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Summary Type 2 diabetes mellitus (T2DM) has been identified as an extrahepatic manifestation of chronic HCV infection. Conversely, in the context of chronic HCV infection, T2DM can accelerate the course of HCVinduced liver disease leading to increased risk of fibrosis, cirrhosis, and hepatocellular carcinoma. The presence of T2DM negatively impacts the efficacy of interferon-based antiviral therapy, but real-world data with high-efficacy direct-acting antiviral therapies suggest high viral clearance rates in T2DM patients. In HCV-infected individuals, viral eradication is associated with a reduced risk of de novo T2DM in non-diabetic patients and beneficial metabolic changes in patients with T2DM, highlighting the importance of antiviral treatment and physician awareness of this association.

Introduction

Hepatitis C virus (HCV) infection is a significant public health concern, with an estimated 1-2% of the global population with viraemic HCV [START_REF] Observatory | Global prevalence and genotype distribution of hepatitis C virus infection in 2015: a modelling study[END_REF][START_REF] Gower | Global epidemiology and genotype distribution of the hepatitis C virus infection[END_REF]. Chronic HCV infection is a leading cause of liver-related morbidity and mortality, including cirrhosis of the liver, decompensated liver disease, hepatocellular carcinoma (HCC) and liver transplant [START_REF] Sebastiani | Chronic hepatitis C and liver fibrosis[END_REF]. In addition, chronic HCV infection is increasingly being viewed as a systemic disease with many extrahepatic manifestations [START_REF] Cacoub | Extrahepatic manifestations of chronic hepatitis C virus infection[END_REF]. Much of the data on extrahepatic manifestations of chronic HCV infection concern autoimmune and/or lymphoproliferative disorders, but HCV-associated cardiovascular, renal, central nervous system and metabolic disease have been reported [START_REF] Cacoub | Extrahepatic manifestations of chronic hepatitis C virus infection[END_REF]. Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by insulin resistance (IR), increased hepatic glucose metabolism and a defect in insulin secretion. Insulin resistance and T2DM are more prevalent in chronic HCV-infected individuals versus those without HCV infection, and their presence may negatively affect disease progression [START_REF] Desbois | Diabetes mellitus, insulin resistance and hepatitis C virus infection: A contemporary review[END_REF][START_REF] Shiffman | Impact of hepatitis C virus therapy on metabolism and public health[END_REF]. An analysis of the strength of association between chronic HCV infection and extrahepatic manifestations classified IR and T2DM as Class B extrahepatic manifestations of HCV, defined as a higher prevalence in chronic HCV-infected patients compared with uninfected controls [START_REF] Cacoub | Extrahepatic manifestations of chronic hepatitis C virus infection[END_REF].

The objective of this paper is to review: the evidence for an association between T2DM and chronic HCV infection and the impact of T2DM on the clinical course of HCV infection; the proposed pathogenic mechanisms underlying the association between chronic HCV infection and T2DM; current recommendations for treatment of chronic HCV-infected patients with T2DM; and the impact of T2DM on HCV treatment, and the impact of HCV treatment on the incidence and clinical course of T2DM.

Association between T2DM and HCV infection

Two meta-analyses found that chronic HCV infection was significantly associated with T2DM [START_REF] Younossi | Extrahepatic Manifestations of Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden[END_REF][START_REF] White | Hepatitis C infection and risk of diabetes: a systematic review and meta-analysis[END_REF]. The more recent was a systematic review and meta-analysis of 102 studies published between 1996 and 2014 on extrahepatic manifestations of chronic HCV infection, and T2DM was found to be one of the most common extrahepatic conditions associated with chronic HCV infection [START_REF] Younossi | Extrahepatic Manifestations of Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden[END_REF]. This analysis identified 31 studies relating to HCV and T2DM, including 61,843 HCV-infected individuals and 202,130 uninfected controls. T2DM was present in approximately 15% (95% CI: 13%-18%) of patients with chronic HCV infection while 10% (95% CI: 6%-15%) of uninfected controls had T2DM, resulting in a pooled odds ratio (OR) for T2DM in HCV-infected patients of 1.58 (95% CI: 1.30-1.86) [START_REF] Younossi | Extrahepatic Manifestations of Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden[END_REF].

Multiple studies have shown an increased risk of T2DM in non-cirrhotic HCV-infected patients versus non-cirrhotic HBV-infected patients or the general population [START_REF] Antonelli | Hepatitis C virus infection: evidence for an association with type 2 diabetes[END_REF][START_REF] Knobler | Increased risk of type 2 diabetes in noncirrhotic patients with chronic hepatitis C virus infection[END_REF][START_REF] Mason | Association of diabetes mellitus and chronic hepatitis C virus infection[END_REF]. Additionally, those with HCVinduced cirrhosis or chronic liver disease have increased risk of T2DM compared with individuals with cirrhosis or chronic liver disease of non-viral origin [START_REF] White | Hepatitis C infection and risk of diabetes: a systematic review and meta-analysis[END_REF][START_REF] Zein | Prevalence of diabetes mellitus in patients with end-stage liver cirrhosis due to hepatitis C, alcohol, or cholestatic disease[END_REF]. Combined with evidence suggestive of HCV genotype-specific variation in T2DM prevalence between diabetic and non-diabetic individuals [START_REF] Knobler | Increased risk of type 2 diabetes in noncirrhotic patients with chronic hepatitis C virus infection[END_REF][START_REF] Mason | Association of diabetes mellitus and chronic hepatitis C virus infection[END_REF] and in degree of IR [START_REF] Hui | Insulin resistance is associated with chronic hepatitis C virus infection and fibrosis progression [corrected[END_REF], these data suggest a direct viral effect on the increased risk of T2DM, which is independent of cirrhosis or liver disease.

Another systemic review and meta-analysis evaluating, conversely, the risk of HCV infection in patients with T2DM likewise suggested a strong relationship between T2DM and HCV-infection. This analysis included 22 studies which included 12,426 individuals with T2DM and 65,625 controls (non-T2DM), and found that individuals with T2DM had 3.5-fold increased odds of having HCV infection compared to those without T2DM (OR = 3.50; 95% CI: 2.54-4.82) [START_REF] Guo | Type 2 diabetes mellitus and the risk of hepatitis C virus infection: a systematic review[END_REF].

What is the clinical relevance of T2DM in patients with chronic HCV?

HCV-associated T2DM has been shown to accelerate the clinical course of chronic HCV infection, significantly increasing the risk of fibrosis and its progression to cirrhosis, decompensation and HCC [START_REF] Leandro | Relationship between steatosis, inflammation, and fibrosis in chronic hepatitis C: a meta-analysis of individual patient data[END_REF][START_REF] Petta | Insulin resistance and diabetes increase fibrosis in the liver of patients with genotype 1 HCV infection[END_REF][START_REF] Miyaaki | Predictive value of the fibrosis scores in patients with chronic hepatitis C associated with liver fibrosis and metabolic syndrome[END_REF][START_REF] Persico | Clinical expression of insulin resistance in hepatitis C and B virus-related chronic hepatitis: differences and similarities[END_REF][START_REF] Li | Diabetes mellitus is a significant risk factor for the development of liver cirrhosis in chronic hepatitis C patients[END_REF][START_REF] Huang | Increased risk of cirrhosis and its decompensation in chronic hepatitis C patients with new-onset diabetes: a nationwide cohort study[END_REF][START_REF] Liu | Diabetes Is Associated with Clinical Decompensation Events in Patients with Cirrhosis[END_REF][START_REF] Li | Diabetes mellitus increases the risk of hepatocellular carcinoma in treatment-naive chronic hepatitis C patients in China[END_REF][START_REF] Huang | Increased risk of hepatocellular carcinoma in chronic hepatitis C patients with new onset diabetes: a nation-wide cohort study[END_REF][START_REF] Veldt | Increased risk of hepatocellular carcinoma among patients with hepatitis C cirrhosis and diabetes mellitus[END_REF]. Multiple studies have shown a link between T2DM and the development of liver fibrosis. A metaanalysis on individual data from 3068 patients with chronic HCV GT1-4 infection in Europe, Australia and the United States found that those with fibrosis were more than twice as likely to have a history of diabetes as those without fibrosis (6.8% versus 2.6%, respectively; P=0.0016) [START_REF] Leandro | Relationship between steatosis, inflammation, and fibrosis in chronic hepatitis C: a meta-analysis of individual patient data[END_REF]. Similarly, an Italian study of 201 HCV GT1-infected patients found that patients with T2DM were twice as likely to have severe fibrosis (Scheuer score 3-4) as non-diabetic patients with IR (60% versus 30%, respectively; P=0.006) [START_REF] Petta | Insulin resistance and diabetes increase fibrosis in the liver of patients with genotype 1 HCV infection[END_REF]. In this study, T2DM was significantly associated with severe fibrosis in multivariate analysis (OR: 2.7; 95% CI: 1.5-5.0; P=0.001) [START_REF] Petta | Insulin resistance and diabetes increase fibrosis in the liver of patients with genotype 1 HCV infection[END_REF]. In a study of Japanese HCV GT1-and GT2-infected patients, 33% (32/97) of those with severe fibrosis had T2DM compared with only 5% (4/74) of those with mild fibrosis (P<0.001) [START_REF] Miyaaki | Predictive value of the fibrosis scores in patients with chronic hepatitis C associated with liver fibrosis and metabolic syndrome[END_REF]. An Italian retrospective analysis of patients with chronic HCV infection (n=726) or chronic hepatitis B virus (HBV) infection (n=126) found that T2DM was an independent risk factor for greater liver fibrosis (measured by Ishak staging) in HCV-infected patients (P<0.05), but not in HBV-infected patients [START_REF] Persico | Clinical expression of insulin resistance in hepatitis C and B virus-related chronic hepatitis: differences and similarities[END_REF]. However, not all studies have reported an association between T2DM and advanced fibrosis. In contrast to the above results, an analysis of 1,461 chronic HCV-infected patients from the Swiss Hepatitis C Cohort Study with an estimated date of infection and at least one liver biopsy found no association between diabetes and accelerated fibrosis progression rate (defined as an increase of ≥0.13 Metavir fibrosis units per year) [START_REF] Rueger | Impact of common risk factors of fibrosis progression in chronic hepatitis C[END_REF]. In this study, diabetes was present in 8% (57/719) of patients without accelerated fibrosis progression and 9% (66/742) of those with accelerated fibrosis progression; univariate logistic regression analysis did not find an association between diabetes and accelerated fibrosis progression (P=0.51) [START_REF] Rueger | Impact of common risk factors of fibrosis progression in chronic hepatitis C[END_REF].

In a recent case-control study in chronic HCV-infected Chinese patients with or without cirrhosis, diabetes significantly increased the odds of developing cirrhosis (adjusted OR 2.1; 95% CI: 1.3-3.4; P=0.001), although the length of time the patient had diabetes, the type of diabetes treatment and the presence of complications of diabetes were not associated with development of cirrhosis [START_REF] Li | Diabetes mellitus is a significant risk factor for the development of liver cirrhosis in chronic hepatitis C patients[END_REF]. Similarly, in a large Taiwanese cohort study of patients with chronic HCV infection (N=2132), diabetes was an independent risk factor for cirrhosis (adjusted HR: 2.5; 95% CI: 1.6-3.9; P<0.001) (Figure 1) and a larger effect was seen on the risk of developing decompensated cirrhosis (adjusted hazard ratio [HR]: 3.6; 95% CI: 1.5-8.3; P=0.003) [START_REF] Huang | Increased risk of cirrhosis and its decompensation in chronic hepatitis C patients with new-onset diabetes: a nationwide cohort study[END_REF]. Additionally, in a retrospective study of 72,731 patients with compensated cirrhosis in the United States, those with a co-diagnosis of diabetes and cirrhosis were more likely to have a decompensation event than those with cirrhosis alone (OR: 1.14; 95% CI: 1.08-1.21; P<0.01) [START_REF] Liu | Diabetes Is Associated with Clinical Decompensation Events in Patients with Cirrhosis[END_REF].

In two separate studies, diabetes was also shown to increase the risk of developing HCC in Chinese patients (adjusted OR 1.80; 95% CI 1.17-2.75; P=0.007) [START_REF] Li | Diabetes mellitus increases the risk of hepatocellular carcinoma in treatment-naive chronic hepatitis C patients in China[END_REF] and Taiwanese patients (adjusted HR: 1.91; 95% CI: 1.10-3.30; P=0.021) [START_REF] Huang | Increased risk of hepatocellular carcinoma in chronic hepatitis C patients with new onset diabetes: a nation-wide cohort study[END_REF] with chronic HCV infection. Additionally, in a large multinational cohort study of patients with chronic HCV infection and advanced fibrosis or cirrhosis (Ishak score 4-6; N=541), the 5-year cumulative incidence of HCC in patients with diabetes mellitus was 11.4% (95% CI: 3.0-19.8) versus 5.0% (95% CI: 2.2-7.8) in those without diabetes mellitus (P=0.013); in patients with an Ishak score of 6, diabetes mellitus was an independent risk factor for HCC (HR: 3.28; 95% CI: 1.35-7.97; P=0.009) (Figure 2) [START_REF] Veldt | Increased risk of hepatocellular carcinoma among patients with hepatitis C cirrhosis and diabetes mellitus[END_REF]. Further to these results, a single-centre, retrospective French study of 348 patients with HCV-associated cirrhosis found that diabetes mellitus was an independent predictor of death or liver transplant (HR: 1.34; 95% CI: 1.03-1.73; P=0.027), and was associated with major complications of cirrhosis, including renal dysfunction (HR: 2.35; 95% CI: 1.32-4.20; P=0.004), bacterial infection (HR: 2.10; 95% CI: 1.23-3.59; P=0.007) and HCC (HR: 1.94; 95% CI: 1.13-3.33; P=0.016) [START_REF] Elkrief | Diabetes mellitus is an independent prognostic factor for major liver-related outcomes in patients with cirrhosis and chronic hepatitis C[END_REF]. Independent of HCV infection, T2DM has been shown to increase the risk for acute myocardial infarction, stroke, lower-extremity amputation and end-stage renal disease (ESRD) [START_REF] Gregg | Changes in diabetes-related complications in the United States[END_REF], and is part of the cardiovascular disease continuum, culminating in end-stage heart disease [START_REF] Dzau | The cardiovascular disease continuum validated: clinical evidence of improved patient outcomes: part I: Pathophysiology and clinical trial evidence (risk factors through stable coronary artery disease)[END_REF]. It is not clear if the increased risk of cardiovascular disease in HCV infected individuals with T2DM is solely a consequence of IR or whether direct viral effects or systemic inflammation also contribute [START_REF] Negro | Facts and fictions of HCV and comorbidities: steatosis, diabetes mellitus, and cardiovascular diseases[END_REF][START_REF] Kralj | Hepatitis C Virus, Insulin Resistance, and Steatosis[END_REF].

What are the proposed pathogenic mechanisms underlying the association between T2DM and chronic HCV infection?

Induction of IR is thought to be the mechanism by which chronic HCV infection causes T2DM [START_REF] Negro | Facts and fictions of HCV and comorbidities: steatosis, diabetes mellitus, and cardiovascular diseases[END_REF].

Chronic HCV infection is thought to lead to hepatic IR through direct interference with insulin signalling [START_REF] Negro | Facts and fictions of HCV and comorbidities: steatosis, diabetes mellitus, and cardiovascular diseases[END_REF]. In humans, liver biopsy specimens taken from non-diabetic, HCV-infected patients showed inhibition of insulin-stimulated tyrosine phosphorylation of hepatic insulin receptor substrate-1 (IRS-1), leading to inhibition of the PI3-kinase/Akt insulin signalling pathway [START_REF] Aytug | Impaired IRS-1/PI3-kinase signaling in patients with HCV: a mechanism for increased prevalence of type 2 diabetes[END_REF]. In a recent study using a mouse model of HCV-induced IR, HCV proteins directly impaired Glut2-mediated hepatic glucose intake and gluconeogenesis by downregulating IRS-2 and altering FoxO1 phosphorylation and nuclear exclusion insulin in hepatocytes [START_REF] Lerat | Hepatitis C virus induces a prediabetic state by directly impairing hepatic glucose metabolism in mice[END_REF]. In addition to HCV-induced hepatic IR, there is evidence of HCV-induced peripheral IR, predominantly in skeletal muscle [START_REF] Vanni | Sites and mechanisms of insulin resistance in nonobese, nondiabetic patients with chronic hepatitis C[END_REF][START_REF] Milner | Chronic hepatitis C is associated with peripheral rather than hepatic insulin resistance[END_REF]. Moreover, secretion of soluble endocrine mediators from infected hepatocytes may contribute to IR in extrahepatic tissues [START_REF] Negro | Facts and fictions of HCV and comorbidities: steatosis, diabetes mellitus, and cardiovascular diseases[END_REF][START_REF] Kralj | Hepatitis C Virus, Insulin Resistance, and Steatosis[END_REF]. In a study of chronic HCV-infected patients with or without T2DM and healthy controls, chronic HCV infection was associated with IR and upregulation of tumor necrosis factor-α, glucose-6-phosphatase and resistin, leading to gluconeogenesis [START_REF] Sabir | Quantitative evaluation of insulin resistance markers in Pakistani patients suffering from HCV-associated type 2 diabetes mellitus[END_REF]. Development of HCV-induced IR may be influenced by host-related genetic and environmental factors, and with additional contributions from an imbalance of adipocytokine profile and the presence of liver steatosis, may result in progression to T2DM [START_REF] Vanni | Treatment of type 2 diabetes mellitus by viral eradication in chronic hepatitis C: Myth or reality?[END_REF].

In addition to IR, pancreatic β-cell dysfunction contributes to the development and progression of T2DM [START_REF] Greenberg | Identifying the links between obesity, insulin resistance and beta-cell function: potential role of adipocyte-derived cytokines in the pathogenesis of type 2 diabetes[END_REF] and both IR and β-cell dysfunction have been demonstrated to contribute to glucose intolerance in HCV-infected patients [START_REF] Narita | Insulin resistance and insulin secretion in chronic hepatitis C virus infection[END_REF]. Additionally, HCV has been observed in human pancreatic β cells and was associated with morphological changes and altered islet cell function, suggesting a direct cytopathic effect [START_REF] Masini | Hepatitis C virus infection and human pancreatic beta-cell dysfunction[END_REF].

What are T2DM screening procedures for HCV-infected patients?

The American Diabetes Association (ADA) recommends diabetes testing for all patients 45 years or older, and in adults of any age who are overweight or obese (BMI ≥25 kg/m 2 , or ≥23 kg/m 2 in Asian Americans) who have one or more additional risk factor for diabetes [START_REF]2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2018[END_REF]. Due to the increased risk of T2DM in HCV-infected patients, it has been proposed that all HCV-infected individuals be tested for T2DM [START_REF] Hammerstad | Diabetes and Hepatitis C: A Two-Way Association[END_REF], and T2DM testing in HCV-infected patients with cirrhosis is of particular importance. For diabetes testing the ADA recommends fasting plasma glucose, 2-hour plasma glucose during 75 g oral glucose tolerance test and A1C criteria as equally appropriate measures [START_REF]2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2018[END_REF]. In cases of a normal test result, the ADA recommends retesting for T2DM every 3 years [START_REF]2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2018[END_REF], but more frequent testing, either annually or bi-annually, may be beneficial to HCV-infected patients [START_REF] Hammerstad | Diabetes and Hepatitis C: A Two-Way Association[END_REF].

How should patients with HCV-associated T2DM be managed?

Consistent with international guidelines on the treatment of chronic HCV infection, including both EASL and AASLD treatment guidelines, HCV treatment should be initiated without delay for patients with clinically significant extrahepatic manifestations of chronic HCV, including those with T2DM [START_REF]EASL Recommendations on Treatment of Hepatitis C[END_REF][START_REF] Aasld | HCV Guidance: Recommendations for testing, managing, and treating hepatitis C[END_REF][START_REF] Ramos-Casals | Evidence-based recommendations on the management of extrahepatic manifestations of chronic hepatitis C virus infection[END_REF]. As well as treatment of HCV, patients should also receive the appropriate standard of care for IR or T2DM, including dietary and lifestyle advice as well as appropriate diabetic medications and/or statins [START_REF] Negro | Facts and fictions of HCV and comorbidities: steatosis, diabetes mellitus, and cardiovascular diseases[END_REF][START_REF] Zignego | International therapeutic guidelines for patients with HCV-related extrahepatic disorders. A multidisciplinary expert statement[END_REF].

Use of certain medications may protect from HCC in patients with chronic HCV infection and diabetes mellitus. The results of a systematic review suggest that use of metformin, sulfonylureas and insulin reduce the risk of HCC in patients with diabetes mellitus [START_REF] Singh | Anti-diabetic medications and the risk of hepatocellular cancer: a systematic review and meta-analysis[END_REF]. Two of the 10 studies included in the meta-analysis included only patients with chronic HCV infection and cirrhosis. In one of these studies [START_REF] Nkontchou | Impact of metformin on the prognosis of cirrhosis induced by viral hepatitis C in diabetic patients[END_REF], a multivariate analysis showed that use of metformin was independently associated with a marked reduction in the incidence of HCC over 5 years of follow-up (HR: 0.19; 95% CI: 0.04-0.79; P=0.023).

Consistent with these results, an analysis of a large data base showed that male sex, cirrhosis, and chronic infection with HBV or HCV independently predicted development of HCC in patients with diabetes mellitus [START_REF] Lai | Risk of hepatocellular carcinoma in diabetic patients and risk reduction associated with anti-diabetic therapy: a population-based cohort study[END_REF]. In particular the presence of diabetes mellitus, cirrhosis and chronic HCV infection was associated with an HR of 72.4 (95% CI 42.9-122) for development of HCC, Importantly use of metformin was associated with a reduced risk of HCC in this analysis. Continued use of metformin has also been shown to be associated with improved survival in patients who were using metformin at the time that cirrhosis is diagnosed (HR: 0.43; 95% CI: 0.24-0.78; P=0.005) [START_REF] Zhang | Continuation of metformin use after a diagnosis of cirrhosis significantly improves survival of patients with diabetes[END_REF]. It should be noted, however, that few patients had HCV-associated cirrhosis in the analysis by Zhang et al [START_REF] Zhang | Continuation of metformin use after a diagnosis of cirrhosis significantly improves survival of patients with diabetes[END_REF].

Statins may protect against development of cancer including HCC. The use of statins has also been shown to protect against the development of HCC in a dose-related manner in patients with newly diagnosed T2DM [START_REF] Kim | Effect of statin on hepatocellular carcinoma in patients with type 2 diabetes: A nationwide nested case-control study[END_REF]. More specifically, use of statins by patients with chronic HCV infection has been shown to be associated with a significantly lower incidence of HCC [START_REF] Tsan | Statins and the risk of hepatocellular carcinoma in patients with hepatitis C virus infection[END_REF].

It is important that clinicians recognise HCV-associated T2DM and other extrahepatic manifestations of chronic HCV infection so that patients can receive timely diagnosis and treatment.

What impact does HCV-associated T2DM have on efficacy of HCV treatment?

Three meta-analyses, each assessing over 2100 HCV-infected patients, reported that patients with IR were less likely to achieve sustained virologic response (SVR) with interferon (IFN)-based HCV therapy than patients without IR [START_REF] Deltenre | Impact of insulin resistance on sustained response in HCV patients treated with pegylated interferon and ribavirin: a meta-analysis[END_REF][START_REF] Eslam | Meta-analysis: insulin resistance and sustained virological response in hepatitis C[END_REF][START_REF] Laurito | Association between insulin resistance and sustained virologic response in hepatitis C treatment, genotypes 1 versus 2 and 3: systematic literature review and meta-analysis[END_REF]. In addition, two large cohort studies of HCV-infected patients who received IFN-based HCV therapy, one comprised of HCV GT1-3-infected US Veterans [START_REF] Backus | Predictors of response of US veterans to treatment for the hepatitis C virus[END_REF], and the other of Taiwanese patients [START_REF] Hung | Impact of diabetes mellitus on incidence of hepatocellular carcinoma in chronic hepatitis C patients treated with interferon-based antiviral therapy[END_REF], found that diabetes negatively impacted SVR rates. In the study of US Veterans, a traditionally difficult-to-treat population, the SVR rate in diabetic patients was 20% (242/1,221) versus 29% (1,309/4,723) in non-diabetic patients (P<0.001) [START_REF] Backus | Predictors of response of US veterans to treatment for the hepatitis C virus[END_REF]. In the Taiwanese study, which consisted of approximately half non-GT1 patients, the SVR rate in diabetic patients was 63% (160/253) versus 71% (867/1217) in non-diabetic patients (P=0.008) [START_REF] Hung | Impact of diabetes mellitus on incidence of hepatocellular carcinoma in chronic hepatitis C patients treated with interferon-based antiviral therapy[END_REF].

The introduction of IFN-free direct-acting antiviral (DAA) HCV therapies has dramatically improved at SVR post-treatment week 12 (SVR12) rates in both clinical trials and real-world studies [START_REF] Manns | Hepatitis C virus infection[END_REF], and realworld study data suggest high efficacy in patients with T2DM [START_REF] Backus | Real-world effectiveness of ledipasvir/sofosbuvir in 4,365 treatment-naive, genotype 1 hepatitis C-infected patients[END_REF][START_REF] Fox | Comparative treatment effectiveness of direct acting antiviral regimens for hepatitis C: Data from the Veterans administration[END_REF][START_REF] Leventer-Roberts | Effectiveness of dasabuvir/ombitasvir/paritaprevir/ritonavir for hepatitis C virus in clinical practice: A population-based observational study[END_REF]. In a cohort study of 4365 HCV GT1-infected, treatment-naive US Veterans treated with ledipasvir and sofosbuvir with or without ribavirin (RBV), diabetes status did not impact SVR rates [START_REF] Backus | Real-world effectiveness of ledipasvir/sofosbuvir in 4,365 treatment-naive, genotype 1 hepatitis C-infected patients[END_REF]. Among patients treated with ledipasvir and sofosbuvir without RBV, the SVR rate in patients with T2DM was 91% (955/1,047) versus 91%

(2,236/2,448) in those without diabetes [START_REF] Backus | Real-world effectiveness of ledipasvir/sofosbuvir in 4,365 treatment-naive, genotype 1 hepatitis C-infected patients[END_REF]. Another real-world cohort study of 11,464 HCV-infected US Veterans treated with the DAA regimens of ledipasvir and sofosbuvir, of ombitasvir/paritaprevir/ritonavir and dasabuvir, or of simeprevir and sofosbuvir found no association between diabetes and reduced SVR rates [START_REF] Fox | Comparative treatment effectiveness of direct acting antiviral regimens for hepatitis C: Data from the Veterans administration[END_REF]. Similarly, an observational cohort study of HCV GT1infected patients in Israel treated with ombitasvir/paritaprevir/ritonavir and dasabuvir found no link between diabetes and a reduction in SVR rate [START_REF] Leventer-Roberts | Effectiveness of dasabuvir/ombitasvir/paritaprevir/ritonavir for hepatitis C virus in clinical practice: A population-based observational study[END_REF].

What impact does treatment of HCV have on insulin resistance?

There is evidence that suggests HCV eradication with IFN-based therapy has a positive effect on the risk for IR [START_REF] Aghemo | Sustained virological response prevents the development of insulin resistance in patients with chronic hepatitis C[END_REF]. An Italian study evaluated non-diabetic GT1-4 HCV-infected patients treated with pegylated IFN + RBV and assessed the development of IR, defined as Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) score <2 at baseline and then >2 at 24 months after HCV treatment. Here, 55% (21/38) of patients with de novo IR had experienced treatment failure while 33% (103/316) of non-IR patients had treatment failure (P=0.007) [START_REF] Aghemo | Sustained virological response prevents the development of insulin resistance in patients with chronic hepatitis C[END_REF]. Additionally, SVR has been shown to improve IR in some HCV-infected patients. Among 300 HCV GT1-infected patients who achieved an SVR with interferonbased therapy, the prevalence of IR (HOMA-IR >3) decreased from 29% at baseline to 19% 12 weeks after treatment (P<0.001), and SVR was associated with a significant decrease in mean HOMA-IR over that time (P=0.004) [START_REF] Thompson | Viral clearance is associated with improved insulin resistance in genotype 1 chronic hepatitis C but not genotype 2/3[END_REF]. By contrast there was no significant change among HCV GT1-infected patients who failed treatment (n=197) [START_REF] Thompson | Viral clearance is associated with improved insulin resistance in genotype 1 chronic hepatitis C but not genotype 2/3[END_REF]. A prospective study published in 2017, assessed the impact of HCV clearance with DAA treatment on IR and glycaemic control [START_REF] Adinolfi | HCV clearance by direct-acting antiviral treatments reverses insulin resistance in chronic hepatitis C patients[END_REF]. Patients (N=133) with HCV GT1infection and advanced liver fibrosis (F3-F4) without T2DM were included, with n=68 treated with DAAs and n=65 untreated. Baseline HOMA-IR were similar between groups. Patients who had HCV DAA therapy, had a significant reduction in HOMA-IR by the end of treatment (4.90 ± 4.62 baseline vs 2.42 ± 1.85 at treatment end; P<0.001). Overall, 76.5% of patients who achieved a SVR had an improved IR and 41.2% had a normalized IR. No improvement occurred in the untreated group. In patients with the highest fibrosis score, a degree of IR remained despite treatment [START_REF] Adinolfi | HCV clearance by direct-acting antiviral treatments reverses insulin resistance in chronic hepatitis C patients[END_REF].

What impact does treatment of HCV have on the risk of de novo HCV-associated T2DM?

HCV eradication with IFN-based therapy has been shown to reduce the risk for de novo T2DM [START_REF] Romero-Gomez | Effect of sustained virological response to treatment on the incidence of abnormal glucose values in chronic hepatitis C[END_REF][START_REF] Arase | Sustained virological response reduces incidence of onset of type 2 diabetes in chronic hepatitis C[END_REF][START_REF] Pandya | Impact of sustained virological response to chronic hepatitic C antiviral therapy on new onset diabetes mellitus type 2 after controlling for metabolic syndrome[END_REF]. A study of 1,059 HCV-infected patients, with or without T2DM, treated with IFN + RBV found that patients with a SVR were less likely to develop impaired fasting glucose or T2DM than those without (OR: 0.44; 95% CI 0.20 -0.97; P=0.004) over a mean 27 months of follow-up [START_REF] Romero-Gomez | Effect of sustained virological response to treatment on the incidence of abnormal glucose values in chronic hepatitis C[END_REF]. In addition, A large Japanese retrospective cohort study of 2,842 patients with chronic HCV infection who were treated with IFNbased therapies, with a mean follow-up period of 6.4 years, demonstrated that patients who achieved an SVR12 had a 66% reduction in the risk for T2DM (Figure 3) versus non-SVR patients and that this reduction was independent of age, presence of cirrhosis and pre-diabetes before therapy [START_REF] Arase | Sustained virological response reduces incidence of onset of type 2 diabetes in chronic hepatitis C[END_REF]. Similarly, an analysis of data from the US Veterans Affairs cohort (median follow-up of 3.2 years) showed that, despite poor overall SVR rates with pegylated IFN and RBV (31%; 1,296/4,137), achievement of an SVR significantly reduced the likelihood of developing T2DM over time when compared to patients without an SVR (HR: 0.60; 95% CI 0.48-0.74; P<0.001) [START_REF] Pandya | Impact of sustained virological response to chronic hepatitic C antiviral therapy on new onset diabetes mellitus type 2 after controlling for metabolic syndrome[END_REF]. A real world analysis of 5,127 non-diabetic HCVinfected US patients, of whom 44% were treated with DAAs, found that over a mean follow-up of 3.7 years, patients who achieved an SVR had a 21% reduced risk of T2DM compared to patients who did not achieve an SVR (adjusted HR: 0.79; 95% CI: 0.65 -0.96; P=0.02), and the effect was consistent across age, race, BMI score and degree of fibrosis [START_REF] Li | Impact of sustained virological response on incidence of type 2 diabetes in hepatitis C patients[END_REF].

What is the impact of treatment of HCV on established T2DM?

There are limited data on the effect of viral eradication with DAAs on established T2DM, but initial studies of DAAs have shown beneficial metabolic changes in treated patients [START_REF] Meissner | Effect of sofosbuvir and ribavirin treatment on peripheral and hepatic lipid metabolism in chronic hepatitis C virus, genotype 1-infected patients[END_REF][START_REF] Morales | Hepatitis C eradication with sofosbuvir leads to significant metabolic changes[END_REF][START_REF] Mehta | Effect of Hepatitis C Treatment with Ombitasvir/Paritaprevir/R + Dasabuvir on Renal, Cardiovascular and Metabolic Extrahepatic Manifestations: A Post-Hoc Analysis of Phase 3 Clinical Trials[END_REF]. Significant reductions in glycated haemoglobin A1C (HbA1C), a measure of plasma glucose levels, have been shown in both non-diabetic and diabetic HCV-infected patients treated with DAAs [START_REF] Meissner | Effect of sofosbuvir and ribavirin treatment on peripheral and hepatic lipid metabolism in chronic hepatitis C virus, genotype 1-infected patients[END_REF][START_REF] Morales | Hepatitis C eradication with sofosbuvir leads to significant metabolic changes[END_REF]. A study of HCV GT1infected patients treated with sofosbuvir and RBV, the majority of whom were neither diabetic nor prediabetic, observed a significant decrease in HbA1C from 5.58% ± 0.08 at baseline to 5.45% ± 0.91 at 24 weeks after end of treatment (P=0.0046) [START_REF] Meissner | Effect of sofosbuvir and ribavirin treatment on peripheral and hepatic lipid metabolism in chronic hepatitis C virus, genotype 1-infected patients[END_REF]. Similarly, in a study of 60 HCV GT1-3-infected patients, with or without T2DM, treated with sofosbuvir-based therapy, a significant reduction in HbA1C was observed up to 6 months after treatment (Figure 4) [START_REF] Morales | Hepatitis C eradication with sofosbuvir leads to significant metabolic changes[END_REF]. The decrease in HbA1C was numerically greater in diabetic patients than non-diabetic patients, though the difference did not meet statistical significance. Furthermore, a post hoc analysis of Phase III trial data from HCV GT1-infected patients, with or without T2DM, who received ombitasvir/paritaprevir/ritonavir and dasabuvir with or without RBV or placebo for 12 weeks, found a greater decrease in adjusted mean glucose level at end of treatment in the DAA-treated patients versus those that received placebo (-12.1 mg/dL for DAA-treated patients versus -4.6 mg/dL for placebo-treated patients) [START_REF] Mehta | Effect of Hepatitis C Treatment with Ombitasvir/Paritaprevir/R + Dasabuvir on Renal, Cardiovascular and Metabolic Extrahepatic Manifestations: A Post-Hoc Analysis of Phase 3 Clinical Trials[END_REF]. In a second part of the post hoc analysis, long-term follow-up data from patients who received ombitasvir/paritaprevir/ritonavir and dasabuvir with or without RBV for 12 or 24 weeks were evaluated. In this evaluation, patients with diabetes (defined as patients with baseline fasting glucose value >126 mg/dL) or prediabetes (defined as patients with baseline fasting glucose value 100-126 mg/dL) experienced on-treatment decreases in glucose levels that persisted up to 52 weeks post-treatment follow-up, while there was no significant change in glucose levels among non-diabetic patients (Figure 5) [START_REF] Mehta | Effect of Hepatitis C Treatment with Ombitasvir/Paritaprevir/R + Dasabuvir on Renal, Cardiovascular and Metabolic Extrahepatic Manifestations: A Post-Hoc Analysis of Phase 3 Clinical Trials[END_REF].

Similar results have been observed in real-world studies limited to T2DM patients treated with DAAs [START_REF] Pavone | Rapid decline of fasting glucose in HCV diabetic patients treated with direct-acting antiviral agents[END_REF][START_REF] Alem | Improvement of glycemic state among responders to Sofosbuvir-based treatment regimens: Single center experience[END_REF][START_REF] Dawood | Factors Associated with Improved Glycemic Control by Direct-Acting Antiviral Agent Treatment in Egyptian Type 2 Diabetes Mellitus Patients with Chronic Hepatitis C Genotype 4[END_REF]. A small Italian retrospective study of chronic HCV-infected patients from two treatment centres identified 29 patients with T2DM who had been treated with DAAs (HCV GT1-4-infected patients) [START_REF] Pavone | Rapid decline of fasting glucose in HCV diabetic patients treated with direct-acting antiviral agents[END_REF].

Using values for treatment weeks 4, 8 and/or 12, mean fasting glucose and HbA1C levels were significantly lower versus baseline, and 84% (21/25) of patients experienced one or more of the following metabolic improvement criteria: a minimum 20 mg/dL decrease in fasting glucose level, a minimum 0.5% decrease in HbA1C; or a reduction in dosage of hypoglycaemic drugs during HCV treatment [START_REF] Pavone | Rapid decline of fasting glucose in HCV diabetic patients treated with direct-acting antiviral agents[END_REF]. Two Egyptian studies assessed the impact of sofosbuvir-based regimens on glycaemic control in predominantly HCV GT4-infected patients. One was a retrospective study of chronic HCVinfected patients with diabetes who achieved SVR24 with sofosbuvir-based therapy (n=65), and median fasting plasma glucose decreased from 113 mg/dL to 103 mg/dL (P=0.005) and median HbA1C level decreased from 6.9% to 6.4% (P<0.001), from baseline to SVR at post-treatment week 24 (SVR24), respectively [START_REF] Alem | Improvement of glycemic state among responders to Sofosbuvir-based treatment regimens: Single center experience[END_REF]. A total of 51 (78%) individuals experienced improvement in HbA1C level (defined as a 0.5% decrease of from baseline level) at SVR24; lower BMI was associated with HbA1C decrease (P=0.04) [START_REF] Alem | Improvement of glycemic state among responders to Sofosbuvir-based treatment regimens: Single center experience[END_REF]. The second study assessed 460 Egyptian patients with chronic HCV GT4 infection with T2DM, and showed that treatment with sofosbuvir and daclatasvir, with or without RBV, was associated with improved glycaemic control in most patients [START_REF] Dawood | Factors Associated with Improved Glycemic Control by Direct-Acting Antiviral Agent Treatment in Egyptian Type 2 Diabetes Mellitus Patients with Chronic Hepatitis C Genotype 4[END_REF]. Among 378 patients who achieved an SVR, 292 individuals (77%) had improved glycaemic control [START_REF] Dawood | Factors Associated with Improved Glycemic Control by Direct-Acting Antiviral Agent Treatment in Egyptian Type 2 Diabetes Mellitus Patients with Chronic Hepatitis C Genotype 4[END_REF]. Factors associated with improved glycaemic control identified by multivariate analysis were a duration of T2DM of less than 7 years, a negative family history of T2DM, and less severe cirrhosis (by Child-Pugh scale) [START_REF] Dawood | Factors Associated with Improved Glycemic Control by Direct-Acting Antiviral Agent Treatment in Egyptian Type 2 Diabetes Mellitus Patients with Chronic Hepatitis C Genotype 4[END_REF].

Consistent with results from studies on IFN-based therapy, recent studies on DAA therapy have demonstrated the positive effects of viral eradication on T2DM [START_REF] Ciancio | Significant improvement of glycemic control in diabetic patients with HCV infection responding to direct-acting antiviral agents[END_REF][START_REF] Hum | Improvement in Glycemic Control of Type 2 Diabetes After Successful Treatment of Hepatitis C Virus[END_REF]. An Italian study of HCV GT1-4infected patients with T2DM compared mean change in fasting glucose and HbA1C levels among patients who achieved SVR12 with DAA therapy to those who failed treatment or were untreated [START_REF] Ciancio | Significant improvement of glycemic control in diabetic patients with HCV infection responding to direct-acting antiviral agents[END_REF].

Patients who achieved SVR12 (n=101) experienced significant decreases in mean glucose, HbA1C, and HOMA-IR levels at post-treatment week 12, while no significant changes in these variables were observed in those who failed treatment or were untreated (n=21) [START_REF] Ciancio | Significant improvement of glycemic control in diabetic patients with HCV infection responding to direct-acting antiviral agents[END_REF]. In multivariable analysis, SVR12 was the only factor associated with improved glycaemic control (OR: 49.8; 95% CI: 2.2-112.7; P=0.014) [START_REF] Ciancio | Significant improvement of glycemic control in diabetic patients with HCV infection responding to direct-acting antiviral agents[END_REF]. Additionally, an analysis of 2,435 US Veterans with T2DM and infected with HCV GT1 or GT4 who were treated with a DAA regimen, excluding RBV-containing regimens, assessed mean changes in HbA1C level before treatment and 15 months after treatment [START_REF] Hum | Improvement in Glycemic Control of Type 2 Diabetes After Successful Treatment of Hepatitis C Virus[END_REF]. Among all treated patients, mean decrease in HbA1C level was greater among those who achieved an SVR than those who failed treatment (mean difference -0.18%; P=0.03); when the analysis was limited to those with elevated HbA1C at baseline (pretreatment >7.2%), the mean difference was -0.33% (P=0.02) (-0.34% [P=0.02] when adjusted for baseline factors) [START_REF] Hum | Improvement in Glycemic Control of Type 2 Diabetes After Successful Treatment of Hepatitis C Virus[END_REF]. Two of the above studied assessed the impact of HCV therapy on antidiabetic medication use. In the Egyptian study of GT4 patients treated with sofosbuvir and daclatasvir, with or without RBV, among the 292 patients with improved glycaemic control, 78 (27%) were able to decrease the dose of antidiabetic medication, either insulin (n=61) or gliclazide (n=17) [START_REF] Dawood | Factors Associated with Improved Glycemic Control by Direct-Acting Antiviral Agent Treatment in Egyptian Type 2 Diabetes Mellitus Patients with Chronic Hepatitis C Genotype 4[END_REF]. In the study of 2,435 HCV-infected US Veterans with T2DM treated with DAAs, achieving SVR was associated with decreased use of insulin; among patients who achieved SVR insulin use decreased from 41.3% before treatment to 38.0% after treatment, while it increased from 49.8% to 51.1% in non-SVR patients (mean difference between groups = -4.5%; P=0.04) [START_REF] Hum | Improvement in Glycemic Control of Type 2 Diabetes After Successful Treatment of Hepatitis C Virus[END_REF].

What is the impact of treatment of HCV on diabetic complications?

Antiviral treatment with IFN-based therapy has been shown to lower the risk of extrahepatic manifestations of HCV infection, such as ESRD, acute coronary syndrome (ACS) and stroke [START_REF] Hsu | Association between antiviral treatment and extrahepatic outcomes in patients with hepatitis C virus infection[END_REF][START_REF] Hsu | Interferon-based therapy reduces risk of stroke in chronic hepatitis C patients: a population-based cohort study in Taiwan[END_REF], and viral clearance decreased the risk of chronic kidney disease and hemorrhagic stroke [START_REF] Arase | Development rate of chronic kidney disease in hepatitis C virus patients with advanced fibrosis after interferon therapy[END_REF][START_REF] Arase | Impact of virus clearance for the development of hemorrhagic stroke in chronic hepatitis C[END_REF]. A large Taiwanese population-based study involving 2,822 patients with chronic HCV infection that was limited to those with diabetes mellitus demonstrated that treatment with pegylated IFN and RBV, without accounting for treatment response, was associated with reduced risk of diabetic complications such as ESRD, ischemic stroke and ACS [START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF]. Multivariate analyses demonstrated that among HCV-infected individuals with T2DM, antiviral treatment was associated with an 84% reduction in risk of ESRD (adjusted HR: 0.16; 95% CI: 0.07-0.33), a 47% reduction in ischemic stroke (adjusted HR: 0.53; 95% CI: 0.30-0.93), and a 36% reduction in ACS (adjusted HR: 0.64; 95% CI: 0.39-1.06) over 8 years of follow-up [START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF].

Achievement of SVR in patients with bridging fibrosis or cirrhosis is associated with a greatly reduced incidence of HCC and liver related complications [START_REF] Bruno | Sustained virological response to interferon-alpha is associated with improved outcome in HCV-related cirrhosis: a retrospective study[END_REF][START_REF] Van Der Meer | Association between sustained virological response and allcause mortality among patients with chronic hepatitis C and advanced hepatic fibrosis[END_REF]; however, the risk of HCC is not completely eliminated after achievement of an SVR [START_REF] Van Der Meer | Risk of cirrhosis-related complications in patients with advanced fibrosis following hepatitis C virus eradication[END_REF]. Until recently, conclusions regarding the impact of SVR on HCC incidence and other liver related outcomes have been based on studies from the interferon treatment era [START_REF] Van Der Meer | Association between sustained virological response and allcause mortality among patients with chronic hepatitis C and advanced hepatic fibrosis[END_REF][START_REF] Van Der Meer | Risk of cirrhosis-related complications in patients with advanced fibrosis following hepatitis C virus eradication[END_REF]. However, an analysis of a large US health system database has demonstrated that achievement of an SVR is associated with a reduced incidence of HCC regardless of whether a patient has received IFN-based treatment alone (HR: 0.32; 95% CI: 0.28-0.37), DAA plus IFN treatment (HR: 0.48; 95% CI: 0.32-0.73) or DAA-based treatment alone (HR: 0.29; 95% CI: 0.23-0.37) [START_REF] Ioannou | HCV eradication induced by direct-acting antiviral agents reduces the risk of hepatocellular carcinoma[END_REF]. A subsequent prospective analysis of data from 2249 recipients of DAA-based regimens showed that the incidence of HCC was significantly lower in patients with compensated or decompensated cirrhosis who achieve an SVR (P<0.001) [START_REF] Calvaruso | Incidence of Hepatocellular Carcinoma in Patients with HCV-associated Cirrhosis Treated with Direct-Acting Antiviral Agents[END_REF]. Notwithstanding these observations, advanced age, higher platelet count and diabetes mellitus are associated with a higher risk of HCC in patients who have achieved an SVR [START_REF] Van Der Meer | Risk of cirrhosis-related complications in patients with advanced fibrosis following hepatitis C virus eradication[END_REF]; thus, patient with cirrhosis and diabetes who achieve an SVR should be considered to be at increased risk of HCC than patients without diabetes.

These studies show the promise of DAA-based HCV therapy for patients with T2DM. In the daily care of HCV-infected T2DM patients treated with DAAs, close follow up is advisable to assess for changes in the patient's diabetes control status, including reduction in blood glucose, occurring either on-treatment or after stopping DAAs. This may necessitate a reduction of antidiabetic drugs. Additional studies on the effects of DAA therapy on risk of T2DM and associated complications, as well as on the subsequent management of T2DM are needed.

Conclusions

Multiple large meta-analyses have shown that chronic HCV infection is associated with an increased risk of T2DM [START_REF] Younossi | Extrahepatic Manifestations of Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden[END_REF][START_REF] White | Hepatitis C infection and risk of diabetes: a systematic review and meta-analysis[END_REF]. There is strong evidence that T2DM in the context of HCV infection results in increased risk of adverse liver outcomes, such as advanced fibrosis, decompensated cirrhosis and HCC [START_REF] Leandro | Relationship between steatosis, inflammation, and fibrosis in chronic hepatitis C: a meta-analysis of individual patient data[END_REF][START_REF] Petta | Insulin resistance and diabetes increase fibrosis in the liver of patients with genotype 1 HCV infection[END_REF][START_REF] Miyaaki | Predictive value of the fibrosis scores in patients with chronic hepatitis C associated with liver fibrosis and metabolic syndrome[END_REF][START_REF] Persico | Clinical expression of insulin resistance in hepatitis C and B virus-related chronic hepatitis: differences and similarities[END_REF][START_REF] Li | Diabetes mellitus is a significant risk factor for the development of liver cirrhosis in chronic hepatitis C patients[END_REF][START_REF] Huang | Increased risk of cirrhosis and its decompensation in chronic hepatitis C patients with new-onset diabetes: a nationwide cohort study[END_REF][START_REF] Liu | Diabetes Is Associated with Clinical Decompensation Events in Patients with Cirrhosis[END_REF][START_REF] Li | Diabetes mellitus increases the risk of hepatocellular carcinoma in treatment-naive chronic hepatitis C patients in China[END_REF][START_REF] Huang | Increased risk of hepatocellular carcinoma in chronic hepatitis C patients with new onset diabetes: a nation-wide cohort study[END_REF][START_REF] Veldt | Increased risk of hepatocellular carcinoma among patients with hepatitis C cirrhosis and diabetes mellitus[END_REF].

While T2DM has been found to reduce the efficacy of interferon-based HCV therapy, early studies suggest T2DM does not have the same effect on interferon-free DAA-based therapy [START_REF] Backus | Real-world effectiveness of ledipasvir/sofosbuvir in 4,365 treatment-naive, genotype 1 hepatitis C-infected patients[END_REF][START_REF] Fox | Comparative treatment effectiveness of direct acting antiviral regimens for hepatitis C: Data from the Veterans administration[END_REF][START_REF] Leventer-Roberts | Effectiveness of dasabuvir/ombitasvir/paritaprevir/ritonavir for hepatitis C virus in clinical practice: A population-based observational study[END_REF].

Extrahepatic benefits of viral eradication in HCV-infected patients, including reduced risk of new-onset T2DM and reduced risk of diabetic complications in those already with the disease, underscore the need to evaluate all persons with HCV infection for diabetes and to treat HCV infection regardless of level of hepatic fibrosis. Heightened awareness of the vulnerability of diabetic patients with HCV to more advanced hepatic fibrosis and the need to prevent and manage complications of their liver disease is needed. 
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 1202345 Figure 1. Cumulative incidence of cirrhosis in patients with chronic HCV infection, by presence of diabetes[20]
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