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Vitamin D deficiency in patients with liver cirrhosis
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Abstract

There is ongoing evidence that vitamin D is related to the pathophysiology of cirrhosis. Although
the incidence of vitamin D deficiency in chronicliver diseases and cirrhosis is strongly documented,
its pathogenic association with advanced liver fibrosis remains controversial. There is evidence of
a significant relation of 25(OH)D levels with the degree of liver dysfunction, considering that an
inverse correlation of 25(OH)D levels with both Child-Pugh score and Model for End-Stage Liver
Disease has been reported. In addition, vitamin D deficiency has been shown to increase the risk
for overall mortality and infections in patients with cirrhosis. Vitamin D deficiency has been also
associated with advanced stages of hepatocellular carcinoma and poor prognosis. Finally, there are
studies suggesting that patients with chronic hepatitis C and normal vitamin D levels have higher
virological response to treatment. However, there are not enough studies conducted in cirrhotic-
only populations. The association between vitamin D and cirrhosis demonstrates a great potential
for clinical application. The relation between vitamin D deficiency and the degree of liver function,
degree of fibrosis and infectious complications could support its use as a prognostic index and a

diagnostic tool.
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Introduction

Vitamin D is a secosteroid hormone, which is mostly
known as a regulator of calcium and bone metabolism.
However, vitamin D has pleiotropic effects including cellular
proliferation, differentiation and immunomodulation [1].
These extra-skeletal effects have been related to the pathogenesis
and treatment of infections, cardiovascular, autoimmune and
degenerative diseases and several types of cancer [2].

The role of vitamin D in chronic liver diseases is not well
known, but there are reports suggesting that this hormone has
anti-inflammatory and anti-fibrotic effects and, consequently,
it has a significant role in the natural history of chronic liver
diseases, such as chronic hepatitis C and non-alcoholic fatty
liver disease (NAFLD) [3]. The aim of this review was to assess
vitamin D deficiency in patients with advanced liver fibrosis
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and cirrhosis. We searched (CK, PT) Medline, Scopus and
Google Scholar databases from November 1950 to May 2015
using the textwords: “vitamin D”, “cirrhosis”, “liver disease” and
“deficiency” and abstracts from major Gastroenterology and
Liver meetings.

Vitamin D metabolism

The basic metabolism of vitamin D has been extensively
studied. Dietary sources [such as fatty fish, eggs and artificially
fortified foods (oral supplements)] provide vitamin D, and
vitamin D,, absorbed in the intestine by biliary acids and then
transported via chylomicrons to the circulation [4-6]. The main
source of vitamin D is biosynthesis from epidermal cells as a
result of exposure to sunlight. Initially, 7-dehydrocholesterol,
a metabolite of cholesterol, is converted into pre-vitamin D,
by ultraviolet-B radiation in the lower epidermis. Then, pre-
vitamin D, is transformed into vitamin D, (cholecalciferol) in a
heat-dependent process. A significant percentage of vitamin D,
is metabolized by sunlight and so the equilibrium between
pre-vitamin D, and vitamin D, is maintained. Vitamin D that
comes from dietary sources or skin synthesis can be stored in
the adipocytes or it may undergo hepatic 25-hydroxylation [5].
Vitamin D, is bound to vitamin D-binding protein (DBP) or
albuminand itis transferred to theliver, where 25-hydroxylation
takes place [4] (Fig. 1).

Eighty eight per cent of 25(OH)D is bound to DBP, a
protein synthesized by the liver and a member of the albumin
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Figure 1 Vitamin D and liver fibrosis. Dietary sources provide vitamin D, and vitamin D,, which are absorbed in the intestine. The main source
of vitamin D is biosynthesis from epidermal cells as a result of exposure to sunlight. Vitamin D, is transferred to the liver, where 25-hydroxylation
takes place. 25(OH)D is transported to the kidney where it is again enzymatically hydroxylated to form 1,25(OH)D, or calcitriol (the active form of
vitamin D,). Calcitriol through its receptor, VDR, exerts its systemic (endocrine - purple axis) regulatory effects on many different target organs. A
second 1,25(OH)D, pool is proposed (paracrine - yellow axis), that involves the immune system and the local production of calcitriol by immune

cells, which could contribute to immune regulation

The complex interplay between environmental, genetic, cell signaling and other host factors that drive the inflammatory process and fibrogenesis

remains a topic of research. “Key players” of this process are presented in this figure

«  DHCRY genotype / polymorphisms = The DHCR? gene has been proposed to be able to affect vitamin D serum levels. A link with the severity
of fibrosis has been suggest, namely with the (GG) homozygote of the DHCR7 gene. A stronger association of the susceptible DHCR7 SNPs
(single nucleotide polymorphisms) with fibrosis initiation rather than progression has been suggested

«  Collagen promoter = There is evidence that 1,25-(OH)2D, inhibits type I collagen formation in stellate cells, mainly by binding to specific sites.
At Jeast two sites have been identified, with the proximal Sp 1-1 site being the most recognizable

o VDR variants = VDR polymorphisms have been associated with liver fibrosis

« Signaling mechanisms = A host of enzymes, growth factors and other physiologically active compounds are in complex interaction, resulting

in the regulation of liver inflammation and fibrosis

UVB, ultraviolet B; VitD, vitamin D; Cyp27A1, cytochrome P450, family 27, subfamily A, polypeptide 1; Cyp27BI, cytochrome P450, family 27,
subfamily B, polypeptide 1; VDR, vitamin D receptor; TLRs, toll-like receptors; HLA, human leukocyte antigen system; ApoE, apolipoprotein E;
Nramp1, natural resistance-associated macrophage protein one; CTLA-4, cytotoxic T lymphocyte antigen-4; DHCR7, 7-dehydrocholesterol reductase;
MMPs, matrix metalloproteinases; ROS, reactive oxygen species; PGs, prostaglandins; BMP7, bone morphogenetic protein 7; TGF-f3, transforming

growth factor-f3; TIMPs, tissue inhibitor metalloproteinases

gene family, homologous to albumin and a-fetoprotein [5].
25(OH)D is transported to the kidney where it is again
enzymatically hydroxylated to form 1,25(0OH)D, or calcitriol,
the active form of vitamin D,. CYP27B1 is the enzyme
responsible for 1°-hydroxylation in the proximal tubule of
the kidney. The production of calcitriol is regulated by rising
serum calcium and phosphorus levels [4]. 1,25(OH)D is also
highly bound to DBP and this complex activates the vitamin D
receptor (VDR). VDR is expressed in many human tissues,
such as liver, gastrointestinal tract, pancreas and immune
cells (e.g. T lymphocytes, B lymphocytes, natural killer cells).
VDR regulates the expression of more than 200 genes and,
thus, influences cell proliferation, differentiation, apoptosis,
immunomodulation and angiogenesis [7] (Fig. 1).
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Vitamin D deficiency

Vitamin D insufficiency and deficiency are considered to be
common in the general population and more frequent among
elderly people and individuals with chronic diseases. It has been
reported that 1 billion people have inadequate serum levels of
25(OH)D levels [8]. However, the normal range of vitamin D
levels has been debated [9]. In general, optimal vitamin D status
ranges from 30 to 50 ng/mL (ie. 75-125 nmol/L) [10,11].
Vitamin D deficiency has been defined as serum 25(OH)D
levels lower than 20 ng/mL (i.e. 50 nmol/L) and vitamin D
insufficiency has been defined as serum levels between 20
and 30 ng/mL (ie. 50-75nmol/L) [5,12-14]. According to
the Institute of Medicine (IOM) of the National Academies



in the United States, vitamin D concentration of 20 ng/mL is
adequate [15]. However, the Endocrine Society (Maryland,
USA) [16] recommends levels of at least 30 ng/mL (i.e. 75 nmol/L)
as adequate and concentrations between 40 and 60 ng/mL
(i.e. 100-150 nmol/L) as optimal. There is still no definition
regarding the optimal vitamin D levels for patients with
chronic liver diseases.

Vitamin D and chronic liver disease

Vitamin D has an important role in various chronic
diseases, such as infectious and cardiovascular diseases,
diabetes mellitus and some types of cancer [17]. In addition,
vitamin D has been associated with chronic liver diseases and
it has been reported that low vitamin D status is a common
feature in different types of liver diseases [18,19].

According to recent studies, the prevalence of vitamin D
insufficiency and deficiency is higher in patients with chronic
liver disease than in general population ranging between 64
and 92% [20,21]. It has been also reported that the incidence
of vitamin D deficiency increases as the liver disease
progresses [20,21]. In a study by Fisher et al, vitamin D
deficiency was higher in cirrhotic patients in Child-Pugh class C
than in patients in Child-Pugh class A [21]. Similar results were
demonstrated from studies that evaluated vitamin D levels
in patients with NAFLD and non-alcoholic steatohepatitis
(NASH) [22,23]. According to Barchetta et al [23], patients
with NAFLD had lower 25(OH)D than controls (14.8+9.2
versus 20.5+9.7 ng/mL).

As summarized by Stokes et al, a variety of mechanisms
contribute to vitamin D deficiency [9]. In chronic liver
diseases, the decreased vitamin D levels are associated with
both malnutrition and low exposure to sunlight. Moreover,
liver disease is characterized by low intestinal absorption of
vitamin D andlowlevels of binding proteins (DBP and albumin),
which can transfer the hormone to the liver and kidney, in order
to be activated. In addition, hepatic hydroxylation of vitamin D
is impaired leading to low production of the active hormone,
whereas the catabolism of the vitamin is increased [9].

Vitamin D and hepatitis C virus (HCV) infection

The majority of patients with chronic hepatitis C have
vitamin D deficiency compared to controls (serum 25(OH)D,
25.07 mg/Lversus 43.06 mg/L) [24]. According toa cohort study
including 468 patients, low serum vitamin D levels at baseline
were associated with failure to achieve sustained virological
response (SVR) in HCV genotypes 1, 2, and 3 following
treatment with pegylated interferon and ribavirin [25]. Other
studies showed that patients with chronic HCV infection
(genotypes 1, 2/3) using oral vitamin D supplements had
higher response to therapy and lower relapse rates [26,27].
Data from in vitro studies supported the significance of
vitamin D in chronic hepatitis C, suggesting 25(OH)D as a
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suppressive factor of HCV replication [28,29]. Vitamin D
ameliorates the necroinflammatory process and inhibits liver
fibrosis, and subsequently, its deficiency could contribute to the
progression of chronic hepatitis [24,25].

NAFLD

NAFLD is the most common chronic liver disorder in
economically developed countries, and its prevalence is
strongly linked to current lifestyle. Approximately 30% of
patients with NAFLD have NASH in liver biopsy which
might progress to liver cirrhosis [30]. Insulin resistance,
a component of metabolic syndrome, is implicated in the
progression to NASH [31]. Vitamin D has a great impact on
NASH, considering that an optimal vitamin D status reduces
the incidence of metabolic syndrome [32]. 25(OH)D improves
insulin resistance by accelerating the metabolism of proinsulin
to insulin [33,34]. According to Targher et al, vitamin D
deficiency is implicated in steatosis, necroinflammation
and liver fibrosis, regardless of other aspects of metabolic
syndrome [22]. Nakano et al, using a rat model, examined the
role of vitamin D produced by phototherapy on the progression
of NASH. Phototherapy reduced inflammation and fibrosis of
hepatic cells compared to controls. It has been also suggested
that phototherapy improves insulin resistance and inhibits the
expression of profibrotic factors, such as transforming growth
factor (TGF)-f [35].

Vitamin D and liver transplantation

Vitamin D has immunomodulatory effects with direct
actions at dendritic cells, monocytes, macrophages, B-cell,
and T-cell functions. Considering that vitamin D and VDR
are expressed by several cellular populations of the immune
system, such as Th1 and Th2, it has been suggested that calcitriol
has a significant role in liver transplantation [2]. Trautwein
et al studied 193 patients before and after liver transplantation
and concluded that liver transplantation improved serum
vitamin D levels and enhanced bone metabolism [36]. Another
study suggested that patients with pre-transplant low serum
25(OH)D levels (<12.5 ng/mL), were more likely to have organ
rejection [37].

Vitamin D and primary biliary cholangitis (PBC)

PBC is an autoimmune liver disease of unknown etiology.
It is characterized by a T-lymphocyte-mediated slowly
progressive destruction of small intralobular bile ducts, which
results in cholestasis and, eventually, in cirrhosis and liver
failure. Vitamin D has been implicated into the pathogenesis
of PBC [38] through several cell signaling mechanisms
namely matrix metalloproteinases, reactive oxygen species,
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prostaglandins, and TGF-f in which vitamin D normally plays
a regulatory role (of varying degree) [38]. Genetic studies have
yielded interesting results on identifying genes that confer
susceptibility to PBC. A firm association between PBC and
several genes within the major histocompatibility class II
region (MHC) has now been reported [39,40].

VDR has been a topic of research in the study of non-MHC
genes thatlink vitamin D to PBC pathogenesis. Three recent meta-
analyses on VDR polymorphisms have provided slightly diverse
results [41-43] (Table 1). A number of other genetic factors,
namely Toll-like receptors (TLRs), apolipoprotein E (ApoE),
Nrampl, and Cytotoxic T lymphocyte antigen-4 (CTLA-4) have
also been associated with vitamin D and PBC [38].

Low serum levels of vitamin D have been reported in PBC
patients [38,44] especially compared to controls (significantly
lower mean values) [38,45,46]. According to Agmon-Levin
et al [45], vitamin D deficiency is highly prevalent in the
PBC group with almost one third of these patients exhibiting
serum vitamin D levels below 10 ng/mL. Treatment with
ursodeoxycholic acid (UDCA) resulted in increased levels of
vitamin D. An inverse correlation between vitamin D levels
and advanced liver disease/histological stage [45,47] has been
reported; the authors have commented on the potential use of
this finding as a prognostic marker (disease severity, mortality,
need for liver transplantation). The same authors also suggest
an inverse association between vitamin D levels and both the
markers of PBC disease activity, (namely alkaline phosphatase
and bilirubin) [38,47], and the presence of an additional
autoimmune disease [38]. PBC patients who failed to respond
to UDCA therapy (according to Paris-I/Barcelona criteria) had
significantly lower baseline vitamin D levels [47]. Thus, Guo
et al suggest a link between pre-treatment vitamin D levels
and the response to treatment, irrespectively of the stage of
the disease [47]. In addition, Agmon-Levin et al suggest that
low vitamin D levels also correlate with the absence of UDCA
therapy (among other factors like advanced liver disease and
autoimmune comorbidity) [45].

Vitamin D and autoimmune hepatitis (AlH)/primary
sclerosing cholangitis (PSC)

AlIH isachronicinflammatory disease of the liver of unknown
etiology. Liver cirrhosis/failure is a possible outcome if left
untreated. ATH diagnosis is based on serological, immunological
and histopathological findings, namely hyperglobulinemia,
circulating autoantibodies and evidence of interface hepatitis

on liver biopsy [48]. Patients with AIH have significantly lower
vitamin D levels compared with controls [49,50]. Several studies
have reported a link between genetic factors and pathogenetic
mechanisms of AIH. It has been suggested that a number of
genes inside the MHC region confer susceptibility to ATH. Other
(non-MHC) vitamin D-related genetic factors include: VDR
polymorphisms, CTLA-4, TLRs, cytochrome P450 Cyp2De6,
regulatory T cells, and the forkhead/winged helix transcription
factor 3, but data on these factors is limited [50]. Efe et al link
low 25(OH)D levels in AIH to advanced fibrosis and severe
inflammation [49], whereas at the same time Luong et al suggest
that vitamin D may have a beneficial role on AIH [50], and
predict response to treatment [49].

The literature on the connection of vitamin D with PSC
is scarce. Vitamin D deficiency has been reported in PSC
patients which is far exaggerated in the pre-transplantation
setting [51]. Very recently it has been reported that CD28 T
cells accumulate near the bile ducts of PSC patients, thus
promoting inflammation in a tumor necrosis factor-a-rich
microenvironment. The authors suggest that vitamin D
reverses this condition in vitro [52].

Vitamin D and liver cirrhosis

The deranged metabolism of vitamin D in liver cirrhosis
was first reported in the late 70s [53-55] and it was mainly
attributed to impaired 25(OH)-vitamin D hydroxylation of the
precursor vitamin D due to insufficient liver function [53,55].
Before the year 2000, the majority of the studies on vitamin D
in cirrhosis [56-58] focused on the association of hepatic
insufficiency with bone demineralization, osteomalacia,
osteoporosis, minerals metabolism/equilibrium (calcium,
phosphorus), possible endocrine disturbances (parathormone
- secondary hyperparathyroidism) and, in general, with the
homeostasis involving the liver-kidney-gut-calcium axis. In
the past two decades, there have been considerable advances in
the understanding of the pathophysiology of vitamin D and its
possible clinical implications in chronic liver diseases [59-65].

Serum levels of vitamin D in patients with liver
cirrhosis

Vitamin D deficiency in cirrhosis is related to liver
dysfunction rather than etiology and it is no longer considered

Table 1 Recent meta-analysis studies on the association of the most well studied vitamin D receptor polymorphisms (Bsml, Apal, and Taql) and
the risk of primary biliary cholangitis. Overall refers to overall analysis, whereas subgroup refers to subgroup analysis based on ethnicity. Negative
reveals no association while positive confirms an association; the degree (significant/non-significant) of association is commented in brackets

BsmlI overall BsmlI subgroup

Apal overall

Apal subgroup Tagl overall Taql subgroup

Fang et al, 2015 [43] Negative Negative Positive (significant) Asian (significant) Negative Caucasian
Mo et al, 2014 [42] Negative Negative Negative Negative Negative Negative
Liet al, 2014 [41] Negative Negative Positive
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prevalent onlyin cholestatic disorders [19,66]. Malham et al [19]
compared vitamin D status between patients with alcoholic
cirrhosis (ALC) and PBC. ALC patients had lower vitamin D
levels compared to PBC patients. A number of studies have
supported the prevalence of hypovitaminosis D in chronic liver
disease and cirrhosis [67-76] with one study [77] reporting a
low prevalence of 25(OH)D deficiency in a cohort of patients
with genotype 1 chronic HCV infection and compensated liver
disease (15% cirrhotic patients): 48% and 16% of the cohort
had vitamin levels of <75 nmol/L and <50 nmol/L, respectively
(Table 2).

Relationship between vitamin D and liver fibrosis

An association of low 25(OH)D levels with advanced
fibrosis has been reported in both HCV mono-infected [24] and
HCV-HIV co-infected cohorts [67]. In the latter study [67], a
significant correlation of 25(OH)D levels with the histological
METAVIR fibrosis score was observed. Two recent genetic
studies have further supported the relation between vitamin D
and fibrosis. Baur et al [78] studied both 25(OH)D serum
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levels and VDR gene (NR1I1) polymorphisms in a cohort of
patients with chronic hepatitis C. The authors concluded that
both deficient 250HD levels and presence of an unfavorable
bat - haplotype (bAt[CCA]-haplotype, Apal rs7975232 CC
genotype) increased the risk for fibrosis progression. Likewise,
Grunhage et al [79] conducted a large-scale (712 patients) study
of genetic variants affecting serum 25(OH)D levels in chronic
liver disease (6.6% F3 and 57% F4 patients). Serum levels of
25(OH)D inversely correlated with transient elastography
and fibrosis stages. Homozygous carriers of the rare DHCR7
allele or the common CYP2RI allele had reduced 25(OH)-
vitamin D levels. The variant rs12785878 in the DHCR?7 locus
was correlated with liver stiffness in transient elastography.
Their results imply that vitamin D has a greater impact on
the initiation than on the progression of liver fibrosis. Petta
et al [80] studied the association between liver fibrosis and
certain genetic variants affecting 25(OH)D serum levels, in a
cohort of 260 biopsy-proven genotype 1 chronic HCV-infected
patients (17.3% F3, 11.2% F4 fibrosis). DHCR7 GG genotype
was identified as an independent risk factor for severe fibrosis
and was associated with lower vitamin D serum levels. In a
recent meta-analysis by Garcia - Alvarez et al [76], a significant
association between vitamin D status and liver fibrosis [cut-

Table 2 Studies evaluating Vitamin D levels in patients with chronic liver disease and/or cirrhosis

Author [ref] Year Etiology of liver Study Proportion of Study in favor of Vitamin D levels
(publication) disease population  cirrhotics/ALF hypovitaminosis
(n) patients included
Terrier et al [67] 2011 HIV-HCV 189 25% F3-F4 Yes F3/F4:16.2£10.0 ng/mL;
0% FO F2:18.9+8.5 ng/mL;
F1:20.9+11.1 ng/mL
Putz-Bankuti et al [68] 2011 Various, mainly 75 100% cirrhotic Yes Baseline: 16.0+9.2 ng/mL
alcohol (61%) (33 CP-A, 32
CP-B, 10 CP-C)
Bitetto et al [69] 2011 HCV 211 Decompensated ~ Yes Median: 20.7 ng/mL (2.1-59.6);
disease excluded, 46.4% <20 ng/mL;
baseline staging: 16.1% <10 ng/mL
2 (0-6 Ishak stage)
El-Maouche et al [70] 2013 HIV-HCV 116 African- 13 cirrhotics Yes 41% <15 ng/mL
American
Venu et al [71] 2013 Various, mainly 63 Liver transplant  Yes 75% <20 ng/mL;
alcohol and HCV candidates 6.3% <10 ng/mL
Stokes et al [72] 2014 Various, mainly 65 100% cirrhosis, Yes Median: 8.2 ng/mL (4.0-95.8)
alcohol (66%) 82% with
advanced disease
(CP: B,C stage)
Anty et al [73] 2014 Various, mainly 88 100% cirrhosis, Yes Median: 8.8 (5.3-14.1) ng/mL
alcohol (71%) with active
infection
Savic et al [74] 2014 Alcohol 30 100% cirrhosis Yes 66.7% <50 ng/mL
Finkelmeier et al [75] 2014 Various, mainly 200 HCC Yes Mean: 17+13 ng/mL (1-72)
alcohol and HCV
Kitson et al [77] 2013 HCV genotype 1 274 15% cirrhotics No Mean: 79.6 nmol/L;

48% <75 nmol/L;
16% <50 nmol/L

with compensated
disease

ALF, advanced liver fibrosis; CB, Child-Pugh stage; HCC, hepatocellular carcinoma
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offs of 10 ng/mL (odds ratio, OR: 2.37, 95% CI: 1.20-4.72) and
30 ng/mL (OR: 2.22, 95% CI: 1.24-3.97)] was observed.

However, two studies [69,70], similar to the study by
Kitson et al [77], challenged the results of the earlier studies
regarding the relation of vitamin D with the stage of liver
fibrosis. The authors found no association between the baseline
25(OH)D levels and either the SVR rate or the fibrosis stage.
They reported that season, race and geographic latitude were
independent predictors of 25(0OH)D status. Mean 25(OH)D
levels did not significantly vary between fibrosis stages (FO-F4).
This discrepancy compared to other studies might be partly
related to the lack of certain clinical and laboratory baseline
factors (namely season of baseline blood sampling) and to the
use of non-standardized commercially available automated
assays to measure 25(OH)D levels. Fig. 1 summarizes main
environmental/genetic factors that implicate vitamin D in the
inflammatory/fibrogenetic process.

Prognosis/mortality/infectious complications

Bankuti et al [68] reported a significant association of
25(OH)D with the degree of liver dysfunction. They enrolled
75 patients with liver cirrhosis (various etiologies and severity;
approximately 14% of the patients had Child-Pugh C cirrhosis).
All patients were followed-up until hepatic decompensation or
death. 25(OH)D levels were inversely correlated with MELD
score and Child-Pugh score. Patients at the first (6.9+1.9 ng/mL)
vs. the third/reference (27.1+£6.3 ng/mL) 25(OH)D tertile had
a relative risk for hepatic decompensation and mortality of
6.37 (95%Cl: 1.75-23.2; P=0.005) and 4.31 (95%CI: 1.38-13.5;
P=0.012), respectively, after adjustment for age and sex.

Three more studies, two in cirrhotic cohorts [72,73] and
another one in patients with hepatocellular carcinoma [75],
reached similar conclusions. In the first study, the authors
studied the association of vitamin D deficiency with survival
in a cohort of 92 patients with advanced liver cirrhosis
(82% Child-Pugh stages B and C) [72]. They reported a
considerable incidence of vitamin D deficiency (86%). In the
univariate analysis, low vitamin D levels were associated with
mortality; levels <6 ng/mL were associated with an unfavorable
outcome, whereas vitamin D levels <20 ng/mL were not found
significant. Multivariate analysis confirmed that both MELD
score and serum vitamin D <6 ng/mL were independent
predictors for mortality. 25(OH)D levels <6 ng/mL had a
positive predictive value of 50% mortality within 24 months.
Moreover, mortality from infectious complications was more
frequent in this subgroup. The second study was conducted in
a cohort of hospitalized cirrhotics of various etiologies [73].
Almost 60% of the patients had severe vitamin D deficiency
(<10 ng/mL). The authors found an inverse correlation of
25(OH)D levels with the Child-Pugh score, but no correlation
with the MELD score. Infections were more frequent in
patients with severe vitamin D deficiency compared to non-
deficient patients (54 vs. 29%). In addition, severe vitamin D
deficiency was independently associated with infections
together with the Child-Pugh score and the C-reactive protein
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levels. In the multivariate Cox regression analysis including
Child-Pugh score, infections and severe vitamin D deficiency,
only the presence of infection was associated with mortality.
Lastly, Finkelmeier et al prospectively evaluated the role of
serum vitamin D status as a prognostic marker in 200 patients
with hepatocellular carcinoma [75]. The authors reported that
25(OH)D3 levels negatively correlated with both the stage of
cirrhosis and the stage of hepatocellular carcinoma. Patients
with severe 25(OH)D3 deficiency had the highest mortality
risk. In the multivariate analysis, very low 25(OH)D3 levels
were independently associated with mortality together with
MELD score and high a-fetoprotein levels (>400 ng/mL). The
authors concluded that 25(OH)D3 deficiency was associated
with advanced stages of hepatocellular carcinoma and was also
a prognostic indicator of poor outcome.

SVR in patients with cirrhosis and chronic hepatitis C

The data in the literature regarding the virological
response of antiviral treatment combined with Vitamin D
supplementation in patients with liver cirrhosis are scarce. Most
of the published data concern patients with chronic hepatitis C
treated with interferon-ribavirin regimens with a small number
of cirrhotic patients (usually with compensated disease, Child-
Pugh class A) [24,67]. As mentioned before, Petta et al [24]
reported evidence supporting that low 25(OH)D levels are an
independent risk factor for SVR (interferon-based therapeutic
regiments). On the contrary, data from both the HIV-HCV
co-infected cohort of Terrier et al [67] and the HCV mono-
infected cohort of Kitson et al [77], showed no association
between the baseline 25(OH)D status and SVR.

There are two recent meta-analyses in this field [76,81]. The
first one reported a high prevalence of vitamin D deficiency
and higher likelihood of SVR in the individuals with higher
serum vitamin D levels and the individuals on vitamin D
supplementation [81]. The second meta-analysis [76] reported
a significant association with SVR only for a vitamin D cut-off
of 20 ng/mL (OR: 0.53, 95% CI: 0.31-0.91). When the outliers
were excluded, significant pooled ORs were observed for all
patients included [10 ng/mL (OR: 0.48, 95% CI: 0.34-0.67),
20 ng/mL (OR: 0.58, 95% CI: 0.45-0.76)] and specifically for
genotype 1/4 patients [10 ng/mL (OR: 0.53, 95% CI: 0.34-0.81),
20 ng/mL (OR: 0.54, 95% CI: 0.39-0.74)].

Clinical implications of vitamin D in the cirrhotic
setting

Several clinical applications of 25(OH)D levels have
been suggested, including its use as a non-invasive marker
of liver fibrosis in chronic hepatitis C [24], as a prognostic
predictive factor for mortality and infections in patients with
liver cirrhosis [73] and as a marker of unfavorable outcome
and advanced disease stage in patients with hepatocellular
carcinoma [75]. Malham et al [19] emphasized the importance



of monitoring vitamin D in all cirrhotic populations, especially
those with alcoholic liver cirrhosis, and commented on
the efficacy of treatment in liver insufficiency-associated
bone disease, on the possible extraskeletal benefits (muscle
function, cancer risk, and immune impairment) and on
the probable benefit of higher than standard doses of
vitamin D supplementation for repletion. Garcia-Alvarez
et al [76] also recommended vitamin D screening in HCV
patients. Finkelmeier et al [75] showed that, in patients with
hepatocellular carcinoma and vitamin D supplementation, the
mean serum 25(OH)D levels did not differ significantly from
those that did not receive supplementation. However, because
of the small number of treated patients, these results should be
interpreted with caution.

The possible benefit of vitamin D substitution, as a
preventive measure for the development of liver fibrosis in
patients with chronic hepatitis C, has also been suggested [78].
The same authors comment on expanding the indications
for vitamin D supplementation to all patients with chronic
liver diseases irrespective of the presence of bone disease.
A recent meta-analysis suggested the cutoff of 30 ng/mL as an
appropriate threshold to prevent both fibrosis and treatment
failure in patients with chronic hepatitis C [76]. Another study
suggested vitamin D supplementation as a preventive, early
treatment, strategy against fibrosis in the cohort of HCV-
infected patients [82]. Lastly, Lim et al [66] suggested periodic
monitoring of 25(OH)D in patients with chronic liver disease
and cirrhosis, and substitution therapy in those with levels
<30 ng/mL, which includes administration of 5000 IU of
vitamin D3 daily or 50000 IU of vitamin D2 or D3 weekly for
3 months, followed by 1000 IU/day indefinitely.

The Endocrine Society Clinical Practice Guideline
(ESCPG) [16] recommend screening for vitamin D deficiency
(cutoff <20 ng/mL) in individuals at high risk for deficiency,
including those with hepatic failure, and recommends
vitamin D supplementation in cases of deficiency. They also
suggest that vitamin D requirements may be greater for sick
patients than for healthy individuals and that serum vitamin D
levels above 30 ng/mL may have additional benefits in reducing
the risk for various disease conditions. They recommend that all
adults who are vitamin D deficient to be treated with 50000 IU
of vitamin D2 or vitamin D3 once a week for 8 weeks or its
equivalent of 6000 IU of vitamin D2 or vitamin D3 daily to
achieve a serum level of 25(OH)D above 30 ng/mL, followed by
maintenance therapy of 1500-2000 IU/day. Furthermore, they
have set minimal daily dietary recommendations of vitamin D
intake for patients at high risk for vitamin D deficiency,
depending on their age group. The extent of the recommended
screening indications is limited to hepatic failure and does not
cover the full spectrum of liver diseases.

International liver study associations (both EASL [83] and
AASLD [84]) recommend fat-soluble vitamin substitution for
the management of all patients with cholestatic liver diseases.
These recommendations focus mostly on the prevention
of osteoporosis. More specifically, they propose clinical
assessment of the risk of osteoporosis for all cholestatic patients
and emphasize the importance of both identifying reversible
risk factors and applying appropriate lifestyle changes. It
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is highlighted that the risk of osteoporosis is increased in
decompensated disease and in high degree of cholestasis and
it is suggested at least annual screening intervals following
diagnosis. Finally, it is recommended that calcium and
vitamin D supplementation should be considered in all
cholestatic disease patients [83].

Discussion

Vitamin D has an emerging role on immunity, cancer,
infectious diseases, fibrosis and chronic liver diseases [85]. The
pleiotropic effects of this hormone including the regulation of
transcription of over 200 genes involved in cell proliferation
and differentiation, immunomodulation, inflammation
and fibrogenesis and their effects on liver disease have been
extensively reviewed in the literature [3,24,85]. Han et al [85]
suggested two separate pools of 1,25(OH)2D3 with distinct
purposes. The first pool, consisting of the traditional liver-
kidney loop, facilitates intestinal absorption of calcium by
mediating active calcium transport (calbindin) across the
intestinal mucosa, which maintains calcium homeostasis
in blood and allows for bone calcium deposition (Fig. 1).
The second pool involves the immune system and the
local production of calcitriol by immune cells (monocytes,
macrophages, dendritic, B and T cells and lymphocytes),
which could contribute to immune regulation (with a possible
protective role against infections). These separate pools,
although not well defined, could contribute to two separate,
in essence endocrine and paracrine, homeostasis functions.
Our current understanding of vitamin D pathophysiology
with regard to liver diseases/cirrhosis is probably best
summarized by Petta et al: “a complex interplay between liver
damage, vitamin D and genetic determinants of vitamin D
deficiency” [80].

The majority of the studies on patients with
cirrhosis [19,68,71-74] confirm the prevalence of vitamin D
deficiency in this setting. The question of whether liver damage
precipitates the disturbance in vitamin D homeostasis or the
other way around, still remains, leading to a type of “chicken
or the egg” causality dilemma. However, whatever its role in
liver disease (epiphenomenon of cirrhosis or co-factor of
liver fibrosis and necroinflammation), vitamin D must still be
considered as a diagnostic tool and prognostic index.

There is ongoing evidence supporting the importance
of vitamin D status on mortality not only in the general
population but also in patients with chronic liver diseases,
cirrhosis and hepatocellular carcinoma [72-75]. Furthermore,
the association of low vitamin D levels with liver insufficiency
and infections [72,73] supports the use of vitamin D as a
prognostic marker in the population of cirrhotics.

The role of vitamin D supplementation on the achievement
of SVR in patients with chronic hepatitis C treated with
interferon-based treatment is debatable [76,77]. This needs to
be elucidated as most published studies included patients with
well-preserved liver function and minor fibrosis. However,
in the era of direct acting antiviral therapy, the interest in
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vitamin D supplementation for higher SVR rates is expected to
decrease together with the declining interferon use.

Current clinical  guidelines the issue of
vitamin D supplementation forbonediseaseinliver cirrhosisand
cholestatic disorders. However, some argue that the established
definitions of vitamin D deficiency and insufficiency might not
apply in patients with cirrhosis. It is of major importance to
define better the details of vitamin D supplementation, such
as the threshold for commencing supplementation, optimal
duration, other liver-related extra-skeletal indications, dosage
customization (maximized dosages in cirrhotics)/optimal
level of supplementation), way of delivery and bioavailability,
pre-treatment screening intervals, in-treatment -efficacy/
monitoring intervals, post-treatment surveillance intervals.
Moreover, there are concerns regarding the accuracy of the
different 25(OH)D assays that need to be addressed [77,86].

In conclusion, the association of vitamin D with liver
cirrhosis shows great potential for clinical application. In the
near future, we expect a variety of extra-skeletal indications to
be explored. The relation between vitamin D deficiency and
the degree of liver function, degree of fibrosis and infectious
complications could support its use as a prognostic index and
diagnostic tool. The role of vitamin D in liver cirrhosis needs to
be further evaluated and validated in large prospective cohort
studies and randomized trials.
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