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    Chapter 3   
 Vitamin D and Infl ammatory Bowel Disease                     

       Athanasios     P.     Desalermos      ,     Francis     A.     Farraye      , and     Hannah     L.     Miller    

            Introduction 

    Vitamin D  Synthesis and Metabolism   

 Vitamin D is an essential vitamin for humans. It plays a crucial role in calcium 
homeostasis and bone metabolism. Furthermore, vitamin D has key effects on the 
immune system, muscle function, and brain development [ 1 ]. It consists of a group 
of fat-soluble molecules with a four-ringed cholesterol backbone. The main circu-
lating molecule is the 25-hydroxyvitamin D [25(OH)D] (calcidiol). The active form 
of vitamin D is 1,25-dihydroxyvitamin D [1,25(OH)2D] (calcitriol). 1,25(OH)2D 
acts intracellularly, through the vitamin D receptor (VDR), and regulates gene tran-
scription. VDR is a nuclear hormone receptor, can be found in all nucleated cells, 
and belongs to class II steroid hormone receptor [ 2 ]. 

 Vitamin D can be found in a limited number of foods. Its main natural source is 
the dermal synthesis. Vitamin D in the skin is formed as vitamin D3 (cholecalcif-
erol). 7-dehydrocholesterol in skin cells under exposure to solar ultraviolet B radia-
tion converted to pre-vitamin D 3 , which is transformed to vitamin D3 after a thermal 
induction. Skin production is very effi cient and minimal exposure of arms and face 
can produce vitamin D equivalent of 200 international units (IU) from food 
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 consumption [ 3 ]. Nevertheless, the specifi c amount of vitamin D produced by sun 
exposure cannot be estimated with accuracy as it is dependent on the season, lati-
tude, time of the day, the presence of sunscreen and skin type [ 4 ]. Of note, melanin 
lessens the dermal production of vitamin D3. People with limited exposure to sun-
light such as disabled persons and older people with less effective cutaneous pro-
duction are prone to vitamin D defi ciency. Vitamin D 2  (ergocalciferol) and vitamin 
D3 (cholecalciferol) can be found in very few foods, including salmon, tuna, and 
mushrooms. Human-made ergocalciferol and cholecalciferol supplements have 
been developed, and fortifi ed food with ergocalciferol and cholecalciferol is com-
mon in many countries including the United States [ 1 ]. Vitamin D3 and D2 are of 
similar potency. The absorption of the vitamin D contained in food is performed by 
enterocytes. Micelles are formed in the gut, absorbed by the enterocytes, and incor-
porated into chylomicrons. Various diseases affecting the fat absorption distress the 
vitamin D absorption, examples include Crohn’s disease (CD), pancreatic insuffi -
ciency, celiac disease, cholestatic liver disease, and cystic fi brosis [ 1 ,  5 ]. Dermal 
produced and diet delivered inactive vitamin D is metabolized to the liver and kid-
neys to its active forms, by two enzymatic hydroxylation reactions, which form 
25(OH)D and 1,25(OH)2D, respectively (Fig.  3.1 ). Synthesis of the active form of 
vitamin D, calcitriol, is performed by the kidneys, and is regulated by two hor-
mones, the parathyroid hormone (PTH) which increases the production, and 
fi broblast- like growth factor-23 (FGF23), which decreases it [ 1 ]. The half-life of 
25(OH)D is 2–3 weeks, while for 1, 25  (OH)2D it is between 4 and 6 h.
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        IBD and Vitamin D Defi ciency 

    Vitamin D  Requirement  s and Defi ciency 

 The ideal level of vitamin D is an area of controversy and under research. Levels 
of 25(OH)D are used as an estimation of vitamin D adequacy, as this is the best 
indicator of vitamin D status. Levels lower than 20 ng/mL (50 nmol/L) are gener-
ally considered defi cient, levels between 21 and 29 ng/mL (52.5 and 72.5 nmol/L) 
are insuffi cient and levels between 30 and 100 ng/mL (75 and 250 nmol/L) are 
considered normal [ 1 ,  5 – 7 ]. Interestingly, these numbers are based on observations 
that do not take into account extra-skeletal health. Those observations include suf-
fi cient production by the kidneys of 1,25(OH)2D for optimal calcium absorption 
from the gut, maximum level of suppression of PTH, and a protective level against 
a clinical end point, such as a fracture. Racial differences in vitamin D levels have 
been observed. African Americans have lower total serum 25(OH)D concentra-
tions than other races without the consequences of vitamin D defi ciency as the 
bioavailable 25(OH)D is similar between the different ethnic groups. The phenom-
enon is explained by lower levels of vitamin D-binding protein in this ethnic group 
as well [ 8 ]. 

 Defi ciency to vitamin D among people of all ages is very common and has 
multiple pathogenetic mechanisms [ 1 ,  5 ,  6 ,  9 – 11 ]. Impaired cutaneous produc-
tion, insuffi cient dietary intake, and fat malabsorption decrease the availability of 
the vitamin. Residents of northern latitudes, dark skinned, hospitalized, or institu-
tionalized individuals, and older adults have suboptimal dermal production of 
vitamin D. Furthermore, older adults minimize the vitamin D containing food 
intake. Disorders in the metabolism of the vitamin D, like hydroxylation by the 
liver or kidney, affect the active forms of the vitamin. Finally, in hereditary dis-
eases, such as hereditary vitamin D-resistant rickets, where the VDR is defective 
and resistant to vitamin D, patients develop rickets within the fi rst 2 years of life. 
Moreover, obese people, and patients taking medications that increase the metab-
olism of vitamin D, like phenytoin, are prone to low levels of the vitamin [ 1 ,  5 ,  6 , 
 9 – 11 ]. Research data underline the correlation between obesity and vitamin D 
defi ciency, and causative mechanisms include preferred deposition of vitamin D 
in fatty tissue, making it unavailable, or volumetric dilution, as higher body mass 
can cause a dilution  eff  ect [ 12 – 15 ].  

     Prevalence of   Vitamin D Defi ciency in IBD 

 A particularly at risk population for vitamin D defi ciency are patients with infl am-
matory bowel disease (IBD). In addition to environmental and genetic factors men-
tioned above, IBD-specifi c factors include an infl amed bowel causing losses 
through the gastrointestinal tract, resected bowel causing reduced absorption, 
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medication use that affects vitamin D absorption from the intestine, and anorexia 
from severely active disease. A recent study in pediatric patients with IBD showed 
an abnormal metabolism of vitamin D, where the PTH is not rationally elevated in 
the setting of a low vitamin D, compared with healthy controls. Furthermore, con-
version of 25(OH)D to 1,25(OH)2D appeared impaired. In the study elevated 
tumor necrosis factor α (TNF-α) levels were statistically associated with lower 
1,25(OH)2D levels. PTH and renal 1-α-hydroxylase suppression from infl amma-
tory cytokines, like TNF-α, may be the cause for abnormal metabolism of vitamin 
D in IBD patients [ 16 ]. Multiple studies have assessed the prevalence of vitamin D 
defi ciency among individuals with IBD, ranging from 22 to 70 % for CD, and as 
high as 45 % for ulcerative colitis (UC) [ 17 ]. In a study of 242 patients with CD 
from Canada, 8 % of the patients were found to be vitamin D defi cient and 22 % of 
the patients were vitamin D insuffi cient, defi ned as 25(OH)D less than 25 nmol/L, 
and less than 40 nmol/L, respectively. In this patient cohort, predictors of vitamin 
D defi ciency were smoking status, nutrition, and sunlight exposure of the patient 
[ 18 ]. A Norwegian study of 120 IBD adult patients found vitamin D defi ciency in 
27 % of subjects with CD, and 15 % with UC. The difference was statistically 
signifi cant between the two groups,  P  < 0.05. Of note, 37 % of the individuals with 
CD, who had small bowel resection, were found to have secondary hyperparathy-
roidism [ 19 ].   

    Metabolic Bone Disease in IBD Patients 

    Vitamin  D   and Metabolic Bone Disease 

 Among the main reasons for the clinically signifi cant metabolic bone disease in 
IBD patients, vitamin D defi ciency plays a crucial role. As a critical risk factor for 
bone disease, a severe and prolonged vitamin D defi ciency can cause hypocalcemia 
by a decreased intestinal absorption of calcium. Low levels of calcium cause upreg-
ulation of the production of PTH, and secondary hyperparathyroidism. This can 
lead to demineralization of bones and eventually, osteomalacia in adults and rickets 
and osteomalacia in children. Osteomalacia can be asymptomatic or produce vari-
ous symptoms like bone pain and muscle weakness, diffi culty walking, and fracture 
[ 1 ,  5 ]. Typical levels of vitamin D (25-hydroxyvitamin D) in the setting of osteoma-
lacia are less than 10 ng/mL. 

 The prevalence of osteopenia and osteoporosis among patients with IBD appears 
high. In a study of 63 patients with CD and 41 with UC, 42 % of the patients had 
osteopenia of the femoral neck [−2.5 Standard Deviation (SD) < bone mineral den-
sity (BMD)  T  score < −1 SD] and 41 % had osteoporosis (BMD  T  score < −2.5) [ 20 ]. 
In another study of 44 patients with CD and 35 with UC, a high prevalence of osteo-
penia and osteoporosis were also found,  T  scores < −1.0 from 51 to 77 %;  T  
scores < −2.5 from 17 to 28 % [ 21 ]. A recent study of 143 patients, determined that 
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48.07 %, and 18.26 % of UC patients had osteopenia and osteoporosis, respectively. 
For CD patients, 56.41 % had osteopenia, and 15.38 % had osteoporosis [ 22 ]. These 
observations underline the crucial role of adequate vitamin D intake for optimal 
bone that in turn can improve the overall quality of life for  individuals   with IBD.  

     Clinical Consequences   of Metabolic Bone Disease in IBD 
Patients 

 The clinical signifi cance of osteopenia and osteoporosis of patients with IBD, and 
the associated risk of fracture have been studied extensively over the past 10 years. 
The results are confl icting, however, overall an increased risk for fracture among 
people of IBD has been observed. Several studies highlight the risk of fracture. A 
large study from the University of Manitoba using an extensive IBD database with 
6027 patients, found an increased incidence of fractures, 40 % higher compared 
with the general population, especially among people older than 60 years of age. 
More specifi cally, fractures of the spine, hip, wrist, forearm, and rib were all 
increased, with incidence ratios 1.74, 1.59, 1.33, 1.25, respectively. Notably, there 
was no difference between CD and UC, and similar fracture rates were calculated in 
each age stratum [ 23 ]. An analysis of 434 patients with UC, 383 with CD, and 635 
controls showed an increased risk of fracture among females with CD, with a rela-
tive risk of 2.5. The difference was not statistically signifi cant for male patients with 
CD or patients with UC [ 24 ]. Furthermore, a cohort of CD patients, showed an 
elevated prevalence of vertebral fractures. Notably, the incidence was similar among 
patients with normal BMD, and patients with osteopenia and osteoporosis. In the 
study, the infl ammatory process expressed by the C-reactive protein (CRP) posi-
tively correlated with height reductions of vertebrae [ 25 ]. Subsequent studies have 
not been able to validate the increased risk of fracture. For example, in a population 
based study in Olmsted County Minnesota of 238 CD patients were compared with 
controls matched by sex and age, and the risk of fracture was not increased, com-
pared with the matched controls [ 26 ]. 

 The importance of screening for osteoporosis in IBD patients was underlined by 
the American Gastroenterological Association (AGA). Based on their recommen-
dations, patients with IBD should be screened with dual energy X-ray absorptiom-
etry (DXA) if they have one or more risk factors for osteoporosis, which include 
postmenopausal women, male older than 50, history of vertebral fractures, hypogo-
nadism, or chronic corticosteroid therapy. Furthermore, they recommend repeat of 
the test after 2–3 years if the initial test was normal. For patients found with osteo-
porosis or low trauma fracture, workup for secondary causes of osteoporosis should 
be initiated, including complete blood count, serum calcium, 25(OH)D, creatinine, 
alkaline phosphatase, testosterone in males, and serum protein electrophoresis [ 27 ]. 
In the setting of an increased risk of fracture, the impact of osteoporosis and osteo-
penia on the general health and quality of life of IBD individuals is signifi cant, 
especially for older  a  dults.   
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    Vitamin D and Immune  Response      

 Vitamin D plays an important role in innate and adaptive immunity [ 28 – 30 ]. VDR 
is expressed in the majority of immune system cells like macrophages, monocytes, 
dendritic cells, T and B cells. Immune cells have the necessary enzymes to convert 
25(OH)D to its active form of 1,25(OH)2D. Locally produced active vitamin D has 
autocrine and paracrine effects, direct and indirect effect on B and T activated cells, 
modulating effect on the adaptive immune response and on antigen-presenting cells, 
like dendritic and macrophages, all of which regulate the innate immunity [ 31 ]. 
Largely, this effect facilitates mucosa integrity, supports a balanced microbiome, 
and promotes an immunosuppressive state by switching from a helper T cell (Th) 1 
and 17 profi le to Th 2 cell and T  regul     ator (Treg) cell profi le. 

     Antibacterial Activity      of Vitamin D 

 Vitamin D upregulates the innate immune system and coordinates the immune 
response to bacterial infections. Therefore, vitamin D antibacterial properties 
regulate a balanced microbiome. Intracellular bacteria, like  Mycobacterium tuber-
culosis  activate Toll-like receptors (TLRs), which institute a direct antimicrobial 
action against those pathogens. Activation of TLRs of macrophages, by  M. tuber-
culosis  derived lipopeptide, upregulates VDR gene and vitamin D-1α-hydroxylase 
(CYP27b1 in humans) gene, which converts the 25(OH)D to the active 
1,25(OH)2D. A cascade of reactions occurs which produce an immune response 
of the host towards the pathogen, including cathelicidin, an antimicrobial peptide 
[ 32 ]. Vitamin D directly infl uences cathelicidin production [ 33 ]. Moreover, vita-
min D stimulates the upregulation of pattern recognition receptor NOD2. Muramyl 
dipeptide is a product of Gram-negative and Gram-positive bacteria and activates 
the NOD2 receptor. As a consequence, the nuclear transcription factor kappa-
light- chain-enhancer of activated B cells (NF-κB) is stimulated, which causes 
expression of the gene  DEFB2 , encoding antimicrobial peptide defensin β2. 
Importantly, the pathogenesis of CD has been linked with the impaired function 
of NOD2 and DEFB2 [ 34 ].  

     Autophagy      and Vitamin D 

 Autophagy is an important part of immune innate system. Vitamin D plays a crucial 
role as it induces and regulates this catabolic process [ 35 ]. By affecting different 
pathways which induce autophagy, vitamin D regulates immune and infl ammatory 
responses. More specifi cally, 1,25(OH)2D via cathelicidin helps the co-localization 
of mycobacterial phagosomes with  a     utophagosomes in human macrophages [ 36 ].  
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    Vitamin D  and Dendritic Cells      

 Vitamin D has signifi cant effects on adaptive immunity, as it acts as an immune modu-
lator. VDR can be found in activated B and T cells, and dendritic cells [ 37 ]. Dendritic 
cells, as antigen-presenting cells, act as a messenger between innate and adaptive 
immune system and play a signifi cant role in the regulation of adaptive immunity. 
Vitamin D decreases the proliferation, differentiation, and maturation of dendritic cells. 
Dendritic cells are stimulated by lipopolysaccharide, part of the Gram-negative bacte-
ria cell wall, and are able to produce more 1,25(OH)2D after an increased expression 
of vitamin D 1α-hydroxylase [ 38 ]. Monocytic differentiation to dendritic cells is sup-
pressed by vitamin D action, and in this way the ability of dendritic cells to stimulate 
T-cell proliferation is reduced. Vitamin D decreases the production of interleukin (IL) 
12, and the upregulation of the co-stimulatory molecules cluster of differentiation 40 
(CD40), CD80, CD86, and class II major histocompatibility complex (MHC) mole-
cules. Vitamin D also increases the production of IL-10 by the dendritic cells. Overall, 
the effect is immunosuppressive, as IL-12 induces Th 1 cells, and upregulation of 
CD40, CD80, and CD86 in antigen- presenting cells activates Th 1 cells. Moreover, 
vitamin D increases the production of Treg, by an upregulation of Fox2 and IL-10 [ 39 ]. 
In this way, vitamin D supports a nonspecifi c antigen response and drives a possible 
over response of the immune system that could lead to pathologic conditions [ 40 ,  41 ].  

    Vitamin D  and Macrophages      

 Vitamin D upregulates the differentiation of monocytes to macrophages, increases the 
production of prostaglandin E2, which has immunosuppressant properties, and decreases 
the granulocyte macrophage colony stimulating factor (GM-CSF). Furthermore, it 
reduces proinfl ammatory cytokines like interferon (IFN) γ, lysosomal acid phosphatase, 
hydrogen peroxide, and macrophage-specifi c membrane antigens production from mac-
rophages. Of note, decreased production of INF-γ causes impaired activation of macro-
phages [ 42 ]. Also, vitamin D can reduce the antigen-presenting ability of macrophages 
by blocking the expression of MHC-2 antigens. In addition, 1,25(OH)2D impairs the 
expression of TLR2, TLR4, and TLR9, and as an effect less IL-6 is produced after a 
TLR9 challenge [ 43 ]. In antigen- presenting cells like macrophages, vitamin D impairs 
 the      IL-6 and IL-23 production, thus blocking the Th 17 cells response [ 39 ].  

    Vitamin D  and T Cells Differentiation      

 Vitamin D key targets are the Th 1, 2, and 17 cells, follicular helper T cells (T FH ) and 
Treg cells, and their differentiation. Type 1 Th cells act on cell-mediated immune 
responses and produce pro-infl ammatory cytokines like IFN-γ and lymphotoxin. In 
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IBD, Th1 cells are directed against self-proteins. Type 2 Th cells play a role on antibody-
mediated immunity and produce anti-infl ammatory cytokines, IL-4, IL-5, and IL-13. 
Examples of diseases infl uenced by type 2 Th cells are asthma and food allergies [ 28 ]. 
1,25(OH)2D suppresses Th1 cells activity, and in this way decreases their production of 
pro-infl ammatory cytokines like IFN-γ, IL-2, and TNF-α. Also, it inhibits the Th 17 and 
T FH  cells pro-infl ammatory cytokine production, IL-17 and IL-21, respectively [ 44 ]. 
Vitamin D controls the overproduction of these cytokines, and appears to have a poten-
tial role in controlling IBD [ 30 ]. Vitamin D acts on the differential of T cells in favor of 
Th 2, and Treg cells over Th 1 and Th 17 cells. Thus, a balance is achieved between an 
infl ammatory and immunosuppressive response of the immune system. In parallel, vita-
min D acts directly on B cells, inhibiting the proliferation and increasing the apoptosis 
of activated B cells. Also, cytotoxic activity of CD+ T cells is reduced by the action of 
vitamin D [ 44 – 46 ]. Moreover, 1,25(OH)2D limits the production of plasma cells, 
immunoglobulin production, and post-switch  m     emory B cells [ 47 ].   

    Vitamin D  and IBD Pathogenesis   

 Vitamin D defi ciency has been proposed as a pathogenetic mechanism of IBD 
(Table  3.1 ). Multiple studies and observations underline the signifi cance of vitamin 
D defi ciency in the development of IBD, and possible mechanisms have been sug-
gested. However, only one clinical study has examined the vitamin D level in rela-
tion to risk of IBD. A large prospective cohort study of more than 70,000 women 
found that suffi cient levels of vitamin D were linked with  sta  tistically signifi cant 
lower incidence of CD,  P  < 0.02 [ 48 ].

      North–South Gradient of  IBD   

 Studies in Europe and United States have observed a geographical distribution and 
variation of UC and CD. The incidence of IBD is higher in northern latitudes [ 49 – 52 ]. 
The putative explanation for this north–south gradient is the exposure to UVB radia-
tion, which is lower in northern latitudes. Dermal vitamin D production depends on the 
sunlight exposure, and populations of southern latitudes have lower risk of developing 
IBD, and low sun exposure has been proven as risk factor for IBD [ 53 ,  54 ].  

     Distorted Immunity   in Vitamin D  Defi ciency   

 Experimental models have been developed to assess the relation of vitamin D status 
with the pathogenesis of IBD. An experimental IBD animal model was developed 
using IL-10 knockout mice, who displayed diarrhea, enterocolitis, and weight loss. 
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   Table 3.1    Vitamin D and IBD pathogenesis   

 1.  Epidemiological 
studies 

 A north–south gradient and a geographical distribution 
and variation of UC a  and CD b  have been observed. The 
incidence of IBD c  is higher in northern latitudes, likely 
due to less sunlight exposure and impaired production of 
vitamin D 

 [ 49 – 54 ] 

 2.  Distorted immunity 
in vitamin D 
defi ciency 

   (a)  Control of the 
infl ammation 

 VDR d , IL e -10 double KO f  mice colitis model found with 
high expression of infl ammatory cytokines (INF g -γ, 
IL-1β, IL-2, IL-12, TNF h -α). VDR was essential in the 
model to control the infl ammation in the KO mice 

 [ 57 , 
 65 – 67 ] 

 Serum 25(OH)D i  is inversely correlated with calprotectin, 
in IBD patients 
 VDR downregulates the NF-κB j  by increasing the 
production of the inhibitor of κBα, an endogenous inhibitor 
of NF-κB, thus reduces the infl ammation in the intestine 
 Epithelial VDR has an anticolitic potential, reduces 
apoptosis by downregulating pre-apoptotic modulator, 
PUMA 

   (b)  Maintenance of 
epithelial barrier 

 Vitamin D supports epithelial junctions of mucosa, and 
upregulates junction proteins, like claudins, ZO-1, and 
occludins. Disruption of the mucosal barrier has been 
noted in IBD 

 [ 58 – 60 ] 

   (c) Dysbiosis  In a VDR, IL-10 double KO colitis model, a 50-fold 
bacteria increase in the colon, a change in the gut 
microbiome, and a reduced angiogenin-4, was found in 
vitamin D defi cient mice 

 [ 63 ] 

   (d)  Innate immune 
response 

 Autophagy gene  ATG16L1 , which affects Paneth cells 
antimicrobial action and autophagy, is regulated by 
vitamin D. Bacterial products upregulate VDR and 
 ATG16L1  and decrease infl ammation. Vitamin D 
defi ciency impairs autophagy, and infl uences chronic 
mucosal infl ammation, and potentially IBD 

 [ 64 ] 

   (e)  Adaptive immune 
response 

 A trinitrobenzene sulfonic acid Th 1 cell-mediated colitis 
in mice found that vitamin D inhibits the Th 1 cell 
production, promotes the Th k  2 cell action, and enhances 
regulatory T cell functions 

 [ 39 ] 

 3.  Genetic associations, 
polymorphism 

 IBD susceptibility has a strong genetic component. 
Examples: VDR and DBP l  gene polymorphism 

 [ 68 – 72 ] 

 4. Animal studies  Animal IBD model with IL-10 KO mice develop more 
severe symptoms if were vitamin D defi cient 

 [ 39 ,  55 , 
 56 ,  61 , 
 62 ]  Mice model of dextran sodium sulfate-induced colitis 

suffi cient vitamin D levels improved the colitis. Moreover, 
the secretion of TNF-α was reduced 
 A trinitrobenzene sulfonic acid Th 1 cell-mediated colitis 
in mice found that 1,25(OH)2D m  improves the severity of 
the colitis 

(continued)
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The researchers showed that vitamin D defi cient mice had more severe symptoms 
than vitamin D suffi cient mice, and the difference was statistically signifi cant [ 55 , 
 56 ]. Interestingly, in a similar experimental model with VDR and IL-10 double 
knockout mice, high expression of infl ammatory cytokines, such as IFN-γ, IL-1β, 
IL-2, IL-12, and TNF-α, was observed in the experimental colitis, and VDR was 
essential in the model to control the infl ammation in the knockout mice [ 57 ]. 
Furthermore, vitamin D appears vital for the preservation of an intact intestinal bar-
rier in the intestine, as it supports the integrity of junction complexes of the mucosa. 
This was shown in a colitis model using dextran sulfate sodium as stressor for the 
mucosa of the intestine. Mice defi cient of VDR developed severe colitis, character-
ized by diarrhea, rectal bleeding, and death. These mice were shown to have severe 
disruption in epithelial junctions and reduction in the junction proteins like clau-
dins, ZO-1, and occludins [ 58 – 60 ]. Interestingly, a disrupted and malfunctioning 
intestinal epithelial barrier, with distorted tight junctions, has been found in CD, in 
parallel with impaired expression and distribution of claudin 2, 5, and 8 [ 60 ]. Further 
research with the model of dextran sodium sulfate-induced colitis in mice showed 

Table 3.1 (continued)

 5. Clinical studies  A prospective cohort study of more than 70,000 women 
found an inverse relationship between vitamin D levels 
and risk of CD 

 [48 73, 
74, 83, 
84] 

 13 % of patients with IBD treated with 1200 IU n  of 
1,25(OH)2D and 1200 mg of calcium had a relapse after a 
year, compared with 29 % of IBD patients treated with 
calcium alone ( P  = 0.06) 
 Individuals with IBD receiving 1,25(OH)2D for 6 weeks 
had signifi cantly decreased Crohn’s disease activity index, 
C-reactive protein, and markers of bone turnover ( P  < 0.05), 
but no signifi cant differences after 12 months 
 Low pretreatment levels of vitamin D are associated with 
earlier discontinuation of anti-TNF-α therapy ( P  < 0.05) 
 Low vitamin D appears as a risk factor for IBD-related 
surgery in IBD, improvement of the 25(OH)D serum 
level reduces the risk in CD 

   a Ulcerative colitis 
  b Crohn’s disease 
  c Infl ammatory bowel disease 
  d Vitamin D receptor 
  e Interleukin 
  f Knockout 
  g Interferon 
  h Tumor necrosis factor 
  i 25-Hydroxyvitamin D 
  j Nuclear transcription factor kappa-light-chain-enhancer of activated B cells 
  k T helper cell 
  l Vitamin D-binding protein 
  m 1,25-Dihydroxyvitamin D 
  n International units  
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that 1,25(OH)2D produced locally in the colon, and distally in the kidneys affect the 
severity of the colitis, and mice with normal vitamin D levels demonstrate less his-
tological evidence of colitis, symptom of weight loss, and expression of infl amma-
tory cytokines [ 61 ]. In the same animal model, vitamin D has been shown to 
ameliorate the symptoms of colitis and reduce secretion of TNF-α. The reduction of 
TNF-α was performed by downregulating a number of genes, which are associated 
 with   TNF-α production, a crucial factor of  infl ammation   in IBD [ 62 ].  

    Vitamin D, Dysbiosis, and IBD 

 Low vitamin D levels can alter the enteric fl ora and distort the microbiome. Recent 
studies have proposed an interesting link between vitamin D status, dysbiosis, and 
IBD. Using the VDR and IL-10 double knockout model, vitamin D defi cient mice 
showed 50-fold bacteria increase in the colon and in parallel, angiogenin-4, an 
antibacterial protein associated with enteric bacteria control, was reduced. It was 
hypothesized that vitamin D defi ciency infl uenced a colitis, which was driven by 
a distorted antibacterial activity and a change in the gut microbiota [ 63 ]. In addi-
tion, autophagy, as we mentioned earlier, is regulated by vitamin D, and insuffi -
cient vitamin D can affect autophagy. This can change the microbiome, the 
intestinal homeostasis, and contribute to the pathophysiology of IBD. A correla-
tion between vitamin D, dysbiosis, autophagy, and genetic susceptibility for IBD 
has been observed. Another study demonstrated that vitamin D regulates autoph-
agy gene  ATG16L1 . This is a susceptibility gene for IBD, which affects the anti-
microbial action of Paneth cells and autophagy by decreased lysozyme activity. At 
the same time, the bacterial product butyrate positively infl uences VDR and 
expression of  ATG16L1  and reduces infl ammation in an experimental colitis 
model. Vitamin D defi ciency could affect intestinal homeostasis by decreased 
autophagy and lead to development of states of chronic mucosal infl ammation, 
and potentially IBD [ 64 ].  

    Intestinal Infl ammation and  Vitamin D      

 The research fi ndings highlight the vital role of VDR for the homeostasis of the 
mucosal barrier of the intestine and infl ammation of the epithelium. A correlation 
between intestinal infl ammation markers, like calprotectin, and vitamin D status has 
been noted, and underlines the link between vitamin D and gut infl ammation. In a 
study of patients with UC and CD, the serum 25(OH)D was inversely correlated 
with fecal calprotectin, but not with other systemic infl ammation markers like 
CRP. This correlation was statistical signifi cant [ 65 ]. In addition, NF-κB has a criti-
cal role in infl ammation. VDR negatively regulates the NF-κB by positively modu-
lating the inhibitor of κBα, an endogenous inhibitor of NF-κB, and in this way 
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regulates the infl ammation level in the intestine [ 66 ]. Moreover, a study showed the 
anticolitic potential of epithelial VDR, which reduces apoptosis by acting on a cru-
cial pre-apoptotic modulator PUMA, which downregulates and hence decreases the 
colonic infl ammation  a     nd protects the intestinal mucosa [ 67 ].  

    Vitamin D  Receptor Gene Polymorphism   

 IBD susceptibility appears to have a strong genetic component. Examples of genetic 
components are VDR and vitamin D-binding protein (DBP) gene polymorphism. 
VDR gene is located in a region on chromosome 12, and genome screening tech-
niques have found a linkage between the polymorphism of VDR gene with the 
pathogenesis of IBD [ 68 – 70 ]. A recent meta-analysis evaluated the relation between 
IBD and four genetic polymorphisms in VDR gene, ApaI, BsmI, FokI, and 
TaqI. Based on their subgroup analysis, a signifi cant link found between VDR ApaI 
polymorphism and an increased risk for CD, as well as the TaqI polymorphism and 
a decreased risk for UC. Furthermore, the study highlights the varying genetic fi n-
gerprinting of different ethnic groups [ 71 ]. Moreover, DBP gene polymorphism has 
been associated with IBD. A statistical analysis of 884 individuals, including 636 
IBD individuals showed that DBP 420 variant Lys found more frequently in non- 
IBD controls than in IBD patients [ 72 ].   

    Vitamin D Status  and IBD Severity   

 Multiple clinical studies have been conducted to assess a possible correlation 
between vitamin D level and severity of IBD. The results of the studies are confl ict-
ing, but overall highlight the signifi cance of suffi cient vitamin D level for optimal 
control of IBD. A recent multi-institution IBD cohort with 3217 patients demon-
strated that vitamin D defi ciency is an independent risk factor for IBD-related sur-
gery. A dose–response correlation was found in the CD cohort, and restoration of 
normal levels of vitamin D was associated with reduced risk for subsequent surgery 
[ 73 ]. A retrospective cohort study of 101 IBD patients from a single academic ter-
tiary referral center examining the vitamin D status in patients with IBD on anti- 
TNF- α therapy found vitamin D insuffi ciency in the cohort of both primary 
nonresponders and those with a loss of response [ 74 ]. Severity of disease activity 
was found to negatively correlate with 25(OH)D levels in a cohort study of 34 
patients with CD [ 75 ]. A cross-sectional study of 182 patients with CD found dis-
ease activity, assessed by the CD activity index and CRP levels, correlated with 
lower vitamin D levels [ 76 ]. Moreover, in a cohort of 220 IBD patients, 141 with 
CD and 79 with UC, serum concentration of vitamin D correlates with health- 
related quality of life in UC and CD during the winter and spring period [ 77 ]. 
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 Fewer studies explored the signifi cance of optimum vitamin D level for the 
severity of UC. Vitamin D status and clinical disease activity using the six-point 
partial Mayo index were assessed in a cross-sectional study with 34 patients with 
UC, and individuals with low levels of 25(OH)D were statistically more likely to 
have elevated severity of UC [ 78 ]. Recently, preliminary results of a 5-year pro-
spective study of over 1000 patients with IBD found that lower vitamin D levels 
correlated with poor quality of life, increased utilization of health care system by 
44 %, and increased use of medications like steroids, biologics, and narcotics [ 79 ]. 
Although these studies show positive correlations, many studies have found no 
association between vitamin D status and  dise  ase severity, even though a large por-
tion of patients were vitamin D defi cient [ 80 ,  81 ].  

    Vitamin D as Therapeutic Modality for  IBD   

 Published data from experimental models of colitis, and observational studies, have 
shown that vitamin D could be used as a potential therapeutic agent for IBD [ 39 ,  58 , 
 82 ]. Two main treatment studies have examined the effect of vitamin D supplementa-
tion on CD and UC, and the potential of its use as a therapeutic modality. A multicenter, 
randomized, double-blind, placebo-controlled study in Denmark was performed in 180 
patients with CD in remission. In the two treatment groups, 1200 IU of 1,25(OH)2D 
with 1200 mg of calcium or 1200 mg of calcium (placebo group) were administered 
daily for 1 year. Twenty nine percent of the individuals on calcium alone had a relapse, 
compared with 13 % for the group of vitamin D, which was not statistically signifi cant 
( P  = 0.06) [ 83 ]. A second prospective study in patients with CD compared the effi cacy 
of 1,25(OH)2D and 25(OH)D as a therapeutic intervention for disease activity and 
bone health [ 84 ]. In the short term, after 6 weeks CD activity index, CRP protein, and 
markers of bone turnover were signifi cantly decreased ( P  < 0.05) in the 1,25(OH)2D 
treatment arm. Of note, no signifi cant differences were noted for the 25(OH)D  treat-
  ment group at 6 weeks, and for either group at 12 months [ 84 ].  

    Vitamin D and Risk of   Clostridium diffi cile  Infection      in IBD 
Patients 

 Patients with IBD are at increased risk for  Clostridium diffi cile  infection (CDI) [ 85 , 
 86 ]. Vitamin D infl uences the antibacterial properties of the intestine, and produc-
tion of antimicrobial compounds like cathelicidins. It acts prophylactically against 
infections and as modulator of the microbiome [ 32 ,  33 ,  87 ]. A recent multi- 
institutional IBD cohort study found that suffi cient plasma 25(OH)D level was 
associated with lower risk of CDI in IBD patients [ 88 ]. Vitamin D could potentially 
be used to aid in the prevention of CDI.  
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    Vitamin D and Risk of  Colon Cancer      in IBD Patients 

 Individuals with IBD are in increased risk for colorectal cancer (CRC). CRC is one 
of the main causes for mortality among patients with IBD [ 89 ]. Infl ammation is a 
risk factor for the development of CRC and frequent relapses of IBD add signifi -
cantly to that risk [ 90 ,  91 ]. Vitamin D through its anti-infl ammatory properties may 
act as potential protective agent against CRC in IBD. In vitro studies have shown 
1,25(OH)2D reduces the growth and promotes differentiation of colon cancer cell 
lines [ 92 – 94 ]. A study using the human colon cancer line, HT-29, found an impaired 
growth of HT-29 cells treated with vitamin D. The study proposes a putative target 
of vitamin D, via the TLR4 pathway, against CRC in populations with IBD [ 95 ]. UC 
patients have lower expression of VDR, and have been shown to have a higher risk 
of CRC, and thus, a low VDR expression has been proposed as marker of dysplasia 
and cancer in individuals with UC [ 96 ]. A meta-analysis of case–control studies 
found that daily vitamin D supplementation could decrease the CRC incidence, as 
patients with suffi cient vitamin D serum levels had a 50 % lower risk of CRC com-
pared with patients with low vitamin D levels [ 97 ]. Furthermore, daily intake of 
1000 IU of vitamin D could reduce the risk for CRC by 50 % [ 98 ]. Conversely, a 
randomized, double-blind, placebo-controlled clinical study of 36,282 postmeno-
pausal women didn’t demonstrate a signifi cance reduction of the risk of CRC among 
postmenopausal women receiving 400 IU/day of vitamin D for 7 years [ 99 ]. Notably, 
the study has signifi cant limitations as the dose of vitamin D, 400 IU/day, appears 
lower than the current recommendations, and  the      serum level of vitamin D was not 
assessed during the study.  

     Clinical Recommendations   

 The signifi cance of optimal vitamin D status for intestinal health and homeostasis is 
well known and accepted among clinical experts. Even though more research is needed 
to prove the link between vitamin D defi ciency and gut infl ammation, it is appropriate 
to ensure that every patient with IBD has an optimal serum 25(OH)D level (Table  3.2 ). 
At this point, no gastroenterology guidelines have been proposed for the assessment of 
vitamin D status in subjects with IBD. The Clinical Guidelines Subcommittee of The 
Endocrine Society recommends testing serum 25(OH)D level for every patient with 
IBD on steroid therapy [ 6 ]. We believe that a reasonable approach consists of screening 
for vitamin D defi ciency yearly. More frequent testing is needed in defi cient patients 
with or without metabolic bone disease, and in those with active IBD on steroids. The 
ideal timing to screen patients is the late winter or early spring when the level of vita-
min D is the lowest, especially in patients living in northern latitudes [ 100 ]. The 
U.S. Preventive Services Task Force recently released its recommendations where 
screening for vitamin D defi ciency for asymptomatic adults is not recommended as the 
current evidence is insuffi cient to assess the balance of benefi t and harm.
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   The ideal daily vitamin D intake for patients with IBD depends on age and 
level of serum 25(OH)D. For patients with normal vitamin D levels, infants 
should receive 400 IU of vitamin D per day, children 1 year and older and adults 
should receive 600 IU, and the elderly over 70 years 800 IU, based on the rec-
ommendations from the Institute of Medicine and the Endocrine Practice 
Guidelines [ 101 ]. For patients at risk for vitamin D defi ciency, the recommenda-
tion is for at least 1000 IU/day. For adults with documented low levels of 
25(OH)D 6000 IU/day for 6 weeks, or 50,000 IU/week for 8 weeks is recom-
mended [ 6 ]. The most appropriate vitamin D regimen for patients with IBD was 
tested in a randomized, controlled, non-blinded, clinical trial. Three different 
oral regimens were used for 6 weeks, including 2000 IU of vitamin D2 daily, 
2000 IU of vitamin D3 daily, and 50,000 IU of vitamin D2 weekly. All 3 regi-
mens were well tolerated, but two oral regimens of 2000 IU of vitamin D3 daily 
and 50,000 IU of  vitamin D2 we  ekly were superior in raising the 25(OH)D 
serum levels [ 102 ].  

   Table 3.2    Clinical recommendations for IBD patients   

  Whom to test for vitamin D 
defi ciency?  

 Every patient with IBD a   [ 6 ] 

  When should we test?   Yearly, or more often based on the level of vitamin 
D and risk for defi ciency. Better time to test in late 
winter or early spring, when level in nadir 

 [ 100 ] 

  Serum 25(OH)D level   [ 1 ,  5 – 7 ] 
 Defi ciency  <25 nmol/L (10 ng/mL) (IOM b ) 

 <50 nmol/L (20 ng/mL) (Endocrine society) 
 Insuffi ciency  25 to <50 nmol/L (10–20 ng/mL) (IOM)  [ 1 ,  5 – 7 ] 

 50 to <75 nmol/L (20–30 ng/mL) (Endocrine 
society) 

 Suffi ciency  ≥50 nmol/L (20 ng/mL) (IOM)  [ 1 ,  5 – 7 ] 
 ≥75 nmol/L (30 ng/mL) (Endocrine society) 

  Vitamin D intake 
recommendations  
 Age <1 year of age with 
suffi cient levels 

 400 IU c /day  [ 6 ,  101 ] 

 Age 1–70 years of age with 
suffi cient levels 

 600 IU/day 

 Age >70 years of age with 
suffi cient levels 

 800 IU/day 

 Adults in risk for vitamin D 
defi ciency 

 1000 IU/day 

 Adults with vitamin D 
defi ciency 

 6000 IU/day for 6 weeks, or 50,000 IU once a 
week for 8 weeks 

   a Infl ammatory bowel disease 
  b Institute of Medicine 
  c International units  
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    Future Areas of Research 

 Future research is needed to expand our understanding on various aspects of the 
interaction between vitamin D status and IBD pathogenesis and its effect on the 
natural course of IBD (Table  3.3 ). It is still unclear if low vitamin D is a risk factor 
for the development of CD and UC. Experimental models have shown a possible 
relationship but very few clinical studies have been performed and demonstrate a 
causative association [ 48 ]. Most of those studies are cross-sectional and underpow-
ered. More prospective, well-designed studies are needed to clarify the conse-
quences of vitamin D defi ciency and answer if vitamin D can prevent the 
development of the disease. Additional studies are needed to investigate if vitamin 
D defi ciency promotes IBD relapses, or if low vitamin D level is just the result of 
an infl amed gut with impaired absorption. Data from published research works 
suggest this association but larger, high quality studies are required to prove the 
theoretical risk of a more severe disease in the setting of vitamin D defi ciency 
[ 73 – 76 ,  78 ,  103 ]. Moreover, the optimal dosing of vitamin D and appropriate vita-
min D serum level for ideal intestinal health are additional research areas. The use 
of vitamin D as a potential therapeutic modality for the treatment of IBD comes 
with advantages, as it is cheap, easily tolerated and has a safe pharmaceutical 
 profi le. Fortunately, research efforts are underway to improve our knowledge of 
vitamin D defi ciency and its effects, and new progress will be made in the preven-
tion and treatment of IBD.
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