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Abstract
There are interactions between lipid metabolism and hepatitis C virus (HCV) which are still
in study. The response to standard double or triple drug combination in patients with
chronic hepatitis C (CHC) is not ideal. This review focuses on the possibility of associating a
statin to the treatment of these patients to improve outcomes. Statins inhibit not only 3hydroxy-3-methyl-glutaryl-CoA reductase activity, but also the production of some farnesylated and geranyl-geranylated compounds, involved in signal transduction pathways and in
HCV replication. Their effect is synergistic with that of interferon. Based on promising experimental studies, statins have been applied alone or in combination with standard therapy
in several clinical trials. Their results range from no antivirus effect to a significant increase
of the rate of sustained virological response (SVR). Statins are, in general, safe drugs. However, sometimes they can cause adverse effects, especially in liver, muscle or kidney. Only
few patients develop an increase of aminotrasferases; this is believed to be related to lipid
lowering, which is class characteristic, transient and often dose-related. The real liver toxicity of statins is rare. It is widely accepted today that statins are relatively safe drugs for the
treatment of CHC, and as adjuvant, it is hoped that they will improve the treatment response.
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Introduction
More than 10 years ago, administering a statin to a patient
with liver cytolysis was forbidden because it was believed
that statins may dangerously increase the serum level of
aminotranferases. They inhibit not only 3-hydroxy-3methyl-glutaryl-CoA reductase activity, and, finally, cholesterol synthesis, but also other products involved in
intra-cellular signal transduction. In addition, they have
antioxidant action. Due to these effects, subsequently they
have been proved be beneficial in nonalcoholic steatohepatitis (NASH). Clinical trials with statins in NASH
have shown a decrease in serum aminotransferases level
and reducing fatty liver, a fact demonstrated imagistically
[1]. Statins are the only lipid-lowering drugs able to reduce cardiovascular risk of patients with nonalcoholic
fatty liver disease [2]. While in NASH there is a direct
correlation between oxidative stress (measured by plasma
oxysterol level) and low-density lipoprotein-cholesterol
(LDL-cholesterol), in chronic hepatitis C (CHC) an inverse correlation between the high levels of this oxidative
stress marker and low LDL-cholesterol was shown [3].
Interactions between hepatitis C virus (HCV) and hepatocyte lipid metabolism are still ongoing studies. It is beBiomed Res- India 2014 Volume 25 Issue 4

lieved that lipids play key roles in the HCV life cycle [4].
In a recent experimental study, HCV increased the level
of reactive oxygen species and decreased the ratio between nicotinamide adenine dinucleotide (NAD+) and
NADH. It also inhibited the silent information regulator 1
(SIRT1) and finally upregulated the genes involved in
fatty acid synthesis and downregulated the genes involved
in fatty acid β-oxidation. A SIRT1 activator was able to
decrease cholesterol and triacylglycerol synthesis and
HCV replication [5]. Low lipid levels seen in HCV infection correlate with resistance to interferon therapy [4].
The interaction between low serum cholesterol levels and
IL-28B rs12979860 T/T genotype is a predictor of unfavorable evolution in chronic HCV patients with normal
aminotransferases [6]. Previous experimental studies have
found that some statins inhibit HCV replication. This
effect is due to the inhibition of prenylation and geranylgeranylation processes [7, 8]. and was synergistic in combination with interferon [7].
The purpose of this review is to summarize the results of
experimental and clinical studies that used statins in infection with hepatitis C virus in order to draw conclusions
on their effectiveness. Articles in PubMed March 06th,
2013 have been taken into consideration. The terms of
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search were: chronic hepatitis C + statin, atorvastatin,
fluvastatin, lovastatin, pitavastatin, rosuvastatin, simvastatin. 41 articles were taken into consideration, 5 of them
excluded because the summary was not available.
Experimental researches
A study made in a genome-length HCV RNA replication
system (OR6) established that fluvastatin had the strongest anti-HCV activity and its combination with interferon
was synergistic on HCV RNA replication. Atorvastatin
and simvastatin had moderate inhibitory effects, while
lovastatin was less efficient and pravastatin had no antiHCV activity [7, 8]. Another study made in OR6 system
also showed that statins (atorvastatin, fluvastatin, lovastatin, pitavastatin, and simvastatin) in combination with
interferon enhanced its anti-HCV effect [8].
The combination of fluvastatin or interferon-α or β with
β-carotene, linoleic acid or vitamin D2 had an additive
effect on the inhibition of HCV RNA replication, in the
same OR6 system. Alone, vitamin E increased HCV RNA
replication, but did not inhibit the antivirus effect of fluvastatin or interferon, unlike the effect of the other three
nutrients [9].
Polyunsaturated endoplasmic reticulum liposomes
(PERL) were able to reduce the cellular cholesterol load
and thus had anti-HCV activity, with decreased viral secretion, in vitro. The lowering of plasma membrane cholesterol reduced the cellular infectivity of HCV. In addition, there was a competition between PERL and cholesterol for binding to cellular receptors [10].
Clinical trials
The first prospective trial which used statins for the
treatment of a heterogenous and small number of patients
with CHC had modest beneficial results, in 2007 [11].
In a study made in Philadelphia on dyslipidemic patients
infected with HCV there was no significant difference
between serum viral RNA level prior to and while on
statins, but the number of patients was only 99 (excluding
the witnesses) [12].
In a pilot study, 10 patients infected with HCV were
treated with a daily dose of 20 mg atorvastatin, as monotherapy. The HCV RNA levels did not vary significantly
after 4 and 12 weeks of treatment, comparing with baseline [13].
Fluvastatin was given as monotherapy to a group of 31
patients with viral hepatitis C while HCV RNA and liver
tests were repeated weekly. Half of the patients had a
decrease of HCV RNA under a daily dose of 80 mg or
less. 82% of them showed the first drop within four
weeks. Then, viremia remained constant for 2-5 weeks to
the majority of those who responded. The most important
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weekly reduction of viral load was of 1.75 log [10]. Only
22% of the patients had a continuous decrease of viral
load until the end of the study. This treatment was safe,
but statins could not produce a marked and persistent
decrease of viral load, so that they could be tested in future studies as adjunctive therapy along with antiviral
medication [14].
In a multicenter clinical trial, 99 patients with CHC received fluvastatin 40 mg daily or lovastatin 20 mg daily
for 28 days. There was a significant decrease of viral load
after both drugs comparing with baseline, more important
after the fluvastatin treatment (p=0.00092). Both drugs
also induced a decrease of some serum pro-inflammatory
cytokines levels (IL-6 and TNF-α) comparing with baseline. In addition, fluvastatin contributed to decreasing the
serum IL-8 level. The serum level of IL-10, an antiinflammatory cytokine, was not influenced by any statin
[15].
The sustained virologic response obtained after pegylated
interferon + ribavirin treatment was significantly more
frequent in CHC patients with baseline increased LDL
levels, with low HDL levels or after statin pretreatment
[16].
A significant decrease of viral load was observed in patients with CHC and liver cytolysis after the end of the
standard antiviral therapy; these patients subsequently
received 3 months of simvastatin treatment. The serum
level of alkaline phosphatase and cholesterol also decreased after 1 and 2 months of simvastatin treatment.
The viral load did not vary significantly in those without
hepatic cytolysis treated or not treated with simvastatin
[17]. Instead, monotherapy with rosuvastatin given to 11
non-responder patients with CHC did not produce any
significant changes of viral load in serum or lipid fraction.
The authors observed an inverse correlation between
HCV RNA and HDL level, at baseline [18].
Rosuvastatin, in addition to interferon alpha and ribavirin,
for 12 months, proved to be useful in a prospective, randomized trial with 65 CHC patients: it reduced the mean
steatosis and fibrosis score and increased SVR (51%
comparing to 18% of relapsers) [19].
A large clinical study was made on diabetic and nondiabetic patients with CHC in order to establish the predictors of sustained virological response (SVR) because
these patients are likely to develop diabetes, which reduces their chances of getting the virus clearance (lowering the viremia). As expected, SVR was significantly less
frequent in diabetic than in non-diabetic ones. The positive predictors of SVR in diabetic patients were: lower
baseline viremia, higher level of low-density lipoprotein,
and administration of statins which induced a better rapid
virological response. Non-diabetic patients treated with
Biomed Res- India 2014 Volume 25 Issue 4

Statins in CHC
statins also achieved better SVR. The negative predictors
of SVR were insulin treatment and a high hemoglobin
A1c level in patients treated with interferon, but not in
those treated with metformin [20].
Because simvastatin and sertraline have synergistic activity against HCV replication in vitro, this combination was
studied in adult patients with CHC who were not receiving simultaneous treatment with interferon. Simvastatin
and sertraline in daily dose of 40 mg and, respectively 50
mg for 7 days, and then 80 mg and, respectively 100 mg
for 3 weeks produced only a transient and small decrease
of HCV RNA, which was not significant, although the
combination was well tolerated. Only 13 patients completed this pilot study, so the findings should be viewed
with caution [21].
The results of CHC treatment with pegylated interferon
and ribavirin are not satisfactory, because the effectiveness is limited to about 55% of the patients. This mostly
affects the patients with genotype 1 (only 40-50% of them
responded). This is the reason why recently a protease
inhibitor has been added to this combination. Unlike other
host factors, the serum level of low-density lipoprotein
cholesterol and statin use are important for the response to
triple antiviral therapy. These findings are based on the
interaction between HCV and hepatocyte lipid metabolism [22].
The serum LDL levels are considered to be a prognostic
indicator for SVR in HCV patients treated with interferon.
HCV-RNA was measured in 42 HCV/HIV-1 co-infected
patients after 4 weeks of treatment with fluvastatin 80
mg/day or placebo. The viral load was significantly higher in fluvastatin treated patients comparing with baseline.
As expected, the serum cholesterol and LDL levels the
serum cholesterol and LDL levels decreased significantly.
The authors explained this increase in viral load by the
LDL receptor up-regulation induced by statins, required
for HCV entry into hepatocytes, and a supposed increase
of virus replication [23]. In another randomized study
made on HCV/HIV-1 co-infected patients, fluvastatin in a
daily dose of 80mg or no medication was added to PEGIFN-alpha 2b and ribavirin. Patients who received fluvastatin had a more frequent rapid virological response more
frequent rapid virological response as compared to those
treated only with standard therapy (p=0.02). Although
SVR was more frequent in patients treated with fluvastatin compared to placebo, the difference was not significant (p=0.08). When we analyze the result, we must take
into account the small number of patients who received
fluvastatin (21 patients) or no medication (23 patients)
[24].
In a pilot study made on 21 patients infected with HCV
genotype 1b in high viral loads, the treatment with fluvasBiomed Res- India 2014 Volume 25 Issue 4

tatin 20 mg/day given along with PEG-IFN/ribavirin during 48 weeks led to HCV RNA loss in 93% of the patients. SVR was achieved in 67% of those who were
treated either 48 weeks or 72 weeks. [25] The results of a
large trial made on 101 patients with HCV genotype 1b
and high viral load who were treated with PEG-IFN and
ribavirin +/- fluvastatin have been recently published.
This statin did not influence a rapid virological response
nor the end of treatment response, but the sustained virological response rate was significantly higher in patients
who received fluvastatin (P=0.0422). The authors found
that male and major genotype IL28B SNPs were only
independent predictors of SVR in fluvastatin arm [26]. It
has recently been showed that fluvastatin added to PEGIFN/ribavirin therapy significantly reduced the relapse
rate in patients with CHC infected with HCV genotype 1b
and high viral load who obtained complete early virological response. The relapse of those who obtained late virological response was less frequent in fluvastatin arm,
but the difference was not statistically significant. According to the multivariate analysis the absence of fluvastatin treatment and low total ribavirin dose were independent factors which contributed to relapse [27].
Statins in association with PEG-IFN and ribavirin may be
useful for the treatment of non-genotype 1 patients, because no direct acting antiviral drug is available for them.
Statins in combination with PEG-IFN, ribavirin and a
protease or polymerase inhibitor could also contribute to
improve SVR in genotype 1 patients [28].
An active new drug against HCV is telaprevir, a substratum for P-glycoprotein and cytochrome P450 3A4 and an
inhibitor of cytochrome P450 3A4, that can increase serum atorvastatin concentration [29]. Its co-administration
with atorvastatin or other substrate of renal or hepatic
transporters should be avoided or carefully monitored
[30].
Because eicosapentaenoic acid can suppress the expression of low-density lipoprotein receptor, that is necessary
for the HCV entry in hepatocyte, this drug in combination
with ribavirin and pitavastatin was added to PEG-IFN in
patients infected with HCV-1b. This association induced
a higher SVR as compared to patients who received only
PEG-IFN and ribavirin therapy. In both treatment groups,
patients with genotype TT of IL-28B had a higher SVR.
The quadruple drug association contributed to the
achievement of a higher SVR rate also in non-TT genotype patients. This result is a proof of the effectiveness of
the combination between a statin and an inhibitor of the
HCV penetration into hepatocytes, added to standard
therapy [31].
In Table I there is a summary of the results of clinical
trials with statins.
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Table I: The results of clinical trials with statins in Chronic Hepatitis C
Trial
Torres DM et al [11]
Forde KA et al [12]

O’Leary JG et al [13]
Bader T et al [14]

Results
modest results
any significant difference between the level of
viral RNA in serum prior to and while on
statins
nonsignificant variation of HCV RNA levels

Harrison SA et al [16]

half of patients had a decrease of HCV RNA,
but the most important weekly reduction of
viral load was of 1.75 log(10)
significant decrease of viral load and decrease
of some serum pro-inflammatory cytokines
levels
more frequent SVR

Mihaila RG et al [17]

decrease of viral load

Patel K et al [18]

any change in viral load

Malaguarnera M et al [19]

Patel K et al. [21]

reducing the mean steatosis and fibrosis score
and increasing of SVR
better rapid virologic response and positive
predictors of SVR
nonsignificant decrease of HCV RNA

Sheridan DA et al [22]

statins favor the treatment response

Milazzo L et al [23]

significant increase of viral load

Milazzo L et al [24]

more frequent rapid virologic response

Sezaki H et al [25]

HCV RNA loss in 93% and SVR achieved in
67% of patients

Kondo C et al [26]

higher SVR

Kohjima M et al [31]

higher SVR

Mihăilă R et al [15]

Rao GA et al [20]

Safety
It is widely accepted that in general statins are safe drugs.
However, sometimes they can cause adverse effects, especially in liver, muscle or kidney. Some researchers
suspect that clinical trials did not include patients with
potential risk of developing hepatotoxicity and thus their
results are not superimposable with those in daily practice. An aged woman who was given fluvastatin in a daily
dose of 80 mg for 6 weeks had a large increase of ALT,
which disappeared 10 weeks after the drug interruption.
The resumption of fluvastatin at a daily dose of 40 mg,
then 80 mg for 2 months produced only a slight increase
466

Observations
small number of patients treated with statins
99 patients who received statins

10 patients treated with atorvastatin as
monotherapy
fluvastatin given as monotherapy to 31 patients
fluvastatin 40 mg daily or lovastatin 20 mg
daily for 28 days given to 99 patients
pegylated interferon + ribavirin after statin
pretreatment
after the end of standard antiviral therapy +
3 months of simvastatin treatment
monotherapy with rosuvastatin given to 11
non-responder patients
rosuvastatin + interferon alpha and ribavirin,
for 12 months
statins in diabetic patients with chronic viral
hepatitis C
simvastatin and sertraline during 4 weeks in
13 adult patients with chronic hepatitis C
a statin + a protease inhibitor + pegylated
interferon and ribavirin
42 HCV/HIV-1 co-infected patients after 4
weeks of treatment with fluvastatin
HCV/HIV-1 co-infected patients treated
with fluvastatin + PEG-IFN-alpha 2b and
ribavirin
21 patients infected with HCV genotype 1b
in high viral loads treated with fluvastatin +
PEG-IFN/ribavirin during 48 weeks
101 patients with HCV genotype 1b and
high viral load treated with PEG-IFN and
ribavirin +/- fluvastatin
PEG-IFN and ribavirin + pitavastatin + eicosapentaenoic acid in patients infected with
HCV-1b

in ALT [32]. As the severity of adverse effects is dosedependent, in such situations re-treatment with the same
drug in a lower dose may be a solution for some patients.
For others the change of statin is effective. Statin is not
always solely responsible for the observed adverse effects, as in the above case.
Studies on the safety of statin use have not shown any
increase in transaminases or hepatotoxicity in patients
with CHC who had been given statins for cardiovascular
disease therapy as compared to those patients who had not
been given statins, so those with stable CHC can use these
Biomed Res- India 2014 Volume 25 Issue 4
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drugs also for prophylaxis and treatment of cardiovascular
suffering [33].

probably due to lipid lowering and it is not an expression
of liver toxicity, which occurs rarely.

Statin administration for 1 year in dyslipidemic patients
produced a moderate-severe increase in liver biochemistry, with an incidence comparable to dyslipidemic patients infected with HCV treated with statins. Severe adverse effects were rare [34].

The response to statin therapy is extremely diverse and
the virological response to treatment of patients with
CHC depends on many factors related to the host and the
virus, that the various responses to different treatments
(which include only statins or also statins) of small groups
of patients is explicable. Many clinical trials included
only a small number of patients, thus their conclusions
must be interpreted with caution, for example those who
tested the HCV/HIV-1 co-infected patients.

A group of 17 patients with CHC currently treated with
statins had no significant liver enzyme elevation. This
observation dates back to 2005 [35]. The USA study of
drug-induced liver injury reported in 2007 showed that
statins given to patients with chronic liver diseases were
safe [36].
A patient with hypobetalipoproteinaemia induced by
chronic HCV infection, who had also untreated familial
hypercholesterolaemia, was reported [37]. This adverse
effect was not induced by statins, but, considering the
interaction between HCV and lipid metabolism, it is an
interesting case.
An adverse effect appeared during statin therapy and
persisted after drug interruption was a hyaline inclusion
myopathy. The patient had a history of increased alcohol
intake, was treated for hepatitis C, and had a vigorous
physical activity [38].
In a multicenter randomized study involving 326 hypercholesterolemic patients with compensated chronic liver
disease (of which 23% had CHC), the treatment with
pravastatin (80 mg/day) produced no increase in ALT
greater than 2 times more frequently than those observed
in placebo arm, so that the treatment was considered safe
and well tolerated [39].
All lipid-lowering drugs, including statins, can produce a
mild increase of aminotransferases, which is class characteristic, transient and often dose-related. Less than 3% of
patients treated with lipid-lowering drugs develop an
increase of serum ALT level of 3 times the upper limit of
the normal value. It is believed that this effect is related to
lipid lowering and it is not an expression of liver toxicity.
Real liver toxicity is rare. In the literature there are 5
cases of liver failure related of lovastatin administration.
There is no proof that monitoring of liver enzymes can
reduce the adverse reactions that are the expression of
liver toxicity [40].

No all statins have anti-HCV activity. The best virological
response in monotherapy was obtained with fluvastatin
and the combination of some statins with PEG-IFN and
ribavirin seems to be beneficial in terms of SVR.
Drugs that inhibit HCV entry into hepatocytes in association with standard double or triple drug combination are
worth to be tested in large clinical trials since the results
of the first study of this type have been promising.
Combinations of a statin with a drug for which experimental studies have argued for anti-HCV action are worth
to be tested in combination with standard therapy since
chronic HCV infection is a global public health problem
and improving the SVR is a main objective for all hepatologists.
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