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a b s t r a c t 

Chronic hepatitis C (CHC) is a complex disease that can affect different metabolic processes, including 

glucose and lipid metabolic pathways, with a significant impact on the development of heart disease and 

stroke. Recent therapy with direct-acting antivirals (DAAs), beyond its high efficacy on CHC eradication, 

showed a beneficial impact on glucose and lipid metabolism. This review aimed to describe current ev- 

idence regarding the association between hepatitis C virus (HCV) infection and impairment of glucose 

and lipid metabolism and also discusses potential public-health implications in light of the new DAA 

therapies and their availability at a global level. The excellent safety profile and efficacy of DAAs offer 

an exceptional opportunity to control the HCV pandemic at a global level and represent an opportunity 

for developing an operational research framework aimed at investigating the complex dynamics between 

host, pathogen and therapy that lead to metabolic damage in subjects with infectious diseases. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Hepatitis C virus (HCV) is a single-stranded RNA virus identi-

ed as the causative agent of chronic hepatitis C (CHC) in April

989. It is estimated that ca. 71 million individuals worldwide are

hronically infected with HCV. CHC is a major public-health issue

nd is associated with degenerative liver processes dominated by

ecroinflammatory damage leading to fibrosis, progressive decay of

iver function, hepatocellular carcinoma and, eventually, death [1] .

n many geographical settings, HCV-associated end-stage liver dis-

ase is the main reason for liver transplantation [2] . 

In addition to liver disease, CHC is associated with clinically

ignificant metabolic alterations. Several studies have established

hat the prevalence of insulin resistance, accelerated atherosclero-

is and metabolic syndrome are much higher among subjects with

HC than in the general population [3] . However, several authors

ave argued that the increased prevalence of metabolic conditions

n patients with CHC is mainly due to non-causative associations

confounding) and that there is no evidence that metabolic alter-

tions (e.g. higher fasting glucose levels and lower cholesterol and

riglyceride levels) are actually associated with either metabolic

yndrome [4] or with excess mortality [5] . 
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The pathogenesis of metabolic alterations in patients with CHC

s complex and depends on the dynamic interplay of several com-

onents such as the host innate metabolic profile [6] , patient

ehaviour, co-infection with other pathogens (e.g. human immun-

deficiency virous (HIV) [7] and tuberculosis (TB) [8] ), genetic pro-

le of the HCV (different genotypes are associated with differing

mpacts on metabolism), stage of liver disease [9] and exposure

o previous host-directed anti-HCV therapies. Indeed, for nearly

wo decades, interferons (IFNs) have formed the basis for anti-

CV treatment. IFN-based regimens have significantly improved

he life quality and expectancy of patients with CHC [10] , how-

ver establishing whether these host-directed treatments could ac-

ually improve metabolic impairment due to HCV was difficult.

n fact, the rate of HCV clearance was suboptimal, patients may

eed to receive multiple treatments, and IFNs may directly produce

oth reversible and permanent metabolic impairment [11–13] .

he recent introduction of oral direct-acting antivirals (DAAs) has

ubstantially changed the scenario of HCV therapy. DAAs have

hown an excellent safety profile and extraordinary efficacy, with

roportions of HCV clearance between 80–95% [14] . As DAA reg-

mens do not have any absolute contraindications, there is broad

onsent that ambitious public-health programmes for optimal

lobal control of CHC, including eradication, are currently possible

15] . 

This review aimed to describe current evidence regarding the

ssociation between HCV infection and impairment of glucose

nd lipid metabolism and also discusses potential public-health
rved. 
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implications in light of the new DAA therapies and their availabil-

ity at a global level. 

2. Hepatitis C virus and glucose metabolism 

There is an extensive body of evidence that HCV infection may

have a direct role in the development of insulin resistance. Epi-

demiological studies have long suggested that the prevalence of

type 2 diabetes mellitus (T2DM) is much higher in subjects with

CHC than in the general population, ranging between 13% and 67%

according to liver fibrosis stage and time of infection [16–18] . How-

ever, several individual population studies based on cross-sectional

analyses did not confirm a direct association between CHC and im-

pairment of glucose metabolism, suggesting that most of the ex-

cess of risk of T2DM in patients with HCV infection was due to

the confounding effect of other covariates including age, stage of

liver disease and patient’s body mass index (BMI) [5,6,19] . 

Nevertheless, these studies could have failed to establish a di-

rect association between HCV infection and insulin resistance as

a consequence of study design bias (cross-sectional studies cannot

establish the sequence of events) and possibly lack external valid-

ity (these studies have been carried out on special populations and

cannot be readily generalised). 

In contrast, results from large meta-analyses have provided

good evidence that HCV infection may actually have a direct role

in the development of insulin resistance. In particular, a pivotal

systematic review pooling data from 17 studies including 286 084

subjects found that the risk of T2DM was higher in patients with

CHC than in uninfected people (odds ratio = 1.68, 95% confidence
Fig. 1. Hepatitis C virus (HCV)-associated glucose and lipid metabolic changes. GLUT2, gluc

factor; TNFR, tumour necrosis factor receptor; mTOR, mammalian target of rapamycin; SO

forkhead box protein O1, transcription factor; PEPCK, phosphoenolpyruvate carboxykinase

SRE, sterol regulatory element; PPAR, peroxisome proliferator-activated receptor; PPRE, 

triglyceride transfer protein; VLDL, very-low-density lipoprotein cholesterol; ApoB, apolipo
nterval 1.15–2.45) [20] . Similar results have been reported by an-

ther independent meta-analysis of 34 observational studies car-

ied out between 1998–2008 suggesting that the risk of develop-

ng T2DM was ca. 2 times higher in HCV-infected patients than

n people without HCV infection including healthy controls and

ersons with either hepatitis B virus or HIV infection [21] . In ad-

ition, the direct association between HCV infection and an in-

reased incidence of diabetes has been recently confirmed by a

arge, prospective, community-based study carried out on 21 559

dults followed-up for 20 years. In that study, 1917 incident di-

betes cases were recorded with a cumulative risk of new-onset

iabetes of ca. 17% in patients with CHC and 11% in uninfected

ubjects (hazard ratio = 1.31–2.02), suggesting that HCV infection

receded insulin resistance and thus may have a direct role in the

athogenesis of diabetes [22] . 

The hypothesis that HCV has a direct role in the pathogenesis of

nsulin resistance is also supported by evidence from basic science

nvestigations. Experimental and clinical studies have suggested

hat HCV may interact with glucose metabolism through multiple

echanisms. HCV may directly inhibit the insulin-signalling path-

ay, with downregulation of glucose transporter 2, promotion of

RS-1 degradation through protein kinase B (Akt)/mammalian tar-

et of rapamycin (mTOR) activation, and suppression of phosphory-

ation of tyrosine on IRS-1. Moreover, HCV impairs phosphorylation

f Akt leading to a reduction in insulin stimulation. 

An important role has been ascribed to pro-inflammatory cy-

okines such as tumour necrosis factor-alpha (TNF α), which sup-

ress the action of insulin in the liver and peripheral tissue and

xidative stress promoted by HCV core protein ( Fig. 1 ) [23–25] . 
ose transporter 2; INS, insulin; IRS, insulin receptor substrate; TNF, tumour necrosis 

CS3, suppressor of cytokine-signalling protein; AKT, protein kinase B (Akt); FoxO1, 

; G6Pase, glucose-6-phosphatase; SREBP, sterol regulatory element-binding protein; 

PPAR response element; NS5A, HCV non-structural protein 5A; MTTP, microsomal 

protein B; TG, triglycerides; ER, endoplasmic reticulum; FA, fatty acid. 
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. Hepatitis C virus and lipid metabolism 

The association between HCV infection and dysregulation of

ipid metabolism has been observed since long ago. The classi-

al clinical features of patients with CHC are characterised by low

erological levels of lipoproteins and total cholesterol, especially

n patients with genotype 3 HCV [26] , paralleled by increased

arenchymal lipid accumulation (e.g. liver steatosis and accelerated

therosclerosis). 

Clinical studies suggested that the prevalence of liver steato-

is is much higher in patients with CHC than in HCV-non-infected

ubjects with other chronic liver diseases, including chronic hep-

titis B, being between 40–86% and 20–50%, respectively [27,28] .

n addition, different HCV genotypes are associated with differ-

nt steatosis patterns, including steatosis associated with metabolic

yndrome in patients infected with non-3 genotype (metabolic

teatosis) and steatosis associated with high viral load and hy-

olipidaemia in patients infected with genotype 3 (viral steatosis).

hese different steatosis patterns could influence the natural his-

ory of CHC, as metabolic steatosis may increase hepatic damage

nd accelerate the fibrotic process [29–41] . 

Epidemiological studies have suggested that impairment of lipid

etabolism in CHC could contribute to accelerated atherosclero-

is and increase the risk of cardiovascular and cerebrovascular ac-

idents [30] . Retrospective studies have shown that, after adjust-

ent for confounding, the level of circulating HCV core protein is

 strong independent predictor of carotid vascular alteration, in-

luding accelerated carotid plaque formation and intimal medial

hickening [31,32] . These organic alterations demonstrate a direct

ssociation with liver steatosis and HCV-RNA load [33] . Indeed,

he results of retrospective studies are supported by evidence from

rospective studies [34,35] and meta-analysis [36] suggesting that

HC is associated with carotid atherosclerosis independent from

lassical risk factors and that HCV clearance after therapy is asso-

iated with a slow, although significant, improvement in the lipid

rofile. 

The biological basis of the pathogenesis of lipid metabolism al-

eration in patients with CHC is strong. In fact, the HCV lifecy-

le is closely associated with the cholesterol and lipogenesis path-

ays in hepatocytes [37,38] . HCV circulates in the blood associated

ith lipoproteins, forming ‘lipoviroparticles’ that bind to hepato-

ytes via interaction with the low-density lipoprotein (LDL) recep-

or [39,40] . Indeed, recent molecular investigation suggested that

CV may affect host lipid metabolism in at least three ways: (i)

nhancement of lipogenesis by upregulating de novo synthesis of

atty acids and cholesterol [fatty acid synthase, sterol regulatory

lement-binding protein (SREBP)]; (ii) impairment of lipoprotein

egradation through mitochondrial lipid β-oxidation; and (iii) im-

airment of lipoprotein export by reducing microsomal triglyceride

ransfer protein (MTTP) ( Fig. 1 ) [39] . 

. Direct-acting antiviral therapy and metabolism 

The complex interplay between HCV infection, the suboptimal

afety profile of IFNs and the host baseline metabolic profile has

reviously resulted in contrasting evidence regarding the true ef-

ect of HCV clearance on individual metabolic impairment. Old

tudies suggested that clearance of HCV following IFN-based ther-

py could have even resulted in a worsening lipid metabolic pro-

le and cardiovascular risk. However, in recent years, treatment of

hronic HCV infection has dramatically improved with the devel-

pment of IFN-free regimens based on DAAs. These drugs, which

pecifically target non-structural viral proteins, have highly im-

roved sustained virologic response (SVR) rates of > 90% with a

hortened treatment duration and reduced side effects; thus, CHC

as become a curable disease in the majority of treated patients,
ncluding those previously considered as difficult to treat [16] .

oreover, recent evidence has suggested that DAA treatment is as-

ociated with improvement in metabolic impairment and that po-

ential concerns regarding the toxicity of long-term IFNs on the

ardiovascular system do not apply to DAAs [13,33] . 

A retrospective study suggested that clearance of HCV with

ofosbuvir-containing regimens resulted in a significant drop in

aemoglobin A1c (HbA1C) and an increase in LDL and triglycerides

p to 6 months post-HCV eradication. Although not statistically

ignificant, patients with a history of diabetes tended to have a

igher drop in HbA1C than those without diabetes, and patients

ith a high pre-treatment viral load tended to have a higher drop

n HbA1C [40] . 

Consistent with these results, we carried out an analysis of 300

atients with CHC to describe the temporal kinetics of fasting glu-

ose level during and after DAA therapy. In this study, we found

trong evidence that blood glucose levels significantly dropped in

atients with diabetes who cleared HCV infection. Most of the ob-

erved variation occurred early in time and in temporal coinci-

ence with HCV clearance. Furthermore, the metabolic improve-

ent was persistent with a reduction of average fasting glucose

evel for > 1 year after the end of therapy, rejecting the hypoth-

sis that DAAs may affect per se on blood glucose levels (Lanini

, unpublished data). Similar results were reported in other stud-

es suggesting that a reduction of fasting glucose levels after HCV

learance was independent from HCV genotype, BMI and the DAA

egimen used [41,42] and that it was associated with a reduction

n the use of insulin in diabetic patients [43,44] . 

In addition to the improvement in insulin resistance, there are

ood reasons to believe that HCV-associated hypolipidaemia can be

ompletely reversed following viral clearance achieved with DAAs. 

Several studies provided evidence that lipoprotein levels and

iver lipid accumulation tended to normalise after the initiation

f combination therapy including with sofosbuvir/ribavirin [12,45] ,

ofosbuvir/ledipasvir [46] , asunaprevir/daclatasvir [47] and gra-

oprevir/elbasvir [48] . These modifications appear to be associ-

ted with significant improvement of steatosis and atherogenesis

30–49] . 

The beneficial effect of HCV clearance on the metabolic profile

as also observed in complex patients such as those with CHC

ho received a liver transplant. In these subjects, eradication of

ecurrent HCV infection by DAA therapy showed a beneficial im-

act on glucose and lipid metabolism leading to a reduction in the

eed for treatment of diabetes and hypertension by 38% and 22%

rom baseline, respectively [49] . 

However, some authors observed that elevated alanine amino-

ransferase (ALT) levels may persist in from 10% up to 30% of sub-

ects after SVR, suggesting that liver damage may persist following

CV clearance as a consequence of behavioural and constitutional

actors. Persistent elevated ALT levels following SVR are associated

ith male sex, advanced liver disease and markers for liver steato-

is, highlighting that liver disease in patients with CHC may have

 multifactorial aetiology [50,51] . Prospective observational studies

re needed to define the interplay between metabolic impairment

nd potential progression of liver damage following SVR. 

. Future perspectives 

Metabolic impairments are emerging causes of mortality and

orbidity at a global level. In particular, T2DM has attained the

tatus of a global pandemic, spreading from rich industrialised

ountries to middle- and low-income countries in Asia, Latin Amer-

ca and Africa. In special geographical settings, such as urban areas

f India, insulin resistance affects > 25% of the population whilst

vert T2DM has a prevalence exceeding 10% [52] . Recent evidence

uggests that there is a complex interplay between chronic and
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recurrent infections and metabolic diseases resulting from the

combined deleterious effects of pathogens and anti-infective ther-

apies on metabolic homeostasis. Recent studies provided evidence

that co-clustering of metabolic disorders with infectious diseases

such as HIV/AIDS [53,54] , TB [55] and malaria [56] already repre-

sents a significant public-health issue in developing countries. 

CHC is a complex disease affecting different host biological

structures and metabolic processes, including glucose and lipid

metabolic pathways. According to recent estimates, ca. 47 million

individuals worldwide may have overt T2DM as a consequence of

HCV infection and there is widespread agreement that HCV may

have a negative impact on the development of heart disease and

stroke [4] . 

Therapy with DAAs offers an exceptional opportunity to control

the HCV pandemic at a global level and also represents a unique

opportunity to develop an operational research framework aimed

at investigating the complex dynamics between host, pathogen

and therapy that lead to metabolic damage in subject with infec-

tious diseases. DAAs are orally-administered dugs with an excep-

tion efficacy and safety profile. This makes it possible to provide

effective therapy to all patients all over the world regardless of

the stage of liver disease [10] . At present there is a need to con-

firm whether eradication of HCV may also counter (or even revert)

metabolic impairments and improve patients’ clinical outcomes in

the long term. In affluent industrial countries, national guidelines

have already implemented evidence on the positive effect of DAAs

on metabolism into clinical practice by recommending immedi-

ate treatment for all subjects and strict monitoring after therapy

for those with extrahepatic conditions, including metabolic impair-

ment and high-risk cardiovascular diseases. In these settings, im-

plementation of an operational research framework directly sup-

ported by local health authorities will be pivotal to assess and

quantify the actual impact of anti-HCV treatment on extrahepatic

conditions [14] . Besides, there is a need to expand access to DAAs

to all subject with CHC despite the stage of liver disease in de-

veloping countries and in particular in those geographical settings

with a high prevalence of CHC and metabolic diseases such as

T2DM. 

6. Conclusions 

CHC is now a curable condition. New therapies with DAAs

promise to clear infection in most patients, including those previ-

ously considered difficult to treat. In addition, the optimal safety

profile of DAA regimens makes it possible to also treat frail

patients with several co-morbidities and, in fact, previous con-

cern regarding IFN therapy, including increased cardiovascular risk,

permanent effects on metabolism and acute liver decompensa-

tion, do not apply to IFN-free regimens. Given the optimal safety

profile and exceptional efficacy, therapy with DAAs represents a

unique opportunity to study metabolic impairment in patients

with HCV chronic and recurrent infection. The optimal environ-

ment for these investigations is, in our opinion, composed of a

solid operational research framework implemented within solid lo-

cal networks supported by local health authorities in developed

countries [14] and/or within internationally-funded programmes in

resource-limited settings [57] . This approach could eventually be

expanded to other infectious diseases that have clinically signifi-

cant metabolic implications. 
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