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Abstract

A tremendous amount of data from research was
published over the past decades concerning the roles of
different vitamins in various gastrointestinal diseases.
For instance, most vitamins showed an inverse rela-
tionship with the risk of colorectal carcinoma as well
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as other malignancies like gastric and esophageal
cancer in observational trials, however interventional
trials failed to prove a clear beneficial preventive
role. On the other hand, more solid evidence was
obtained from high quality studies for a role of certain
vitamins in specific entities. Examples for this include
the therapeutic role of vitamin E in patients with non-
alcoholic steatohepatitis, the additive role of vitamins
B2 and D to the standard therapy of chronic hepatitis
C virus, the role of vitamin C in reducing the risk of
gallstones, the positive outcome with vitamin B2 in
patients with aphthous stomatitis, and the beneficial
effect of vitamin D and B: in patients with inflammatory
bowel disease. Other potential uses are yet to be
elaborated, like those on celiac disease, pancreatic
cancer, pancreatitis, cholestasis and other potential
fields. Data from several ongoing interventional trials
are expected to add to the current knowledge over the
coming few years. Given that vitamin supplementation
is psychologically accepted by patients as a natural
compound with relative safety and low cost, their use
should be encouraged in the fields where positive data
are available.
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Alternative medicine; Supplements
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Core tip: This extensive review provides a unique
approach to the topic of vitamins and their use in
gastrointestinal diseases. A lot of manuscripts exist
about the subject, but an article specific to the practice
of gastroenterology that summarises the use and
benefits of vitamins is absent. While tremendous
amounts of money (estimated to 13.1 billion USD in
2012) are being spent on these products, selecting
the appropriate uses of these supplements remains
an important issue to avoid unnecessary health ex-
penditures.
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INTRODUCTION

During the past four decades, emerging nutritional
research on the efficacy of a complete diet and its role
in disease prevention led to substantial pharmaceutical
investments in the field of vitamins and dietary
supplements!), Pharmaceutical companies focused
on procuring nutrients that were deemed deficient
in diets. Additionally, a number of reports mentioned
lucrative numbers about the wider scale effect of
those supplements in decreasing healthcare costs and
expenses. A global, “perfect” diet with all the required
components was estimated to save a yearly amount
ranging between 21 and 43 billion USD of healthcare
costs™?,

As a result of data encouraging the use of nutritional
additives, there was a worldwide trend of increasing
consumption of these supplements since their
introduction to the market. For instance, between 1988
and 1994, 40% of the adult population in the United
States used vitamins and supplements. A more recent
report in 2011 from the CDC shows an increase in this
rate to up to 50% with multivitamins/multi-minerals
being the most commonly purchased category'’.
In 2012, a total of 13.1 billion USD was spent on
multivitamin and mineral-containing supplements, of
which an estimated 5.4 billion USD (40%) was spent on
multi-vitamins alone',

Similar to its growth in the United States, the
market of vitamins and dietary supplements was
flourishing in Europe. The market value of the industry
was of 7 billion Euros in 2009, 50% of which being
the worth of vitamins and mineral products™®. The
global vitamin and supplement market was valued at
68 billion USD by Euromonitor in 2013. Inconsistent
growth rates were observed among the fields’
categories, where certain subsidiaries like probiotics,
fish-oils and anti-oxidants are witnessing more growth
than others. Nonetheless, the vitamins and minerals
market alone is expected to have a 4.5% growth in
2015". The United States remains the world leader
in the pharmaceutical field of vitamins and dietary
supplements, having an estimated 30% market share
worth 20 billion USD, followed by Japan with a 22%
share. Europe and China follow with 14% and 12%
respectively but it is expected that China will overtake
both Europe and Japan in the coming years due to
its expanding markets and unique under-demand
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products like Chinese herbal medicines™®,

A number of reasons lie behind the upsurge in usage
of these vitamins. The notions of “gaining energy,”
“improving,” and “maintaining” health were the most
commonly reported motifs''*?, Though data from
Europe are lacking, a study from the United States
shows that increased age, higher economic status
(reflected by insurance status), and the assumption
of a healthy lifestyle, were all associated with a higher
use of supplements. For instance, prevalence of
supplement use shifts from 34% in people aged 20
to 39, to more than 65% in the elderly. A similar rise
is observed in the insured (53% vs 31% in the non-
insured), and in people who exercise frequently (56%
vs 43% in individuals who do not exercise)""’. Though
no evidence fully supports the routine use of vitamins,
a large percentage of people would regularly use those
supplements despite their financial burden and the lack
of guaranteed efficacy. In a study conducted on 900
US military subjects, two thirds of participants were
confident about supplement efficacy and safety™.
In another study, only 25% of participants said they
would abandon the use of supplements if scientific data
showed they had no significant benefit™*?,

The vitamin market remains one of the quick
growing pharmaceutical fields due to the ease of access
to its products as most, if not all, can be obtained over
the counter. In light of the controversies regarding
the effectiveness of vitamins and supplements when
used as daily additive doses, further investigations are
needed to validate the value of the colossal amounts of
money invested on such products.

Vitamins are chemically unrelated families of
organic compounds that are essential as vital nutrients
in limited amounts for normal metabolism. With the
exception of vitamin D, these vitamins cannot be
synthesized in humans and thus need to be taken
through diet. Over the past decade, a remarkable
amount of research has been dedicated to investigate
the role of vitamins in various diseases including their
potential use in the prevention or treatment of different
malignant tumors, gastrointestinal inflammatory
diseases, and hepatobiliary disorders. The majority of
these trials were observational, however a respectable
number of well-designed interventional trials have
emerged recently.

Given the vast literature to be covered, this review
will mainly focus on high-quality studies, concentrating
in particular on interventional and randomized con-
trolled trials (RCT) of clinical relevance that address
the potential preventive and therapeutic role of dietary
or supplementary vitamins in various gastrointestinal
diseases. Table 1 summarizes the major characteristics
of the known vitamins, including their recommended
daily doses, major dietary sources and known
deficiency syndromes.
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Vitamin Recommended Major dietary sources Deficiency syndromes Tolerable daily
daily doses' upper intake
levels
A M: 900 pg Orange, ripe yellow fruits, leafy vegetables, carrots, pumpkin, Night-blindness 3000 mcg
(Retinol, F:700 pg liver, soy milk, milk, sweet potatoes, butter, egg yolk Hyperkeratosis, keratomalacia
Carotenoids)
B1 (Thiamine) M:1.2mg  Whole grains, dried beans, oatmeal, brown rice, potatoes, pork, Beriberi - dry (peripheral ND
F:1.1mg liver neuropathy) or wet
(heart failure), Wernicke
encephalopathy
Bz (Riboflavin) M:1.3 mg Dairy products, bananas, popcorn, green beans, asparagus, Rare ND
F:1.1mg dark green leafy vegetables Non-specific symptoms
Bs M:16.0 mg Meat, fish, eggs, mushrooms, tree nuts, peas, bran Pellagra 35mg
(Niacin, Nicotinic F:14.0 mg
acid)
Bs 5.0 mg Fortified cereals, Salmon, Meat, broccoli, avocados Paresthesia, “burning feet”, GI ND
(Pantothenic acid) symptoms
Bs 1.3-1.7 mg Meat, liver, tree nuts, bananas, salmon, tuna, brown rice, Anemia, peripheral neuropathy, 100 mg
(Pyridoxine) potatoes insomnia, seborrheic dermatitis,
stomatitis
Br 30.0 ug Raw egg yolk, liver, peanuts, certain vegetables Dermatitis, enteritis ND
(Biotin)
By 400 pg Spinach, enriched rice, fortified cereal, liver, avocado, lentils Megaloblastic anemia 1000 mcg
(Folic acid) Neural tube defects
B2 24 g Meat, salmon, egg yolk, lentils, spinach Megaloblastic/Pernicious ND
(Cobolamine) anemia
C M: 90 mg Citric fruits, papaya, broccoli, strawberries, paprika, liver Scurvy 2000 mg
(Ascorbic acid) F:75 mg
D 15 pg liver, mushrooms, fatty fish, milk, egg yolk, fortified cereals Rickets and osteomalacia 100 mcg
(Cholecalciferol, (> 70 yr: 20 pg) 1 cup of milk = 50 IU; 30 min of sunlight = 10000 IU (4000 TU)
Ergocalciferol)
E 15.0 mg Sunflower seeds, almonds, fortified cereals, spinach, turnip Very rare; mild hemolytic 1000 mg
(Tocopherols) greens anemia, ataxia, neural
degeneration
K M:120 pg Leafy green vegetables, egg yolks, liver, mustard greens, Bleeding diathesis ND
(phylloquinone, F:90 pg asparagus, kiwi, dried prunes
menaquinones)

'In adults, not pregnant nor lactating. ND: Not determinable.

VITAMIN A

Vitamin A and inflammatory bowel disease

Vitamin A and retinoic acids are required for the
development of proper immunity to pathogens by
promoting immunoglobulin A response and phagocytic
functions. Trials on animal models have shown a
possible beneficial role of high vitamin A intake by
inducing the highly suppressive FoxP3(+) regulatory
T-cell subsets and thus ameliorating or even reversing
intestinal inflammation™*. Vitamin A levels were found
to be low in most patients with inflammatory bowel
disease (IBD), however no clear correlation with
severity or activity could be identified™. A prospective
European Cohort study involving 139 patients with
ulcerative colitis (UC) found no association between
diet, namely vitamins A, C, D and E intake and UC
incidence or severity!®!. No therapeutic trials are
available.

Antioxidants (vitamins A, C, E) and CRC
Antioxidants have been proposed as potential chemo-
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preventive agents because of their roles in quenching
free radicals and reducing oxidative damage to DNA™",
The major antioxidants are vitamins A, C, E, Beta-
carotene and Selenium. Data from retrospective and
prospective cohort studies were highly inconsistent
and controversial. A meta-analysis of 13 observational
studies showed an inverse association (SRRs 0.47,
95%CI: 0.24-0.91) between the intake of beta-
carotene in diet and the risk of colorectal adenomas. A
similar but milder (22% SRR) beneficial role was noted
with vitamin C, whereas no association was noted with
the intake of vitamins A and E!*®.,

Multiple large high quality RCTs were con-
ducted to examine the effectiveness of these elements
for primary or secondary prevention of various gas-
trointestinal malignancies in the general population.
Variable regimens were given for periods ranging
between 4 and 12 years and patients were followed
for up to 12 years; However the results were mostly
disappointing'”’>”. A Cochrane systematic review™®
that included 20 RCTs addressing this specific relation
showed that antioxidant supplements had no significant

[19-26]
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preventive effects on gastrointestinal cancers (RR
= 0.94, 95%CI: 0.83-1.06). A similar conclusion
was obtained by a more recent Cochrane review!®”
regarding the effect of antioxidant supplementation
on mortality with various diseases which included 78
RCTs with 296707 participants and a mean follow up
duration of 3 years. Moreover, when considering the
56 trials with low risk of bias, the authors showed
that the use of antioxidant supplementation not only
was not protective, but also seemed to significantly
increase mortality (12.9% vs 10.6%; RR = 1.04,
95%CI: 1.01-1.07). When using trial sequential
analysis and after excluding factorial trials with potential
confounders, this significant increase in mortality was
specifically demonstrated with the supplementation of
beta-carotene, vitamin E and higher doses of vitamin
A. The potential effects of vitamin C and selenium
supplementation on increased mortality need further
study™".

Vitamin A and non-alcoholic steatohepatitis

A clinical trial by Bahcecioglu et af*" on 29 patients with
biopsy-proven non-alcoholic steatohepatitis (NASH)
found no association between serum levels of vitamin A
and the histopathologic severity of the disease.

Vitamin A and hepatitis C virus

More than 90% of total body vitamin A is stored in
the liver. Moreover, reactive oxygen species (ROS)
have been reported to activate hepatic stellate cells,
which then lead to hepatic fibrosis as well as disease
progression in patients with hepatitis C virus (HCV).

Vitamin A deficiency was found to be common
in patients with HCV compared to healthy controls
(42%-54% vs 0%)P>*], Prevalence and severity of
vitamin A deficiency were higher with liver disease
progression. Epidemiological evidence and case-
control studies showed that low serum retinol levels
may correlate with the severity as well as the risk of
developing cirrhosis or progressing to HCC in patients
with HCV or other chronic liver diseases!****>?,

Recent data suggest that vitamin A modulates the
expression of type-1 interferon-receptor, enhancing
the anti-replication effect of interferon-a. on HCV“",
Bitetto et al®* showed that on multivariate analysis,
severe vitamin A deficiency (< 100 ng/mL) was one
of the predictors for non-response to antiviral therapy.

In a pilot study of a cohort of 20 previous non-
responders with HCV chronic infection, all-trans retinoic
acid (ATRA), an analog of vitamin A, demonstrated
a direct antiviral and a strong additive or synergistic
effect with pegylated IFN. Monotherapy with ATRA for
12 wk induced a viral decay by > 1 log10 in 5 out of
10 patients, and the combination with peg-IFN after
12 wk of treatment led to a transient viral clearance in
3 out of 10 patients in this difficult-to-treat group™"..
This was contradicted recently by Schuchmann et af*?
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in an open label randomized trial on 57 previously
non-responders showing no clinical benefit of adding
tretinoin (45 mg/m? per day) to standard therapy.

Vitamin A and the pancreas

Patients with chronic pancreatitis are at risk of de-
ficiencies in the fat-soluble vitamins due to the loss
of pancreatic exocrine function. A prospective study
showed that 3%, 53%, 10%, and 63% of patients with
chronic pancreatitis were deficient in vitamin A, D, E
and K respectively™®”. Multiple clinical trials suggested
that the use of a combined preparation of antioxidants,
(including beta carotene, vitamins C and K), in patients
with painful chronic pancreatitis significantly reduced
pain and improved quality of life when compared to
placebo™ ¥, The largest of these trials was a RCT
conducted in India including 127 patients receiving
combined antioxidant therapy for 6 mo™*®. The active
treatment group showed a significant decrease in the
number of painful days (7.4 d vs 3.2 d) and the need
for analgesics. However, a recent RCT using the same
preparation of antioxidants for 6 mo in a population of
70 difficult-to-treat patients (failing traditional therapy,
requiring high doses of narcotics and most continuing
alcohol intake) failed to show any benefit despite the
documented increase in serum levels of vitamin A, C
and E*,

No beneficial effect was noted in clinical trials when
vitamin A or other antioxidants were given for treating
acute pancreatitis™®, or when given to patients to
reduce the risk of post-ERCP pancreatitis®*%, or when
given in combination with gemcitabine in patients with
advanced pancreatic cancer™,

VITAMIN B COMPLEX

Vitamin B2 and HCV

Liver is the physiological reservoir of cyanocobalamin
in humans. Vitamin B2 deficiency was observed in
several liver diseases like hepatitis, cirrhosis and HCC.
In vitro studies in the early 2000s, reported that
vitamin Bi2 inhibits HCV via internal ribosome entry-
site inhibition***],

A retrospective study by Rosenberg et a*® showed
that low pre-treatment serum B2 levels were associated
with nonresponse to standard therapy in 99 treatment-
naive patients. Patients with pre-treatment B:2 level <
360 pm had a null response rate of 31.5% and end-of-
treatment response (ETR) rate of 68.5% as compared
to 3.8% and 96% respectively in patients with levels
above 360 pm. However the difference was no longer
significant when the endpoint of sustained virologic
response (SVR) was considered.

The only RCT to study the role of B:i2 supple-
mentation on HCV treatment is a recent open label trial
conducted in Italy that included 94 treatment-naive
chronic HCV patients®™”. The majority of patients had
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genotype 1b (62%). Adding vitamin B:2 (5000 mcg IM
every 4 wk) to standard therapy (pegylated-INF and
ribavirin) significantly increased the chance for complete
EVR (64% vs 85%), ETR (63% vs 83%) and SVR (38%
vs 72%, P < 0.001). This difference persisted when
analyzing the subcategory of difficult-to-treat patients
with genotype 1, where the SVR was 22% vs 63%"",

Vitamin B2 and aphthous stomatitis

A possible association between recurrent aphthous
stomatitis and vitamin B12 deficiency was suggested
as early as the 1950sP®, Multiple small trials®®®"
suggested a beneficial role of vitamin Bi2 in these
patients, however the first double blind RCT was
conducted in 2009 on 58 patients with recurrent
aphthous stomatitis, randomized to receive 1000 mcg
of sublingual vitamin Bi2 or placebo. After 6 mo of
follow-up, 74.1% of participants in the intervention
group reached “no aphthous ulcers status” as compared
to 32% in the placebo group. The duration of outbreaks,
the number of ulcers, and the level of pain were found
to be significantly reduced®?.

Vitamin B and IBD

Vitamin Bi2: Crohn’s disease can commonly involve
the terminal ileum, which is the site of Bi2 absorption.
Data from observational studies are conflicting,
however, a recent systematic review including 42
articles concluded that patients with IBD (UC or
CD without ileal resection), regardless of disease
location in the ileum, did not have an increased risk
for Cobalamin deficiency. Only ileal resections greater
than 20 cm predispose to deficiency and warrant
treatment™,

Vitamin Bi: Thiamine supplementation was used
in a small pilot study on 12 IBD patients with normal
thiamine levels and severe fatigue as measured by
chronic fatigue syndrome scale. At 20 d of therapy, all
patients had complete or near complete regression of
fatigue syndrome!®*.

Folate: Folate deficiency was found to be associated
with inflammatory bowel disease, however this did
not correlate with disease extent or activity®®. Two
early case-control studies suggested that folate
supplementation and a high red blood cell folate
level significantly decrease the risk of dysplasia and
neoplasia in patients with UC*®*®”), A later meta-
analysis in 2003 showed that both sulfasalazine and
folate supplementation have a protective effect on
CRC development in patients with longstanding UC®®,
However, more recent studies have failed to find a
chemopreventive role of folic acid supplementation®®”,
It is important to remember that folate deficiency can
occur as a consequence of IBD therapy, as with the
use of methotrexate and sulfasalazine, and should be
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supplemented accordingly.

Vitamin B2: In a prospective trial including 24
patients with CD compared to healthy controls, the
serum levels of several vitamins (including vitamins
A, E, B:, B2, Bs and Bs) were found to be significantly
more depleted in the affected individuals. However, only
vitamin B2 and nicotinic acid deficiencies were shown
to have a negative correlation with the Crohn’s disease
activity index”™ . No interventional trials are available.

Vitamin Bs: Pantothenic acid (Bs) rectal enemas
have been tried as a local therapy for UC in a pilot
study with no clear benefit?,

Vitamin Bs: Pyridoxine deficiency is relatively common
in IBD affecting 10%-15% of patients in general and
up to 25% of patients with active disease!”®. Low
Bs plasma level may be considered a risk factor for
thrombosis in patients with IBD due to its inverse
relation with homocysteine.

Vitamin B and GI malignancies

B vitamins, including folate, riboflavin, pyridoxine, and
cobalamin, are essential for methylation reactions,
nucleotide synthesis, and DNA stability and repair”.
In 1998, The FDA mandated folic acid fortification
of enriched cereal-grain products, which led to a
new dietary source of folate in addition to other
available sources and resultant higher blood-folate
concentrations.

Because folate has tumor growth-promoting effects,
concerns regarding potential risks associated with high
folate intake in the post-fortification era have been
raised especially with the temporary increase in CRC
incidence rates in the later 1990s. However this is
unlikely due to folic acid fortification and, assuming a
time lag of at least 10 years to have a benefit on CRC"?,
folate appears to be one of the promising factors that
could explain the current exceptional downward trend
of CRC incidence in the United States®’. Moreover it
was suggested that folate might protect against CRC
by preventing aberrations in DNA synthesis (DNA uracil
misincorporation) and irregularities in DNA methylation
(DNA hypomethylation)"”.

Vitamin B and colorectal adenomas

Three large RCTs"®®%! demonstrated no clear benefit
of folate supplementation (0.5-1 mg daily) on the
prevention of colorectal adenoma recurrence when
followed for 3-6.5 years. Interestingly, in one of
these studies'’®, there was a statistically significant
increased risk of having at least one advanced lesion
(RR = 1.67, 95%CI: 1.00-2.80) or having 3 or more
adenomas after 5 years of follow up. Two recent
high quality meta-analyses confirmed these negative
outcomes™®®2, When a combination of folic acid (2.5
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mg), vitamin Bs (50 mg), and vitamin B:2 (1 mg) was
used in another RCT on 1470 participants, the risk of
colorectal adenoma was unchanged after a 9.3-year
follow up period™.

Vitamin B and colorectal cancer

Vitamins Bs, Bs, B12: Vitamin Bs may affect colorectal
carcinogenesis via its role in DNA synthesis and
methylation. Moreover, it was shown to inhibit angio-
genesis, suppress nitric oxide, and reduce oxidative
stress in animal models™®. The risk of developing
CRC was demonstrated in multiple prospective case-
control studies to decrease by about 50% for every
100 pmol/L increase in the blood PLP levels (Pyridoxal
5-phosphate, the active form of Be)®. However, data
from observational studies were inconsistent with a
general null or a modest inverse relation®®®”, This was
demonstrated in two high quality meta-analyses of case-
control studies showing a significant inverse relation
between Bs intake and CRC. The combined relative risk
was found to be 0.80 in both meta-analyses (95%¢CI:
0.68-0.96)"*>%,

Data regarding the role of folate in CRC prevention
is also controversial. In a recent meta-analysis
including 11 cohort studies, the potential beneficial
effects of higher dietary folate intake on CRC risk were
not found to be statistically significant (HR = 0.92;
95%CI: 0.81-1.05)®%, In contrast, another pooled
analysis of 13 prospective cohort studies showed an
inverse relation between folate intake and risk of CRC.
The authors showed an estimated 2% risk reduction
for every 100 pg/d increase in total folate intake™.
Another recent meta-analysis by Liu et ai®" including
47 cohort studies, suggests an inverse association
between the intake of vitamins Bz, Bs, Bs, and D, and
the risk of CRC. Other reports suggested a beneficial
role for folate in reducing esophageal but not gastric
cancer®,

Three large RCTs originally designed to address
the role of vitamin B in cardiovascular diseases®***,
analyzed the role of vitamin B complex in the prevention
of invasive cancers. These trials randomized patients
to receive either daily vitamin Bs only, or combinations
of folate (0.8-2.5 mg), vitamins Bs (40-50 mg) and B:2
(0.4-1 mgq) or placebo, with average treatment periods
of 3.3 to 7.3 years. These studies failed to show an
overall benefit of these interventions in preventing all
types of cancers including CRC specifically.

Riboflavin: The Netherlands Cohort Study on diet and
cancer (n = 120852) suggested that riboflavin tends
to be associated with decreased proximal colon cancer
risk among women (RR = 0.61; P-trend = 0.07)"°.
This finding was consolidated by the results from the
Women’s Health Initiative Observational Study cohort
that showed that higher total intakes of riboflavin were
associated with a reduced risk of CRC (HR = 0.81;
95%CI: 0.66-0.99)®”1, Other smaller case-control
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studies reproduced similar conclusion of the protective
effect of riboflavin intake on CRC®*®,

Vitamin B and pancreatic cancer

The results from two recent meta-analyses regarding
the role of folate supplementation in the prevention
of pancreatic cancer were contradictory. Lin et a/®”
concluded that individuals with a high dietary folate
intake were about 34% less likely to develop pancreatic
cancer compared with those with low intake. This
conclusion was contradicted by another meta-analysis
of 14 prospective cohort studies showing that the
intake of folate - dietary and supplemental- was not
related positively or negatively to the risk of pancreatic
cancer™®”,

Vitamin B and celiac disease

Patients with celiac disease have a higher total plasma
homocysteine level than the general population,
which is indicative of a poor vitamin status namely
low serum levels vitamin Bs, Be and B:2!'°"), In a RCT
of 65 patients with celiac disease on gluten-free diet,
daily vitamin B supplementation (0.8 mg folic acid,
0.5 mg cyanocobalamin and 3 mg pyridoxine) for 6
mo was found to decrease the plasma homocysteine
level by a median of 34% (P < 0.001), accompanied
by significant improvement in well being, anxiety and
depressed mood™®,

VITAMIN C

Vitamin C and GI malignancies (refer to antioxidants and
CRC)

Data on the protective effect of vitamin C and other
antioxidants on pancreatic cancer were conflicting with
one of the largest cohorts from the Netherland of over
120000 participants and 16 years of follow up showing
no benefit™®, as opposed to another large recent
cohort study showing that patients eating a combination
of the highest three quartiles of all of vitamins C, E and
selenium had a decreased risk of pancreatic cancer
(HR = 0.33, P < 0.05)"*, Inconsistent data are also
available regarding the protective role in esophageal
and gastric cancer. A meta-analysis by Kubo et a/f'*”
including 10 observational studies showed that vitamin
C intake was inversely associated with the risk of
esophageal adenocarcinoma (OR = 0.49, 95%CI:
0.39-0.62) but not with gastric cardia carcinoma.

Vitamin C and IBD

A case-control study including 239 patients with
IBD showed that the intake of vitamin C (OR =
0.45; 95%CI: 0.21-0.99) was negatively related to
UC risk!"®. One RCT including 57 patients with CD
randomized to receive combined vitamin E (800 IU)
and vitamin C (1000 mg) or placebo for 4 wk showed
no effect of these supplements on the disease activity
as measured by the Crohn’s disease activity complex
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(CDAI) despite the significant reduction in oxidative
stress indices®”.,

Vitamin C and gallstones

Clinical and experimental data reported in the 1970’s
suggested a potential protective effect of vitamin C on
the formation of gallstones!'®!, This might be attributed
to the reduction in bile acid biogenesis and the
supersaturation of bile with cholesterol due to the
deficiency in cholesterol 7a-hydroxylation in cases
of ascorbic acid deficiency. Data from NHANES I
study that included 996 cases of gallstones, showed
that serum ascorbic acid level was inversely related
to the prevalence of clinical and asymptomatic
gallbladder disease among women, but not among
men. Among women, each 27 micromol/L increase in
serum level was independently associated with a 13%
lower prevalence of gallstones (P < 0.06)"*. In an
observational study including 2129 participants, the
subjects reporting regular vitamin C supplementation
had significantly less prevalence of gallstone disease
compared to those not taking vitamin C (4.7% vs
8.2%),

Vitamin C and liver diseases

A meta-analysis and a Cochrane systematic review of
RCTs addressing the role of antioxidant supplementation
-including vitamins C and E - in the prognosis and
mortality of liver diseases showed no convincing
evidence of any beneficial effect™***%,

VITAMIN D

Vitamin Ds is hydroxylated in the liver to produce
25(0OH)Ds, a reliable indicator of vitamin D status,
and is further hydroxylated in the kidney to form the
physiologically active hormone 1,25(0H):Ds. Circulating
levels of 25(OH)Ds are a direct reflection of vitamin
D status, which for any given individual depends
on access to vitamin D either through exposure to
sunlight or through dietary intake. Currently, the US
Recommended Dietary Allowance (RDA) for vitamin
Ds is 600 IU/d, and the tolerable upper intake level is
4000 IU/d. It has been estimated that an increase in
vitamin Ds intake to 2000 IU/d in Americans would
lead to a 27% decrease in the incidence of colorectal
cancer™?,

The biological effects of vitamin Ds are mediated
by the vitamin D receptor (VDR), which belongs to
the superfamily of nuclear hormone receptors and
is expressed in various organs and tissues of the
human body, including the kidney and bone cells as
well as the colonic mucosa. In the intestine, VDR
plays an important role in regulating cell proliferation,
differentiation, and the induction of apoptosis. In
the US, 25% to 58% of adolescents and adults are
deficient in vitamin D™,
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Vitamin D and CRC

The role of vitamin D in CRC prevention was first
hypothesized in 1980 by Garland et a/****! based
on ecological studies. They reported an inverse
association between geographical latitude (solar
radiation), vitamin D status and CRC incidence and
mortality in United States"'®. Vitamin D has the ability
to inhibit cell proliferation and increase apoptosis in
vitro. Many cell types, including colorectal epithelial
cells, contain vitamin D receptors (VDR). These cells
are able to convert the circulating 25(OH)D into active
1,25(0OH)D metabolites, which in turn bind to the cells’
own VDR to produce an autocrine effect by inducing
cell differentiation and by inhibiting proliferation,
invasiveness, angiogenesis, and metastatic potential
(Figure 1),

Prospective observational studies suggest that
higher vitamin D levels are associated with lower risk
of incident CRC as well as improved survival in patients
with established CRC. One of the largest observational
nested case-control study (520000 participants)
concluded that there is a strong inverse association
between 25(0OH)D concentration and CRC!*®, High
vitamin D levels or vitamin D supplementation were
also suggested to reduce mortality in patients diagnosed
with CRC. Freedman et a/'**’ demonstrated in one
of the largest prospective studies including 16818
participants that CRC mortality was inversely related
to serum 25(0OH)D level. Individuals with serum levels
of 50-80 ng/mL and > 80 ng/mL had a relative risk of
CRC mortality of 0.44 and 0.28, respectively. In another
prospective trial of 257 CRC subjects, only 3% of
patients had sufficient vitamin D levels (= 30 ng/mL).
Higher 25(OH)D levels at surgery were associated with
better overall survival under multivariate analysis™®.

A recent systematic review by Ma et a/'**"! including
17 prospective trials with approximately 1 million
participants assessed the association between vitamin
D intake or serum levels of 25(0OH)D and the risk
of developing CRC. Results confirmed this inverse
relation, with pooled RRs of CRC for the highest vs
lowest categories of vitamin D intake and blood levels
being 0.88 and 0.67, respectively. Moreover, a 10 ng/
mL increment in blood 25(0OH)D level conferred a RR
of 0.74. This inverse relationship was again confirmed
by several high quality meta-analyses*****., As for the
relation with colorectal adenomas, similar results were
obtained in most prospective studies!***!,

The relationship between VDR gene polymorphism
and the risk of CRC was addressed by numerous
studies. In 2001, Kim et a/'**®! reported for the first
time an association between CRC and the VDR gene
in a case-control study. Based on their analysis of 393
cases of colorectal adenomas, the BsmI BB genotype
was found to be associated with a reduced risk of
adenoma when intake of calcium and vitamin D was
reduced. The results regarding other polymorphic
sites in the VDR gene were inconsistent. A recent
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Figure 1 Summary of the effects of 1,25(0H):Ds on colorectal cancer cells. With permission from Pereira et af**”.

systematic meta-analysis suggested that only the
BsmI polymorphism was related to the CRC risk.
In particular, the BsmI B genotype was found to be
related to an overall decrease in the risk for colorectal
cancer (BB vs bb: OR = 0.87, 95%CI: 0.80-0.94, P <
0.01)7,

Few RCTs addressing the role of vitamin D supple-
mentation in prevention of CRC have been conducted.
Trivedi et al'**® randomized 2686 individuals (65-85
years of age) to receive 100000 IU vitamin D3 or
placebo every 4 mo (about 833 IU/d). No significant
effect of vitamin Ds supplementation on CRC incidence
or mortality was documented after 5 years. Similarly,
another RCT including 36282 post-menopausal women
who were treated with 400 IU/d vitamin Ds plus 1
g/d calcium vs placebo, failed to find any effect of the
treatment on CRC incidence after 7 years of follow-
up®!. However in this study, the low dose of vitamin
Ds used did not increase the circulating 25(0OH)Ds
levels and the degree of patient adherence to the
treatment was low. Another RCT performed in Nebraska
randomized 1179 post-menopausal women to either
1100 1U/d vitamin Ds plus 1.4-1.5 g/d calcium or
calcium alone for 4 years™®, Treatment with vitamin Ds
plus calcium reduced total cancer incidence (RR = 0.40;
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95%CI: 0.20-0.82), including CRC. However, the low
number of CRC cases reduces the validity of this study.

A recent Cochrane review of RCTs concluded that
currently there is no firm evidence that vitamin D
supplementation decreases cancer occurrence (including
CRC) in post-menopausal women!®'!, Vitamin Ds
supplementation decreased cancer mortality and vitamin
D supplementation decreased all-cause mortality, but
these estimates are at risk of type I errors due to the
fact that too few participants were examined, and to the
risk of attrition bias originating from substantial rates
of participant dropout. Further studies with different
population groups and longer follow up periods are
needed.

Vitamin D and other GI malignancies

Results from retrospective and prospective cohorts
linking vitamin D level or supplementation to a
decreased risk of gastric or esophageal cancer were
highly inconsistent and contradictory!*?), While
some cohorts suggested a negative relation between
vitamin D status and the risk of esophageal, gastric
and pancreatic cancer, others showed a positive or a
null relationship. One of the largest cohorts involving
1065 cases of upper GI cancerst***! and 942 pancreatic
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cancers™ failed to prove a clear benefit from higher

vitamin D concentrations. Instead, it suggested a 2-fold
increase in the risk of pancreatic cancer with 25(OH)D
concentrations of > 100 nmol/L.

Similarly, an inverse association between both
HCC and cholangiocarcinoma and vitamin D has been
reported!****), However, evidence for a beneficial effect
of vitamin D from prospective human interventional
studies is still lacking.

Vitamin D and IBD

Vitamin D deficiency is common in patients with newly
diagnosed as well as chronic IBD, however it is unclear
if such a deficiency is a consequence or part of the
pathogenesis of IBD. The link was initially suggested
by epidemiologic and ecologic studies where a “north-
south” gradient was noted with increased prevalence of
IBD among populations in North America and Northern
Europe or those living at higher altitudes, although
other confounding factors may play major roles™, It is
now widely accepted that a key pathogenic mechanism
in the development of IBD is an inappropriate response
of a defective mucosal immune system to unknown
luminal antigens in a genetically susceptible host™*,
The role of vitamin D in regulation and homeostasis of
the immune response has been well documented and
demonstrated by several complex mechanisms™ %2,
Data about the association with VDR polymorphism
were highly inconsistent!*****!, However, the immu-
nomodulatory effect of vitamin D was more pronounced
in CD compared with UC probably due to the known
differences in the underlying pathogenesis of these two
entities™**Y,

A small RCT of 20 patients with CD showed that
vitamin Ds treatment did not only significantly increase
the IL-6 level, but also enhanced the CD4" T cell
proliferation**®!, Recent cross-sectional studies also
associated vitamin D deficiency with increased activity
of both CD and UC!™), A large prospective cohort
study included 72719 women who completed an
assessment of diet and lifestyle, from which a 25(0OH)D
prediction score was developed and validated against
directly measured levels of plasma 25(0H)™*. They
were followed-up over 22 years for the development
of IBD. The results suggested that higher predicted
plasma levels of 25(0OH)D significantly reduce the risk
for incident CD and non-significantly reduce the risk
for UC in women.

In another prospective interventional study by
Miheller et a**® 37 inactive CD patients were divided to
receive either vitamin D in its active form [1,25(0OH)D]
or plain vitamin D [25(OH)D]. At week 6, active
vitamin D caused a significant decrease in the CDAI
scores (69 vs 57) and CRP levels (15.8 mmol/L vs 7.81
mmol/L). However this superiority disappeared after
12 mo. In a pilot study of 18 patients with CD, vitamin
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D supplementation (up to 5000 IU/d) significantly
decreased the CDAI score from a mean of 230 to 118
after 24 wk™", Recently, a RCT was conducted on 94
patients with CD in remission, randomized to receive
either 1200 IU vitamin Ds or placebo daily for 12 mo™*?.
Oral supplementation significantly increased serum
vitamin D levels by 39% and insignificantly reduced
the risk of relapse from 29% to 13% (P value of
0.06). In summary, cumulative data suggest a definite
association between vitamin D deficiency and both
IBD incidence as well as activity, with recent studies
suggesting a clinical benefit from vitamin D replacement
therapy. Further large interventional trials are needed.

Vitamin D and HCV

Vitamin D deficiency is very common (up to 92%)
among patients with chronic liver disease, and at least
one-third suffer from severe vitamin D deficiency (<
12 ng/mL)">. It was postulated that the known high
prevalence of vitamin D deficiency in Hispanics and
African American populations might be a contributing
factor in their limited response to the standard antiviral
regimens!*>*,

Petta et al'™>! retrospectively analyzed a cohort
of 167 patients treated with Peg-IFN/RBV for HCV,
and detected an association between lower vitamin
D serum levels and increased risk of severe fibrosis
(F3 or F4) as well as decreased responsiveness to
interferon-based therapy and failure to achieve SVR in
genotype 1 patients. These results were confirmed by
the same group in another prospective study on 117
patients with genotype 1 infection, where 25(OH)D
serum levels and IL28B status were found to be
independently associated with the likelihood to achieve
RVR and SVR™®!, However, data from other trials were
highly contradictory and inconsistent. A recent meta-
analysis concluded that the baseline 25(0OH)D level is
not associated with SVR to PEG-IFN plus RBV therapy
in chronic HCV infection, regardless of genotype!™”.,

The first randomized controlled open label
trial to address the potential benefits of vitamin D
supplementation was performed by Abu-Mouch et af**®
on 72 patients with genotype 1 infection. Results showed
a significant benefit of adding vitamin D (2000 IU/d)
to Peg-IFN/Ribavirin over the standard regimen alone.
They reported a significant improvement in RVR (44%
vs 17%), EVR (94% vs 48%) and SVR (86% vs 42%)
as well as a marked decreased rate of relapse in the
supplemented population (8% vs 36%). Another study
conducted by the same group with the same design
including 50 patients with chronic HCV genotypes 2 and 3,
had the same trend of results where the SVR was 95%
in the supplemented patients as compared to 77% with
the standard regimen (P < 0.001)"**. A recent meta-
analysis by Villar et al** showed that overall, 71% of
patients with chronic HCV infection had low vitamin
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D levels. Higher rates of SVR were observed in HCV
individuals with vitamin D levels above 30 ng/mL (OR
= 1.57) and those supplemented with vitamin D (OR =
4.59) regardless of genotype.

In conclusion, vitamin D levels should be routinely
checked in all chronic HCV patients and can be used as
a prognostic factor to predict response to PegIFN/RBV
therapy. All patients with vitamin D deficiency should
be supplemented with vitamin D in combination with
that particular therapeutic regimen. Still, the role of
vitamin D in the era of highly effective all oral direct
acting antivirals is unclear and of likely diminished
significance.

Vitamin D and the liver

Early small studies suggested that low vitamin D levels
might be associated with the development of non-
alcoholic fatty liver disease (NAFLD)™'®?, However,
a recent report by Katz et a/**® that included 1630
young adolescents did not find that vitamin D status
was associated with suspected NAFLD after adjustment
for obesity and metabolic syndrome. A recent article
by Rhee et al"*¥ involving more than 6500 patients,
showed that participants with higher serum 25(0OH)Ds
showed a significantly reduced risk for NAFLD
compared with the low 25(OH)Ds groups, independent
of obesity and metabolic syndrome.

Multiple studies have suggested that VDR poly-
morphisms may predispose to autoimmune liver
diseases like primary biliary cirrhosis and autoimmune
hepatitis and to correlate with disease severity™®"*®,

Results from studies investigating the role of
vitamin D plus calcium supplementation in preventing
and treating hepatic osteodystrophy in patients
with cholestatic liver disease were conflicting with
heterogeneous designs and populations. However,
The European Association for the Study of the Liver
(EASL) has published guidelines for the management
of cholestatic diseases in 2009, recommending that
vitamin D (400-800 IU/d) supplementation should
be considered in all patients with cholestatic liver
diseases, despite the lack of firm evidence®”’,

VITAMIN E

Vitamin E and IBD

With its high antioxidant capacity and anti-inflam-
matory activity, vitamin E would be expected to reduce
injury and/or improve tissue after injury from IBD.
The effect of vitamin E on colitis was mainly studied on
animal models with experimentally induced colitis with
modest benefit and conflicting results!’**7>,

In a case series of 15 patients with mild to mo-
derate active UC, the addition of an alpha-tocopherol
enema, 8000 U daily to the standard 5-ASA and/or
immunomodulator medications significantly decreased
the average disease activity index score after 12 wk of
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intervention from 8 to 2.3 (P < 0.0001)""®., No other
large interventional trials were conducted afterwards.

Vitamin E and non-alcoholic steatohepatitis

In addition to insulin resistance and features of
metabolic syndrome, oxidative stress has been
implicated as a key factor contributing to hepatic injury
in patients with NASH™"), Studies have demonstrated
lower levels of plasma a-tocopherol in NASH patients
compared to healthy controls™®. Early pilot studies and
small RCTs suggested a beneficial role, biochemically
and histologically, of vitamin E in patients with NASH"”,
Sanyal et al™®® conducted a large RCT, the PIVENS
study that randomized 247 adult non-diabetic patients
with NASH to receive vitamin E supplementation (800
IU daily for 96 wk), or pioglitazone (30 mg daily),
or placebo. Both pioglitazone and vitamin E were
associated with significant reductions in liver enzymes,
NAFLD score, hepatic steatosis and lobular inflammation
but not in the fibrosis scores!®*4, Vitamin E therapy,
as compared to placebo, was associated with a sig-
nificantly higher rate of improvement on liver biopsy
(43% vs 19%, P = 0.001). Another large RCT, The
TONIC trial, addressed the efficacy of vitamin E (400
IU twice daily) for the treatment of NASH in 173 non-
diabetic children and adolescents!®?. Vitamin E was not
superior to placebo in attaining the primary outcome,
a reduction in ALT levels of 50% or less from the
baseline, or 40 U/L or less at each visit from 48 to 96
wk. Resolution of NASH was significantly greater for the
vitamin E treatment group that was attributed mainly
by significant improvement in hepatocellular ballooning.
No improvement in fibrosis or a significant reduction in
steatosis and inflammation were observed.

Vitamin E was also shown to be beneficial in several
interventional trials when used in combination with
other agents like pioglitazone itself '®*!, atorvastatin
and vitamin C™*®, and UDCA™®, These interventions
led to a significant decrease in the histologic signs
of steatosis by up to 70%, a reduction in fibrosis
in many patients as well as the reduction of serum
liver enzymes by up to 80%. A joint guideline issued
in 2012 by the AASLD, the AGA, and the ACG,
recommends the use of vitamin E at a dose of 800 mg
daily, as first-line pharmacotherapy for non-diabetic
patients with biopsy-proven NASH (with or without
advanced fibrosis, but without cirrhosis).

However, data from recent observational studies
raised the concerns of a possible increase in all-cause
mortality in patients taking doses of vitamin E higher
than 400 IU/d. Moreover a meta-analysis that included
9 trials suggested that vitamin E might increase
the risk of hemorrhagic stroke!®®!, More recently,
an extended follow-up of a large RCT observed a
significant increase in prostate cancer incidence (HR =
1.17) in healthy men taking vitamin E 400 IU daily for
over 7 years™®,
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Summary of the role of vitamins in gastrointestinal and liver diseases based on published intervention trials

Vitamin Colorectal cancer Other gastrointestinal Inflammatory bowel Chronic hepatitis C Other
malignancies disease
A No role No role No role Controversial May improve chronic
(not enough data) pancreatitis pain
B1 No data No data Improved IBD fatigue No data No data
syndrome
B2 Probably protective No role No data No data None
(non-randomized trials)
Bs Probably protective No role No data No data Possible benefit in celiac
(non-randomized trials) disease
By Probably protective Probably protective for No data No data Possible benefit in celiac
(non-randomized trials) pancreatic cancer disease
B2 No role No role No role Probable adjunctive Aphtous stomatitis
effect (one RCT) Possible benefit in celiac
disease
C No role Probable protective role No role No role Prevention of gallstones
in esophageal and
pancreatic cancer
D No role Not protective Inverse relation Additive effect to Beneficial role in cholestatic
against esophageal or probable preventive and standard therapy liver diseases
Ppancreatic cancer therapeutic effects (two RCTs)
E No role No role No role No data Therapeutic role in non-
alcoholic steatohepatitis
K No role Probably protective No role No role None
in HCC

No role: No evidence by currently available interventional trials; No data: No good quality interventional trials available; Most vitamins had an inverse

relationship with the risk of CRC, however interventional trials failed to prove a beneficial preventive role. Probable role: Data from observational studies

or inconsistent RCTs results.

Vitamin E and acute pancreatitis

It has been postulated that oxidative stress plays a
role in the pathogenesis of acute pancreatitis (AP).
Experimental models suggested some beneficial
effects of using antioxidants supplementation in AP
in animals*®®!, Few small RCTs are available most of
which combining vitamin E with other antioxidants,
failed to prove any benefit (end-organ dysfunction,
hospital stay, mortality) of this intervention in patients
with severe AP®*'®). Two recent systematic reviews
including 12 RCTs investigating the use of antioxidant
supplementation for the prevention of post-ERCP
pancreatitis (PEP) showed no beneficial effect on the
incidence and the severity of PEP®29],

VITAMIN K

Vitamin K and IBD

Few observational studies correlated low vitamin
K levels with IBD and IBD activity™" as well as its
involvement in the pathogenesis of osteoporosis in
these patients!®?. No interventional trials are available.

Vitamin K and CRC

Subclasses of vitamin K include vitamins Ki
(phylloquinone, found in green leafy vegetables), Ko
(menaquinone, produced by intestinal bacteria), Ks
(menadione, a synthetic form and a provitamin of Vit K)
and Ks. Animal models have demonstrated in vivo and
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in vitro anti-tumor effects of theses subclasses (namely
Kz, Ks and Ks) on CRC by inducing caspase-dependent
apoptotic death of tumor cells™™®®. In the only available
Phase II clinical trial to date, Tetef et al*¥ failed to
prove an added benefit of vitamin K2 when given in
combination with mitomycin C in 43 patients with
advanced GI malignancies.

Vitamin K and HCC

Vitamin Kz was found to induce elevation of serum
levels of des-y-carboxy prothrombin (DCP), a serum
protein that increases at a notably high level in patients
with HCC, and that was shown to have mitogenic
effect on human HCC cell lines™. The antitumor
activity of vitamin K on HCC has been extensively
investigated. Habu et a/***' have reported that vitamin
Kz has a preventive effect on the development of HCC
in women with viral liver cirrhosis. Small interventional
trials suggested that vitamin Kz might prevent HCC
recurrence after 3 years post-therapy but without a
clear survival benefit™®”). However, the largest RCT
to investigate the preventive role of vitamin Kz on
HCC recurrence and survival after curative surgical or
ablative therapy was conducted by Yoshida et af**®,
This study randomized 548 patients to receive placebo,
45 mg/d, or 90 mg/d vitamin Kz in a double-blind
fashion. None of these interventions proved effective in
preventing recurrence or improving survival at 1 year
post-therapy.
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Vitamin K for UGI bleeding in patients with liver
diseases

A recent Cochrane review failed to find any randomized
trials or observational studies of any kind investigating
the potential benefit or harm of using vitamin K
in patients with acute or chronic liver disease and
presenting with UGI bleeding*’.

CONCLUSION

Table 2 summarizes the available evidence regarding
the therapeutic roles of different vitamins in GI
diseases. Vitamin supplementation is an attractive
therapeutic option as it is relatively cheap, generally
safe with a wide therapeutic window, and well
perceived by the patients as “natural” or “organic”
remedies. Recent data from RCTs provide promising
results regarding the role of vitamins - namely
vitamin D and Bi2 - in combination with IFN-based
therapy in improving the response and most of the
major outcomes in patients with HCV infection. Solid
evidence has also emerged on the role of vitamin E
in the treatment of NASH. In IBD patients with low
vitamin D levels, supplementation with the vitamin
was found in many RCTs to improve the outcome and
decrease the risk of flares and complications. Moreover,
a remarkable preventive role of many vitamins like
Be, Bo, B12 and D on the risk of developing CRC was
suggested by a large number of observational studies
and consolidated by few well designed interventional
trials. Other implications of the use of vitamins in GI
diseases have been reported in small trials and need
to be further investigated.
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