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The current standard of care therapy (SOC) for chronic HCV is pegylated interferon/ribavirin (Peg-IFN/
RBV). Many reports showed the possible role of vitamin D supplementation in augmenting the response to
SOC. The aim of this study was to assess the role of vitamin D supplementation on the response to treatment
in chronic HCV genotype 4 patients. One hundred and one chronic HCV patients were classified into two
groups (Group 1): 51 patients received the SOC therapy consisting of Peg-interferon alfa-2b plus ribavirin,
(Group 2): 50 patients received the SOC therapy + vitamin D3 (Cholecalciferol) in a dose of 15,000 IU/week
during the treatment course. Vitamin D deficiency was found in 95% of patients. No correlation was found
between vitamin D levels and stage of fibrosis in the whole population. Vitamin D supplementation had no
positive impact on treatment outcome where sustained virological response (SVR) was achieved in 51.2% in
group 2 and 71.4% in group 1 by per-protocol analysis and in 44% in group 2 and in 68.6% in group 1 by
intention to treat analysis (P value 0.22 and 0.220 respectively). Despite its role in other genotypes, vitamin D
supplementation has no significant impact on SVR in HCV Genotype 4 patient. No correlation was found
between vitamin D levels and stage of liver fibrosis.

Introduction

The combination of pegylated interferon alfa (Peg-
IFN) plus ribavirin (Peg-IFN/RBV) for 48 weeks is the

recommended treatment for patients with HCV genotype 4.
The sustained virological response (SVR) approaches 50%
based on various retrospective and prospective trials (Alfa-
leh and others 2004; Kamal and others 2005). Furthermore,
there is a large burden on both the hospital and the patient
because of the frequent hospital visits and prolonged course
of treatment (Llovet and others 2003). Various options have
been considered in attempting to improve the virological
response rates, including extended treatment duration, higher
dose Peg-IFN/RBV therapy, and addition of other drugs
(Abu-Mouch and others 2011).

A large number of studies have examined the relationship
between the vitamin D status of patients with chronic hepatitis C
and disease outcome (Gutierrez and others 2011; Cholongitas
and others 2012; Kitson and Roberts 2012). The majority found
that HCV-positive patients have depressed 25(OH) D levels.
(Petta and others 2010) Several association studies demon-
strated that vitamin D levels inversely correlate with the stage

of liver fibrosis and that there was a positive correlation
between 25(OH) D levels and the likelihood of achieving
SVR (Gutierrez and others 2011; Cholongitas and others 2012).

A retrospective review of patients in Italy who were treated
with Peg-IFN/RBV for recurrent HCV post-transplantation
found that concurrent treatment with vitamin D (for bone
disease) resulted in significantly higher SVR rate (Bitetto
and others 2011). In addition, two randomized clinical trials
showed that vitamin D supplementation (2,000 IU/day) sig-
nificantly enhanced the SVR rates of treatment-naı̈ve pa-
tients infected with HCV genotype 1 (Abu-Mouch and
others 2011; Nimer and Mouch, 2012).

As previous studies were conducted in a population where
genotype 1 was more prevalent, it would be pertinent to
examine whether the same effectiveness of vitamin D can be
replicated in HCV genotype 4 (HCV4) patients.

Even with the appearance of the new emerging antiviral
drugs, Peg-IFN/RBV may remain the standard of care (SOC)
for the next few years especially with the expected high
costs and the limited number of patients who will be eligible
for the new treatment. So every effort is made to improve the
performance of the SOC.
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Moreover, since approximately 20% of the 175 million
global cases of HCV are caused by HCV genotype 4 (El-
Zayadi and others 2005), effective individually tailored
treatment approaches are crucial.

The aim of this study is to assess the role of vitamin D
supplementation on the response to treatment in chronic
HCV 4 patients and its possible relation to the stage of
hepatic fibrosis.

Patients and Methods

Subjects

The study was conducted on 101 chronic HCV4 patients
recruited from the hepatology outpatient clinic in the Na-
tional Hepatology and Tropical Medicine Research Institute,
Cairo. The patients were categorized according to treatment
received into two main groups:

Group 1 (Control Group): received the standard of care
therapy (SOC) consisting of Peg-IFN/RBV (51 patients).

Group 2 (Cases Group): received the SOC therapy + vi-
tamin D3 (50 patients) concomitant therapy.

Inclusion criteria: age 18–60 years old, chronic HCV
infection genotype 4 for > 6 months by detectable serum
quantitative HCV-RNA, naı̈ve to treatment, compensated
liver disease with the following minimum hematologic and
biochemical criteria (Hemoglobin ‡ 12 g/dL for males and
‡ 11 g/dL for females, WBC > 3,500/mm3; Granulocyte count
> 1,500/mm3, Platelet count > 75,000/mm3, Albumin and
thyroid function tests within normal limit, and ANA £ 1:80).

Ultrasound guided liver biopsy within 12 months prior to
study entry, using a semiautomatic true-cut needle (16G).
Liver biopsy was fixed in formalin and embedded in paraffin
and all biopsy specimens were analyzed by an experienced
pathologist. All biopsy specimens were at least 15 mm lengths
and contain 6 portal tracts. Liver fibrosis staging was evalu-
ated according to the METAVIR scoring system and those
confirming a histological diagnosis consistent with HCV and
fibrosis score ‡ F1 according to METAVIR score were in-
cluded (Bedossa and Poynard 1996).

Patients with other liver diseases, decompensated liver
cirrhosis, hepatocellular carcinoma, liver biopsy contrain-
dication, those who were not fit for combined interferon
and ribavirin treatment due to persistant hematological
abnormalities, those who are receiving medications known
to affect vitamin D3 level or metabolism (calcium, vitamin
D supplementation, estrogen, alendronate, isoniazid, thia-
zide diuretics, long-term antacids, calcium channel block-
ers, cholestyramine, anticonvulsants, and orlistat), those
with clinically evident osteomalacia (waddling gait, bone
pain, and pathological fractures), those with renal diseases
or parathyroid diseases, and those with BMI > 35 were
excluded.

The study was conducted according to the principles of
the Declaration of Helsinki. Institutional Review Board
(IRB) study approval was obtained through the (NHTMRI)
IRB office prior to commencement of the study and signed
informed consent was obtained from all study patients at the
point of recruitment and before randomization.

Study design

This was a prospective, randomized controlled, open-
labeled, two group assignment study.

Sample size

This study had a power of 80% to show that the response
rate for 48 weeks treatment in the triple therapy arm (Peg-
INF/RBV combination with vitamin D) was greater than the
response rate for active control (48 weeks treatment in the
Peg-INF/RBV combination). This assumed that the response
rates for the active control and the new treatment arm were
precisely unequal to (80%), that a difference of 20% or more
is important, that the sample size in the two groups was 50
each, and that alpha (one-tailed) was set at 0.05. The sample
size also took into account a 5% drop out rate from either
arm. Here, the null hypothesis was that the response rate for
the triple therapy arm was 20% higher than the response rate
for active control and the study had a power of 80% to reject
the null hypothesis. Equivalently, the likelihood was 80% that
the 95% confidence interval for the difference in response
rates excluded a 20% difference in favor of the active control.

Randomization

All patients, after screening, meeting study criteria, and
signing the informed consent were randomized by using
concealed previously labeled envelops in a 1:1 ratio.

Study procedure

Patients were subjected to thorough history taking, clin-
ical examination and pretreatment laboratory work-up.
Quantitative reverse transcription–polymerase chain reac-
tion (PCR) for detection of HCV-RNA (RT-PCR) using
Abbott Real-Time HCV kit, with a detection limit of 12 IU/
mL was performed.

Vitamin D assay was performed at week 0 only for group
1 because we had no ethical justification to take extra sam-
ples from this control group and it was expected to remain
low because this group didn’t receive supplementation. For
group 2 patients, it was measured at weeks 0, 6, 12, 24, and
48. Human 25-hydroxyvitamin D [25-(OH) D]assay (Glory
Science): The kit uses a double-antibody sandwich enzyme-
linked immunosorbent assay (ELISA) to assay the level of
[25-(OH) D] in samples.(Heijboer and others 2012). Assay
range: The range of the kit is 0.5–150 ng/mL. Vitamin D
level is considered deficient < 20 ng/mL, insufficient 20–
30 ng/mL, and normal > 30 ng/mL (Hollis 2008).

Study medications

Peg-interferon alfa-2b (Peg-Intron-MSD�)–in a dose of
1.5 mg/kg subcutaneous injection once/week and ribavirin
(Rebetol, MSD�) (SOC); dose determined by patient weight
[ < 75 kg = 1,000 mg/day; ‡ 75 kg = 1,200 mg/day in two sep-
arate oral doses after meals in the morning and at night] for
48 weeks.

Vitamin D3 (Cholecalciferol) (Vidrop, MUP) in a dose of
15,000 IU/week (5.3 mL), given as oral solution with juice
once weekly for the course of treatment duration.

Treatment response follow-up
(efficacy assessment)

Patients with complete early virological response (EVR)
or partial EVR at week 12 continued treatment until week
24 (Ferenci and others 2005).
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Patients with undetectable HCV viremia at week 24
continued their treatment till 48 weeks. Patients with end
of treatment response entered a follow-up period until 72
weeks (Ghany and others 2009).

Patients who had negative HCV RNA at week 72 were
considered to achieve sustained virologic response (SVR)
(Sarrazin and others 2010).

Every effort was done to ensure that compliance is maxi-
mized and that patients continued to take the allocated treat-
ments. Good compliance is defined as the completion of 80%
of the prescribed treatment doses (McHutchison and others
2002). Yet, 7 patients were not regular during follow-up from
group 2 and 2 patients from group 1. None of the missed
patients had stopped the treatment due to adverse events, 5 of
the 9 patients stopped treatment due to social problems, 2
refused to continue follow-up after treatment completion, and
2 had completed their treatment outside our center. In the rest
of patients, there were no observed side effects.

Statistical analysis

Analysis of data was performed using SPSS 17 (Statis-
tical Package for Scientific Studies) for Windows. De-
scription of quantitative variables was in the form of mean,
standard deviation (SD), median, 25th and 75th percentiles,
minimum and maximum. Description of qualitative vari-
ables was in the form of numbers (No.) and percents (%).
The results indicated that data were not normally distributed
so nonparametric tests were used for comparisons. Com-
parison between quantitative variables was carried out by
Mann–Whitney U. Comparison between qualitative vari-
ables was carried out by Chi-Square test (v2). Fisher exact
test was used instead of Chi-square test when one expected
cell or more were £ 5. Binary correlation was carried out by
Spearman correlation test. Results were expressed in the
form of correlation coefficient (R) and P values, which are
significant when P value £ 0.05.

Results

There were no significant differences between the two
groups in terms of age, sex, BMI, and baseline laboratory
values except AFP being higher in group 2 patients and the
baseline serum [25(OH) D] level being lower in group 1
with P value < 0.05 as shown in (Table 1). All patients in
group 1 had severe baseline vitamin D deficiency < 20 ng/
mL, regarding group 2 patients, 90% had severe vitamin D

deficiency, 2% had insufficient level 20–30 ng/mL, and 8%
had normal vitamin D level > 30 ng/mL.

No significant difference was observed between [25(OH)
D] levels in different fibrosis stages with P = 0.255 as shown
in (Fig. 1), also no correlation between [25(OH) D] levels
and fibrosis stage at baseline assessment with ‘‘R’’ value
(0.113) and P value (0.259).

Mean [25(OH) D] level in group 2 patients during the
study period is shown in Table 2. Follow-up of [25(OH) D]
assay showed at week 6 (44.8% had vitamin D deficiency;
22.5% had insufficient levels, and 32.7% had normal levels),
at week 12 (89.6% had vitamin D deficiency; 10.4% had
normal levels), and at weeks 24 and 48 of treatment 100% of
the patients that continued their treatment had normal vita-
min D levels as shown in Fig. 2.

The treatment outcome by per-protocol analysis is shown
in (Fig. 3). All results in different treatment weeks are sta-
tistically not significant between both study groups.

The treatment outcome by intention to treat analysis was
statistically not significant between both study groups (Fig. 4).

Discussion

The long duration of treatment, considerable side effects,
and lack of satisfactory treatment results make it necessary
to find complementary treatments with reasonable price
especially with the expected very high costs for the new
Directly Acting Antiviral Drugs (Esmat and others 2012).

Many studies showed reasonable results of the possi-
ble role of vitamin D supplementation in augmenting the

Table 1. Baseline Characteristics for the Studied Population

Group 1 Group 2

N = 51 (mean – SD, %) N = 50 (mean – SD, %) P value

Age (years) 39.69 – 8.98 39.74 – 9.76 0.973
BMI (kg/m2) 26.73 – 3.05 26.01 – 3.72 0.375
Male 76.5% 74% 0.774
AST (IU/L) 55.57 – 32.12 60.12 – 27.9 0.125
ALT (IU/L) 69.39 – 38.61 71.88 – 36.73 0.59
T.Bilirubin (mg/dL) 0.78 – 0.32 0.66 – 0.26 0.068
AFP (ng/mL) 8.34 – 21.91 10.06 – 14.48 0.023*
HCV RNA (IU/m) 552937 – 677729 1598680 – 3146656 0.132
Serum [25(OH)D] (ng/mL) 5.54 – 4.63 11.02 – 15.97 0.029*

*P value £ 0.05.

FIG. 1. Median baseline 25 (OH) D levels at different
fibrosis stages.
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response to SOC therapy of HCV (Yano and others 2007;
Abu-Mouch and others 2011).

In the current study 95% of patients showed marked defi-
ciency in [25-(OH) D] levels. At baseline (week 0 of treat-
ment), vitamin D deficiency was found in all group 1 patients
and in 90% of group 2 patients. These data match with pre-
viously published trials that showed a remarkable vitamin D
deficiency in their studied populations (Petta and others 2010;
Abu-Mouch and others 2011; Terrier and others 2011; Ladero
and others 2013).

Egypt has a problem of vitamin D deficiency, which
seems to be on nationwide base and might be not directly
related to HCV or other diseases; yet, recent published data
suggest many possible contributing factors including dark
skin color, dietary calcium deficiency, and inadequate sun
exposure especially in females who remain fully covered for
religious or social reasons (Meguid and others 2010; Hamza
and others 2011; Amr and others 2012) After vitamin D
supplementation in group 2, which was started from day 0 of
treatment till the last dose of Peg IFN/RBV, vitamin D
levels started to show an upward movement at week 6.
Vitamin D level recurred to drop again at week 12 with re-
increased number of deficiency groups reaching 89.6%. This
may be attributed to the eagerness for tissue satisfaction that
make it difficult to have high level of vitamin D in serum.
Then, a final plateau rise in the level of vitamin D was
obtained at weeks 24 and 48 when 100% of patients had
normal vitamin D levels.

Variable regimens of vitamin D supplementation were
used in similar trials to obtain satisfactory plasma levels,

Ladero and others (2013) studied a daily vitamin D supple-
mentation in 41 chronic HCV patients treated with pegy-
lated interferon in a dose of 2,000–4,000 IU/day, depending
on the serum levels, and he was able to correct the mean
vitamin D level from 18.39 – 5.68 ng/mL at baseline levels
to 59.66 – 25.93 ng/mL at end of treatment period. In an-
other trial on 72 chronic HCV patients, the patients went to a
lead in phase (4 weeks prior to therapy) with daily dose of
2,000 IU/day and the dose was increased to reach the serum
level of > 32 ng/mL. Then, the patients were maintained on
2,000 IU/day till the end of therapy (Abu-Mouch and others
2011).

In our study, no correlation was found between [25-(OH)
D] levels and fibrosis stage at baseline assessment of the
whole 101 studied population and no significant difference
was observed. These data run parallel to that reported earlier
(Ladero and others 2013; Kitson and others 2013), who
found that baseline [25-(OH) D] level is not associated with
fibrosis stage. But, another study (Petta and others 2010)
declared strong negative association between serum [25-
(OH) D] levels and fibrosis scores.

Although good correction of serum vitamin D level was
achieved in this study, no positive impact was observed on
treatment outcome in terms of SVR by per-protocol analy-
sis, or by intention to treat analysis with no statistically

Table 2. Classification of Serum [25(OH) D]
Levels in Group 2 Patients Throughout

the Study Period

Deficiency Insufficiency Normal

< 20 ng/mL 20–30 ng/mL > 30 ng/mL
Treatment
week No. % No. % No. %

Missed
patients

Week 6 22 44.8 11 22.5 16 32.7 1
Week 12 43 89.6 0 0 5 10.4 2
Week 24 0 0 0 0 39 100 11
Week 48 0 0 0 0 29 100 21

FIG. 2. Mean serums [25(OH) D] in group 2 through the
study period (baseline and weeks 6, 12, 24, and 48).

FIG. 3. Treatment outcomes by efficacy subset analysis
(per-protocol analysis) at week 72 (SVR). SVR, sustained
virological response.

FIG. 4. Treatment outcomes by intention to treat analysis
at week 72 (SVR).
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significant difference between both groups. Discordant data
described the relation between vitamin D level and response
to SOC for HCV; our results were in agreement with those
reported earlier (Kitson and others 2013), who studied 274
chronic HCV genotype 1 patients treated up to 48 weeks with
pegylated interferon alfa-2a plus ribavirin, no association
between [25-(OH) D] status and SVR was found. These data
were strengthened by Ladero and others (2013) when 108
chronic HCV patients of variable genotypes were studied.
Deficiency of vitamin D ( < 20 ng/mL) and suboptimal levels
(20–30 ng/mL) were detected in 36.1% and 40.9% of patients,
respectively. Terrier and others 2011 studied 189 HIV-HCV
co-infected patients, who received ‡ 80% of interferon (IFN)
and no correlation was found between [25-(OH) D]levels and
HCV sustained virologic response to IFN-based therapy.

On the other hand, our study runs in a different way rather
than that reported earlier (Petta and others 2010). It was
reported that [25-(OH) D] serum levels were significantly
lower in CHC than in controls and by multivariate analysis,
and that [25-(OH) D] levels were independently associated
with no SVR and linked to decreased responsiveness on
interferon (IFN)-based therapy.

The previous data (Petta and others 2010) were affirmed
(Abu-Mouch and others 2011), 72 chronic HCV genotype 1
patients randomized into two groups with similar clinical
characteristics were studied and concluded that adding vi-
tamin D to conventional Peg-a-2b/ribavirin therapy for
treatment-naı̈ve patients with chronic HCV genotype 1 in-
fection significantly improves the viral response.

Differences between our results and others regarding SVR
may be attributed to several factors. First, the regimen of
vitamin D supplementation, some went to a lead in phase 4
weeks prior to SOC therapy and continued till the end of
therapy and others started administration of vitamin D from
week 0. Second, our population is genotype 4, which is dif-
ferent from other genotypes with regard to the SVR, especially
genotypes 2 and 3 who have better response than genotype 4.

Conclusion

Despite its role in other genotypes, vitamin D supple-
mentation has no significant impact on SVR in HCV Gen-
otype 4 patient. No correlation was found between vitamin
D levels and stage of liver fibrosis
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