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Abstract

The risk of clinically-significant vitamin D deficiency increases at 25-hydroxyvitamin D levels
below 20 ng/mL, according to the Institute of Medicine. By this standard, most cirrhotic hepatitis
C virus (HCV)-positive patients and many non-cirrhotic patients are vitamin D deficient. The high
prevalence of vitamin D deficiency among HCV patients is a cause for concern for several specific
reasons. Classic studies established the importance of vitamin D and calcium in maintaining bone.
Vitamin D's beneficial effects on bone are likely to be vital for HCV-infected patients because
these individuals have a high prevalence of low bone mineral density. Many pharmaceutical
agents reduce bone density and exposure to these drugs may increase bone disease in HCV-
positive patients. Bone loss occurs following liver transplantation and bone density is often low in
patients with HIV/HCV co-infection who are on combination antiretroviral therapy. Some
evidence suggests that ribavirin reduces bone density, underscoring the special need to monitor
vitamin D in patients receiving HCV treatment and to prescribe supplements, as appropriate. In
addition to its role in calcium metabolism, vitamin D is also an immune modulator that reduces
inflammation while enhancing protective immune responses. Higher vitamin D levels are
associated with less liver fibrosis and less inflammation in HCV patients. Recent studies show that
low vitamin D levels are associated with treatment failure among HCV-infected patients receiving
pegylated-interferon and ribavirin. If confirmed, these findings will provide an additional reason
to ensure adequate levels of vitamin D. The article concludes with information about how to
monitor vitamin D status and how to use vitamin D supplements most effectively in HCV-infected
patients.
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The national debate about vitamin D requirements

Vitamin D has received tremendous attention during the past several years. This has raised
awareness about the potential risks of vitamin D deficiency, but it has also generated a great
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deal of confusion and controversy. Expert panels have reached differing conclusions about
the prevalence of vitamin D deficiency in the general population and about the public health
measures that need to be taken to ensure that the greatest number of people have adequate
levels of vitamin D. Before examining the vitamin D requirements of HCV-infected
patients, it is useful to review what the expert panels have been arguing about.

One expert panel was established by the Institute of Medicine (IOM). This group released
their findings in 20101. Backed by extensive published data, they determined that the most
appropriate clinical indicator of vitamin D status is the serum concentration of 25-
hydroxyvitamin D [25(OH)D], a vitamin D metabolite with a relatively long half-life (two to
three weeks). 25-hydroxyvitamin D is produced in the liver from vitamin D, a nutrient that
can either be obtained through the diet or through endogenous synthesis in sun-exposed
skin. 25-hydroxyvitamin D is converted to the most active metabolite, 1,25-
dihydroxyvitamin D [1,25(0OH),D], in the kidney and in a number of extrarenal sites.
Extrarenal synthesis of 1,25(0OH),D allows high local concentrations to be produced in the
exact tissues where and when they are needed. Active vitamin D is the ligand for the vitamin
D receptor (VDR). The vitamin D receptor is present in many cells and tissues throughout
the body. This wide-spread distribution indicates that many tissues likely depend on vitamin
D for proper functioning—raising the stakes for health care officials charged with deciding
what levels are optimal.

The classical functions of vitamin D are to increase calcium absorption in the intestine and
to maintain bone strength. Vitamin D is now known to have many additional effects;
however, the IOM panel based their nutritional recommendations solely on the amount of
vitamin D needed to maintain bone. They did this because they concluded that maintaining
bone is the only function of vitamin D for which there is enough high quality data to draw
conclusions about the needs of the general public. The panel determined that nearly all
members of the general population have met their vitamin D requirement if they have a
25(0H)D level over 20 ng/ml and they concluded that almost all healthy people 9-70 years
of age can obtain an adequate supply by consuming 600 IU of vitamin D per day, even in the
absence of any endogenous production of vitamin D. They also concluded that optimal
25(0H)D levels may be lower in blacks than in whites.

Almost immediately after the IOM report was released, a second expert panel, this one
composed of endocrinologists, published their own recommendations about optimal
25(0OH)D levels and the use of vitamin D supplements?. They advised that 32 ng/ml of
25(0OHOD should be used as the lower limit of the target range and reported that many
people will need to consume 4000 IU of vitamin D per day, or more, to achieve the desired
target levels.

While it is initially startling to realize that two expert panels reached such disparate
conclusions when examining the same body of data, the findings actually complement each
other: IOM panel established guidelines for healthy people, and the endocrinologists
establish guidelines for patients with various disease conditions who are receiving care from
qualified providers. The implication is that vitamin D requirements may be greater for ill
patients than for healthy individuals.

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.
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In addition to the very real possibility that people with diseases have special nutritional
needs, there are other specific reasons why physicians and public health officials are unsure
about vitamin D requirements. Many cross-sectional studies show an association between
higher vitamin D levels and better health outcomes; however, cross-sectional studies cannot
be used to establish causality. They leave open the possibility that positive associations
between higher 25(OH)D levels and better health outcomes occur because healthier people
exercise more and have more sunlight exposure—with higher 25(OH)D levels the result of
better health, not the cause. In contrast to the large number of cross-sectional studies,
relatively few well-designed randomized controlled trials of vitamin D supplements have
been conducted.

Several factors contribute to the dearth of definitive clinical trials. Funding has been a
problem. Vitamin D costs only about ¢15 a day, so few pharmaceutical companies have
been interested in sponsoring trials. Competing research priorities have kept funding tight at
NIH and other governmental agencies. These problems are compounded by the evolving
understanding of vitamin D requirements. In the past, many trials used doses of vitamin D
supplements that are no longer considered adequate, and they did not measure 25(0OH)D
levels longitudinally to determine the biological response to the supplements. Adherence
was often poor, and subjects in control arms often took over-the-counter vitamin D
supplements outside the trial.

More definitive studies are underway, but the results will not be available for several years.
In the meantime, HCV-infected patients are probably best served by assuming that they
should have 25(OH)D levels above 20 ng/mL, the cutoff for vitamin D deficiency in the
general population. Without supplements many patients will have 25(0OH)D levels far below
this target. The amount of supplemental vitamin D needed to raise the level of 25(OH)D
over 20 ng/ml is best determined empirically in individual patients. It will often be far
greater than 600 1U/day. Information about how to treat vitamin D deficiency in HCV-
positive patients is presented in the last section of this article.

Review of vitamin D biosynthesis and systemic effects

The term vitamin D encompasses a group of fat-soluble seco-steroids, of which vitamin D,
and D3 are the most abundant in humans. Unlike typical vitamins, which must be obtained
from dietary sources, vitamin D can be produced by the human body when skin is exposed
to UV-B irradiation. Vitamin D3 is synthesized in humans from 7-dehydrocholesterol. It can
also be obtained from dietary sources (wild salmon) and supplements. Vitamin D, can be
obtained from UV-irradiated mushrooms. Vitamin D is hydroxylated by cytochrome P450
enzymes in hepatocytes to become 25(0OH)D. A second hydroxylation produces
1,25(0OH),D, the ligand of the vitamin D receptor (VDR). The main effects of vitamin D are
mediated by the VDR, which is widely distributed throughout the body, including in the
brain, immune cells, bone, pancreas, and muscle. In the nucleus of cells, the 1,25(0OH),D-
VDR complex combines with the retinoid-X receptor to form a transcription factor that
regulates cellular gene expression. When circulating in the blood and transiting to storage
and target tissues, vitamin D and its metabolites are bound to the vitamin D-binding protein
(Ge-globin), which stabilizes vitamin D.

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gutierrez et al.

Page 4

The canonical functions of vitamin D are to increase calcium absorption and to maintain
healthy bones3-6. Active vitamin D operates in conjunction with several other hormones,
including parathyroid hormone (PTH). When the serum levels of ionized calcium are low,
PTH levels increase. PTH stimulates bone resorption, causing the release of calcium. This
release of calcium from the skeleton maintains serum calcium levels within a narrow
physiological range, but can lead to bone loss and fracture if allowed to continue unabated”.
The PTH level is often used as an index of vitamin D repletion: Vitamin D levels are
considered to be adequate when PTH levels are maximally suppressed®-11. Vitamin D
deficiency is generally associated with PTH elevations. Further studies are needed to define
the relationship between vitamin D deficiency and PTH levels in HCV-infected patients.

In addition to ensuring that the body has enough calcium, it is now known that vitamin D
has many other functions. Vitamin D is a key immune modulator. It reduces levels of pro-
inflammatory cytokines and inflammation12-23, and enhances adaptive and innate immune
responses24-27. Vitamin D supplements increase muscle strength?8-30 and they are reported
reduce depression and fatigue, although improvements have not observed in all studies31-39.
Among dialysis patients, vitamin D supplements reduce the need for erythropoiesis
stimulating agents#0-43, In one study, a vitamin D analog significantly reduced side-effects
of chemotherapy#4. Vitamin supplementation may also improve insulin resistance®®.

The impact of vitamin D on all-cause and on disease-specific mortality

Two systematic reviews of randomized controlled trials of vitamin D supplements showed a
significant survival benefit6:47, One meta-analysis of 18 randomized controlled trials of
supplementation with a trial size-adjusted mean vitamin D dose of 528 1U/day determined
that the relative risk of mortality in treated patients was 0.93 (95% confidence interval,
0.87-0.99), a 7% reduction*’. The second study reached a similar conclusion, demonstrating
that vitamin D3 supplements reduced all-cause mortality by about 6%46. If supplements do,
indeed, confer a survival advantage of this magnitude, they may offer a cost-effective way to
improve public health. Because all-cause mortality in HCV-positive adults is nearly twice
that of non-HCV infected individuals?®, the survival benefits of vitamin D supplements
might be especially beneficial for them. Vitamin D supplements are inexpensive and cause
virtually no side-effects if used appropriately.

In keeping with the results of randomized clinical trials, many observational studies have
demonstrated an association between higher 25(OH)D levels and reduced all-cause mortality
and reduced disease-specific mortality, including mortality due to renal disease,
cardiovascular disease, and cancer49-51, A recent analysis of NHANES |11 data showed that
adults over the age of 65 years with serum 25(OH)D levels greater than 40 ng/mL had a
45% lower risk of death than those with 25(OH)D less than 10 ng/mL (hazard ratio = 0.55;
95% confidence interval, 0.34-0.88)%2. The same study showed striking reductions in
cardiovascular mortality using the same comparison groups (hazard ratio for the higher
vitamin D group = 0.42; 95% confidence interval, 0.21-0.85)°2.

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.
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Vitamin D deficiency is common in HCV-positive patients and is associated

with more advanced liver disease
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Over the past decade, numerous studies have assessed vitamin D status in patients with non-
cholestatic chronic liver diseases (Table 1). The majority of the subjects had chronic HCV
infection. Arteh et al. evaluated 118 patients with chronic liver disease wherein 85% had
HCV infection and 36% had HCV cirrhosis®3. None of the patients were taking vitamin D or
calcium supplements. More than 90% of the patients had 25(OH)D levels less than 32
ng/mL, the level many vitamin D experts consider to be the lower limit of the optimal range.
Almost 70% of the non-cirrhotic HCV-positive patients had 25(0OH)D levels below 20
ng/ml, indicating deficiency, and 14% had levels below 7 ng/mL, indicating severe
deficiency. Vitamin D status was worse in patients with cirrhosis: 80% had levels below 20
ng/ml and 30% had levels below 7 ng/mL.

Another cross-sectional study found that more than 90% patients had 25(OH)D levels below
32 ng/mL>4. In this study, 38% of the patients were HCV positive. Similar to Arteh et al.,
patients with cirrhosis had significantly lower levels of 25(OH)D (13.0 ng/mL) than non-
cirrhotics (21.4 ng/mL). As assessed by Child-Pugh and MELD scores, the severity of liver
disease correlated inversely with vitamin D levels: 65% of Child's class C cirrhotics had
25(0H)D levels below 25 ng/mL, while only 7% Child's A cirrhotics had such low levels.
Vitamin D status was inversely related to INR and bilirubin. Lower vitamin D status was
associated with hypoalbuminemia, anemia, and thrombocytopenia.

These findings were substantially confirmed in an analysis of 90 patients with chronic liver
disease and 40 controls®®. HCV was the leading etiology and about half of the patients had
cirrhosis: 70% of the patients had vitamin D levels less than 32 ng/mL and 50% had levels
less than 20 ng/mL, indicating deficiency. Almost 80% of patients with cirrhosis had
vitamin D deficiency. The average 25(0OH)D levels for cirrhotics, non-cirrhotics, and
healthy controls were 16.3 ng/mL, 32.5 ng/mL, and 38.1 ng/mL, respectively. Lower
vitamin D levels were associated with worse Child-Pugh and MELD scores, INR, bilirubin,
albumin, and hemoglobin levels, and lower platelet counts.

Lange et al recently published the largest study of non-cirrhosis patients with chronic HCV

infection®8. Vitamin D status was assessed in a cohort of 468 patients who were eligible for
treatment with pegylated-interferon and ribavirin. The average 25(OH)D level was 17 ng/ml
and 25% of the patients had levels below 10 ng/ml. The prevalence of vitamin D deficiency
was greater in patients with more advanced fibrosis.

While not as well studied, vitamin D deficiency is prevalent in liver diseases other than
HCV. Targher et al. enrolled 60 non-alcoholic fatty liver disease (NAFLD) patients and 60
healthy controls and evaluated the relationship between 25(OH)D levels and hepatic
steatosis, inflammation, and fibrosis®’. Patients with HCV or HBV were excluded. Liver
biopsies were scored by a single pathologist using the Brunt criteria. Patients with NAFLD
had significantly lower levels of vitamin D than healthy controls (20.4 ng/mL versus 29.8
ng/mL).

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.
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In NAFLD patients, there was an inverse relationship between 25(OH)D levels and biopsy
scores. Patients with simple steatosis had an average 25(0OH)D level of 23.7 ng/mL while
those with non-alcoholic steatohepatitis (NASH) had an average level of 14.8 ng/mL.
Vitamin D levels correlated inversely with grades of steatosis, necroinflammation, and
fibrosis. Although this study was cross-sectional in design, it suggested that there is a strong
inverse relationship between 25(OH)D levels and hepatic steatosis, inflammation, and
fibrosis in patients with NAFLD.

Studies that included patients with chronic hepatitis B and alcoholic hepatitis yielded similar
results, and showed an association between lower vitamin D status and more advanced liver
disease®* %8, A recent cross-sectional study from India that evaluated patients with HBV and
alcoholic hepatitis revealed a high prevalence of vitamin D deficiency®?, calling attention to
the risk of this condition even in locations with high sun exposure.

In summary, a large number of studies establish that patients with chronic liver disease,
especially HCV-positive patients, have decreased 25(0OH)D levels compared to healthy
individuals. These levels are even lower in patients with cirrhosis. Low levels of vitamin D
are associated with more advanced liver disease. Regardless of the geographic location,
patients with HCV infection are likely to suffer from vitamin D deficiency.

The causes of vitamin D deficiency in liver disease patients have not yet been defined and
are likely to be multifactorial. Decreased endogenous production of vitamin D is likely to be
a factor, especially for dark-skinned people, individuals living at high latitudes, and those
who spend minimal time outdoors. The complications of liver disease may also contribute to
vitamin D deficiency. Chronic inflammation can shorten the half-life of 25(OH)D by
accelerating conversion to 1,25(0OH),D. Hepatic production of vitamin D-binding protein is
reduced in patients with advanced liver disease 69 and this may also accelerate vitamin D
turnover. Advanced liver disease and cholestasis can reduce the absorption of fat soluble
vitamins, including vitamin D. The liver's ability to produce 25(OH)D may be reduced in
some patients; although, this capability is generally well-preserved even in patients with
advanced liver disease®3-61. Interestingly, HCV infection may reduce vitamin D levels.
Among patients who achieved a sustained virological response (SVR), there was a non-
significant trend toward a decrease in the prevalence of vitamin D deficiency. %6

Vitamin D and hepatocellular carcinoma

No population-based studies have investigated the relationship between hepatocellular
carcinoma (HCC) and vitamin D levels; however, in vitro, animal, genetic, and pilot clinical
trial data all suggest that vitamin D may be important in preventing and treating liver cancer.
Many studies have shown that vitamin D analogues inhibit proliferation of malignant
cells®2:63 and they have demonstrated that hepatoma cells are sensitive to 1,25(0OH),D in
vitro 8485, Seocalcitol is a synthetic analogue of vitamin D with less calcemic effects. In a
descriptive study, Seocalcitol was well tolerated in patients with HCC and appeared to slow
progression in some®8. There are intriguing data suggesting that single nucleotide
polymorphisms in the VDR receptor may predispose to liver cancer; however, it is important
to keep in mind that human gene analysis is evolving rapidly and initial results may be

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.
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revised®’. Falleti et al. compared VDR gene polymorphisms in patients who underwent liver
transplantation for all causes with and without HCC. They found that the BAT A-T-C
haplotype was inversely related to the occurrence of HCC, whereas the BAT G-T-T
haplotype was directly associated with this cancer®®. This association was independent of
other risk factors for HCC. The incidence of HCC is increasing rapidly in HCV-positive
patients, as discussed in the article by Ahmad and Branch in this issue. Vitamin D research
in the HCC field is thus timely and important for HCV-positive patients.

Low bone density in patients with HCV and other liver diseases

Given the high prevalence of vitamin D deficiency in HCV-infected patients, it is not
surprising to find bone abnormalities in this population. Over the past decade, numerous
studies have measured the prevalence of osteoporosis and osteopenia by assessing bone
mineral density (Table 2). In all of these studies, osteoporosis and osteopenia were defined
using the WHO criteria of T-score < -2.5 indicating osteoporosis and T-score between -1.0
and -2.5 indicating osteopenia. The T-score represents a patient's bone mineral density
(BMD) relative to a young and healthy population of the same sex. Caucasians are the
reference population. Zero represents the mean BMD of the reference population. The
difference between the patient's score and the norm is expressed in standard deviations
above or below zero. For each standard deviation below zero, the relative risk of fracture
increases two-fold.

The Mayo clinic conducted one of the largest studies of BMD in liver disease patients,
evaluating more than 200 patients with advanced cirrhosis®. Of these patients, 68 had HCV
without alcoholic liver disease (ALD), 66 had ALD, and 73 had HCV and ALD. Twenty-
eight percent of the HCV-positive patients had osteoporosis and 37% had osteopenia. The
percentage with osteoporosis was significantly greater in the HCV group than in the ALD
group and in the mixed group. These findings were surprising because the ALD group had
more advanced liver disease based on MELD and CTP grades, and significantly more
smoking pack years than the HCV group. The authors theorized HCV has adverse effects on
bone that are distinct from the effects of liver cirrhosis. Another study comparing patients
with HCV cirrhosis to those with ALD cirrhosis found that 100% of the HCV group had low
bone density while only 56% of the ALD group did °.

Additional studies of HCV-infected patients have shown high rates of osteoporosis and
osteopenia. Duarte et al. looked at 100 patients with chronic HCV and found that 17% had
osteoporosis and 25% had osteopenia’®1, The slightly lower prevalence likely reflected the
fact that only 50% of this HCV group had cirrhosis. A study of patients with HCV cirrhosis
who were awaiting liver transplantation revealed hepatic osteodystrophy in 40% and
osteoporosis in 14%71. There was no correlation between severity of liver disease and bone
density. Other studies looking at patients with either HCV or HBV cirrhosis have found
osteoporosis rates of 20%72, 37%73, and 55%4. The study that found 37% was one of the
few to compare patients with cirrhosis to healthy controls. T-scores were significantly lower
in the cirrhosis group than in the controls, -1.6 vs. -0.25 (p < 0.001). Schiefke et al examined
non-cirrhotic HCV and HBV liver patients’® and found that 53% had osteopenia, 19% had
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osteoporosis in the femur, and 7% had osteoporosis in the spine. In these non-cirrhotic
patients, elevated alkaline phosphatase correlated significantly with the low bone density.

Diez-Ruiz et al compared 33 patients with alcoholic cirrhosis to age-matched healthy
controls and found that almost 40% of the liver disease patients had osteoporosis’6. The
prevalence of osteoporosis increased with worsening liver disease as assessed by CTP
grades, in contrast to the lack of an association between osteoporosis and liver disease
severity observed in patients with viral cirrhosis.

A series of studies from the Mayo clinic assessed vitamin D status and BMD in patients with
PBC and PSC who were undergoing orthotopic liver transplantation (OLT)?”. Almost 40%
of the patients had osteoporosis and another 40% had osteopenia prior to OLT. During the
first four months after OLT, more than 80% of patients lost bone mass. After the first four
months, bone mass began to increase. Post-OLT vitamin D levels strongly correlated with
bone density changes. The higher the post-OLT vitamin D levels, the greater the increase in
bone mass. Over the years, the vitamin D status of patients prior to liver transplantation has
improved greatly at the Mayo Clinic. The authors theorized that this occurred, in part,
because of the increased use of vitamin D supplements’’. Bone density is an important
clinical concern: 30% of the study group experienced a bone fracture during the first year
following OLT78,

Effects of interferon and ribavirin on calcium and bone metabolism

Many pharmaceutical agents cause abnormalities of calcium and vitamin D metabolism.
Vitamin D and calcium supplements are often used to prevent bone loss in patients receiving
these medications’®. Increasing evidence suggests that HCV treatments disrupt calcium
homeostasis. In the late 1990s, case reports of bone pain and fractures in patients undergoing
treatment with interferon and ribavirin prompted investigations into the possible mechanism.
The first study to evaluate the impact of interferon and ribavirin on bone metabolism was
conducted in 2000 by Solis-Herruzo et al80. This cross-sectional study looked at 32 men
with chronic HCV who were under the age of 50 and who either received interferon alone or
a combination of interferon and ribavirin for twelve months. Bone density was measured at
the end of treatment. All patients who received interferon/ribavirin had T-scores below -1.0
and more than 20% had T-score below -2.5, indicating osteoporosis. In contrast, the patients
who received interferon alone had normal T-scores at 12 months, not a single one had
osteopenia or osteoporosis. Urinary excretion of calcium was low in patients on interferon/
ribavirin, suggesting that the reduced bone density was the result of impaired intestinal
absorption of calcium. Interestingly, PTH levels were not elevated. A major limitation of
this study was that BMD was not assessed prior to the start of treatment and therefore, it was
unclear how many patients had low bone density at baseline. Nonetheless, the results were
striking. Recent data of Soumekh et al. are consistent with a negative effect of interferon/
ribavirin therapy on bone. In a study of HIV/HCV co-infected patients in a retreatment trial,
these investigators observed a significant decrease in serum calcium®.

A number of studies after Solis-Herruzo did not find that HCV treatment reduced bone
density82-86, A plausible explanation for the inconsistent results is that the effect of
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Gutierrez et al.

Page 9

treatment on bone depends on the ratio of ribavirin to interferon and on the characteristics of
the patient population. Studies of cancer patients receiving interferon treatment suggest that
this cytokine increases bone density8”. It is difficult to reach firm conclusions about the
impact of interferon and ribavirin on bone based on existing clinical data, as the
investigations were generally small and had limited follow-up.

In vitro studies support the view that ribavirin is damaging to bone. When human osteoblasts
were incubated with ribavirin, a dose-dependent decrease in cell proliferation occurred and
there was a significant increase in osteoblast cell death®. In contrast, interferon had no
effect on osteoblast cell proliferation or death. Other in vitro studies demonstrated that
ribavirin directly enhances osteoclast formation 89, decreases intestinal calcium absorption
by directly acting on intestinal mucosa cells, and interferes with 1,25(OH),D production8®.
Conversely, interferon interacts with RANK ligand and inhibits osteoclast differentiation,
effects expected to increase bone density®°. Therefore, in vitro studies support a protective
role of interferon and a destructive role of ribavirin on bone. With new antiviral agents for
HCV now on the market, questions about their effect on bone metabolism are pressing and
will need to be answered through prospective trials.

Lessons from HIV-positive patients with low vitamin D status

HIV and the antiretroviral drugs used to control it are clearly detrimental to bone. Almost
50% of HIV-seropositive patients on combination antiretroviral therapy have low BMD9.
Low vitamin D levels are a risk factor for low BMD and for elevated PTH10, Not
surprisingly, low bone density is also a frequent occurrence in HIV-positive patients with
chronic hepatitis virus infections.

One of the original studies that evaluated BMD in the HIV/viral hepatitis co-infected
population was a cross-sectional study looking at more than 1200 HIV patients, half with
viral hepatitis 191, More than 90% of the co-infected patients were HCV antibody positive.
Z-scores were used to assess bone density. The Z-score of a patient represents the BMD
compared to that of a population matched for sex, age, and ethnicity/race. Defining a low
BMD as a Z-score less than -2.0, 16% of the co-infected patients had a low BMD compared
to 11% of the HIV mono-infected patients. Co-infected females had a lower BMD than the
HIV mono-infected females, but there was no difference in BMD between HIV mono-
infected and HIV/HCV co-infected males.

A more recent cross-sectional study evaluated a predominantly African American male
population with HIV and HCV92, This study analyzed T-scores. They determined that an
alarming 28% of the HIVV/HCV co-infected patients had osteoporosis—higher than in HIV
mono-infected or in HCV mono-infected patientsl%3. In agreement with the aforementioned
studies in HCV, no correlation was found between low BMD and liver disease severity.
Interestingly, worsening BMD scores were seen in patients with well-controlled HIV,
implicating antiretroviral drugs in the bone loss.

To maintain bone and prevent fractures, recent recommendations for HIV care providers
state that the “goal should be to achieve 25(OH)D level > 32 mg/mL, although some experts
recommend levels in the 40-50 ng/mL rangel%4.”

Semin Liver Dis. Author manuscript; available in PMC 2014 July 23.
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Evidence that vitamin D may influence HCV treatment outcomes

In addition to protecting the skeleton, vitamin D supplements may benefit HCV-positive
patients by improving treatment responses. A growing body of evidence suggests that
vitamin D deficiency may be a modifiable risk factor for HCV treatment failure. Petta and
colleagues demonstrated that low baseline 25(OH)D levels were independently associated
with a poor response to interferon/ribavirin-based therapy, and also showed that low
25(0OH)D levels were associated with more severe fibrosis and necroinflammation0®.
Bitetto and colleagues found that patients whose 25(OH)D levels were greater than 20
ng/mL had an increased odds ratio for achieving an SVR of 2.07 (95% confidence interval,
1.02 - 4.17). In a stepwise logistic regression analysis, these investigators found that an
unfavorable 1L28B genotype (C/T or T/T) and 25(OH)D levels < 20 ng/mL were associated
with treatment failure compared to the C/C allele and higher 25(OH)D levels1%. Lange and
colleagues also found that vitamin D deficiency was a risk factor for HCV treatment
failureS6. In a retreatment trial of HIV/HCV co-infected patients, Soumekh et al. found that
a baseline 25(OH)D level = 18 ng/ml was significantly associated with SVR in a
multivariable model®L. In contrast, a trial of treatment-naive HIV/HCV co-infected patients
did not find an association between 25(OH)D levels and SVR, although it demonstrated an
inverse relationship between low 25(OH)D levels and more advanced fibrosis07,

Intriguingly, two groups have reported that vitamin D supplements raise SVR rates. In 2009,
Abu-Mouch and colleagues reported the interim results of a trial in which patients were
randomly assigned to receive vitamin D supplementation prior to and during interferon/
ribavirin therapy. A tiered dose of vitamin D3 (1000-4000 1U/day) was used, with the dose
determined by the baseline serum 25(OH)D level. Subjects in the vitamin D arm had a
higher SVR ratel08. Similarly, a retrospective review of post-liver transplant patients with
recurrent HCV showed higher SVR rates in patients who had been concurrently treated for
metabolic bone disease with vitamin D compared to controls (8/15 vs. 5/27 respectively; p<
0.02)109,

Cell culture and animal studies add experimental support to the clinical data showing that
vitamin D might benefit HCV patients, either by increasing treatment responses and/or by
mitigating liver injury. Vitamin D inhibits proliferation and profibrotic marker expression in
hepatic stellate cells and decreases thioacetamide-induced liver fibrosis in rats, suggesting
that vitamin D supplements may have an anti-fibrotic effect in patients10. Vitamin D may
also reduce HCV replication, according to three in vitro studies. Using a full-length
genotype 1b replicon system, Yano et al. investigated the effects of micronutrients,
including vitamin D. Their data suggested that vitamin D, (but not vitamin D3) inhibited
HCV RNA replication with an ECsg of 3.8 pM (1600 ng/mL) 111, A subsequent study
showed that a MEK1/2 inhibitor abolished the anti-HCV effect 112, Gutierrez et al. found
that vitamin D,, vitamin D3 and 1,25(0OH),D inhibited HCV replication in both genotype 1b
and 2a replicons and demonstrated that cell-culture adapted, infectious genotype 2a (J6/JFH)
HCV was susceptible to inhibition by vitamin D metabolites 113, Recently, Gal-Tanamy et
al. found similar results using the inter-genotypic HJ3-5 chimeric HCV virus and also
demonstrated a synergy when combining vitamin D5 or 1,25(OH),D with interferon-a114,
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How to correct low vitamin D status in HCV patients

Given the extraordinary prevalence of vitamin D deficiency, all HCV-positive patients
should be checked for this abnormality, preferably during the late fall and winter months
when 25(OH)D levels tend to be at their nadir. A number of reliable 25(OH)D assays are
currently available: high-pressure liquid chromatography (HPLC), radioimmunoassay, and
chemiluminescent assays. No consensus exists as to which is the best, although some argue
in favor of HPLC 115,

Vitamin D3 has a longer half-life than vitamin D,. Thus, it is easier to reach target 25(OH)D
levels by prescribing vitamin D3. A simple rule of thumb for healthy adults is that
individuals should receive 100 1U/daily of vitamin D3 for every 1 ng/mL that they are below
the target level of 25(OH)D. Our experience, however, indicates that HCV-positive patients
often require higher doses of vitamin D supplements than this thumb rule indicated.

Although research is needed to obtain pharmacokinetic data in HCV-positive patients, a
reasonable approach to correcting vitamin D deficiency is to measure the 25(OH)D level in
late fall and to base the initial dose of vitamin D3 supplements on that value: 4000 1U/day
for patients with 25(OH)D below 10 ng/ml; 2000 IU/day for patients with 25(OH)D between
10 and 20 ng/ml; and 1000 1U/day for patients with 25(OH)D between 20 and 30 ng/ml. A
repeat 25(OH)D measurement three months later is advised to allow the patient's response to
the initial dose to be assessed. The dose can then be adjusted to achieve the desired 25(0OH)
level. The tolerable upper intake level (i.e. the highest average daily intake that is likely to
pose no risk of adverse effects to almost all individuals in the general population) 4000 1U
per day of vitamin D5 for adults, according to the the IOMY. If dietary calcium intake is less
than 1 gm per day, calcium citrate supplements should also be considered.

Available data suggest that the optimal level of 25(OH) for good health in the general
population is about 35 ng/ml. As discussed in the opening section of this article, some
experts advise higher levels, but hone considers 35 ng/mL to exceed the optimal range. In
the absence of outcomes data in HCV-positive patients, 35 ng/mL of 25(OH)D is the best
target level to aim for. This can be achieved in almost all liver disease patients through the
use of oral supplements. Injectable forms of vitamin D are available and can be used in
patients with severe malabsorption. Time spent outdoors is also a very pleasurable way to
increase vitamin D reserves and can be recommended to patients if they are also cautioned
to avoid levels of UV exposure that might increase the risk of skin cancer.

Conclusions

Vitamin D has well known classical functions that are important for maintaining bone.
Emerging data indicate that it may also increase longevity. In HCV-positive patients, there is
evidence that vitamin D deficiency is a risk factor for fibrosis, necroinflammation, bone
disease, and interferon/ribavirin treatment failure. The possibility that vitamin D
supplements might reduce liver injury, inhibit HCV replication, raise SVR rates, and reduce
liver disease progression creates an urgent need for clinical trials of vitamin D supplements
in HCV-positive patients. Research is also needed to understand the mechanisms of vitamin
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action and to determine optimal 25(OH)D levels in HCV-positive patients. In the

meantime, to preserve bone, serum 25(OH)D levels should be checked in HCV-positive
patients and patients with vitamin D deficiency should be treated with appropriate doses of
vitamin D and calcium supplements.
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CTP Child-Turcotte-Pugh

HPLC High-pressure liquid chromatography
HCV Hepatitis ¢ virus

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

HIV Human immunodeficiency virus type-1
IOM Institute of Medicine

IFN/RBV Interferon/Ribavirin

MELD Model for End-stage Liver Disease
OLT Orthotopic liver transplantation

PTH Parathyroid hormone

PBC Primary biliary cirrhosis

PSC Primary sclerosing cholangitis

SVR Sustained virological response
Gce-globin Vitamin D-binding protein

VDR Vitamin D receptor
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25-hydroxyvitamin D levelsin chronic liver disease patients with and without cirrhosis

Etiology N 25(0OH)D <20 ng/mL | 25(0OH)D <32ng/mL | Reference

HCV cirrhosis 43 79% 95% Arteh et al.53
HCV non-cirrhosis 57 67% 89% Arteh et al.53
HCV non-cirrhosis 468 66% nfa Lange et al°®
NAFLD 60 48% nfa Targher et al.5
Mixed cirrhosis 51 86% n/a Fisher et al.54
Mixed non-cirrhosis 49 49% n/a Fisher et al.>*
Mixed cirrhosis + non-cirrhosis | 90 51.1% 67.8% Miroliaee et al.>
Mixed cirrhosis 51 76.5% 86% Miroliaee et al.>
Mixed non-cirrhosis 39 17.9% 56.4% Miroliaee et al.5®
Mixed cirrhosis 72 92% n/a George et al.>®
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L ow bone mineral density in chronic liver disease patients

Table 2

Etiology N Osteoporosis% | Osteopenia% | Reference

HCV 35 14 26 Loriaetal.”

HCV 68 28.1 36.8 Carey et al.®®
HCVIHBV | 74 20 nla Chen et al.”
HCV/HBV 43 19 53 Schiefke et al.”™
HCV/HBV | 32 55 n/a Gallejo-Rojo et al.™
HBV 55 37 n/a Goral et al.”
ALD 66 18.3 26.7 Carey et al.®®
ALD 33 39.4 n/a Diez-Ruiz et al.”
ALD 115 38.2 57.3 Choudhary et al.%!
PSC 81 16 n/a Angulo et al.®2
PSC 204 35.2 42.4 Guichelaar et al.”’
PBC 156 43.7 33.1 Guichelaar et al.”’
PBC 142 324 nla Guanabens et al.%
PBC 185 37 n/a Guanabens et al.%*
Mixed 60 47 nla Diamond et al.®®
Mixed 58 43 n/a Monegal et al.%
Mixed 243 37 n/a Ninkovic et al.%’
Mixed 104 12 n/a Sokhi et al.%8
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