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Abstract
Hepatitis C virus (HCV) infection represents a major 
health issue worldwide due to its burden of chronic 
liver disease and extrahepatic manifestations includ-
ing cardiovascular diseases, which are associated with 
excess mortality. Analysis of published studies supports 
the view that HCV infection should be considered a 
risk factor for the development of carotid atheroscle-
rosis, heart failure and stroke. In contrast, findings 
from studies addressing coronary artery disease and 
HCV have yielded conflicting results. Therefore, meta-

WJG 20th Anniversary Special Issues (2): Hepatitis C virus

TOPIC HIGHLIGHT

analytic reviews and prospective studies are warranted. 
The pathogenic mechanisms connecting HCV infection, 
chronic liver disease, and atherogenesis are not com-
pletely understood. However, it has been hypothesized 
that HCV may promote atherogenesis and its compli-
cations through several direct and indirect biological 
mechanisms involving HCV colonization and replica-
tion within arterial walls, liver steatosis and fibrosis, 
enhanced and imbalanced secretion of inflammatory 
cytokines, oxidative stress, endotoxemia, mixed cryo-
globulinemia, perturbed cellular and humoral immunity, 
hyperhomocysteinemia, hypo-adiponectinaemia, insulin 
resistance, type 2 diabetes and other components of 
the metabolic syndrome. Understanding these complex 
mechanisms is of fundamental importance for the de-
velopment of novel therapeutic approaches to prevent 
and to treat vascular complications in patients with 
chronic HCV infection. Currently, it seems that HCV 
clearance by interferon and ribavirin treatment signifi-
cantly reduces non-liver-related mortality; moreover, 
interferon-based treatment appears to decrease the 
risk of ischemic stroke. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Hepatitis C virus (HCV) infection represents a 
risk factor for carotid atherosclerosis, heart failure and 
ischemic stroke. However, findings from studies ad-
dressing coronary artery disease and HCV have yielded 
conflicting results. Moreover, an excess of cardiovas-
cular mortality among anti-HCV positive subjects has 
been reported. HCV promotes atherogenesis through 
direct and indirect mechanisms. Inflammation, cyto-
kines activation, cellular and humoral immunity, meta-
bolic derangement, oxidative stress, liver steatosis and 



role of  HCV as a cardiovascular risk factor needs to be 
analysed in-depth. 

Accordingly, in this review we evaluated the literature 
regarding the association between chronic HCV infection 
and atherosclerosis, the clinical impact on the develop-
ment of  cardiovascular diseases and the possible patho-
genic mechanisms underlying increased cardiovascular 
risk in those with HCV infection.

HCV AND ATHEROSCLEROSIS
Table 1 reports the findings of  the studies evaluating the 
association between HCV and carotid atherosclerosis. 
Ishizaka et al[12,13], assessing a large number of  subjects in 
two studies conducted in the general population, were 
first in reporting an association between HCV infection 
and atherosclerosis. The first study was published in 2002 
and showed that HCV infection was associated with an 
increased risk of  carotid atherosclerosis[12]. Similar results 
were obtained in a second study published in 2003[13]. Ir-
respective of  known atherogenic risk factors, Ishizaka et 
al[12,13] found that HCV was an independent predictor of  
carotid atherosclerosis. Another study, which enrolled a 
large cohort of  Japanese subjects from the general popu-
lation, showed that HCV-infected subjects had increased 
arterial stiffness compared to HCV-negative controls[20]. 
Fukui et al[21] confirmed these results in a series of  pa-
tients with type 2 diabetes in which anti-HCV positivity 
was demonstrated to be an independent risk factor of  
both increased carotid intima-media-thickness (IMT) and 
plaque. Following these pioneer Japanese reports, two 
Italian studies further confirmed the independent associ-
ation between HCV infection and atherosclerosis. Boddi 
et al[10] showed that the prevalence of  an IMT greater 
than 1 mm was significantly higher in anti-HCV positive 
subjects than in controls. At multivariate analysis, anti-
HCV positivity was an independent predictor of  IMT. 
Similarly, Targher et al[15] showed that HCV positivity was 
an independent predictor of  increased carotid IMT.

A large study in Egyptian individuals, including HCV 
infected patients, HCV subjects with viral clearance, and 
subjects never infected (controls), showed that the preva-
lence of  carotid atherosclerosis did not vary when pa-
tients with active infection were compared to those with 
past infection. However, HCV infected patients showed 
a higher risk of  atherosclerosis following adjustment for 
known cardiovascular risk factors[22]. 

Petta et al[23] evaluating carotid atherosclerosis in a 
cohort of  biopsy-proven chronic hepatitis C genotype 1 
patients, reported that HCV patients had a significantly 
higher prevalence of  atherosclerosis than matched con-
trol subjects (41.9% vs 22.9%, respectively). In addition, 
the severity of  hepatic fibrosis was independently associ-
ated with a higher risk of  carotid plaques.

Recently, our group assessed carotid atherosclero-
sis in a large cohort of  consecutive liver biopsy-proven 
chronic hepatitis C patients with and without steatosis[24]. 
HCV patients showed a significantly higher prevalence 
of  atherosclerosis than that observed in the HCV-
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fibrosis have been postulated as potential atherogenic 
mechanisms. Knowledge of such complex mechanisms 
may be important for understanding disease progres-
sion and promoting novel therapeutic approaches. At 
present, interferon-based treatment of chronic hepatitis 
C seems to reduce the risk of stroke as well as non-
liver-related mortality.

Adinolfi LE, Zampino R, Restivo L, Lonardo A, Guerrera B, 
Marrone A, Nascimbeni F, Florio A, Loria P. Chronic hepatitis C 
virus infection and atherosclerosis: Clinical impact and mecha-
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able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i13/3410.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3410

INTRODUCTION
Hepatitis C virus (HCV) infection is endemic worldwide, 
with an estimated global prevalence of  3%, resulting in 
approximately 170 million infected people[1]. HCV infec-
tion is the major cause of  chronic liver diseases leading to 
a wide range of  hepatic diseases, including cirrhosis and 
hepatocellular carcinoma. In addition, there is a growing 
body of  data concerning the role of  HCV in extrahepatic 
manifestations[2], including metabolic derangements[3], 
and, more recently, accelerated atherosclerosis eventually 
triggering cardiovascular events[4]. 

Atherosclerosis, either subclinical or manifest, is a 
chronic inflammatory disease. The chief  clinical mani-
festations are coronary artery disease (CAD), stroke and 
ischemic limbs. In addition to the “traditional” factors of  
atherosclerosis other “novel” factors have been hypoth-
esized. The possible role of  an infectious agent in the de-
velopment of  experimental atherosclerosis in rodents was 
first reported more than 120 years ago[5], and this concept 
has gained new life in recent years[6]. In the last few years, 
a strict association between atherosclerosis and non-
alcoholic fatty liver disease (NAFLD) has been reported, 
challenging the old paradigm that ‘‘chronic liver disease 
protects from atherosclerosis”[7,8]. Similar to NAFLD, 
HCV infection is increasingly identified as a potential 
atherogenic condition. In fact, chronic HCV infection 
causes hepatic and systemic inflammation[4] via increased 
levels of  pro-atherogenic chemokines and cytokines[4] 
and hepatic steatosis, a distinguishing feature of  this in-
fection[9]. In addition, it has been demonstrated that HCV 
colonizes and replicates within carotid plaques[10,11] likely 
causing vascular inflammation. Earlier studies conducted 
in the general population showed that HCV markers 
were independently associated with atherosclerosis[12,13]. 
Subsequent research, however, yielded conflicting results, 
some studies confirming[14,15] and others denying such an 
association[16,17]. However, recent data have shown excess 
cardiovascular mortality during the course of  chronic 
HCV infection[18,19]. Given the high prevalence of  HCV 
infection on a worldwide basis and the primacy of  car-
diovascular diseases among the causes of  mortality, the 



negative control group (53.7% vs 34.3%, respectively, P < 
0.0001). HCV patients without steatosis showed a higher 
prevalence of  atherosclerosis than that observed in the 
HCV-negative control group without steatosis (26.0% 
vs 14.8%, P < 0.015). HCV patients with steatosis had 
a prevalence of  atherosclerosis significantly higher than 
NAFLD patients (77.7% vs 57.8%, P < 0.0001). These 
results provided definite evidence that HCV was strictly 
associated with the development of  atherosclerosis and 
that patients with HCV-related steatosis, irrespective of  
HCV genotype, age, gender and degree of  histological 
liver damage, exhibited the highest prevalence of  athero-
sclerosis. Moreover, at multivariate analysis, HCV-related 
steatosis was an independent risk factor for carotid ath-
erosclerosis (OR = 32.35; 95%CI: 5.4-230, P < 0.0001). 
HCV-related steatosis predicted atherosclerosis with an 
AUC of  0.78 (95%CI: 0.71-0.85, P < 0.0001; with a posi-
tive specificity of  81.7% and sensitivity of  74.2%). These 
data suggest that steatosis is both a good marker for 
identifying atherosclerosis-prone individuals and an early 
mediator of  atherosclerosis. Evidence for the latter role is 
based on steatosis being associated with traditional pro-
atherogenic factors such as metabolic syndrome, insulin 
resistance, hyper-homocysteinaemia, liver inflammation 
and fibrosis scores, hypo-adiponectinaemia and hyper-
tumour necrosis factor-alpha (TNF-α)[25] and oxidative 
stress[26]. In brief, our study[24] suggests that HCV-related 
steatosis modulates atherogenic factors such as inflamma-
tion and the dysmetabolic milieu, therefore, favouring de-
velopment of  atherosclerosis. Furthermore, our study[24] 
showed that amongst the younger HCV population (e.g., 
< 50 years old) about 34% showed atherosclerosis and a 
significant proportion (24.1%) had plaques, whereas in 
the control group the prevalence of  atherosclerosis was 

significantly lower (16.0%) and the presence of  plaques 
(3.9%) was a relatively uncommon finding. Such data 
support the view that chronic HCV infection predisposes 
individuals to the premature development of  athero-
sclerosis and advanced carotid changes despite the more 
favourable cardiovascular risk profile featuring lower lipid 
levels and lower prevalence of  metabolic syndrome[24]. 

An increased risk of  carotid atherosclerosis was also 
demonstrated in HIV-infected patients. In this setting, 
Sosner et al[27] reported an increased prevalence of  carotid 
plaque in HIV/HCV co-infected patients, strengthening 
the view that HCV infection is an independent risk factor 
of  atherosclerosis. 

In contrast to the above studies which highlighted a 
strict association between chronic HCV infection and ca-
rotid atherosclerosis, other studies did not confirm such 
an association. For example, Bilora et al[28] and Caliskan 
et al[29], in the setting of  hemodialysis patients, did not 
find any association between HCV infection and athero-
sclerosis. Similarly, in a cohort of  HCV-infected women, 
with and without HIV co-infection, Tien et al[30], after 
adjustment for confounding factors, were unable to dem-
onstrate an association between HCV infection and ath-
erosclerosis. Likewise, Masiá et al[31] did not observe any 
association between HCV infection and atherosclerosis in 
a cohort of  HIV co-infected patients.

It is important to underline that those studies show-
ing a positive association, generally included a very large 
population of  subjects, whereas the studies showing no 
association were generally conducted in smaller cohorts 
of  patients at high risk for atherosclerosis (e.g., either 
hemodialysed or HCV/HIV co-infected) (Table 1). Con-
sidering that atherosclerosis is a multi-factorial disorder, 
studies with low power may have generated false negative 
results of  doubtful clinical significance. In addition, in-
consistency among studies may be the result of  different 
features in the populations under examination, differenc-
es in the assessment of  HCV infection and stage of  liver 
disease, technique used to evaluate atherosclerosis and, 
of  primary importance, comparator control groups and 
adjustment for confounding factors. Overall, we deem 
that an analysis of  available studies supports the view that 
HCV infection should be considered a risk factor for the 
development of  atherosclerosis. Meta-analytic reviews 
and adequate prospective studies are eagerly awaited to 
gauge the impact of  HCV on the development of  ath-
erosclerosis more precisely.

IMPACT OF HCV-ASSOCIATED 
ATHEROSCLEROSIS ON CARDIAC AND 
CEREBRAL VASCULAR DISEASES
A consistent body of  evidence indicates that chronic 
HCV infection should be considered a risk factor for 
subclinical atherosclerosis. Accordingly, the question is: is 
there evidence that HCV is a risk factor for the develop-
ment of  cardiac and cerebral vascular diseases? Clearly 
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Table 1  Main characteristics of the studies which evaluated 
the association between hepatitis C virus and atherosclerosis

Ref. Type of study Country HCV+ HCV-

(n) (n)
Studies showing association
   Ishizaka et al[12], 2002 Population Japan     104   4784
   Ishizaka et al[13], 2003 Population Japan       25   1967
   Tomiyawa et al[20], 2003 Cohort Japan       87   7427
   Fukui et al[21], 2003 Cohort Japan       31     179
   Boddi et al[10], 2007 Cohort Italy       31     120
   Targher et al[15], 2007 Cohort Italy       60       60
   Butt et al[35], 2009 Observational 

cohort
United 
States

82083 89562

   Mostafa et al[22], 2010 Cross-sectional Egypt     329     795
   Petta et al[23], 2012 Cohort Italy     174     174
   Adinolfi et al[9], 2013 Cohort Italy     326     477
Studies showing no association
   Bilora et al[28], 2008 Cohort Italy       40       40
   Caliskan et al[29], 2009 Cohort Turkey       36       36
   Tien et al[30], 2009 Cohort United 

States
    273   1502

   Masiá et al[31], 2011 Cohort Spain     63     138

HCV: Hepatitis C virus.

Adinolfi LE et al . HCV and cardiovascular risk
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Vassalle et al[14] showed that HCV infection was an inde-
pendent predictor of  angiographically-documented CAD 
(adjusted OR = 4.2; 95%CI: 1.4-13.0). Similar results 
were reported in another study conducted in patients 
with CAD[37] and in a study on hemodialysed patients[38]. 
Two recent studies have further reinforced the possible 
role of  HCV in the development of  cardiac diseases. 
Maruyama et al[39] showed myocardial perfusion defects 
in 87% of  patients with chronic hepatitis C; of  inter-
est, such defects improved after viral eradication with 
interferon treatment. Younossi et al[40], evaluated 19.741 
United States subjects from the National Health and 
Nutrition Examination Survey (NHANES), and showed 
that chronic HCV infection was independently associated 
with the presence of  metabolic conditions, such as insu-
lin resistance, type 2 diabetes mellitus and hypertension, 
and with congestive heart failure.

Recently, we conducted a retrospective study includ-
ing 78 HCV-positive patients compared to 742 HCV-
negative subjects[41]. We observed higher ischemic heart 
events in the HCV-positive patients than in the HCV-
negative patients (22% vs 13%, respectively, P = 0.031). 

In contrast to the above studies, several other stud-
ies did not show an association between HCV infection 
and cardiac diseases, particularly myocardial infarction. In 
this context, in a large study including subjects from the 
NHANES database, Younossi et al[40] showed that chronic 
HCV infection was independently associated with con-
gestive heart failure, but not ischaemic heart disease. 
Similarly, Arcari et al[17] and Maruyama et al[39] did not find 
any association between HCV infection and myocardial 
infarction. Völzke et al[16], in their study conducted in the 
Pomeranian general population, Germany, enrolled 233 
HCV-Ab positive cases and 4033 control individuals, and 
did not show an association between HCV seropositivity 
and cardiovascular diseases.

In conclusion, the findings from a consistent number 
of  studies which showed a strict association between 
HCV infection and cardiac diseases are in conflict with 
negative studies, which mainly addressed myocardial in-

the answer is not straightforward and involves different 
levels of  assessment. First, it is important to evaluate a 
hard outcome, such as mortality related to cardiovascular 
diseases in those with HCV infection, and next, studies 
evaluating such an association need to be weighted. 

Evidence for a significant excess of  cardiovascular 
mortality among anti-HCV positive subjects is provided 
by a large study which assessed HCV-associated all-cause 
mortality in the general United States population[32]. 
Moreover, a study conducted in the general population 
showed that HCV infection was an independent predic-
tor of  cerebrovascular deaths and that such mortality was 
correlated with serum HCV RNA levels[33]. Of  impor-
tance, HCV clearance by interferon and ribavirin treat-
ment significantly reduces non-liver-related mortality in 
these patients[34]. The above data suggest a possible direct 
impact of  HCV infection on cardiovascular diseases.

HCV and cardiac diseases
In the last few years many studies have evaluated the asso-
ciation between HCV infection and atherosclerosis. Table 
2 reports the main findings of  these published papers. 

Epidemiological and cohort studies have reported 
conflicting results. Butt et al[35] conducted the largest epi-
demiological study (82083 HCV-infected and 89582 HCV-
uninfected subjects) in United States veterans over a 5-year 
period. The data showed that HCV infected subjects had 
a significantly higher prevalence of  cardiac diseases (myo-
cardial infarction, congestive heart failure, coronary artery 
bypass grafting or coronary angioplasty) despite being 
younger and having a more favourable cardiometabolic 
risk profile. In contrast, Forde et al[36] in a retrospective 
analysis which included HCV-infected and -uninfected 
subjects in a United Kingdom general practice, failed to 
show any difference in the incidence of  myocardial infarc-
tion during a median observational period of  3.2 years. 
However, as acknowledged by these authors[36], the nature 
of  the study, the outcome evaluated and the relative short 
follow-up period may have affected the results.

In a case-control study, which included 686 patients, 

Table 2  Main characteristics of the studies which evaluated the association between hepatitis C virus and cardiac diseases

Ref. Type of study Country HCV+ (n) HCV- (n) Comment

Studies showing association
   Vassalle et al[14], 2004 Cohort Italy CAD (491), HCV 6.3%

vs control (195), 2%
   Alyan et al[37], 2008 Cohort Turkey     139     225
   Butt et al[35], 2009 Cohort United States 82083 89582 CAD patients
   Yelken et al[38], 2009 Cohort Turkey       26       26 Renal transplanted
   Maruyama et al[39], 2013 Cohort Japan     217 Myocardial perfusion defect
   Younossi et al[40], 2013 Population United States     173 19568 Congestive heart failure
   Adinolfi et al[9], 2013 Retrospective Italy       78     742 Hospitalized
Studies showing no association
   Völzke et al[16], 2004 Cross-sectional Germany       21   4033
   Arcari et al[17], 2006 Case-control United States     292     290 Myocardial infarction
   Forde et al[36], 2012 Population cohort United Kingdom   4809 71668 Myocardial infarction
   Younossi et al[40], 2013 Population United States     173 19568 Myocardial infarction

CAD: Coronary artery disease; HCV: Hepatitis C virus.

Adinolfi LE et al . HCV and cardiovascular risk
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farction as the outcome. Accordingly, at present, due to 
the different methodology and parameters evaluated, it 
is difficult to draw definitive conclusions. Despite such 
limitations, it seems reasonable to conclude that chronic 
HCV infection appears to be linked with excess cardio-
vascular risk, except for myocardial infarction. Again, me-
ta-analytic reviews and prospective studies are warranted.

HCV and stroke
In the last 5 years, six papers, reported in Table 3, were 
published concerning the association between HCV and 
stroke. In contrast to those previously reported stud-
ies on cardiovascular diseases, 5 out of  these 6 reports 
showed an association between HCV infection and isch-
emic stroke.

In a large retrospective population-based study, Fors-
sen et al[42] showed an association between HCV infec-
tion and stroke (OR = 1.76; 95%CI: 1.23-2.52). This 
report, however, was published in abstract form alone. 
Similarly, another retrospective report published by Guti-
errez et al[43] in abstract form, showed a close association 
between HCV infection and stroke (OR = 9.61; 95%CI: 
2.51-35.78) in subjects enrolled from the NHANES 
cohort during 2005-2010. In contrast, in another retro-
spective study from the NHANES database, between 
1999-2010, Younossi et al[40] were not able to demonstrate 
an association between HCV infection and stroke. How-
ever, many confounding factors, such as gender, race, and 
hypertension, were significantly different between the 
HCV population and the control group. Therefore, het-
erogeneity may have generated unreliable results.

In a large prospective study conducted in Taiwan, 
utilizing the Taiwan National Health Insurance Research 
Database, Liao et al[44] demonstrated a strict association 
between HCV infection and stroke (HR = 1.22; 95%CI: 
1.13-1.40). Similarly, Hsu et al[45] showed that HCV in-
fection was a risk factor for stroke (HR = 1.23; 95%CI: 
1.06-1.42) in a large retrospective study including Taiwan 
subjects from the Longitudinal Health Insurance database 
2000. Of  importance, these authors demonstrated that 
an interferon-based therapy reduced the risk of  stroke in 
HCV patients[45].

We recently conducted a study with the aims of  
evaluating the prevalence and role of  HCV infection in 
patients with stroke[41]. The study enrolled 820 consecu-

tive individuals, 123 cases with stroke and 697 age- and 
gender-matched controls. We found that the prevalence 
of  HCV was higher in cases with stroke than in the con-
trol group (26.8% vs 6.6%, P = 0.0001). Moreover, HCV 
patients with stroke were younger and had lower risk fac-
tors and higher inflammation indices than HCV-negative 
stroke patients. Multivariate analysis showed HCV infec-
tion to be an independent risk factor for stroke (OR = 
2.04; 95%CI: 1.69-2.46, P = 0.0001).

Taken collectively, these data[41,42,44,45] suggest that 
HCV infection increases the risk of  stroke. Moreover, in 
HCV patients, stroke occurs at younger age, irrespective 
of  sex and in subjects with lower risk of  stroke/athero-
sclerosis such as lower cholesterol/triglyceride levels, and 
lower prevalence of  hypertension[41]. Finally, HCV viral 
load appears to be associated with an increased risk of  
mortality in patients with stroke[33].

A meta-analysis of  the studies which evaluated 
whether HCV infection was a risk factor for stroke has 
been conducted[46]. The results suggested that HCV in-
fection significantly increased the risk of  stroke (OR = 
1.97; 95%CI: 1.64-2.30). However, due to the relatively 
low number of  studies performed, the authors suggest 
caution in the interpretation of  the data and advocate 
further studies to confirm the results[46].

HCV AND ATHEROSCLEROSIS: 
PATHOGENIC MECHANISMS
The precise pathogenic mechanisms connecting HCV 
infection, chronic liver disease, and atherogenesis are not 
completely understood. Figure 1 depicts the potential 
pathogenic factors involved. It is logical to hypothesize 
that HCV may promote atherogenesis through several 
direct and indirect biological mechanisms. Atheroscle-
rotic plaques are widely recognized to develop and to 
destabilize as a result of  persistent inflammatory changes. 
Chronic HCV infection is associated with both hepatic 
and systemic inflammation, which is triggered by HCV 
either directly or indirectly. Such inflammatory pathways 
involve cytokines release and increased oxidative stress. 
HCV RNA sequences have been isolated within carotid 
plaques, supporting the hypothesis that HCV plays a 
direct pro-atherogenic role by inducing arterial inflamma-
tion, likely via the pro-inflammatory cytokine interleukin 

Table 3  Main characteristics of the studies which evaluated the association between hepatitis C virus and stroke

Ref. Type of study Country HCV+ (n) HCV- (n) Comment

Studies showing association
   Forssen et al[42], 2009 Population retrospective United States 21919 67109
   Gutierrez et al[43], 2012 Population retrospective United States - - NHANES (2005-2010)
   Liao et al[44], 2012 Population cohort Taiwan   4094 16376
   Hsu et al[45], 2013 Cohort retrospective Taiwan   2875 12450
   Adinolfi et al[9], 2013 Cohort retrospective Italy       79     741 Hospitalized
Studies showing no association
   Younossi et al[40], 2013  Population retrospective United States     173 19568 NHANES (1999-2010)

NHANES: National Health and Nutrition Examination Survey; HCV: Hepatitis C virus.

Adinolfi LE et al . HCV and cardiovascular risk
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1β[47]. In addition, HCV structural and non-structural 
proteins play a major role in initiating and maintaining 
chronic inflammation. HCV promotes an imbalanced T 
helper (Th)1/Th2 cytokines ratio perturbing the equi-
librium between cellular immunity, promoted and main-
tained by interleukin (IL)-2, TNF-α and interferon-γ, 
and humoral immunity, sustained by IL-4, IL-5, IL-6 
and IL-10[48]. Compared to HCV negative individuals, 
patients with chronic HCV infection have been shown 
to exhibit higher TNF-α levels which are associated with 
an increased risk of  heart failure and death[49]. Moreover, 
an intermediate cardiovascular risk, higher levels of  pro-
inflammatory cytokines (IL-6 and TNF-α), and a higher 
ratio of  pro-inflammatory/anti-inflammatory cytokines 
(TNF-α/IL-10 and IL-6/IL-10) have been reported in 
non-obese, non-diabetic, HCV-infected patients than that 
observed in the control group[50]. HCV-driven secretion 
of  inflammatory cytokines may contribute to the devel-
opment of  cardiovascular disease through several effec-
tor mechanisms, including enhanced synthesis of  matrix 
metalloproteinase-9, intracellular adhesion molecules, ex-
pression of  anti-endothelium antibodies, and generation 
of  oxidative stress and insulin resistance.

The higher prevalence of  atherosclerosis observed in 
chronic HCV infection is correlated with liver steatosis[24], 
a key feature of  HCV infection which is associated with 
several pro-atherogenic factors including inflammatory 
cytokines, hyper-homocysteinaemia, hypo-adiponectinae-

mia, insulin resistance, and components of  the metabolic 
syndrome[24].

Atherosclerosis in HCV patients is also associated 
with liver fibrosis[23] which is an expected finding given 
the tight association between steatosis and fibrosis in 
those with chronic hepatitis C[9]. Histological hepatic 
changes play a pivotal role in regulating local and systemic 
inflammation through proteins secreted by the diseased 
liver[4]. 

HCV is considered a metabolic virus and is associated 
with metabolic disorders, in particular insulin resistance 
and type 2, which are diabetes pro-atherogenic conditions.

HCV infection is associated with increased levels of  
endotoxaemia, which promotes a strong inflammatory 
reaction via TNF-α and toll-like receptors, which are 
both able to induce a marked inflammatory reaction. Of  
interest, HCV is also the agent causing mixed cryoglobu-
linaemia a paradigmatic vasculitic condition[4]. 

Based on the above considerations it is clear that 
chronic HCV infection represents a condition directly 
and indirectly promoting a milieu of  pro-atherogenic 
factors, mainly pro-inflammatory molecules, which trig-
ger atherogenesis and favour its complications eventu-
ally leading to an increased prevalence of  cardiovascular 
diseases. A more detailed understanding of  the complex 
mechanisms underlying HCV-related inflammation and 
atherogenesis is of  key importance for the development 
of  novel therapeutic approaches targeting the different 
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steps of  the inflammatory response to prevent and treat 
atherosclerosis in patients with chronic HCV infection.

CONCLUSION
The literature seems to support the view that chronic 
HCV infection is a risk factor for atherosclerosis, the de-
velopment of  cardiovascular diseases and significant car-
diovascular mortality. However, further well-conducted 
studies are necessary to better assess the impact of  HCV 
on the different cardiovascular conditions, in particular 
on myocardial infarction. The pathogenic mechanisms 
should be further elucidated due to their potential impact 
on the development of  novel therapeutic approaches to 
prevent and to treat cardiovascular complications in pa-
tients with chronic HCV infection. 

Based on the evidence discussed in the present article, 
we feel it reasonable to recommend to screen noninva-
sively for atherosclerosis all patients with chronic HCV 
infection. Knowledge of  the whole pathologic burden 
will be of  help in making a reasoned decision for the 
management of  chronic HCV infection. In this respect, 
it is important to underline that existing data seem to 
indicate that interferon-based treatment reduces the risk 
of  stroke and of  cardiovascular-related mortality. Future 
studies should clarify the full impact and the right timing 
of  antiviral treatment in preventing, improving or revers-
ing HCV-related atherosclerosis.
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