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Abstract

Aim of the study: Vitamin D deficiency is known to be associated with disease severity, unresponsiveness to
treatment, and morbidity among patients with chronic viral hepatitis B and C, autoimmune hepatitis, and alco-
holic hepatitis. This study aims to research vitamin D levels in patients suffering from cirrhotic and non-cirrhotic
phases of hepatitis D.

Material and methods: 170 individuals in total were included in the study in the form of two groups: the first
group of 100 patients with chronic hepatitis D (CHD), 30 of whom had cirrhosis, and the second control group of
70 individuals with similar characteristics to those of the first group in terms of age, type, and seasonal sampling.
Levels of 25-hydroxy vitamin D [25(0H)D] were measured in the serum collected from patients and the control
group.

Results: The lowest 25(0H)D levels were identified in patients with cirrhotic CHD. When these levels were com-
pared with those of the control group, they were found to be significant (15.30 +6.92 and 18.90 +8.30 ng/ml,
respectively, p = 0.04). 25(0H)D deficiency (< 10 ng/ml) was detected at significantly higher rates in patients
with both cirrhotic and non-cirrhotic CHD compared to the healthy controls (30%, 25%, and 8.5%, respectively,
p = 0.01). A significant correlation was established between 25(0H)D levels and bilirubin in patients with CHD
(r=0.252, p = 0.012). Multivariate analysis showed that chronic hepatitis D (odds ratio [OR] = 3.608, 95%
confidence interval [Cl]: 1.31-9.89, p = 0.013) and age (OR = 1.04, 95% Cl: 1.00-1.08, p = 0.033) were asso-
ciated with vitamin D deficiency.

Conclusions: Frequency of 25(0H)D vitamin deficiency is higher in patients with CHD. The identification of
vitamin D levels and the replacement of any deficiency may create a positive effect on disease progression,
morbidity, and mortality levels.
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Introduction

Hepatitis D is the most serious form of viral hepa-
titis in humans. Whereas concurrent infection evolves
into chronicity in only 2% of cases, superinfection
leads to chronic infection in over 90% of cases [1, 2].
Chronic hepatitis D (CHD) poses a higher risk for cir-

rhosis, decomposition, and hepatocellular carcinoma
when compared to chronic hepatitis B mono-infection
because of the faster progression of fibrosis in this dis-
ease. It is estimated that 15 to 20 million people world-
wide are infected with hepatitis D virus (HDV) [3].
Despite a range of drug trials, the only therapeutic
option for this disease is observed to be pegylated
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interferon. Nevertheless, the virological response rate
achieved through this form of therapy does not exceed
approximately 30% [4].

In adults, deficiency of vitamin D can be a prelim-
inary factor aggravating osteopenia and osteoporosis
and may lead to osteomalacia, as well as muscle weak-
ness, and increase fracture risk [5, 6]. Several findings
indicate that it is associated with a wide spectrum of
diseases ranging from autoimmune diseases to cancer
in addition to its impact on the musculoskeletal system
[7]. Besides calcium metabolism, vitamin D shows ef-
fects on significant cellular functions such as prolifera-
tion and differentiation [8]. The liver plays an import-
ant role in the metabolism of vitamin D. In the liver,
vitamin D derived from the skin and diet is hydrox-
ylated into 25-hydroxy vitamin D [25(OH)D], which
represents the major circulating form of vitamin D
and which is used to determine a patient’s vitamin D
status [9].

The literature has reported many studies concern-
ing vitamin D levels in chronic liver diseases of varying
etiologies and their association with disease severity
[10-15]. Some of these studies established an associ-
ation between low vitamin D levels and disease sever-
ity [10-14], while others failed to support this finding
[15]. Chronic hepatitis D is an important public health
problem in the South-Eastern region of Turkey where
the study was conducted. Our aim in the present study
is to investigate vitamin D levels among patients with
chronic hepatitis D and the association between these
levels and disease phases.

Material and methods

Patients

The study was undertaken in compliance with
the principles of the Helsinki Declaration and was
approved by the Local Ethics Committees of the Di-
cle University School of Medicine with serial number
2014/375.

The patient population of the present study com-
prises 100 patients with CHD, 30 of them cirrhotic,
who had subsequently applied as outpatients to the
Gastroenterology Clinic of the Faculty of Medicine
under Dicle University between January 2014 and
March 2015. The disease was diagnosed according
to the following criteria for CHD infection: positive
finding for hepatitis B surface antigen (HBsAg) and
anti-HDV antibodies for at least 6 months, serum ala-
nine or aspartate aminotransferase activity higher than
the normal threshold, and positive finding for HDV
RNA. Histopathological evaluations were performed

to determine the Ishak scores [16]. Liver cirrhosis was
diagnosed histopathologically [16] or by comprehen-
sively reviewing laboratory parameters and physical,
endoscopic, and/or ultrasonographic findings.

Patients who had concomitant hepatitis C virus
(HCV), human immunodeficiency virus (HIV) in-
fection, acute exacerbation of chronic hepatitis B, au-
toimmune hepatitis, alcoholic hepatitis, hepatic and
extra-hepatic malignancies, inflammatory bowel dis-
orders, and drugs known to affect vitamin D metabo-
lism and vitamin/mineral supplements were excluded
from the study.

Demographic and clinical characteristics and labo-
ratory results, including age, sex, presence or absence
of diabetes, body mass index, biochemical, and hemo-
gram tests were recorded.

Controls

We included age- and sex-matched healthy subjects
who applied to our outpatient clinic for health screen-
ing in the control group. Hepatitis B virus (HBV),
HCV, HDV, HIV serology results of these patients
were negative. Liver function test results were normal.
Patients were not taking vitamin D or any other vita-
min supplements. Seasonal variability is frequently ob-
served for 25(OH)D levels in human serum samples.
Therefore, serum samples were taken from the patient
and control groups at similar time intervals.

Blood collection

Blood samples were obtained following overnight
fasting from healthy volunteers and patients with CHD
after the collection of informed consent. The serum
was then separated from the cells by centrifugation at
3000 rpm for 10 minutes. The serum was isolated and
kept at -80°C until subsequent analysis.

Quantification of 25(OH)D serum levels

The analysis of serum 25(OH)D was performed
through the use of high-performance liquid chroma-
tography (ImmuChrom GmbH, Germany). Cases with
vitamin D concentrations of < 20 and < 10 ng/ml were
defined as insufficiency and deficiency, respectively,
whereas concentrations > of 20 ng/ml were considered
adequate [17].

Virological assessment

Levels of HBsAg (qualitative), anti-HBs, hepatitis B
e antigen (HBeAg), anti-HBe, anti-HCV, and anti-HIV
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were determined in the microbiology laboratory of our
hospital by the macro-EIA method using Cobas e 601
by Roche with its original kits. The total anti-HDV was
determined on the Triturus model of Grifols employ-
ing the micro-ELISA method. HDV RNA was mea-
sured on LightCycler 2.0 by Roche (Roche Diagnostics
GmbH, Manheim Germany) using real-time RT-PCR.

Statistical analysis

The analysis of the data was performed using the
statistical software SPSS 18.0 (SPSS Inc., Chicago, IL,
USA). Inter-group comparisons were performed us-
ing Student’s test where numeric data demonstrated
a normal distribution and using the Mann-Whitney
U test where numeric data did not demonstrate a nor-
mal distribution. Groups with categorical variables
were compared using the Pearson ¥* test. The binary
logistic regression analysis was performed to detect the
independent predictors of deficiency of 25(OH)D. Any
p-value smaller than 0.05 was considered statistically
significant.

Results

The mean age of the patient population of 44 fe-
males and 56 males was 41.6 +12.1 years (range:
16-71 years) and 30 of these patients were cirrhotic.
The control group was comparable for age, sex, body
mass index (BMI), and sampling season with the CHD
group (Table 1). 30 of the remaining 51 patients did
not undergo liver biopsy due to cirrhosis, and 29 pa-
tients started pegylated interferon (PEG-IFN) therapy
without a biopsy. A total of 58 patients have received
PEG-IEN therapy. Forty-nine of the patients had un-
dergone liver biopsy. Clinical and laboratory baseline
characteristics of the CHD patients with and without
cirrhosis are shown in Table 2.

Serum 25(OH)D levels

Serum 25(OH)D levels were 18.28 +12.07 ng/ml
and 18.90 +8.30 ng/ml in the patient and control
groups, respectively (p =0.061). Mean serum 25(OH)D
levels were lower, 15.30 £6.92 ng/ml, in cirrhotic pa-
tients with CHD than in non-cirrhotic ones, 19.56
+13.55 ng/ml, p = 0.393. The lowest 25(OH)D lev-
els were identified in patients with cirrhotic CHD.
When these levels, 15.30 £6.92 ng/ml, were compared
with those of the control group, 18.90 £8.30 ng/ml,
p =0.025, they were found to be significant. Insufficient
levels of serum 25(OH)D were found in 76.6%, 65.7%,
and 57.1% of cirrhotic patients with CHD, non-cir-

rhotic patients with CHD, and healthy controls, re-
spectively (p = 0.164). No correlation was established
between vitamin D levels and HDV RNA, HBV DNA,
and histopathological findings.

We also assessed seasonal changes in 25(OH)D
levels in CHD patients and the control group. Serum
25(OH)D levels were significantly lower in both CHD
patients and the control group where serum samples
had been taken in Winter and Fall seasons, 13.79 +6.18
ng/ml and 23.34 +14.87 ng/ml, p = 0.001, compared
to those taken in Summer and Spring seasons, 16.88
+6.96 ng/ml and 20.92 £9.1 ng/ml, p = 0.032 (Fig. 1).
There was a significant difference between CHD and
control groups in terms of 25(OH)D levels in the same
season only in the Winter and Fall period, 13.79 +6.18
ng/ml and 16.88 +6.96 ng/ml, p = 0.023 (Fig. 1).

Vitamin D deficiency (< 10 ng/ml) in patients
with chronic hepatitis D

Deficiency of serum 25(OH)D was found in 30%,
25%, and 8.5% of CHD patients with cirrhosis, CHD
patients without cirrhosis, and healthy controls, re-
spectively (p = 0.01). Among the studied variables,
total bilirubin concentration showed a significant cor-
relation with 25(OH)D levels (r = -0.252, p = 0.012).
However, there was no relationship between aspartate
transaminase (AST), alanine transaminase (ALT),
platelet count, albumin, international normalized ra-
tio, and vitamin D levels. Multivariate analysis showed
that chronic hepatitis D (odds ratio [OR] = 3.608, 95%
confidence interval [CI]: 1.31-9.89, p = 0.013) and age
(OR = 1.04, 95% CI: 1.00-1.08, p = 0.033) were asso-
ciated with vitamin D deficiency, whereas CHD with
cirrhosis (OR = 0.65, 95% CI: 0.24-1.76, p = 0.42) was
not. However, the other variables in the model includ-
ing sex, BMI, and seasonal status did not predict the
vitamin D concentrations.

Discussion

The present study concluded that 25(OH)D defi-
ciency was more pronounced among cirrhotic patients
and at a higher incidence among patients with CHD
than healthy controls.

Chronic hepatitis D infection progresses more rap-
idly than other types of hepatitis. Cirrhosis and com-
plications due to cirrhosis may develop in the early
phase of patients with CHD. Vitamin D levels have
been studied in patients with CHD in our study, which
is so important; our study will make important contri-
butions to the literature.
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Table 2. Clinical and laboratory baseline characteristics of the chronic hepatitis D patients with and without cirrhosis

Risk factor B SE p OR 95% CI for OR
Lower bound Upper bound

Sex 0.443 0.424 0.295 1.558 0.679 3.576
Age 0.036 0.019 0.055 1.037 0.999 1.076
Presence of hepatitis D viral 1.395 0.489 0.004 4037 1.548 10.526
infection

Season 0.534 0.418 0.201 1.705 0.752 3.865
Constant -0.401 0.776 0.605 0.670

Risk factors for vitamin D deficiency in patients with chronic hepatitis D viral infection as identified by multivariate logistic regression. B - Beta coefficient, SE - standard error,

OR - odds ratio, CI - confidence interval

p=0.001

70

60

50

p=0023

40

Vitamin D level (ng/ml)

30

20

T T
Patients Controls

B Winter-Fall @ Summer-Spring

Fig. 1. Vitamin D levels are characterized by seasonal variation in patient with
chronic hepatitis D and healthy controls

Vitamin D not only acts as a significant regulator in
calcium metabolism but also influences several differ-
ent cellular functions, from proliferation to immuno-
modulation [18]. Vitamin D exerts its biological effects
through its attachment to nuclear vitamin D receptors
situated in a large number of tissues ranging from liver
cells to immune system cells [19].

Vitamin D produced in the skin or ingested through
the diet is biologically inert and requires two successive
hydroxylations [20]. Once cytochrome is hydroxylated
through the P450 enzyme system in the liver it is con-
verted thereby into 25(OH)D. Vitamin D enters the
circulation again being mostly attached to the binding
protein [21]. It is also significant that the synthesis of
vitamin D binding proteins occurs in liver cells. As
there is no feedback regulation of hydroxylation of vi-
tamin D in the liver, when liver parenchyma disease
occurs, the impaired hydroxylation of vitamin D can

also lead to vitamin D deficiency or shortage [22, 23].
Although this metabolite is the biologically inactive
form, 25(OH)D has the highest quantity and the lon-
gest half-life in the blood. For these reasons, 25(OH)D
is a reflection of the total quantity of vitamin D tak-
en in through exposure to sunlight and dietary means
and released in liver deposits [24]. Therefore, serum
concentrations provide the most reliable marker that
reflects the situation concerning vitamin D [24]. In
the present study, liquid chromatography-mass spec-
trometry (LC-MS) was used as a method that has been
primarily preferred in the determination of vitamin D
and metabolites in recent years [22].

Vitamin D deficiency is reported at rates reaching
60% among patients with chronic hepatitis B [25, 26].
Farnik et al. found vitamin D insufficiency (> 10 ng/ml
- < 20 ng/ml) and deficiency (< 10 ng/ml) among pa-
tients with chronic hepatitis B at rates of 47% and 34%,
respectively, and below those of healthy controls. The
present study identified an inverse relationship be-
tween vitamin D levels and HBV DNA [25]. Another
study on CHB established, once more, lower vitamin D
levels at a higher extent and a negative correlation be-
tween vitamin D and HBV DNA. Similarly, vitamin D
levels exhibited a significant increase after successful
long-term antiviral treatment. However, the present
study did not establish such a correlation in HBV
DNA-positive patients. This may be attributed to the
differences in the natural course of both diseases de-
pending on the suppression of HBV by HDV [1, 2].

Several studies report higher ratios of vitamin D
deficiency among patients with chronic hepatitis C
compared to those in patients with CHB (92%) [27].
Interestingly, a poor vitamin D status has been linked
to fibrosis and low responsiveness to therapy in pa-
tients with chronic hepatitis C [28, 29].

Vitamin D deficiency was associated with rele-
vant studies with many mediators and pathways af-
fecting fibrosis [30-34]. Changes in the composition
of the extracellular matrix in chronic liver diseases
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play an important role in the development of fibrosis.
These changes are induced by fibroblasts and vascu-
lar smooth muscle cells. Vitamin D regulates import-
ant functions of these cells including differentiation,
proliferation, and migration. Liver cells are the main
source of matrix metalloproteinase inhibitors. There
is an association between increases in matrix metal-
loproteinases 2 and 9, a function of fibronectin and
collagen IV degradation, and deficiency in vitamin D
[30, 31]. Also, vitamin D plays an important role in the
activation of T-lymphocytes. Deficiency of vitamin D
leads to reductions in the capability of T-lymphocytes
to inactivate the virus responsible for hepatitis C, and
the consequent increase in necroinflammation exacer-
bates fibrosis [32]. Because of the anti-apoptotic effect
of vitamin D on liver cells, its deficiency emerges as an-
other factor of importance that affects fibrosis [33, 34].
As emphasized above, due to its effects on a range of
cellular functions, vitamin D deficiency may lead to
advanced fibrosis in patients with chronic hepatitis.
In addition to these clinical and experimental obser-
vations, relevant studies reported that there was an
increase in permanent virological responses through
the supplementation of treatment regimens with in-
terferon and vitamin D [35, 36]. There is currently
no alternative to interferon treatment even though its
success rates in the treatment of chronic hepatitis D
are not high. In this context, the supplementation of
interferon treatment with vitamin D can contribute to
the success rates in treatment for patients with CHD
who suffer from vitamin D deficiency, as is the case in
chronic hepatitis C treatment.

Studies on cirrhosis indicated vitamin D deficiency
in approximately 80% of patients [22, 37]. Also, studies
indicated an inverse correlation between this deficien-
cy and scores that indicate disease severity as Child-
Pugh [37, 38]. Similarly, a significant correlation was
identified between serum 25(OH)D levels and the lab-
oratory parameters of albumin levels, bilirubin concen-
trations, and international normalized ratios [37-40].
Among patients with cirrhosis, considering the role of
the relationship between disease severity and labora-
tory parameters and vitamin D in the metabolism of
this vitamin in the liver, any decrease in the produc-
tion of carrier protein is emphasized to be one of the
most important factors [22]. Lower serum concentra-
tions of vitamin D carrier proteins from reduced pro-
duction in the liver affect serum 25(OH)D levels. The
present study found a correlation only between biliru-
bin and vitamin D levels, and could not identify any
correlation with other parameters. In the present study
we found the lower rates of vitamin D deficiency and
less correlations of the parameters among cirrhotic pa-

tients compared to the previous literature. This differ-
ence may be due to the fact that most of our patients
are diagnosed with compensated cirrhosis.

Studies undertaken with general populations indi-
cated that deficiency in vitamin D led to significant in-
creases in the risk of death from all causes [41, 42]. In
patients suffering from chronic liver disease, an associ-
ation between vitamin D deficiency and an increase in
the risk of death was reported [37, 43]. Stoke et al. es-
tablished vitamin D levels below 6 ng/ml as the single
independent factor determining mortality [43].

The present study has a few limiting aspects. The
first one is the fact that this single-center study was
performed on a low number of patients. Secondly, its
nature as a case-control study does not allow us to pro-
vide a causal interpretation between vitamin D defi-
ciency and CHD. Finally, the study was not conducted
on a complete set of data concerning diet, exposure to
sunlight, and parathormone levels, all of which have
an impact on vitamin D metabolism. However, this is-
sue will not constitute a significant bias, as these data
were lacking for both the control group and the patient
group, and those included in the study were from a cli-
matically uniform geographical region.

Conclusions

The present study shows that vitamin D deficien-
cy is more pronounced among patients with chronic
hepatitis D and especially among those with cirrhosis.
Nevertheless, it is necessary to conduct studies con-
cerning the effects of vitamin D replacement on the
rates of response to interferon treatment among pa-
tients with CHD suffering from vitamin D deficiency
and on the morbidity and mortality rates of patients
with end-stage liver diseases.
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