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Abstract
Hepatitis C virus (HCV) infection is associated with extrahepatic manifestations, among these there is an increased risk of atherosclerosis and cardiovascular disease as well as an increased cardiovascular mortality. Several direct and indirect HCV pro-atherogenic mechanisms have been proposed. HCV lives and replicates within carotid plaques, promoting a local environment of pro-atherogenic factors. In addition, it causes conditions such as insulin resistance, diabetes, hepatic steatosis, cryoglobulinemia and endotoxinemia that are associated with the development of atherosclerosis and cardiovascular disease. Therapeutic regimens based on direct-acting antiviral agents (DAA) are currently available with high efficacy in HCV clearance and improvement of liver disease, but does HCV eradication also improve atherosclerosis and the risk of cardiovascular disease? Recently, a multi-center study has shown that elimination of HCV improves carotid atherosclerosis. Two studies have shown that DAA treatments significantly reduce the risk of cardiovascular events. Several studies have assessed the impact of HCV clearance on pro-atherosclerosis metabolic conditions showing improvement in cardiovascular risk biomarkers, disappearance or improvement of insulin resistance, reduction of risk of developing diabetes and improvement of glycemic control. There are also evidences that HCV clearance promotes the recovery of cytokines and inflammatory markers associated with atherosclerosis and the disappearance of cryoglobulinemia. Available data show that clearance of HCV by DAAs is associated with an improvement in atherosclerosis and metabolic and immunological conditions that promote the development of cardiovascular disease. However, the data are not sufficient to allow definitive conclusions and further studies will be needed to definitively clarify the impact of HCV clearance on atherosclerosis and cardiovascular disease.
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Core tip: Chronic hepatitis C (HCV) infection is associated with an increased risk of atherosclerosis, cardiovascular disease and cardiovascular mortality. HCV lives within carotid plaques, promotes pro-atherogenic conditions such as pro-inflammatory cytokines, oxidative stress, insulin resistance, diabetes, steatosis, cryoglobulinemia and endotoxinemia. Direct-acting antiviral agents (DAA) are highly effective and safe therapeutic regimens. There are a number of studies showing that HCV clearance by DAAs is associated with an improvement in atherosclerosis and a reduced risk of cardiovascular events. In addition, HCV clearance is associated with improvement of metabolic and immunological conditions that promote cardiovascular disease. Further studies will be needed to confirm these promising data.
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INTRODUCTION
The global prevalence of hepatitis C virus (HCV) infection was estimated at 1% in 2015 and therefore around 71 million people worldwide are still considered to be infected[1]. Chronic HCV infection beyond the liver is a systemic disease, so its clinical impact and prognosis depend not only on the risk of complications and deaths related to liver disease, but also on HCV-related extrahepatic manifestations. Among the latter, HCV infection was associated with an increased risk of sub-clinical atherosclerosis, myocardial injury, peripheral artery disease, cerebro- and cardio-vascular events and increased cardiovascular mortality[2,3]. Two meta-analysis, although conducted on heterogeneity data, confirm the overall negative impact of HCV infection on cardiovascular changes and mortality, but suggest that a better understanding of this potential association is still needed[4-6].

HCV INDUCE THE DEVELOPMENT OF ATHEROSCLEROSIS
Atherosclerosis is a chronic inflammatory disease and the mechanisms by which HCV can induce or facilitate the development of atherosclerosis are not fully understood. Chronic HCV infection causes hepatic and systemic inflammation[7] and it has been hypothesized that direct and indirect mechanisms can be involved in the development of atherosclerosis via increased levels of pro-atherogenic chemokines and cytokines[7] and inducing pro-atherogenic metabolic factors[7]. HCV has been shown to live and replicate within carotid plaques[8], supporting the hypothesis that HCV plays a direct pro-atherogenic role by inducing arterial inflammation, likely via the pro-inflammatory cytokine interleukin 1β[3]. Furthermore, HCV structural and non-structural proteins play an important role in initiating and maintaining chronic inflammation and in generating oxidative stress, which trigger atherogenesis[3]. HCV also interferes with glucose and lipid metabolism, leading to insulin resistance (IR), diabetes and liver steatosis, which are known factors that induce atherosclerosis[9]. A high TNF-α/adiponectin ratio was found in HCV-infected patients that is related to the development of insulin resistance (IR) and atherosclerosis[10]. It has been reported that atherosclerosis in HCV patents was also associated with advanced liver fibrosis[11].
Cryoglobulinemia occurs with high frequency in patients with chronic HCV infection and the virus plays an etiological and pathogenic role in its development[12]. The presence of cryoglobulinemia is associated with vasculitis and cardiovascular events[13]. Recently, it has been shown that endotoxinemia induces a pro-atherogenic inflammatory condition and an increase in oxidative stress levels that contribute to the development of atherosclerosis in chronic HCV patients[12].
In this complex scenario, a question arises: Can the eradication of HCV improve atherosclerosis and reduce the risk of cardiovascular disease?
Most of the available data on the impact of HCV clearance on matter is derived from patient populations receiving interferon (IFN)-based therapies[14-16]. The data showed that HCV clearance by IFN reduced both cardiovascular events and mortality, but these studies do not allow to discriminate whether the effects observed after sustained virological response (SVR) are a direct consequence of the elimination of the virus, or an effect of IFN, or associated with the selection bias of patients to be treated with IFN.

DAA IMPACT ON HCV-RELATED ATHEROSCLEROSIS
The mystifying aspects of IFN treatment should be overcome by the recent introduction of regimens based on direct-acting antiviral agents (DAAs) for the treatment of HCV infection that have a short duration, are safe and effective in 92%-98% of cases. DAAs, which have no particular limitations to their use and are therefore feasible for almost all patients with HCV infection regardless of their stage of hepatic injury, have direct antiviral mechanisms and do not directly interfere with other conditions that potentially affect atherosclerosis and therefore a positive impact would underline the role of the virus on arteriosclerosis. These characteristics favor the possibility of assessing whether the clearance of HCV can reduce cardiovascular morbidity and mortality in patients with chronic HCV infection. It is obvious that the follow-up time after treatment with SVR by DAAs is relatively short to give definitive answers. Furthermore, few data have been published in the field, although preliminary results seem to indicate a positive impact of HCV clearance on sub-clinical atherosclerosis, cardiovascular events and pro-atherogenic conditions.
The most surprising and perhaps unexpected data have been published recently and concern the direct impact of HCV clearance by DAAs on sub-clinical atherosclerosis[17]. A multicenter Italian study of 182 consecutive HCV patients with advanced fibrosis (F3) or compensated cirrhosis (66% of patients) evaluated the effect of HCV clearance on subclinical carotid arteriosclerosis vs an untreated control group. Carotid atherosclerosis was evaluated using a high-resolution B-mode ultrasound with a multifrequency linear probe. Carotid measurements were performed at baseline, before initial treatment and 9-12 mo after withdrawal of DAA treatment. Fifty-six percent of the patients were male, mean age 63 years, obesity was present in 14%, hypertension in 42% and type 2 diabetes in 20% of patients. The control group showed similar characteristics. At baseline, carotid atherosclerosis was found in 42.8% of patients and the mean carotid thickness (IMT) was 0.94 mm. At the end of follow-up, a significant decrease in carotid IMT was observed (from 0.94 to 0.81 mm, P < 0.001), while no effect was observed on carotid plaques. The BMI of these patients did not change during follow-up, while a significant increase in serum cholesterol levels was observed. There were no significant changes in the IMT in the control group. The results of the study have shown that the eradication of HCV by DAA has led to an improvement in carotid atherosclerosis and in particular a significant reduction of the IMT. It is also important to note that in patients with advanced atherosclerosis, as evidenced by the presence of carotid plaques, the clearance of HCV did not lead to significant changes in plaque value. Results were also confirmed when patient analysis was stratified by different cardiovascular risk factors. This is an important study that demonstrates how the clearance of HCV by DAA improves carotid atherosclerosis in patients with advanced liver fibrosis, but also emphasizes that patients with advanced atherosclerosis do not benefit from this effect and therefore the need for early treatment. 
Because of the short period of time, there are few published articles that assessed the impact of DAA on cardiovascular outcome[18,19]. A large prospective study[18] evaluated the cardiovascular outcomes in a cohort of patients with HCV infection with compensated cirrhosis treated with IFN or DAAs. Data showed that patients with SVR had a significant reduction in cardiovascular events, although the data had not been analyzed for the type of regimen used (IFN or DAAs). A second retrospective study was published only in abstract form[19] and evaluated a large real-world cohort of HCV-infected patients. The authors assessed cardio and cerebro-vascular events in patients treated or not treated with DAAs. After adjustment for age, sex, cirrhosis of the liver, other comorbidities and use of cardiovascular drugs, data showed that DAA treatments significantly reduced the risk of cardio- and cerebro-vascular events (cumulative HR: 0.86, 95%CI : 0.74-0.99) compared to untreated patients.
These data, although preliminary, seem to confirm the results reported in patients treated with IFN and indicate a key role of HCV in the development of both subclinical atherosclerosis and cardiovascular disease and of a greater concern that the clearance of HCV is associated with an improvement of cardiovascular damage. 
Several studies have assessed the impact of HCV clearance by DAAs on metabolic conditions considered pro-atherosclerosis[20-22]. A recent post-hoc analysis was conducted using a large populations of patients with chronic hepatitis C genotype 1 infection and treated with DAA (3D) ± ribavirin (RBV) in order to evaluate the impact of treatment on cardiovascular and metabolic markers during a follow-up period of 52 wk post-treatment[20]. Serum triglyceride and glucose fasting levels were evaluated as markers, which are known to be risk factors for coronary heart disease associated with vascular complications and all-cause long-term mortality[23-25]. The results of this analysis showed that HCV patients treated with 3D ± RBV who obtained SVR had a significant improvement, at least for 1 year after treatment, of the studied cardiovascular risk biomarkers[20]. The authors suggest that treatment with DAAs may lead to a possible beneficial effect on cardiovascular outcomes.
A recent prospective study evaluated IR changes three months after SVR from DAA treatments in non-diabetic patients with HCV genotype 1 infection and advanced liver disease[21]. Data showed that virus eradication was associated with the disappearance or significant reduction of IR in 76% of cases. Furthermore, these patients also showed a significant improvement in glucose metabolism[21]. The results also demonstrated that improvement in glucose metabolism was negligible in patients with advanced cirrhosis[21]. A large study[22] in the real world showed that SVR of DAAs is associated with a significant reduction in the risk of developing diabetes, in addition many studies have shown significant improvement in glycemic control in type 2 diabetic patients after HCV clearance by the DAAs[22]. 
Overall, the above data showing that clearance of HCV by DAAs has a positive impact on pro-atherogenic metabolic factors and appears to indicate that SVR may have an effect in reducing the development of atherosclerosis and cardiovascular disease.
In addition to the above data demonstrating that the elimination of HCV from treatment with DAAs has a direct impact on atherosclerosis and on the metabolic conditions associated with atherosclerosis, there are preliminary evidences that the elimination of HCV by DAA induces a restoration of cytokines and inflammatory markers implicated in the development of atherosclerosis[26,27], although the data seem to indicate that this improvement was less sustained in HCV patients with advanced liver disease. Furthermore, several studies have shown that clearance of HCV by DAAs improves or eliminates cryoglobulinemia and related vasculitis syndromes[28,29] suggesting a possible reduction of cardiovascular consequences associated with the presence of cryoglobulinemia.

CONCLUSION
At present there are no data on the effect of clearance of HCV by DAA on endotoxinemia. However, it is possible to hypothesize that the improvement of liver disease and changes in the microbiota can improve endotoxinemia and reduce the risk of atherosclerosis. Likewise, improvement in liver disease should improve the atherogenic environment associated with HCV-related liver disease and reduce the progression of atherosclerosis.
By making an overall assessment of the current data available in the field, we can underline that, on the one hand, it is evident that data on the subject are relatively poor and do not allow definitive conclusions on the impact of HCV clearance on atherosclerosis and cardiovascular disease and that further studies will be needed to definitively clarify this aspect; on the other hand, it is undeniable that all the data currently available show that the clearance of HCV by DAAs, at least in the short term, is associated with an improvement of atherosclerosis and of metabolic and immunological conditions that favor the development of arteriosclerosis. Figure 1 shows the various direct and indirect factors considered responsible for the atherosclerosis and cardiovascular disease associated with chronic HCV infection, as well as the effect of the clearance of HCV by DAAs.
The data seem to indicate that the elimination of HCV by DAAs improves atherosclerosis and pro-atherogenic metabolic, inflammatory and immunological conditions and therefore should improve and prevent cardiovascular damage. However, the data also show that the treatment of advanced forms of hepatic and atherosclerotic damage is poorly effective and therefore, the results underscore the importance of an early treatment. Considering the limited number of studies on the subject, further studies are needed to confirm that the elimination of HCV not only leads to an improvement in liver disease, but also has an important positive effect on an extrahepatic manifestation of HCV which is atherosclerosis and consequent cardiovascular disease. In addition, future studies should also evaluate whether short-term results will be maintained over the long term, as some cardiovascular risk factors such as BMI and serum cholesterol tend to increase after HCV clearance[17,30]. In view of the occurrence of these predisposing factors to atherosclerosis, it might be useful to advise patients, who recover from HCV infection, to control body weight by avoiding its increase and by eating a low-fat diet. 
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Figure 1 Direct and indirect factors considered responsible for development of atherosclerosis and cardiovascular disease in chronic hepatitis C patients and the possible effect of hepatitis C virus clearance by direct-acting antiviral agents on cardiovascular outcomes. DAAs: Direct-acting antiviral agents; IR: Insulin resistance; OXS: Oxidative stress; LPS: Lipopolysaccharide (endotoxinemia).
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