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ABSTRACT

In the last years,several studies have focused on the involement of vitamin D in
different physiological and pathological processes. One of the most interesting actions
occurs in the Inflammatory bowel disease, where a higher prevalence of vitamin D
deficiency has been observed. This study aimed to review the literature in order to
explain its relationship with the disease, the risk factors, measuring the importance of
sun exposure, describing how treatments are affected or observing the effect of

vitamin supplementation in this type of patients.
Keywords: Inflammatory bowel disease. Vitamin D. Crohn’s disease. Ulcerative colitis.
INTRODUCTION

The alteration of the intestinal barrier, predisposing genetic factors, luminal antigens

of the digestive tract, environmental factors and an exaggerated immune response
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play a fundamental role in the pathogenesis of inflammatory bowel disease (IBD). The
role of vitamin D in gut homeostasis and how low levels could take part in different
immune-mediated diseases has been demonstrated in the last years.

Vitamin D and calcium malabsorption (both secondary to the inflammatory activity of
the gut mucosa or intestinal resection) and a hypercatabolic state provoke a greater
prevalence of vitamin D deficiency in IBD as well as osteopenia and osteoporosis.
Tobacco, low physical activity and low sunlight exposure are other factors related to
vitamin D deficiency in IBD patients.

A recent meta-analysis showed greater prevalence of vitamin D deficiency in patients
with Crohn’s disease (CD) and ulcerative colitis (UC), as well as a greater risk of
incidence than in controls (1). Furthermore, this deficiency has been related to higher
inflammatory activity and lower quality of life. Knowing this, multiple experimental
and interventional studies have been performed with the goal of analyzing the role of

the treatment with vitamin D supplements. However, the results were discordant.

THE PHYSIOLOGY OF VITAMIN D

Ninety per cent of vitamin D is synthetized endogenously in a process where solar
radiation is needed, and the remaining 10 % comes from the diet. There are two main
forms of vitamin D, D2 (ergocalciferol) and D3 (cholecalciferol). The synthesis of D3
starts in the skin from 7-dehidrocolesterol (7-DHC), which is transformed into
cholecalciferol through photolysis, mediated by ultraviolet radiation. Cholecalciferol is
later hydrolyzed into calcidiol 25(OH)D, which is the main metabolite and the one used
to measure vitamin D levels of the individual. The activation occurs in the kidney,
where a second hydrolysis is produced, transforming cholecalciferol into 1,25(0H2)D
or calcitriol. Vitamin D2 comes only from the diet (fungus and yeast) and the activation
pathway is very similar to D3’s. All these processes are regulated by the parathormone
(PTH) and by calcium and phosphorus levels.

Vitamin D is responsible for the regulation of calcium and phosphorus, by acting on
intestinal absorption, renal excretion and mobilization of calcium from bone. This can
be performed by direct action in different tissues or through the vitamin D receptor

(VDR). The bond between vitamin D and VDR, and later with the retinoid-X receptor, is
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responsible for promoting genetic transcription.

Vitamin D anti-inflammatory action has been demonstrated in the digestive tract, as
well as its role in the permeability of the intestinal barrier, the modification of the
intestinal microbiome and the regulation of autophagy through different pathways.
The vitamin-VDR complex stimulates the expression of occludin and other proteins in
the intercellular spaces, aiding the gut barrier integrity. Thus, the intestinal barrier can
filter potentially harmful substances such as bacterial lipopolysaccharides. These
changes in the barrier affect the gut microbiota, promoting a reduction in the decrease
bacterial strains responsible for a stronger immune response. VDR expression is
induced by T cells and 25-hydroxilase (key enzyme in the process of activating the
vitamin D) expressed in B cells, macrophages and dendritic cells, and it is sometimes
induced by interferon and Toll-like receptors (TLR).

The modulating role of vitamin D in immune cells is via different pathways:

— It stimulates the synthesis of anti-inflammatory cytokines such as IL-4, IL-10 and
TGF-B.

— It decreases the synthesis of IL- 12, and consequently of TNFa.

— It inhibits the differentiation and maturation of dendritic cells and T
lymphocytes.

— It promotes the differentiation of T1 Th1l and Th17 lymphocyte strains into Th2
and regulatory T cells.

— It promotes apoptosis of the Th1l activated cells and the resulting decrease of
proinflammatory cytokines such as ICAM 1, interferon or TNF-a in patients with
CD (2).

— Depending on the target cell, vitamin D regulates the expression and response
of the TLR. TLR are microbial peptides receptors that induce immune responses
against them. In monocytes, it avoids the normal response of the production of
TNF-a to stimuli from lipopolysaccharide or lipoteichoic acid via the
suppression of the TLR2 and TLR4 expression (10). On the other hand, vitamin
D induces the expression of TLR2 in macrophages, and the synthesis of
antimicrobial peptides such as CYP27B1 and defensin 2, through the NOD 2 and
the CAMP pathways (3). Greater levels of CAMP have been observed in CD
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patients treated with vitamin D supplements compared to patients treated

with placebo (4).

VITAMIN D AND INFLAMMATORY BOWEL DISEASE

Relation and prevalence

The most used cut-off defines 25(0OH)D deficiency as < 20 ng/ml, however, not all the
medical societies agree. The cut-off is established as 20 ng/ml, from the endocrine
point of view and in order to accomplish the vitamin D functions in the bone.
Nevertheless, it is considered that the cut-off must be raised to 30 ng/dl in order to
reach its immunomodulator effect.

There are several prevalence studies of vitamin D deficiency and its relation to
different parameters related to the disease (Table 1). Different meta-analyses carried
out so far estimate a prevalence between 38.1-57.7 % in CD and 31.6 % in UC (5). A
decrease of 3.99 ng/dl in the levels of 25(0OH) have also been observed compared with
healthy controls. The estimated risk of vitamin D deficiency in IBD patients was higher
than in controls (OR 1.64).

These results coincide with those obtained by Gubatan et al. in a recent meta-analysis
of over 27 observational studies and 8,326 IBD patients (6). Patients with vitamin D
deficiency showed a greater risk of clinical active disease (OR 1.53), in both CD (OR
1.66) and UC (OR 1.47). They also have a greater risk of mucosal inflammation in CD
(OR 1.39) and UC, although it did not reach statistical significance (OR 1.18). There
were no differences using various endoscopic scales, fecal calprotectin (FC) or different
vitamin D cut-offs (20 or 30 ng/ml). Furthermore, they showed a greater risk of clinical
relapse in both pathologies (OR 1.35), which was higher in CD than in UC (OR 1.35 vs
1.20) and also a poorer quality of life (OR 1.29).

The most used clinical scales were Crohn’s Disease Activity Index (CDAI) in CD and
Simple Clinical Colitis Activity Index/Partial Mayo score (SCCAI) in UC. Other studies
have used biological parameters such as C reactive protein (CRP) and FC. Studies could
not clearly relate CRP with vitamin D levels, showing discordant results. This might be
explained by the selection of outpatients with a better clinical state. The increase in

CRP in IBD is considered as a low sensitivity marker. FC is well correlated with clinical
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and endoscopic parameters, as well as histologic findings. In this case, studies have
shown an inverse correlation between vitamin D levels and FC, even using different
vitamin D cut-off levels. Some studies have shown a correlation between vitamin D
concentration and different endoscopic indexes, where the endoscopic activity was

higher in patients with vitamin D deficiency, in both CD and UC (27).

Risk factors

Several risk factors have been described for presenting vitamin D deficiency in IBD
patients. The most frequently identified are tobacco, a history of intestinal surgical
resection, female sex, obesity and pregnancy. Other risk factors have been proposed
such as solar exposure, vitamin D intake, the season where the measure was taken, an

ileal affection or fistulizing disease.

IBD and solar exposure

Various studies have shown how the risk of IBD incidence increases at higher latitudes,
even in the same country. Patients under treatment with thiopurines or some kind of
biologics tend to reduce their sun exposure and the use of sun protection in order to

minimize the risk of skin cancer.

Fatigue and quality of life
Gubatan et al. described in their meta-analysis how vitamin D deficiency was related to
a higher risk of quality of life deterioration (OR 1.29). In fact, an improvement has been

demonstrated when vitamin D levels are restored above 30 ng/ml.

Vitamin D and treatments in IBD

Systemic steroids produce a decrease in calcium absorption, as well as an increase in
its renal excretion, secondary to bone resorption and calcium mobilization. On the
other hand, steroids induce the transcription of 24-hydroxilase, the hormone
responsible for the catabolism of the vitamin.

Direct effects of thiopurines in vitamin D metabolism have not been proven.

Cholestyramine, a drug often used in IBD patients, might decrease the absorption of
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vitamin D and other fat-soluble vitamins. Recent studies of the relationship between
anti-TNFa treatments and vitamin D have not shown a direct effect on the metabolism
of vitamin D. However, it has been proposed that levels of vitamin D might be relevant
in the response to anti-TNFa agents and the duration of their effects. Santos-Antunes
et al. (28) described how low levels of vitamin D were associated with an increase in
the incidence of dermatologic adverse events secondary to the treatment. This was
mainly observed in patients who presented antinuclear antibodies (ANA) before
starting the treatment. Besides, they showed an increase of ANA during treatment and
there was a correlation with the appearance of anti-drug antibodies. Consequently,
there was a decrease of anti-TNFa activity. Other studies observed that patients with
adequate pretreatment levels of vitamin D showed a better clinical response, with a
higher probability of remission and a longer treatment length (29). Therefore, studies
recommend the measurement and correction of vitamin D levels before starting anti-

TNFa treatment.

Vitamin D supplementation in patients with IBD

So far, there have been multiple experimental studies with different designs, but their
results are not entirely consistent (Table 2).

Most of the studies do not include a high number of patients, except for the study
from Tan, with 154 patients. All achieved a significant increase in vitamin D levels. The
dosage varied from oral intake of 1,200 Ul daily to a single intramuscular 300,000 Ul
dose of vitamin D3. Nevertheless, the results in relation to clinical aspects or
inflammatory parameters were disappointing. Only two obtained a decrease in the
CDAI clinical scale and none in different activity scales in UC.

A recent meta-analysis performed by Li et al. (39) included these studies and some
others performed in pediatric patients. This study concluded that levels of vitamin D
increased significantly in patients treated mainly with high doses, even in those
patients with a deficiency. Treatments would have a low risk of adverse events.
Patients treated with vitamin D showed a statically significant lower relapse rate,
compared to those treated with placebo. No relationship was observed between the

supplements and IBD biomarkers. The authors concluded that IBD patients should be
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treated with vitamin D supplements in order to correct its frequent deficiency and

diminish the risk of clinical relapse.

CONCLUSIONS
Vitamin D is a fundamental element for the homeostasis of different systems. One of
its main functions is the regulation of the calcium metabolism in the gut and bone. Its
role in the regulation of the innate and adaptive immunity has been observed in the
last years, with an apparent inhibitory effect. Thus, it has an important role in immune
disorders and in the gut barrier, as in IBD.
There are multiple retrospective and observational studies relating vitamin D
deficiency with active IBD and its complications, such as the need for surgery,
hospitalization or malignancy. Vitamin levels could be used as a biomarker of the
disease due to the relationship between the deficiency and the inflammatory state. A
recent study proposed the measurement of vitamin D levels for monitoring patients
under treatment with infliximab due to its strong correlation, along with the drug
levels (40). A prospective study has recently shown that patients with CD had normal
vitamin D levels before presenting the disease. Years later, once diagnosed and
treated, they presented vitamin deficiency. This suggests that this deficiency is a
consequence of the disease and not a cause of it (41).
National institutes in the United States recommend a daily intake of 600-4,000 Ul of
vitamin D. However, the upper threshold does not apply to patients with a deficiency,
as frequently occurs in IBD patients. Interventional studies emphasize the importance
of treatments with vitamin D supplements in order to restore vitamin levels and
decrease the risk of clinical relapse. The dosage or administration route has not yet
been established in these cases.
Although it is clear that efforts have been made in the last years to better understand
the role of vitamin D and demonstrate its relationship with IBD, many questions
remain open:

— What is the best cut-off to define deficiency? Which is the minimum

concentration to ensure its effect on immunity? What about IBD?
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— How does solar exposure affect the disease? What is the best way to measure
it? Could it be considered as a fundamental tool in IBD therapy?

— Is there actually a causal relationship between the deficiency and the
appearance of IBD or its complications?

— What kind of IBD patients would benefit most from vitamin supplements?
What kind of patients present a higher risk of deficiency? Would a screening
test be necessary in every IBD patient?

— What is the best route of vitamin D administration? What is the best dosage?

New studies with a higher statistical power are needed to answer all these questions
and many others. They will help to better understand the role of vitamin D in this type

of disease and find the best way to prevent its deficiency.
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Table 1. Studies of prevalence of vitamin D deficiency in IBD patients and its

relationship with different aspects of the disease

Author Year | Country Design Vitamin D Number of Results
deficiency cut- patients
off (ng/ml)
Hassan (7) 2012 | Iran Retrospective | 10 60 (26 CD/34 UC) | No association with
observational IBD activity
Jorgensen (8) | 2013 | Denmark | Cross-sectional | 20 182 CD Inverse relationship
with CDAI and CRP
Hlavaty (9) 2014 | Slovakia Cross-sectional | 20 220 (141 CD/79 Correlation with the
uq) quality of life
Zator (10) 2014 | United Retrospective | 30 101 (74 CD/27 Association with a
States observational uQ) worse response to
anti-TNFa
Raftery (11) 2015 | Ireland Cross-sectional | 20 119 CD No association with
CDAI nor CRP
Association with FC
in patients with
clinical remission
Raffner- 2015 | South Retrospective | 20 186 CD Higher risk of clinical
Basson (12) Africa observational activity
Frigstad (13) | 2016 | Norway Prospective 20 408 (230 CD/178 | Increased risk of
observational uQ) activity and
association with
high levels of FC
Meckel (14) 2016 | United Cross-sectional | 20 230 UC Increased risk of
States endoscopic activity
Kabbani (15) | 2016 | United Prospective 20 965 (598 CD/367 | Increased risk of
States observational uQ) clinical activity,

surgery, resource

consumption and
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worsening of quality

of life

Ghaly (16) 2016 | Australia Prospective 20 309 CD Increased risk of
observational clinical relapse
Ye (17) 2017 | China Cross-sectional | 20 131 CD Increased risk of
clinical and
endoscopic activity
Winter (18) 2017 | United Retrospective | 20 173 (116 CD/57 Increased risk of
States observational uq) relapse in patients
treated with anti-
TNFo (OR 2.64)
Schaffler (19) | 2017 | Germany | Retrospective | 20 208 (123 CD/85 Increased risk of
observational uQ) activity
Gubatan (20) | 2017 | United Prospective 35 70 CU Increased risk of
States observational clinical activity,
hospitalization and
treatment
intensification
Alferai (21) 2017 | Canada Prospective 12 201 CD Increased risk of
observational clinical activity
Olmedo (22) | 2017 | Spain Cross-sectional | 20 224 (150 CD/74 Increased risk of
ucq) clinical activity and
FC in patients with
CD
Bours (23) 2018 | Netherlan | Retrospective | 20 216 (131 CD/185 | Increased risk of
ds observational uQ) clinical activity
Scolaro (24) 2018 | Brazil Retrospective | 20 60 (34 CD/26 UC) | Increased risk of
observational clinical activity and
inflammation of the
mucosa
Hausmann 2019 | Germany | Retrospective | 30 470 (272 CD/198 | Increased risk of
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(25) observational uQ) clinical activity and

inflammatory

parameters
Lépez-Mufioz | 2019 | Spain Retrospective | 30 84 Increased risk of
(26) observational clinical activity,

relapses and the
need for treatment

intensification

CD: Crohn’s disease; UC: ulcerative colitis; CRP: C reactive protein; CDAI: Crohn’s
Disease Activity Index; IBD: inflammatory bowel disease; FC: fecal calprotectin; OR:

odds ratio.
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Author (year) Number of | Treatment | Dose (IU) | Duration | Control | Average | Results
patients (months) increase
of Vit D
(Ng/Ml)
Jorgensen 108 CD VitD3 1,200 3 Placebo | 10.8 No reduction of
(2010) (30) oral/24 h relapses
Yang (2013) (31) | 18 CD VitD3 5,000 6 - 28 Decrease of CRP
oral/24 h and CDAI
Raftery (2015) 27 CD VitD3 2,000 3 Placebo | 9.2 Decrease of CRP,
(11) oral/24 h no changes in FC
Dadaei 108 VitD3 oral/7 | 50,000 3 No VitD 52.4 No changes in anti-
(2015) (32) (16 CD/92 | days TNFa levels
uc)
Sharifi 90 UC One single 300,000 |3 Placebo | 7.5 Reduction of CRP
(2016) (33) dose VitD3
im
Garg (2017) (34) | 10 (5CD/5 | VitD3 oral 10,000 3 - 20.8 Reduction of CDAI,
uQ) with a dose no changes in CF
adjustment
/4 weeks
Mathur (2017) 18 UC VitD3 4,000 3 2,000 Ul | 16.8 Reduction of PCR,
(35) oral/24 h VitD3 not in Partial Mayo
Scale
Narula (2017) 34 CD VitD3 10,000 12 1,000 Ul | 34.8 No decrease of
(36) oral/24 h VitD3 relapses
Tan (2018) (37) | 145 (71 VitD3 oral/3 | 150,000 | 12 Placebo | EC:12.4 | No clinical changes
CD/74 UC) | months CU:17.4 | nor CRP or FC
Jun (2018) (38) | 70 (29 VitD3 1,000 6 - CD:22.6 | No decrease of CRP
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CD/41 UC) | oral/24 h CU: 24.2

IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; CRP: C

reactive protein; CDAI: Crohn’s Disease Activity Index; FC: fecal calprotectin.




