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Abstract  

Background:  In the direct acting antiviral era, the role of  
ribavirin (RBV) in the treatment of hepatitis c virus (HCV)  
remains crucial, especially in patients with liver cirrhosis and  

treatment experienced patients. L-carnitine was reported to  

improve anemia in patients with HCV treated with interferon  
alone or with ribavirin.  

Aim of Study:  To evaluate the effect of L-carnitine on  
improving ribavirin induced hemolytic anemia in patients  
with HCV treated with sofosbuvir/daclatasvir plus ribavirin  

(SOF/DCV/ RBV).  

Patients and Methods:  Naive patients with HCV related  
liver cirrhosis and treatment experienced patients who received  
prior interferon therapy were randomized to receive either  
SOF/DCV/RBV plus L-carnitine (n=49) or SOF/DCV/RBV  
(n=49) for 12 weeks as a control group. Changes in hemoglobin  
concentration, reduction of ribavirin dose and its effect on  
sustained virological response (SVR) were evaluated.  

Results:  After 4 and 12 weeks of treatment, the hemoglobin  
concentration was significantly higher in the L-carnitine group  
than in the control group (p<0.001). RBV dose was reduced  
in 10.2% of patients in the L-carnitine group versus 22.5%  
in the control group. The adherence of patients to their ribavirin  
dose was higher in patients treated with L-carnitine than  
patients in the control group (89.8% vs. 77.5%). SVR12 rate  
in the L-carnitine group was higher than that in the control  
group (93.9%% vs. 87.8%).  

Conclusion:  L-carnitine is effective in improving hemo-
lytic anemia induced by ribavirin in patients treated for  
hepatitis C virus and increase patient's adherence to treatment  
that guarantees the best opportunity to achieve an SVR.  
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more than 90% of all infections reported to be  
HCV genotype 4 [2] . The success of HCV treatment  
leads to a significant decrease in the risk of com-
plications related to HCV, such as hepatic decom-
pensation and hepatocellular carcinoma [3] .  

The direct-acting antiviral agents (DAA) regi-
mens of HCV treatment have significantly im-
proved sustained viral response (SVR) rates in  
previously treated and treatment naive patients  
with HCV genotype 4 [4] . In the DAA era, the role  
of ribavirin (RBV) with DAA regimens was ex-
pected to be eliminated. On the contrary, the role  
of RBV in the treatment of HCV remains crucial,  
especially in patients with liver cirrhosis and treat-
ment experienced patients [5] .  

In regimens containing RBV, most side effects  
were related to hemolytic anemia induced by rib-
avirin, which requires dose reduction or discontin-
uation and compromises treatment response. It is  
necessary to improve the response rate and decrease  

the relapse rate [6] .  

L-carnitine is synthesized by the liver, kidney  
and brain from the amino acids methionine and  
lysine, but is obtained mainly from animal sources  

such as meat and dairy products [7] . It plays an  
important role in the production of cellular energy  
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[8] , since it participates in the transport of long-
chain fatty acids to the mitochondrial matrix for  

beta oxidation [9] . In addition, it has a role in  
suppressing apoptosis and improving the function  
of bone marrow progenitors by increasing the  
number of colony forming units [10] .  

In patients with HCV treated with interferon  
alone or with ribavirin, supplementation with L-
carnitine was reported to improve anemia, leuco-
penia and thrombocytopenia [10] .  

This study aimed to evaluate the effect of L-
carnitine on improving ribavirin induced hemolytic  

anemia in patients with hepatitis C virus treated  

with sofosbuvir/daclatasvir plus ribavirin.  

Patients and Methods  

Study design and patients:  
This was a prospective, randomized, controlled,  

open label pilot study conducted in Egypt. The  

patients had been recruited from the Department  

of Tropical Medicine and Infectious diseases and  
Department of Internal Medicine, Tanta University  

Hospital from May 2016.  

The included patients were randomized using  
a computerized random number generator with a  
block size of four and an equal allocation ratio. To  

ensure allocation concealment, sequentially num-
bered, opaque and sealed envelopes were used.  

Patients were randomized to receive either daily  

oral sofosbuvir (SOF) 400mg, daclatasvir (DCV)  
60mg, RBV 1000-1200mg plus L-carnitine 1.5gm  
or SOF 400mg, DCV 60mg and RBV 1000-1200mg  
for 12 weeks. Weight based RBV 1000 or 1200mg/  

day if it is <75 or ≥75kg body weight, respectively.  
In patients with Child-Pugh B decompensated  

cirrhosis, ribavirin started at the dose of 600mg  
daily and the subsequent doses adjusted depending  

on tolerance. Treatment decision was given accord-
ing to according to the protocol of Egyptian Na-
tional Committee for Controlling HCV and EASL  
recommendations on treatment of hepatitis C, 2015  

[4] .  

Eligible patients were naive patients with liver  

cirrhosis Child-Pugh score ≤ 8; and treatment-
experienced patients who received prior interferon  

therapy with positive polymerase chain reaction  

(PCR) for HCV-RNA.  

Exclusion criteria were patients with hepatitis  
B or human immunodeficiency virus co-infection,  
platelets less than 50,000/mm

3
, hemoglobin <12gm/  

dl in females and <13gm/dl in males, uncontrolled  

diabetes mellitus (Hb A1C) >9%, hepatocellular  
carcinoma or extra-hepatic malignancy, pregnancy,  

lactation, severe cardiac, pulmonary, or renal dis-
eases.  

A written informed consent was signed by every  

patient before enrolment in the study. The study  

was approved by the Ethics Committee of the  
Faculty of Medicine, Tanta University. All authors  
had access to the study data, and reviewed and  

approved the final manuscript.  

Assessments:  

Baseline evaluation included clinical examina-
tion, laboratory tests including complete blood  
picture, aspartate transaminase, alanine transami-
nase, serum bilirubin, serum albumin, and interna-
tional normalized ratio, serum creatinine, HBsAg,  

Hb A1C, alpha fetoprotein, quantitative HCV RNA  

and abdominal ultrasound. Estimation of HCV  
RNA level was done by Cobas Ampli Prep/Cobas  

TaqMan HCV-RNA assay (Roche Diagnostics;  

Pleasanton, CA, USA) with a threshold of detection  

15IU/mL. Liver cirrhosis was diagnosed on the  

basis of clinical, laboratory findings, abdominal  
ultrasound, fibroscan and Fibrosis-4 (FIB-4) score  

>3.25. Child-Turcotte- Pugh (CTP) was calculated  
based on its respective formula.  

The treated patients were followed-up at week  

4 and 12 weeks of the treatment. At each visit the  

following was done: Clinical assessment of the  

patients and reviewing the results of laboratory  

tests complete blood picture, liver and kidney  

profile. Quantitative real-time PCR for HCV RNA  

was done at 12 weeks post-treatment to confirm  

SVR.  

Outcomes:  

The primary outcome of the trial was the dif-
ference in the level of hemoglobin concentration  

between the two study groups at the end of 12  
weeks of treatment.  

Statistical analysis:  
The statistical data are reported as the mean ±  

standard deviation (SD), median (interquartile  

range), frequencies (number) and percentages when  

appropriate. A comparison of numerical variables  
between the study groups was performed using  
Student's t-test to compare independent samples  
from two groups when the samples were normally  
distributed and the Mann-Whitney U-test was used  

to compare independent samples when the samples  
were not normally distributed. To compare cate-
gorical data, chi square test was performed. Values  
of p  less than 0.05 (two-tailed) were considered  
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statistically significant. All statistical calculations  
were performed using the computer program SPSS  
(Statistical Package for the Social Science; SPSS,  

Chicago, Illinois, USA) version15 for Microsoft  
Windows.  

Results  

A total of 143 naive patients with HCV related  
liver cirrhosis and treatment experienced patients  

who received prior interferon therapy were screened  

for participation in this study. Out of whom 45  
patients were excluded thus, 98 patients were  
enrolled and randomly assigned to receive either  

SOF/DCV/RBV plus L-carnitine (n=49) or SOF/  

DCV/RBV (n=49) as a control group for 12 weeks  
(Fig. 1).  

The baseline characteristics of patients of the  

studied groups were summarized in Table (1).  

There was no significant difference in baseline  

variables between the groups.  

In patients receiving L-carnitine, the mean  
hemoglobin concentration showed no significant  
differences after 4 weeks (12.79 ±2.92) and 12  
weeks (13.14±2.63) of treatment when compared  
to baseline level (14.06 ± 1.43) (p>0.05). In the  
control group, hemoglobin concentration was sig-
nificantly decreased from (13.91 ± 1.19) at baseline  

to (11.46± 1.84) after 4 weeks and to (10.98 ± 1.26)  
after 12 weeks of treatment ( p<0.001).  

In the L-carnitine group, hemoglobin concen-
tration was significantly higher than in the control  

group after 4 weeks of treatment (12.79 ±2.92) vs.  
(11.46± 1.84) respectively. Also, after 12 weeks of  
treatment the mean hemoglobin concentration was  

significantly higher in patients treated with L-
carnitine when compared to the control group  
(13.14±2.63) vs. (10.98± 1.26) (p<0.001) (Table  
2).  

RBV dose was reduced in 5 patients (10.2%)  
in the L-carnitine group compared with 11 patients  

(22.5%) in the control group. The adherence of  
patients to their ribavirin dose was higher in patients  

treated with L-carnitine than patients in the control  

group (89.8% vs. 77.5%).  

A total of 90.8% of all patients achieved SVR12.  
SVR12 was 86.9% and 92% in treatment experi-
enced patients and in naive cirrhotic patients,  
respectively.  

Three patients  (6.1%)  in the L-carnitine group  
could not achieve SVR12 compared to six patients  
(12.2%) in the control group. As a result, SVR12  
rate in the L-carnitine group was higher than that  

in the control group (93.9% vs. 87.8%).  

Table (1): Patient baseline characteristics.  

SOF/DCV/RB V+L-carnitine  
(L-carnitine Group)  

n=49  

SOF/DCV/RBV  
(Control Group)  

n=49  
p-value  

Age, year, mean (SD)  

Sex, male, n%  

White blood cell, 109/L, mean (SD)  

Hemoglobin (g/dL), Median (IQR)  

Platelet count, 10 9/L, Median (IQR)  

INR, Median (IQR)  

Aspartate aminotransferase (IU/L), Median (IQR)  

Alanine aminotransferase (IU/L), Median (IQR)  

52.27±9.85  

27 (55.1)  

6.43±2.54  

13.9 (13- 15.07)  

199 (128.5-236)  
1.1 (1-1.2)  

42 (22.75-61)  

47 (30.5-76)  

55.06±7.12  

31 (63.3)  

5.53± 1.55  

13.8 (13- 14.83)  

177 (143.25-252.75)  
1.1 (1-1.3)  

48 (29.5-74)  

41 (23-70)  

0.224  

0.713  

0.228  

0.820  

0.392  

0.746  
0.121  

0.316  
Albumin, g/dl, Median (IQR)  4 (3.4-4)  4 (3.3-4.13)  0.105  

Total-bilirubin (mg/dL), Median (IQR),  0.93 (0.63-1.26)  0.9 (0.7-1.2)  0.621  

HCV RNA, log10IU/ml, Median (IQR)  5.62 (4.32-6.08)  5.41 (4.74-5.63)  0.865  

Child-Pugh class, n (%):  
A  30 (61.2)  32 (65.3)  0.989  
B  6 (12.2)  7 (14.3)  

Prior HCV treatment, n (%):  
Treatment naive  36 (73.5)  39 (79.6)  0.774  
Treatment-experienced  13 (26.5)  10 (20.4)  

DCV  
HCV  
INR  
IQR  

: Daclatasvir.  
: Hepatitis C virus.  
: International normalized ratio.  
: Interquartile range.  

RBV  
SD  
SOF  

: Ribavirin.  
: Standard deviation.  
: Sofosbuvir.  
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Table (2): Hemoglobin concentration in the studied group at baseline, after 4 and 12 weeks of treatment.  

S OF/DC V/RB V+L-c arnitine  
(L-carnitine Group)  

n=49  

SOF/DCV/RBV  
(Control Group)  

n=49  

Before treatment 
 

After 4 weeks  After 12 weeks  Before treatment After 4 weeks  After 12 weeks  

Hemoglobin (g/dL) 14.06± 1.43 12.79±2.92b 13.14±2.63 c 13.91 ± 1.19 11 .46± 1 .84 a,b  10.98± 1 .26a,c  

ap<0.001: Comparison within control group before and after 4, 12 weeks of treatment.  

bp<0.001: Groups L-carnitine vs control after 4 weeks of treatment.  
cp<0.001: Groups L-carnitine vs control after 12 weeks of treatment.  

DCV : Daclatasvir.  
RBV : Ribavirin.  
SOF : Sofosbuvir.  

Screened (n=143)  

Excluded (n=45)  
• Not meeting inclusion  

criteria (n=21)  
• Meeting exclusion  

criteria (n=18)  
• Declined to  

participate (n=6)  

Randomized (n=98)  

SOF/ DCV  
/RBV + L-Carnitine  

(n=49)  

Completed study  
(n=49)  

DCV: Daclatasvir. RBV: Ribavirin.  
N: Number of patients. SOF: Sofosbuvir.  

Fig. (1): Study flow chart.  

Discussion  

In Egypt, HCV infection is the most common  
cause of chronic liver diseases. The main compli-
cation in patients infected with HCV treated with  
a regimen containing RBV is hemolytic anemia  
[11] . It is recommended to discontinue or reduce  
RBV dose in patients who developed hemolytic  
anemia [12] . It has been reported that supplemen-
tation with L-carnitine improves hemoglobin levels  
in patients with HCV treated with pegylated inter-
feron (Peg-IFN) plus ribavirin and in patients with  
renal insufficiency [10,13,14] .  

This study aimed to evaluate the effect of L-
carnitine on improving ribavirin induced hemolytic  
anemia in patients with hepatitis C virus treated  
with sofosbuvir/daclatasvir plus ribavirin.  

In the current study, hemoglobin concentration  
was significantly decreased after 4 and to 12 weeks  

of treatment in patients treated with SOF/DCV  
/RBV, when compared to baseline. Decreased  
hemoglobin levels represent the main side effect  
of the RBV containing regimens. In a recent study,  

14% of treated patients with SOF/DCV/RBV for  
12 weeks developed anemia [15] . In another study,  
Salama et al., 2016 [16]  reported that 45% of patients  
on SOF/DCV/RBV regimen experienced hemo-
globin reduction <12g/dL compared to pre–treat-
ment levels.  

Anemia may manifest itself in the first weeks  
of treatment with RBV and may continue during  
therapy [17]  by reducing the survival of red blood  
cells [18] . Hemolytic anemia is likely to be related  
to the extensive accumulation of RBV in the red  
blood cells which leads to oxidative membrane  
damage and extravascular hemolysis by the retic-
uloendothelial system [19] .  

In this study, we observed a significantly greater  
decrease in hemoglobin level in the SOF/DCV/  
RBV group than the SOF/DCV/RBV plus L-
carnitine group which indicates that supplementa-
tion with L-carnitine can improve hemolytic anemia  

induced by RBV.  

This was in agreement with Malaguarnera et  
al., 2011 [10]  who detected a significant decrease  
in hemoglobin concentration after 6 and 12 months  
of treatment of HCV patients with Peg-IFN- α  2b  
plus RBV as compared to patients receiving Peg-
IFN-α  2b, ribavirin plus L-carnitine.  

The efficacy of L-carnitine in hemolytic anemia  

induced by RBV in patients with chronic HCV  

infection treated with DAA regimen plus RBV is  

probably due to the fact that L-carnitine protects  
red blood cells from oxidative stress and stabilizes  
their membranes, which increases the erythrocytes  

[20-22] . In addition, it has been suggested that L-
carnitine can act through the suppression of apop-
tosis and improvement of the function of bone  
marrow progenitors by increasing the number of  
colony forming units [10] .  
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It was reported that L-carnitine increases the  

efficacy of erythropoietin in patients with impaired  
renal function in whom accelerated degradation of  

serum erythropoietin leads to anemia [19] . Also, in  
patients with thalassemia, the blood transfusion  
interval increased significantly after supplementa-
tion with L-carnitine [23] .  

We recorded a reduction of RBV dose in  

(10.2%) of patients in the L-carnitine group, com-
pared with (22.5%) of patients in the control group  

and the adherence of patients to their ribavirin  

dose was higher in patients treated with L-carnitine  

than patients in the control group (89.8% vs.  

77.5%). In a cohort of 551 patients with HCV  

related cirrhosis treated with SOF/DCV/RBV [28]  
the most common adverse events was anemia (3%  

and 3 1 .3%) resulted in a RBV dose reduction in  
(4% and 33%) of patients, in CTP-A and CTP-B;  

respectively [24] .  

In our study, SVR 12 was improved in the L-
carnitine group versus the control group (93.9%  

vs. 87.8%) respectively. Malaguarnera et al., 2011  

[10]  reported a significant improvement of SVR in  
patients receiving Peg-IFN- α  2b/RBV plus L-
carnitine for 12 months when compared to patients  

receiving Peg-IFN- α  and RBV in 15 vs 7 patients  
(50% vs 25%) respectively. The treatment with L-
carnitine could be beneficial in treatment of HCV  
patients.  

Conclusion:  
L-carnitine is effective in improving hemolytic  

anemia induced by ribavirin in patients treated for  

hepatitis C virus and increase patient's adherence  

to treatment that guarantees the best opportunity  

to achieve an SVR.  

There are limitations in this study being a pilot  
study with a small number of patients.  
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