by serum levels of
inflammatory markers and polymorphisms of the interleukin (IL)-6 and tumor necrosis factor
(TNF)-alpha genes has been reported in multiple reports [6,12,13]. Different results from late
researches are displayed in Table 1.

Table 1. The influence of HCV seropositivity on CVD

Authors Study design Samplesize
293 678 patients
98334 HCV
seropositive

Findings with HCV positivity

Forde et al. [1] Retrospective
cohort

76477: 4809 HCV+;
71,668 HCV -

No association with myocardial
infarction

Alyanet al. [16] Case-control 364: 139 HCV+; 225
HCV -

Significant association with the
severity of coronary
atherosclerosis

Arcari et al. [60] Case-control 582: 292 MI; 290
no MI (52 HCV+)

No association between HCV
infection and MI

Younossi
et al. [61]

Case-control 19 741: 173 HCV+;
19568 HCV-

HCV was associated with
congestive heart failure; but
not is chaemic heart disease
and stroke.

Demir et al. [62] Case-control 100: 50 HCV+;50
HCV-

Lower ratio of E/A; higher ratio
of E/Em and maximum P-wave
duration for HCV+ cases

Freiberg et al.
[63]

Retrospective
cohort

2425: 738
HIV+HCV+; 1687
HIV+HCV−

Compared to HIV+HCV-
veterans, HIV+HCV+ veterans
had a significantly higher
adjusted risk of CAD

Butt et al. [6] Retrospective
cohort

171,665: 82,083
HCV+; 89,582

HCV infection was associated
with a higher risk of CAD

Moritani et al.
[64]

Case-control 1806: 31 HCV+;
1775 HCV-

No significant role for HCV on
arteriosclerosis

Guiltinan et al.
[65]

Retrospective
cohort

20518: 10,259
HCV+; 10,259 HCV-

Cardiovascular mortality was
significantly higher among the
HCV

Considering the potential pathogenic role of HCV particles in promoting a chronic pro-
inflammatory state involving the innate cellular and humoral immune responses with
provocation of pro-inflammatory mediators and release of acute inflammatory bio-markers,
the virus might effectively contribute to coronary vascular injury and ischemia. The fact that
the chronic HCV infection was associated with lower levels of plasma lipids, lesser incidence
of dyslipidemia, with the virus displaying an independent risk for coronary artery disease
regardless of other potential risk factors for atherosclerosis in patients compared to sero-
negative controls strongly potentiates the inflammatory hypothesis. For patients with HCV
infection with atherosclerosis the currently identified mechanisms involve immune mediated
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vascular injury either due to direct colonization of the viral pathogen in the vessel wall or
stimulation of the inflammatory cascade contributing to endothelial cells activation and
vessel wall infiltration by activated macrophages with vessel wall injury and plaque
formation. The sharing of up-regulation of the Th1 pro-inflammatory cytokine network with a
defective anti-inflammatory response in patients with coronary atherosclerosis and in
patients with chronic HCV infection might be one of the possible tools by which the viral
pathogen induces coronary atherosclerosis in patients with chronic HCV viremia. Rising
evidences persistently emphasize such hypothesis. Despite a favorable risk profile, HCV
infection is associated with a higher risk of CAD after adjustment for traditional risk factors,
furthermore an increase in all- cause mortality has been observed in HCV patients with
components of the metabolic syndrome [16,12,13,29].

5. CONCLUSION

The inflammatory state associated with HCV infection might contribute to an increased
cardiovascular disease risk. HCV infection has been associated with metabolic
complications including diabetes mellitus, the metabolic syndrome, and hepatic steatosis, all
of which are important risk factors for the development of cardiovascular and peripheral
vascular disease. The relationship between HCV and coronary artery disease is still lacking
a lot of evidence based explanations and features one of the unmet needs requesting to be
potentially addressed in future studies particularly in the era of novel therapies in patients
with HCV and extrahepatic disease. The contribution of cryoglobulinemia, adhesion
molecules, pro-coagulants and anti-phospholipid antibodies to the development of coronary
artery disease in HCV patients remain poorly understood. A better understanding of the
underlying pathogenesis might open the way for new interventional strategies in coronary
artery disease with HCV infection.
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