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Abstract

Aim of the study: Chronic hepatitis C (CHC) affects more than 71 million people worldwide. Many therapies con-
taining different direct-acting antivirals (DAAs) are now used. However, lipid profile is considered an important 
outcome with DAAs. So, this study aimed to assess clinical effects of statins in CHC patients.

Material and methods: One hundred patients were recruited from Kobri El koba Armed Forces Hospital and 
randomly assigned to: the drug group (D; n = 50) receiving simvastatin 10 mg plus sofosbuvir 400 mg/daclat-
asvir 60 mg (SOF/DAC) daily for 12 weeks; and the placebo group (P; n = 50), receiving placebo plus the same 
(SOF/DAC) regimen. Sustained virological response at 12 weeks after treatment (SVR12), lipid profile, C-reactive 
protein (CRP) and fibrosis stage were assessed.

Results: One hundred treatment-naïve CHC patients completed 12 weeks of the protocol with no clinically signif-
icant side effects. There was an increase in SVR failure rate in P (10%) compared to D (only 2%) but not reaching 
statistical significant difference; SVR12 (p > 0.05). Logistic regression analysis showed that high baseline CRP, 
low baseline hemoglobin level and non-statin usage had an independent effect on increasing the probability of 
SVR failure in both groups; p = 0.03, p = 0.0028, p = 0.02, respectively.

Conclusions: Statins could have an irreplaceable role in successful treatment of CHC patients receiving sofosbu-
vir/daclatasvir.
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Introduction 

Hepatitis C virus (HCV) is one of the most common 
causes of chronic liver disease and the leading indica-
tion for liver transplantation worldwide [1]. In Egypt, 
HCV infection is a major public health burden, where 
it bears the highest prevalence rate in the world [2].

HCV utilizes peripheral lipid metabolism pathways 
including hepatocyte very-low-density lipoprotein 
(VLDL) for viral assembly and requires several apo-
lipoproteins for production of infective particles [3]. 
As a  result, chronic hepatitis C (CHC) is associated 

with reduced total cholesterol, low-density lipoprotein 
(LDL) and apolipoprotein B (ApoB) levels as well as 
an increased rate of insulin resistance (IR) and type 2 
diabetes mellitus [4]. 

On the other hand, total cholesterol, LDL choles-
terol, and high-density lipoprotein cholesterol levels 
increased after therapy regardless of the regimen [5]. 

According to Lang et al., clinical studies have 
shown that chronic hepatitis C is associated with hy-
pocholesterolemia and low levels of LDL. On the other 
hand high pretreatment cholesterol levels have been 
proposed to enhance the chance to achieve a sustained 
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virologic response (SVR), although results of these 
studies were conflicting [6]. However, Hsu et al. re-
ported that viral eradication due to IFN may signifi-
cantly decrease cardiovascular (CV) morbidity [7]. 
But data regarding the effect of direct-acting antiviral 
(DAA) on glucose and lipid metabolism are incom-
plete, extrapolated from clinical trials and partially 
contradictory [4]. Recently, the findings demonstrated 
that DAA treatment may increase levels of triglyceride 
(TG), cholesterol and TG/cholesterol ratio loaded on 
a single VLDL particle in patients with chronic hepa-
titis C [8].

Meissner et al. reported that serum cholesterol lev-
el is increased soon after initiation of sofosbuvir plus 
ledipasvir (SOF + LDV) therapy [9]. Moreover, the 
clearance of HCV using combination therapy with da-
clatasvir (DAC) and asunaprevir (ASV), an IFN-free an-
tiviral regimen, resulted in rapid changes in serum lipid 
profile and disturbed lipid metabolism, whereas results 
reported by Jain and his colleagues showed that total 
cholesterol levels and LDL levels were significantly ele-
vated after SOF/DAC treatment, which may impact the 
cardiovascular events associated with hepatitis C treat-
ment [10]. Statins are HMG-CoA reductase inhibitors 
which have been shown to play an important role in the 
modulation of hepatic steatosis, cholesterol metabolism 
and fibrosis. Moreover, Butt et al. showed that statin use 
was associated with improved antiviral efficacy as well 
as decreased progression of liver fibrosis and a reduced 
incidence of hepatocellular carcinoma (HCC) [11].

Statins appear to block HCV replication by inhibit-
ing de novo cholesterol and geranylgeranylated protein 
synthesis, thus reducing expression of key HCV viral 
proteins and inhibiting pro-inflammatory signaling 
pathways [12, 13]. 

The role of statins as adjunctive therapy in HCV 
treatment has so far been limited to the previous 
standard of care, pegylated interferon and ribavirin. 
Furthermore, in vitro studies have shown that statins 
increase the antiviral activity of different DAAs in an 
additive manner and delay or even prevent the devel-
opment of resistance against DAAs [14]. 

According to Sara et al., their search of the PubMed 
database and UMIN Clinical Trials Registry System, 
no clinical trial has been conducted for the combina-
tion of statins and DAAs [15]. This raised the need to 
determine the therapeutic benefits of statins in com-
bination with new DAAs during treatment of HCV 
infected patients.

The current study was conducted to investigate the 
clinical benefits of using simvastatin in CHC patients 
receiving sofosbuvir/daclatasvir combination in terms 
of amelioration of lipid profile and glycemic status.

Material and methods

Patients and study design

This study was a prospective, interventional, rando
mized, placebo-controlled, double-blinded pilot study 
that included 100 adult (18-75 years old) male Egyptian 
patients with chronic HCV infection who were diag-
nosed by anti-HCV antibodies and HCV-RNA in addi-
tion to the histological evidence of chronic hepatitis. Pa-
tients were recruited from the outpatient clinic of Kobri 
El koba Armed Forces Hospital, Cairo, Egypt. 

The study protocol was approved by the ethical 
committee of the Faculty of Pharmacy, Ain Shams 
University, Egypt, and has been registered on Clinical-
Trials.gov with the identifier number NCT03490097. 
This study was conducted in accordance with the prin-
ciples outlined in the Good Clinical Practice standard 
and the Declaration of Helsinki. Prior to participation, 
all patients were informed about the study protocol 
and they signed a written informed consent form.

Patients eligibility

Patients included in the study were those who ful-
filled the inclusion criteria of the National Committee 
for Control of Viral Hepatitis, Ministry of Health and 
Population (MOHP), Egypt, and were male patients 
age 18 to 75 years old, in the easy-to-treat group: treat-
ment-naïve patients with serum HCV RNA positivity 
by PCR, clinically stable condition outpatients, platelet 
count ≥ 150,000/mm3, patients with INR ≤ 1.2, serum 
albumin ≥ 3.5 g/dl and total serum bilirubin ≤ 1.2 mg/dl.

Also patients were excluded in the case of inade-
quately controlled diabetes mellitus (HbA1c > 9%), to-
tal serum bilirubin > 3 mg/dl, HCV-HIV co-infection, 
HBV-HCV co-infection, any cause of chronic liver dis-
ease other than hepatitis C, uncontrolled hypothyroid-
ism, hepatocellular carcinoma, except 4 weeks after 
intervention aiming at cure with no evidence of activ-
ity by dynamic imaging (computed tomography [CT] 
or magnetic resonance imaging [MRI]), extra-hepatic 
malignancy except after two years of disease-free in-
terval, patients Child’s C cirrhotic and creatinine ki-
nase > 350 u/l.

Treatment intervention

One hundred twenty-four patients were assessed 
and only one hundred eligible patients were includ-
ed in the study and were allocated to either treatment 
A: drug or treatment B: placebo using the 4-sized 
block randomization method with possible sequenc-
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es: ABBA, BABA, ABAB, AABB, BAAB, and BBAA. 
Random selection among the 6 different blocks was 
done using a list of random numbers generated by the 
software SPSS (SPSS Inc., Chicago, IL, USA). Drug 
group: 50 patients received low dose statin (simvasta-
tin 10 mg) plus sofosbuvir 400 mg/daclatasvir 60 mg 
daily (SOF/DAC) for 12 weeks. Placebo group: 50 pa-
tients received a starch-based placebo tablet, sofosbu-
vir 400 mg/daclatasvir 60 mg daily for 12 weeks. SOF/
DAC were obtained from Pharco pharmaceuticals, 
Egypt. Simvastatin film coated tablets were obtained 
from Merck Sharp & Dohme Corp. The placebo tablets 
were manufactured by Eva Pharma Company, Egypt.

Baseline data 

Demographic data were recorded and included 
age, gender, body mass index (BMI), hematological 
tests, liver biochemical profile (serum alanine ami-
notransferase [ALT] and aspartate aminotransferase 
[AST]), lipid profile (fasting serum cholesterol, TG, 
LDL, high-density lipoprotein (HDL) in addition to 
HbA1c, fasting blood glucose, creatinine kinase (CK), 
thyroid functions (T3 and T4) and C-reactive protein 
(CRP) at baseline.

End points and follow-up data 

The primary efficacy endpoint was the percentage 
of patients achieving an sustained virological response 
at 12 weeks after treatment (SVR12) defined as HCV-
RNA below the assay’s lower limit of detection (LLOD) 
measured at 12 weeks after the end of treatment. Sec-
ondary efficacy endpoints included end of treatment 
(EOT) virological response, defined as HCV-RNA be-
low the assay’s LLOD measured at the EOT. Virological 
failure included relapse (HCV-RNA ≥ LLOD during 
any post-treatment follow-up visit in patients with 
HCV-RNA < LLOD at the EOT, virological non-re-
sponse (HCV-RNA ≥ LLOD at EOT).

Safety assessments

All patients were asked to report any adverse effects 
(AEs) that may be attributed to the drug during the 
follow-up period. Safety endpoints included serious 
AEs, discontinuations due to AEs, deaths, and labora-
tory abnormalities. 

Laboratory tests for assessments of biochemical 
and hematological parameters, and safety assessments 
were done as follows: complete blood count (CBC), 
liver function test, lipid profile and CK every month 
until the end of therapy; HbA1c and CRP at the end of 
therapy; HCV-PCR test at the EOT and 12 weeks after 

the EOT; fibrosis using FIB-4 12 weeks after the end 
of therapy.

Statistical analysis

Data were collected, checked and data entry, pro-
cessing and statistical analysis was carried out using 
Med Calc ver. 15.8. Mann-Whitney’s U-test was used 
to assess the statistical significance of the difference be-
tween two study group means. The c2 test was used to 
examine the relationship between two qualitative vari-
ables. Repeated measures ANOVA test was used to as-
sess the statistical significance of the difference between 
more than two (paired) study group means. Friedman’s 
test was used to assess the statistical significance of the 
difference of a non-parametric variable between more 
than two (paired) study group means. Univariate and 
multivariable logistic regression analysis was used to 
identify baseline factors that were predictors of SVR. 
P-values less than 0.05 was considered to be statistically 
significant. The current study was a pilot study recruit-
ing 100 HCV patients based on the following calcu-
lation: where prior data indicate that the success rate 
(efficacy) is 90% [16]. If the true success rate for experi-
mental subjects is 98%, we will need to study 100 exper-
imental subjects to be able to reject the null hypothesis 
that the success rates for experimental and control sub-
jects are equal with probability (power) 80%. The type 
I error probability associated with this test of this null 
hypothesis is 0.05; we used uncorrected chi-squared 
statistics to evaluate this null hypothesis.

Results

Patients’ characteristics

This prospective study enrolled 100 treatment-naïve 
chronic hepatitis C patients: 50 patients received SOF/
DAC treatment in addition to simvastatin (drug 
group) and 50 control patients treated with SOF/DAC 
plus a  placebo tablet (placebo group). All included 
patients completed 12 weeks of the protocol regimen 
with no reported clinically significant side effects, no 
dose modification needed or withdrawal. All study 
participants were subjected to 12 weeks of follow-up 
after cessation of therapy. The baseline demographic 
data are represented in Table 1. No significant differ-
ence as regards age, weight, height and BMI was found 
between the two groups (p > 0.05). Also, no significant 
difference was found as regards the baseline laboratory 
variables and the prevalence of diabetes mellitus (DM) 
or hypertension (HTN) in the two groups (p > 0.05). 
Comparative study between the 2 groups revealed no 
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significant difference as regards baseline Child-Pugh 
class assessment and fibro-scan staging (p > 0.05).

Treatment response 

SVR12 rates were higher among patients in the 
drug group than among those in the placebo group 
(98.0% [95% CI: 97.8-98.6] vs. 90.0% [95% CI 88.7-
90.9], p = 0.207). EOT response was 100% vs. 98% in 
the drug group and placebo group respectively. Prima-
ry non-response occurred slightly more often among 
those who were not treated with statin (2.0% vs. 0.0%, 
p = 0.317) (Table 2).

Follow-up values

Analysis and comparison of the serial laboratory 
measurements (baseline, 1st, 2nd, 3rd and 6th months 
after therapy) of patients in both groups revealed that 
the average platelets, total leucocyte count (TLC) and 
neutrophils were increased during serial measure-
ments with a  highly significant difference (p < 0.001 
respectively). The average hemoglobin, ALT, AST, fetal 
bovine serum (FBS), HbA1c and CRP levels were also 
decreased during serial measurements with a  highly 
significant difference (p < 0.001) in both groups. 

Regarding lipid profile measurements for patients 
in the drug group, the average total cholesterol, LDL 
and TGs levels were initially increased at 1 month, 
then decreased during serial measurements (espe-
cially during 3-month follow-up measurement) with 
a highly significant difference (p < 0.001). On the other 
hand, the average HDL level was increased during se-
rial measurements with a highly significant difference  
(p < 0.001). However in the placebo group, the average 
total cholesterol, LDL, TGs and HDL levels of patients 
were increased during the whole serial measurements 
with a highly significant difference (p < 0.001). 

Comparison between the drug group and place-
bo group HCV patients as regards serial laboratory 
measurements using repeated measures ANOVA test 
showed a significant difference between the two groups 
regarding total cholesterol and LDL levels during serial 
laboratory measurements with p < 0.003 and p < 0.039 
respectively.

Also, in the drug group comparing baseline and 
follow-up fibro-scan measurements revealed a marked 
increase in stage shift towards class F0 and F1 after 
therapy, with a significant difference (p = 0.048), while 
in the placebo group comparing baseline and fol-
low-up fibro-scan measurements revealed no signifi-
cant difference after therapy (p > 0.05) (Table 3).

Virological and biochemical response 

Correlation studies between SVR outcome and its 
relative independent predictors (baseline laboratory 

Table 1. Baseline demographic data of patients in the two groups

Variable Drug group
(n = 50)

Placebo group 
(n = 50)

P-value

Median (IQR) Median (IQR)

Age (years) 59.5 (50-65) 58.5 (44-65) 0.44

Body mass (kg) 75.5 (68-85) 75 (70-85) 0.78

Height (cm) 170 (165-174) 173 (165-175) 0.29

BMI (kg/m2) 25 92 (24.22-29.41) 25.8 (23.5-29.1) 0.72

IQR – interquartile range, BMI – body mass index, statistical test – Mann-Whitney test

Table 2. Comparison of treatment responses between drug group and placebo 
group 

Parameter Drug 
group

(n = 50)

Placebo 
group

(n = 50)

P-value

End of treatment response (ETR)

Number (%) 50 (100) 49 (98) 0.317

95% CI – (97.2-98.4)

SVR12 rates

SVR12, n (%) 49 (98) 45 (90) 0.207

95% CI (97.8-98.6) (88.7-90.9)

Non-SVR12, n (%) 1 (2) 5 (10)

Relapse rates (%)

Relapse (% of patients with ETR) 1 (2) 4 (8.1) 0.246

Table 3. Follow-up fibro-scan values for drug group and placebo group

Variable Drug group (n = 50) Placebo group (n = 50)

Baseline n (%) Follow-up (12 weeks)
n (%)

p-value Baseline n (%) Follow-up (12 weeks)
n (%)

p-value

Fibro-scan F0 9 (18) 12 (24) 0.048 12 (24) 4 (8) 0.479

F1 8 (16) 13 (26) 7 (14) 10 (20)

F2 6 (12) 7 (14) 4 (8) 8 (16)

F3 10 (20) 10 (20) 13 (26) 8 (16)

F4 17 (34) 8 (16) 14 (28) 20 (40)
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variables) were conducted. Logistic regression analysis 
showed that the increase in baseline CRP and the de-
crease in baseline hemoglobin level, and the non-sta-
tin usage had an independent effect on increasing the 
probability of SVR failure in both groups, with a sta-
tistically significant difference (p = 0.033, p = 0.0028,  
p = 0.027 respectively) (Table 4).

Discussion

The main target for HCV treatment is to eradicate 
hepatitis C virus RNA. This can be predicted by the 
attainment of SVR, which is associated with a  99% 
chance of being HCV RNA negative during long-
term follow-up [17], as well as a decrease in all HCV- 
related mortality, liver-related death, the need for liver 
transplantation, hepatocellular carcinoma rates, and 
liver-related complications [18]. It is well known that 
the HCV replication process can be disrupted by treat-
ment with inhibitors of 3-hydroxy-3-methyglutaryl 
CoA (HMGCoA) reductase such as statins [19]. Thus 
statins may represent an interesting adjuvant to the 
standard of care therapy to improve the sustained viro-
logical response in HCV patients receiving combina-
tion antiviral therapy [20]. 

In the current study, both groups of patients 
showed significant reduction in ALT and AST at the 
end of treatment compared to the baseline values  
(p < 0.0001); the results were in accordance with those 
reported by Mohamed et al. [21]. Regarding lipid pro-
file measurements, in the drug group the average total 
cholesterol, LDL and TGs levels were initially increased 
at 1 month, then decreased during serial measurements 
(especially during 3-month follow-up measurement) 
with a highly significant difference (p < 0.001), while in 
the placebo group, the average total cholesterol, LDL, 
TGs and HDL levels continued to increase during se-
rial measurements with a highly significant difference  
(p < 0.001 respectively). 

In agreement with these results Mohamed et al. 
also reported that HCV-statin group patients had ad-
ditional statistically significant reduction of their total 
cholesterol, triglycerides and HDL at the end of treat-
ment compared to baseline (p = 0.0001) while such 
a significant reduction was not observed in the HCV-
non statin group [21]. 

Comparisons of serum lipid profiles after treatment 
showed a similar increase in TC and LDL-C levels be-
tween the DAC + ASV-SVR and SOF + LDV-SVR 
groups [5]. Results reported by Jain and his colleagues 
showed that total cholesterol levels (166.9 ±23.8 to 
192.4 ±34.5 mg/dl, p < 0.0001) and LDL-cholesterol 
levels (100.9 ±22.8 to 121.6 ±37.2, p < 0.0001) were 

elevated after the treatment [10]. So according to the 
results of the previous studies SOF/DAC was chosen in 
our study to evaluate the clinical benefits that may be 
seen by addition of simvastatin to that regimen.

In this study, both groups of patients showed signif-
icant reduction in HbA1c at the end of treatment com-
pared to baseline values, p < 0.0001, which shows that 
successful treatment may improve glycemic control. 
Moreover, in the drug group patients who received low 
dose simvastatin CRP values were significantly reduced 
after 3 months of treatment while in the placebo group 
they were significantly increased. These results may 
suggest additional benefits of statin as an anti-inflam-
matory agent and also its role in reducing metabolic 
syndrome. These results are in agreement with Butt and 
his colleagues, who were able to show in a multivariate 
model that the antifibrotic benefits observed in statin 
users remained significant even after adjustment not 
only for SVR, but also for BMI and the presence of un-
derlying diabetes, suggesting that the protective effect 
of statins extends beyond modification of metabolic 
syndrome and obesity-related inflammation [11].

Assessment of the degree of fibrosis revealed a sig-
nificant increase in percentages of patients with F0 and 
F1 stages in the drug group compared to the placebo 
group during follow-up assessment (p = 0.0435). In 
agreement with the above results, a post-hoc analysis 
of a large prospective human trial of patients with ad-
vanced CHC followed with serial liver biopsies, it was 
demonstrated that statin use was associated with sig-
nificantly reduced fibrosis scores [11]. 

Regarding treatment response, this study showed 
an increase in treatment relapse rates in the placebo 
group (8.1%) compared to the drug group (only 2%); 
also EOT response and SVR12 rate were higher in the 
drug group versus the placebo group but not reach-
ing a statistically significant difference (p > 0.05). Zhu  
et al. reported that several randomized controlled tri-
als have demonstrated that statins increase SVR rates 
when combined with PEG-interferon and ribavirin in 
genotype 1 infection [22]. Moreover Moriguchi et al. 
published two reports in 2010 investigating the anti-

Table 4. Multivariate logistic regression model for the pretreatment variables 
associated with SVR

Independent variables Coefficient Std. error P-value

Hgb (g/dl) –0.87887 0.28689 0.0022*

CRP (mg/dl) 0.038907 0.018294 0.033*

Drug group –3.41681 1.54947 0.027*

Drug group – “Statin-SOF/DAC”, Standard error – It is the standard deviation of the 
sampling distribution of the mean.
*statistically significant p > 0.05
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viral efficacy of pitavastatin against HCV infection  
in vitro and demonstrated the antiviral efficacy and 
safety of pitavastatin against HCV infection [23]. These 
effects, the antiviral efficacy and safety of pitavasta-
tin against HCV infection were further confirmed in 
two clinical studies [24]. Also, Butt et al. found that 
statin use was significantly associated with decreased 
progression of fibrosis independent of having attained 
an SVR and demonstrated the effects of statins on 
all three critical clinical outcomes of HCV, including  
fibrosis progression, SVR, and HCC development, in 
an unselected group of patients with various stages 
and genotypes of HCV [11]. In contrast to our results 
Abd-Eldaem et al. showed that addition of fluvastatin 
to pegylated interferon and ribavirin significantly in-
creased the sustained virological response from 55% to 
62.5% (p < 0.01) and significantly decreased viral load 
in relapse patients (p < 0.001). No significant differenc-
es and correlations were found between serum levels of 
LDL-cholesterol and viral load before and after treat-
ment in both groups [25].

Correlation studies between SVR outcome and its 
relative independent predictors (baseline laborato-
ry variables) were conducted with logistic regression 
analysis and showed that only high baseline CRP, low 
baseline Hgb level and no statin usage had an indepen-
dent effect on increasing the probability of SVR failure 
in both groups with a statistically significant difference 
(p = 0.033, p = 0.0028, p = 0.027 respectively). In agree-
ment with the results of this study Mohamed et al. also 
reported that statin use was much more significantly 
associated with SVR, with a p-value of 0.003 [21].

Moreover, Butt et al. showed in a multivariate Cox’s 
regression analysis that treatment with statins was 
associated with a higher likelihood of achieving SVR 
(odds ratio [OR] = 1.44; 95% CI = 1.29-1.61) [11]. 

Regarding safety data of both regimens in HCV pa-
tients, all patients in both groups continued the whole 
study period with no withdrawal due to treatment 
schedule side effects, confirming data on the safe use 
of statin in HCV infected patients.

In conclusion, statins could have an irreplaceable 
role in the successful treatment and prognosis of CHC 
patients receiving sofosbuvir/daclatasvir.
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