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Abstract
Background: In patients with hepatitis, it is important to identify drug-induced metabolic effects to improve diagnosis and treatment. Therefore, in this study, we 
aimed to determine the effects of sofosbuvir-based therapy on the metabolic status of patients with chronic hepatitis C virus (HCV) infection.

Materials and Methods: In this observational before-after study, a total of 128 consecutive patients with chronic HCV infection, presenting to the Middle East Liver 
Disease Center (MELD) in Tehran, Iran, were enrolled. Metabolic indices, including triglyceride, total cholesterol, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), and fasting blood sugar (FBS), were determined before and after sofosbuvir-based therapy.

Results: The mean FBS level was 108.3±33.8 and 106.2±36.4 mg/dL before and after treatment, respectively (P>0.05). Also, the mean triglyceride level was 101.8±46.4 
and 110.5±54.8 mg/dL before and after treatment, respectively (P=0.03). The findings showed that the mean total cholesterol level was 150.9±34.9 and 168.0±40 
mg/dL before and after treatment, respectively (P=0.001). Also, the mean LDL-cholesterol level was 82.4±27.5 and 95.8±31.6 mg/dL before and after treatment 
(P=0.001), and the mean HDL-cholesterol was 44.1±13.1 and 46.9±13.4 mg/dL before and after treatment, respectively (P=0.01).

Conclusion: According to the results, it can be concluded that sofosbuvir-based therapy has effects on some metabolic parameters (lipid profile and blood glucose) of 
chronic HCV patients. Therefore, development of preventive strategies to reduce the burden of this disease seems necessary.
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Introduction
Hepatitis C virus (HCV) infection is a common infectious disease, 

affecting 71 million people worldwide. The prevalence of HCV infection 
is increasing globally, despite differences in the prevalence rates reported 
from different regions [1,2]. Evidence shows that HCV has infected 
around 1.6% of the world population [3]. In Iran, the seroprevalence of 
HCV infection varies considerably in different provinces, ranging from 
0.08% to 1.6% [4]. The prevalence of HCV antibody is estimated at 0.5% 
in the general population of Iran, and HCV genotype 1 is recognized as 
the most common circulating genotype in the country [5,6].

Treatment of HCV infection has significantly changed in recent 
years. With the introduction of direct-acting antiviral agents (DAAs) 
in 2011, contribution of pegylated interferon (Peg-IFN) and ribavirin 
(RBV) decreased in HCV antiviral regimens [7-11]. Sofosbuvir is 
generally an HCV NS5B polymerase inhibitor and a nucleotide analog 
active against all HCV genotypes. On the other hand, ledipasvir, an 
HCV NS5A inhibitor, is mostly active against HCV-1 and HCV-4. 

The 12-week SOF/LDV regimen showed more than 95% efficacy in 
most HCV patients, especially those without cirrhosis and/or history of 
treatment [11]. This regimen was efficacious and safe in the treatment 
of chronic HCV infection in Iranian patients, and the generic form of 
the regimen could be used as an alternative to the brand-name drug 
(SOF/LDV), with the same rate of response [11].

 Despite some therapeutic advances, chronic HCV is the main 
cause of liver disease and transplantation [10]. HCV may result in some 
alterations in insulin resistance and dyslipidemia [12,13]. It is also 
accompanied by glucose intolerance and diabetes progression [14-16]. 

The association between HCV and insulin resistance is multifactorial, 
especially due to cytokine upregulation and direct interactions between 
viral particles and return pathways [17-21]. It is also associated with 
steatosis of unknown etiology [22], which may be attributed to the use 
of LDL by the virus for contamination of hepatocytes; also, other lipid 
secretion mechanisms can result in viral replication [14]. 

Some proteins, such as seipine and HCV core protein, alter the 
production of free fatty acids, resulting in fatty liver by changes in lipid 
secretion [23,24]. Hypercholesterolemia is another condition, which 
seems to be related to HCV replication. Overall, identification of drug-
induced metabolic effects is important to improve the diagnosis and 
treatment of patients with HCV [27-31]. Therefore, in this study, we 
aimed to determine the effects of sofosbuvir-based therapy on lipid 
profile and blood glucose of HCV patients.

Materials and methods
In this historical cohort study, a total of 823 consecutive patients 

with HCV, presenting to the Middle East Liver Disease Center (MELD) 
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of Tehran, Iran, were enrolled within 2016 - 2018. 128 patients out of 
823 patients were included in this study. The exclusion criteria were 
diagnosis of HIV, hemochromatosis, Wilson's disease, alcoholic liver 
disease and other comorbid hepatitis infections. The study protocol was 
approved by the local ethics committee of Iran University of Medical 
Sciences. The ethic approval code was IR.IUMS.FMD.REC 1397.086.

Metabolic parameters, including triglyceride, total cholesterol, low-
density lipoprotein (LDL), high-density lipoprotein (HDL), and fasting 
blood sugar (FBS), were determined before and after sofosbuvir-based 
therapy.

FBS closest to starting day of HCV therapy (up to 2 months pre 
and post therapy) were included in our analysis. Patients with diabetes 
mellitus type 2, prior to starting HCV therapy, during therapy, and up 
to 2 months post therapy were reviewed, looking for adjustments of 
medications that could have altered FBS. Those patients who started a 
medication or had an adjustment of baseline treatment were removed 
from the analysis. Patients that was on stable doses of oral hypoglycemic 
medications or insulin regimens during the study period were included.

 Lipid profile closest to the starting and end dates of therapy (up to 
2 months pre and post therapy) were included. Patients on stable doses 
of lipid-lowering medications were included, while patients started on 
new medications or with adjustments during the study period were 
excluded from the analysis.

Basic demographic information was collected for all patients, 
including age, gender, body-mass index (BMI), and specific HCV anti-
viral therapy used. Pre-therapy Hepatitis C genotype we also included.

After data collection, statistical analysis was performed in SPSS 
version 23.0. In this study, frequency and rate were reported for 
categorical variables and mean and standard deviation for numerical 
variables. Paired sample t-test, Chi-square, and ANOVA tests were also 
used for statistical analysis, and P-value less than 0.05 was considered 
statistically significant.

Results
Eighty-three (64.8%) participants were male in this study. The 

mean age of the participants was 54.89±10.81 years, ranging from 24 
to 77 years. Cirrhosis was reported in 70 (54.7%) participants. The 
mean total BMI was 26±4.7 kg/m², and the prevalence of overweight, 
obesity, and morbid obesity was 24.2%, 12.5%, and 3.9%, respectively. 
The frequency of HCV genotypes is shown in Table 1. Genotype 1a was 
the most common genotype in this study (Table 1).

According to the results of Chi-square test, HCV genotype was not 
associated with cirrhosis (P>0.05). Also, the frequency of genotypes 
was not associated with gender (P>0.05) (Figure 1). Moreover, the 
frequency distribution of cirrhosis was not significant in terms of 
gender.

As shown in Figure 2, the mean FBS was 108.3±33.8 and 106.2±36.4 
mg/dL before and after treatment, respectively (P>0.05). Also, the mean 

triglyceride level was 101.8 ±46.4 and 110.5±54.8 mg/dL before and 
after treatment, respectively (P=0.03). The mean total cholesterol level 
was 150.9±34.9 and 168.02±40.2 mg/dL before and after treatment, 
respectively (P=0.001). Moreover, the mean LDL-cholesterol level was 
82.4±27.5 and 95.8±31.6 mg/dL before and after treatment, respectively 
(P=0.001). The results also showed that the mean HDL-cholesterol 
level was 44.1±13.1 and 46.9±13.4 mg/dL before and after treatment, 
respectively (P=0.01).

Figure 3 presents the mean metabolic status before and after 
treatment in cirrhotic and non-cirrhotic HCV patients. The mean FBS in 
cirrhotic and non-cirrhotic patients before and after treatment as stated 
in the Figure 3, respectively (P>0.05). The mean total cholesterol and 
LDL in cirrhotic and non-cirrhotic patients before and after treatment 
as stated in the Figure 3, respectively (P=0.001). Moreover, the mean 
TG level in non-cirrhotic patients was 98.08±39.2 and 118.50±63.2 
before and after treatment, respectively (P=0.002). Also, the mean HDL 
in cirrhotic patients was 43.21±10.8 and 47.17±12.8 before and after 
treatment, respectively (P=0.01).

The findings showed that HCV genotypes and BMI were not 
correlated (P>0.05). Similarly, FBS and metabolic alterations were not 
correlated (P>0.05), whereas in some BMI groups, the lipid profile 
significantly changed by treatment with regard to BMI (Table 2).

Discussion
Evaluation of drug-induced metabolic alterations in patients with 

HCV infection can help decrease the burden of disease in patients 
under sofosbuvir-based therapy. Based on our findings, FBS showed no 

Genotype Frequency Percentage
None 7 5.5

1a 54 42.2
1b 11 8.6

1a/b 26 20.3
3a 27 21.1
4a 3 2.3

Total 128 100.0

Table 1. Frequency of various HCV genotypes in patients

Figure 1. Frequency of HCV genotypes in terms of gender 

Figure 2. Metabolic status before and after treatment
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could result in an increase in the lipid profile of HCV patients, especially 
LDL and total cholesterol. A cohort study by Endo et al. [38] among 276 
patients also indicated a similar significant increase in LDL and total 
cholesterol.

Furthermore, Mauss et al. [39] assessed 250 HCV patients and 
reported that IFN regimens led to a triglyceride increase, while 
sofosbuvir regimens led to an increase in total and LDL cholesterol levels; 
however, HDL showed no significant alterations. On the other hand, 
in our study, HDL-cholesterol level changed. In this regard, El Sagheer 
et al. [40] assessed 80 patients with HCV and found that sofosbuvir 
induced a reduction in triglyceride and FBS levels and increased the 
levels of LDL and total cholesterol. Nevertheless, in the present study, 
the level of triglyceride increased. Our findings also showed that FBS 
decreased, although it was of no statistical significance.

According to the results of the present study, sofosbuvir-based 
therapy can have unfavorable effects on the metabolic status of HCV 
patients; therefore, we must consider the lipid profile, blood sugar 
level, and cardiovascular status of these patients before treatment. 
Also, development of preventive strategies to reduce the burden of this 
disease seems necessary. However, further studies with a larger sample 
size and multi-center sampling can present more definite results in this 
area.

significant change, while lipid profiles exhibited significant alterations, 
which were more evident by controlling for some variables, such 
as BMI. In this regard, Kawaguchi et al. [32] reported that HCV is 
accompanied by insulin resistance, dyslipidemia, fatty liver disease, and 
iron overload.

Morales et al. [33], in a study on 234 patients with HCV under 
sofosbuvir-based therapy, showed that dyslipidemia developed after 
treatment, and changes occurred in total and LDL cholesterol levels, 
besides some minimal changes in HbA1C. The levels of LDL and 
cholesterol were also different in our study, while no FBS changes 
were observed. In addition, Vespasiani-Gentilucci et al. [34] in a 
review study reported that there are different mechanisms involved 
in metabolic alterations following the use of sofosbuvir. Considering 
these differences, major changes occurred in multiple metabolic factors 
in our study. Additionally, a before-after study by Doyle et al. [35] on 
24 patients with HCV showed that sofosbuvir and ribavirin caused 
alterations in the lipid profile, but not FBS or insulin resistance, as 
reported in our study.

 Consistent with our research, a cohort study by Inoue et al. [36] 
on 170 patients with HCV showed that total and LDL cholesterols 
increased after sofosbuvir-based therapy. Furthermore, Kanda et al. 
[37] in their review study reported that sofosbuvir-containing regimens 

Figure 3. Metabolic status before and after treatment with respect to cirrhosis

BMI (kg/m2) Mean Standard deviation P-value

 20-25
TG before 97.39 44.57 0.013
TG after 111.60 52.16

20-25
Chol. before 146.92 37.07 0.000
Chol. after 166.79 45.55

26-30
Chol. before 156.29 31.19 0.001
Chol. after 171.32 34.80

31-35
Chol. before 149.50 26.19 0.000
Chol. after 170.18 29.36

20-25
LDL before 80.22 29.36 0.000
LDL after 92.66 35.65

26-30
LDL before 86.06 24.08 0.000
LDL after 105.41 26.95

31-35
LDL before 82.62 18.72 0.000
LDL after 97.12 20.98

20-25
HDL before 43.46 11.59 0.014
HDL after 46.80 12.78

Table 2. Metabolic alterations in terms of BMI

TG: Triglyceride, Chol: Cholestrol, LDL: Low density lipoprotein, HDL: High density lipoprotein
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In this study there were at least two limitations. The first limitation 
was that it was performed in only one center and the second limitation 
was the number of patients who were enrolled in this study.
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