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The role of vitamin D in Crohn’s disease: Literature review
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Abstract

Crohn's disease is a form of inflammatory bowel disease which may affect any part of the gastrointestinal
tract. The etiology of the disease remains unclear. Genetic, environmental and immunological factors are
considered. The deficiency of vitamin D is common among patients with Crohn’s disease. Vitamin D, be-
cause of its immunomodulatory properties, may influence the development and course of Crohn’s disease.
Patients with Crohn's disease present some additional risk factors of osteoporosis such as maldigestion and
malabsorption, increased loss of nutrients due to chronic diarrhea, pharmacological treatment, as well as
past surgical procedures (resection of ileum). Because of the food intolerance, the diet of patients suffering
from Crohn’s disease may include reduced amounts of calcium and vitamin D, thus, contributing to the
increased risk of osteoporosis. As a result of the above-mentioned factors, there is a need for monitoring
and proper supplementation of vitamin D in Crohn’s disease patients.
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Streszczenie

(horoba Crohna zaliczana jest do nieswoistych chordb zapalnych jelit. Zmiany zapalne w jej przebiequ moga obejmowac wszystkie czesci przewodu pokarmowego.
Etiologia choroby nie jest do korica jasna, wsrod jej przyczyn wymienia sie czynniki genetyczne, immunologiczne i Srodowiskowe. U pacjentéw, u ktérych zdiagno-
zowano chorobe Crohna, czesto stwierdza sie niedobory witaminy D. Witamina D, z uwagi na jej immunomodulujace wiasciwosdi, moze wptywac na rozwoj oraz
przebieg choroby Crohna. U 0s6b z rozpoznaniem choroby Crohna wystepuja pewne dodatkowe czynniki ryzyka wystapienia osteoporozy. Mozemy do nich zaliczy¢
zaburzenia trawienia oraz wchtaniania, utrate skfadnikéw odzywczych na skutek przewlektej biegunki, stosowane leki, zabiegi chirurgiczne (miedzy innymi polega-
jace na usunieciu istotnych czesci jelita cienkiego). Pacjenci z chorobg Lesniowskiego—Crohna nie tolerujg niektérych pokarmow, co moze wigzac sie ze zmniejszong
zZawartoscig wapnia i witaminy D i tym samym przyczyniac sie do zwiekszenia ryzyka wystapienia osteoporozy. Z tego powodu u pacjentéw z chorobg Crohna ist-

nieje konieczno$¢ monitorowania oraz wtasciwej suplementacji witaminy D.

Stowa kluczowe: nieswoiste choroby zapalne jelit, choroba Lesniowskiego—Crohna, witamina D

Background

Crohn’s disease (CD) is a form of inflammatory bowel
disease (IBD) that may affect any part of the gastrointes-
tinal tract, primarily the ileum and colon.!

The etiology of CD remains unclear. Genetic, environ-
mental and immunological factors are considered.?

Crohn’s disease is most often diagnosed in patient be-
fore 30, however, the second peak occurs at about the age
of 50.3 In the course of CD, we differentiate both intes-
tinal and extra-intestinal symptoms. As far as intestinal
symptoms are concerned, we can mention abdominal
pain, diarrhea, nausea, vomiting and weight loss.

The extra-intestinal manifestations of CD are the fol-
lowing: arthritis, erythema nodosum, pyoderma gan-
grenosum, uveitis, primary sclerosing cholangitis and
osteoporosis.*

Since the early 1980s, vitamin D deficiency has been
regarded as a risk factor of CD.’ It is considered that vi-
tamin D insufficiency affects about 35-100% of patients
with CD.®

Vitamin D may suppress microbial invasion into the gut
epithelium. It is important because of the pathomecha-
nism of CD in which we observe a dysfunction of the
immune defense barrier of the intestines. Vitamin D in-
hibits the transcription of pro-inflammatory cytokines
increased in CD patients.”® The level of vitamin D may
affect the course and activity of the disease and impact
quality of life and the frequency of hospitalizations.

Vitamin D

Vitamin D, also known as calciferol, belongs to the
group of fat-soluble seco-sterols. There are two main
forms of vitamin D — vitamin D, (ergocalciferol) and vi-
tamin Dj; (cholecalciferol).” Dietary sources of vitamin
D, involve irradiated yeast, plants and fungi. Vitamin D;
is produced from 7-dehydrocholesterol in the epidermal
layer of the skin by exposure to ultraviolet B radiation
(spectrum 290-315) or can be obtained from diet (fish,
meat, offal, egg or dairy).'?

The D, and D5 forms differ in their structure but the
metabolic pathway of both vitamins is the same. How-
ever, there is no evidence that both forms of vitamin D
have the same biological activity. But, based on the cur-
rent data, it can be assumed that vitamin D has a greater
biological potential.!!

The best measure of an individual’s vitamin D status
is serum 25-hydroxyvitamin D. It reflects both sunlight
exposure and dietary vitamin D intake.

The normal level of vitamin D in serum is approx.
30 ng/mL. The level between 20 and 30 ng/mL is consid-
ered to be insufficient and below 20 ng/mL is recognized
as deficient.1?

Firstly, vitamin D is metabolized in the liver to 25 hy-
droxyvitamin D (25(OH)D-calcidiol) by the 25-hydroxy-
lase. The level of 25(OH)D is used to assess vitamin D sta-
tus. 25 hydroxyvitamin D is the major circulating form
of vitamin D, bounded to a plasma protein known as vita-
min D binding protein which also transports vitamin D
and calcitriol.1®

In the kidney, the la-hydroxylase converts 25(OH)D
to the biologically active form 1,25-dihydroxyvitamin D
([1,25(OH),D]-calcitriol). 1,25(0OH),D increases calcium
absorption in the duodenum and stimulates differentiation
and activation of osteoblasts and osteoclasts in bones.!*

Vitamin D receptor (VDR) is present in almost all tis-
sues and cells of the human body. The role of VDR is het-
erogeneous. For instance, it inhibits cellular proliferation,
angiogenesis and renin production, induces terminal dif-
ferentiation and stimulates insulin production.!®

A decreased level of vitamin D is frequent among new-
ly-diagnosed IBD patients. This may indicate that vita-
min D deficiency is related to the increased risk of IBD.

Nerih et al,, in a cohort study, showed that women liv-
ing in southern latitudes had lower risk of developing
CD (hazard ratio [HR] 0.48, 95% confidence interval [CI]
0.3-0.7) and colitis ulcerosa [HR 0.62, 95% CI 0.4-0.9]
than those living in northern latitudes.'® This suggests
that there is a possible role of vitamin D in the pathogen-
esis of CD.

The absorption of vitamin D occurs in the proximal
small intestine, mainly in the jejunum.
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Fat malabsorption and inflammation of the small in-
testine may be the main cause of vitamin D deficiency
in CD as well as of the removal of large sections of the
ileum or the jejunum.

Farraye et al. noticed that even in quiescent disease, the
capability to absorb vitamin D is decreased on average
by 30% compared to healthy controls after supplementa-
tion with 1250 pg (50 000 IU) vitamin D,."”

Some drugs may affect the absorption of vitamin D.
For instance, cholestyramine, which is used to treat diar-
rhea after bowel resection, can reduce vitamin D absorp-
tion by decreasing bile acid production.

Drugs used in CD can also influence the level of se-
rum vitamin D indirectly. Treatment with azathioprine
or adalimumab, can increase the risk of skin cancer.
For these reasons, such patients are made aware of the
danger of sun exposure. Therefore, the vitamin D synthe-
sis from sun exposure may be reduced.!®

Osteoporosis in the course
of Crohn’s disease

According to the World Health Organization (WHO),
osteoporosis is the reduction in bone mineral density
(BMD) by 2.5 or more standard deviations below that of
the mean peak BMD of young adults measured by dual-
energy x-ray absorptiometry (DEXA)."

Low BMD is a common extra-intestinal manifestation
in CD. It is estimated that osteoporosis affects approx. 40%
of patients with CD.?° There are some additional risk
factors of low BMD among patients with CD, for in-
stance, chronic inflammation, corticosteroid treat-
ment, extensive small-bowel disease or resection and
nutritional deficiencies.?! Screening recommendations
for CD patients are the same as for the general popu-
lation, which are based on risk factors such as ongoing
corticosteroid treatment, corticosteroid use more than
3 months, postmenopausal status, age and previous
low-trauma fracture.?>?* Corticosteroids decrease BMD
by the suppression of circulating estrogen, which in-
hibits interleukin-6 (IL-6). This cytokine has the ability
to stimulate the activation of osteoclasts.?* What is
more, in men, steroids decrease the level of testosterone
in the blood, which results in a similar effect on bones.?®
Steroids inhibit osteoblast differentiation, synthetic abil-
ity and calcium absorption. On the other hand, other
pharmacological treatments such as anti-TNF therapy
improves BMD.?¢ It protects bones against osteoclasts
by reducing a-TNF, which may activate the mechanisms
of bone destruction.

Most of the studies suggest that lower BMD is more
frequent in CD than in ulcerative colitis (UC). Moreover,
there is an increased risk of low energy fractures in fe-
male patients with CD, but not in male patients with CD
or in patients with UC.?

The inflammation on its own may accelerate the risk
of lowered bone density through pro-inflammatory cy-
tokines such as tumor necrosis factor-a, interleukin-1 3
or IL-6 TNF-related cytokines (tumor necrosis factor) like
the receptor activator of nuclear factor kappa B (RANK),
its ligand RANKL and osteoprotegerin.

Vitamin D regulates bone metabolism both directly
and indirectly. It acts on osteoblasts, osteocytes and os-
teoclasts and controls the transcription of genes and the
differentiation and mineralization of osteoblasts. It also
has an impact on the production of type-I collagen, os-
teocalcin, osteopontin and bone sialoprotein (BSP1).

Calciferol stimulates osteocytes to produce fibroblast
growth factor 23, which manages the hydroxylation of
1,25 (OH), D3 in kidneys, inhibits the reabsorption of phos-
phates and decreases the production of para-thormone.

Vitamin D activates preosteoblasts to release the mac-
rophage-colony stimulating factor (M-CSF), which acti-
vates the proliferation of prosteoclasts and inhibits their
apoptosis. On the membrane of prosteoclasts, there is
a receptor activator of nuclear factor kappa-B (RANK).
Prosteoblasts release Receptor activator of nuclear factor
kappa-B ligand (RANKL), which binds with RANK. This
results in the activation of osteoclasts.

Osteoblasts produce osteoprotegerin, which may bind
with RANKL and inhibits its binding with RANK, stop-
ping osteoclast differentiation. Vitamin D increases
in the expression of RANKL in osteoblasts and inhibits
the expression of OPG, which results in stimulating os-
teoclastogenesis.?®

There are a few studies on the relationship between se-
rum 25(OH) D and bone mineral density in patients with
CD whose findings are contradictory. Some researchers
suggest that there is a relationship between vitamin D
level and bone mineral density in adults while others do
not find such a correlation.?>3°

Krela-Kazmierczak et al. studied the association be-
tween the serum levels of interleukins (IL-13, IL-4, IL-17,
IL-1p), osteoprotegerin and s-RANKL proteins in patients
with CD and decreased BMD. The results of their study
showed that IL-13, IL-1B, and IL-4 seem to be connected
with the pathology of low BMD in CD. Furthermore, mod-
ulating osteoprotegerin by I1-13 may decrease BMD.3!

Influence of vitamin D level on
disease activity, quality of life
and hospitalization rate

Studies suggest that vitamin D levels inversely correlate
with disease activity in patients with CD.

Sadeghian et al. found that patients with CD had lower
serum 25(OH)D level in comparison to healthy controls.
What is more, there was an inverse correlation between
serum 25(OH)D concentrations and severity of CD.3?
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In a cross-sectional study of 182 CD patients and 62 heal-
thy controls, serum 25-OH vitamin D was measured.
By stratified analysis, 25-OH vitamin D levels were com-
pare to Crohn’s disease activity index and C-reactive pro-
tein. Serum 25-OH vitamin D was inversely associated
with disease activity. Patients who took oral vitamin D
supplementation had lower Crohn’s disease activity index
and C-reactive protein than non-users.??

In another cross-sectional study, the relationship be-
tween serum vitamin D level and both disease activity
and quality of life among patients with IBD was exam-
ined. Quality of life was assessed by the Short Inflamma-
tory Bowel Disease Questionnaire (SIBDQ). Vitamin D
deficiency was independently correlated with lower qual-
ity of life and greater disease activity in IBD.3*

Serum vitamin D levels may also affect the frequency
of hospitalization of patients with CD. In a retrospective
cohort study, an association between vitamin D level and
hospitalization rate in Crohn’s disease patients was as-
sessed. The study showed that CD patients with a low vi-
tamin D level were almost twice as likely to be admitted to
ahospital than those with a normal vitamin D level. Higher
mean vitamin D level was associated with a 3% lower likeli-
hood of admission with every unit (ng/mL) rise in mean
vitamin D level.® In conclusion, the above-mentioned
studies have shown that a decreased level of vitamin D
is related to higher severity of the disease and the frequen-
cy of hospitalizations as well as lower life quality.

Supplementation of vitamin D

In accordance with the first European Crohn’s and Colitis
Organisation (ECCO) consensus guideline, supplementa-
tion of vitamin D and calcium should be considered in pa-
tients with low BMD and/or with additional risk factors.?®

FRAX (fracture risk calculator) can be a useful tool
which helps to identify people who may be at risk of de-
veloping osteoporosis. It is a diagnostic tool used to evalu-
ate the probability of bone fracture in the next 10 years.?’
However, until now, FRAX has not been validated in IBD.

The recommended dosage of vitamin D is 1000 IU
daily. A higher dose is required if deficiency of vita-
min D is recognized. Additional substitution of calcium
is recommended only when there is not enough calcium
in the diet. Studies show that the daily supplementation
of calcium (500-1000 mg) and vitamin D (800-1000 mg)
increases BMD in IBD patients. It is suggested to receive
vitamin D and calcium preparations during corticosteroid
treatment.8

Summary

Vitamin D plays an important role in the mainte-
nance of a normal mineralized bone structure. It af-

fects both the pathogenesis and the course of Crohn’s
disease.

In the light of the above-mentioned studies, it is neces-
sary to control the serum level of vitamin D and its ap-
propriate oral supplementation.
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