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Abstract: As vitamin D (VD) plays an essential role in inflammatory bowel diseases (IBD), this systematic review aimed to update the
participation of this vitamin in the prevention or remission of these diseases. This review has included studies in MEDLINE–PubMed, EMBASE,
and Cochrane databases. The authors have followed PRISMA (Preferred Reporting Items for a Systematic Review and Meta-analysis)
guidelines. According to the inclusion and exclusion criteria, twenty-two randomized clinical trials were selected. In total, 1,209 patients were
included in this systematic review: 1034 received only VD and 175 received VD in combination with calcium. The average doses of VD
supplementation were from oral 400 IU daily to 10,000 IU per kilogram of body weight. Single injection of 300,000 IU of VD was also used.
Several studies have shown the crucial role that VD plays in the therapeutic approach of IBD due to its effects on the immune system. It
effectively decreased inflammatory cytokines such as TNF-α and IFN-γ (p<0.05) and provided a reduction in disease activity assessed through
different scores such as Crohn’s Disease Activity Index (CDAI) (p<0.05) and Ulcerative Colitis Disease Activity Index (UCDAI) (p<0.05).
Unfortunately, the available clinical trials are not standardized for doses and routes of administration. Existing meta-analyses are biased
because they compare studies using different doses or treatments in combination with different drugs or supplements such as calcium. Even
though VD has crucial effects on inflammatory processes, there is still a need for standardized studies to establish how the supplementation
should be performed and the doses to be administered.
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Introduction

Inflammatory Bowel Diseases (IBD) comprise a group of
idiopathic gastrointestinal diseases with a multifactorial
pathophysiological architecture. The primary forms are
Crohn’s Disease (CD) and Ulcerative Colitis (UC). These
are conditions of substantial prevalence since it reaches
about 1.2million patients and 2.6million people in Europe
[1, 2]. Although the pathogenesis of IBD is still not eluci-
dated, it is known that an inflammatory process resulted
from the imbalance of the intestinal microbiota and the
immune response in susceptible patients [3, 4], causing
changes in the epithelial barrier [5, 6].

CD and UC have anatomopathological differences. The
first is manifested as transmural lesions that can occur in
the entire length of the gastrointestinal tract. UC is pre-
sented only in the colon and rectum, and its lesions are

restricted to the mucosa [7, 8, 9]. Clinically, CD and UC
share similar manifestations, whose primary complaints
are chronic diarrhea, abdominal pain, and hematochezia
[10, 11].

The treatment of IBD aims to remission, avoiding recur-
rences [12, 13]. Conventional clinical management consists
of administering medications capable of modulating the
inflammatory response to suppress the immune outcomes.
Some of these drugs include systemic and topical corticos-
teroids, aminosalicylates, and antibiotics. Other therapies
include immunomodulators, thiopurines, methotrexate,
and cyclosporine A. Biologic therapies embrace mono-
clonal antibodies anti-TNF-α (Tumor Necrosis Factor-
alpha) and their related biosimilar such as infliximab and
adalimumab. Interleukin-12/Interleukin-23 Antagonist,
JAK inhibitors, and Integrin antagonists have been also
considered [14, 15, 16, 17, 18, 19]. However, cost, poor
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compliance, and significant adverse effects in some medi-
cations surround these conventional therapies [20, 21].

Recently, the scientific community has turned to the
influence of Vitamin D (VD) (1,25(OH)2D3), a fat-soluble
hormone from both diet and a photo-dependent skin reac-
tion [22, 23], for regulating the inflammatory process. Such
effects have been associated with the immune-regulatory
and immune-suppressive potential of this hormone that
would help prevent or induce remission in IBD patients.
Moreover, authors have shown that the deficiency of VD
is common among IBD subjects and is more frequent than
in the general population [24–28]. Figure 1 summarizes
briefly the main pathological characteristics of CD and
UC, as well as the VD actions against these two diseases.

VD, which can also be named cholecalciferol, play endo-
crine, paracrine, and autocrine actions. The endocrine
actions are mainly related to the control of serum calcium
homeostasis, and the autocrine and paracrine actions are
performed on the cells that express the VD nuclear recep-
tors leading to the downregulation of cell proliferation,
the control of differentiation of cells, and apoptosis, influ-
encing several effects such as in the immunity [29–32].
Existing meta-analyses are biased because they compare
studies using different doses or treatments to associate dif-
ferent drugs or supplements such as calcium. Therefore,
this study aimed to build a Systematic Review to evaluate
the role of VD in IBD to suggest or not the use in the IBD
treatment.

Figure 1. Crohn’s Disease, Ulcerative Colitis and vitamin D: pathophysiology and repercussions of Vitamin D use. ": increase; ;: decrease;=: equal;
Ф: impairment; 25 (OH) D3: 25-hydroxy vitamin D3; 1,25 (OH)2 D3: 1,25 di-hydroxy vitamin D3; GIT: gastrointestinal tract; PRO-VIT D3: pro-vitamin
D3; UVB: ultraviolet B.
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Materials and methods

Focused question

This reviewwas performed to answer the focused question:
What are the effects of vitamin D supplementation on
Inflammatory Bowel Disease patients?

Language

Only studies in English were selected.

Databases

This study has included studies in MEDLINE–PubMed
(National Library of Medicine, National Institutes of
Health),EMBASE, andCochranedatabases.Thedescriptor
usedwas“VitaminDor cholecalciferol or 1,25(OH)2D3and
Inflammatory Bowel Disease or Ulcerative colitis or
Crohn’s Disease or colitis”. These descriptors helped iden-
tify studies related toVDand its beneficial role in IBD treat-
ment. The authors have followed PRISMA (Preferred
Reporting Items for a Systematic Review and Meta-Analy-
sis) guidelines [33, 34].

Study selection

This review included studies that reported thepotential role
of VD to patients with Inflammatory Bowel Disease. The
inclusion criteria for this review were Randomized Clinical
Trials (RCTs), prospective, and interventional studies. Full
and not full texts were included.

The exclusion criteria were reviews, retrospective stud-
ies, studies not in English, case reports, poster presenta-
tions, and editorials. Reviews were consulted only to help
in the Discussion section.

Data extraction

The search period for this search included December 2011
to January 2022. These studies aredescribed inTable 1. The
extraction of the data was performed independently by two
authors who used the predefined inclusion and exclusion
criteria, as well as the descriptors showed above. A third
judge resolved disagreements between these two judges.
Data were obtained from eligible articles that included
the date, author, study design, sample size, information
related to the use of VD, and its relationship with UC and
CD.Onlyoriginal articleswere selected for theconstruction
of Table 1.

Quality assessment

Toevaluate the risk of biases in the selection, detection, and
reporting bias of each RCTwe applied the CochraneHand-
book for Systematic Reviews of Interventions [35]. Other
risks of biases in the selection of patients, classification of
interventions,missing data, andmeasurement of outcomes
werealsoperformed.Descriptive results of thebiases found
in the included clinical trials are shown in Table 2.

Results

The flow diagram (Figure 2) shows the selection of the arti-
cles, as well as the inclusion and exclusion criteria. In line
with this, twenty-four studies were selected to build this
review. Altogether, 1262 individuals were enrolled in the
selected studies, age 5–80 years old (365men; 317women).
Eight studies did not provide information about thenumber
of men and women enrolled.

Twelve studies investigated the use of VD isolated [36–
55] and four studies used VD in association with calcium
[56–59]. Three studies were performed in children [46,
53, 57]. One study investigated the effects of VD inVascular
Endothelial Growth Factor (VEGF) and visfatin [45]. Three
studies analyzed the levels of TNF-α and Interleukins
before and after intervention [36, 56, 58]. One study inves-
tigated the effects of VD in the levels of VEGF and visfatin
[45]. Two studies evaluated anxiety and depression scores
[44, 49]. CDAI (Crohn’s Disease Activity Index) and
UCDAI (ulcerativecolitisdiseaseactivity index)were inves-
tigated in three studies [41, 47, 52]. SSCAI (simple clinical
colitis activity index) was performed by Karimi et al. [38].
IBDQ was evaluated by Karimi et al. [38], De Bruyn et al.
[40],Bafuttoetal. [42].PartialMayoScorewas investigated
by Mathur et al. [43]. C Reactive Protein and fecal calpro-
tectin were also evaluated by some studies [37, 39, 42, 43,
50].

Discussion

Inflammatory Bowel Disease: general
aspects

As an idiopathic disease, there is no determined cause to
explain the onset of IBD. It is known that there are genetic
factors to make an individual susceptible to developing
thedisease, aswell asnumerousenvironmental factors cap-
able of triggering an exacerbated inflammatory response
[60–64].
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Concerning genetic factors, changes in alleles of genes
encoding proteins and receptors present on the surface of
cells of the immune system, such as monocytes, macro-
phages, and lymphocytes, and of epithelial cells from
intestinal lymphoid tissues are observed. These changes
are related to the activation of nuclear factors, such as
Nuclear Factor kB (NFkB), resulting in the transcription of
cytokines and pro-inflammatory factors, such as IFN-γ,
TNF-α, IL-12, and IL-1β, as summarized inFigure3 [65–69].

Several studies suggest that dysbiosis is an important
cause of IBD due to an increase in pathogenic bacteria con-
cerning commensals, associated with an exacerbated
inflammatory response of the host to these organisms
[70–72].

The influence of food habits is also discussed, especially
when preservatives and other xenobiotics are present and
can trigger inflammation in susceptible individuals with
high fat and/or sugar diet and low fiber intake [73–75].

UC is characterized by ulcerative inflammation lesions
that necessarily affects the rectum and might reach seg-
ments of the colon, with no skipped areas, and is restricted
to themucosa. It is believed that UC is caused by an inflam-
matory response of a TH2 pattern, whose central cytokines
producedare Interleukin-5 (IL-5) and IL-13, which gives the

pattern of hemorrhagic injury of the disease. Recent studies
have shown a key role formast cells (also known as a player
on the Th2 arm of immunity) in animal models of colonic
inflammation, and in human UC [76–80].

On the other hand, CD shows intramural lesions, which
can occur from the mouth to the anus. Skipped areas are
common because of the discontinuous pattern. Inflamma-
tion seems to be determined by a TH1 response due to its
granulomatous lesion pattern. Anorectal fistulas and peri-
anal abscesses are also common [78, 81–83].

Vitamin D: remarkable and far-reaching
biological effects

VD is a fat-soluble hormone obtained from the diet and
absorbed in the small intestine and dietary fat, supplemen-
tation, or an exposition of 7-dehydrocholesterol presented
in the skin to sunlight. The production of VD occurs due
to the activation of 7-dehydrocholesterol, followed by the
enzymatic changes in the liver and kidneys [7, 84–87].

In addition to the effects of VD on phosphorus, calcium
metabolism, and bone health homeostasis, it has broad
functions in the immune system and affects numerous

Table 2. Descriptive results of the biases found in the included clinical trials

Study
Question
focus

Appropriate
randomization

Allocation
blinded

Double
blind

Losses
(<20%)

Prognostics or
demographic characteristics Outcomes

Intention to
treat analysis

Sample
calculation

[55] Yes No Yes Yes Yes Yes Yes No No

[54] Yes No Yes Yes Yes Yes Yes No No

[45] Yes Yes Yes Yes Yes Yes Yes Yes Yes

[41] Yes Yes Yes Yes Yes Yes Yes Yes Yes

[36] Yes Yes Yes Yes Yes No Yes NR Yes

[44] Yes Yes Yes Yes Yes Yes Yes NR Yes

[38] Yes No Yes Yes Yes Yes Yes Yes No

[40] NR NR NR NR NR NR NR NR NR

[37] Yes No No No NR Yes Yes NR NR

[39] Yes No No No Yes Yes Yes NR Yes

[43] Yes Yes Yes Yes Yes Yes Yes No No

[42] Yes NR NR Yes No No Yes NR NR

[49] Yes Yes Yes Yes No Yes Yes Yes Yes

[51] Yes Yes Yes Yes Yes Yes Yes Yes Yes

[50] Yes Yes Yes No Yes Yes Yes Yes Yes

[47] Yes Yes Yes Yes Yes Yes Yes NR No

[46] Yes Yes No Yes Yes Yes Yes Yes No

[52] Yes No No No Yes Yes Yes NR NR

[53] Yes Yes No No Yes Yes Yes Yes Yes

[48] Yes NR Yes No NR NR Yes NR NR

[59] Yes No No No Yes Yes Yes No NR

[56] Yes NR NR NR Yes Yes Yes NR Yes

[57] Yes Yes No No No No Yes Yes Yes

[58] Yes Yes Yes No Yes No Yes NR No

NR: Not reported.
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physiologic processes, including damping down inflamma-
tion and excessive intracellular oxidative stress [85, 87, 88].

VD acts on immune cells through the vitamin D receptor
(VDR). Almost all of themexpress the VDRat some stage in
theirdevelopmentoractivation, and theeffects occurunder
different optimal levels of VD. This vitamin participates in
macrophages’ maturation, antigen presentation and
response, gut barrier function, production of antimicrobial
peptides, and homeostasis of adaptive and innate immu-
nity. VD has been associated with the pathogenesis of
immune-mediated diseases in preventing them and lower-
ing the risk of infections [85, 89–93].

Several studies have shown the relation between VD and
systemic inflammation, and that sufficient serumVD levels
(>30 ng/mL or 75 nmol/L) substantially inhibit mRNA pro-
duction of inflammatory cytokines such as IL-1α, IL-6, and
TNF-α [84, 94–96].

This hormone improves cell viability, reduces the forma-
tion of reactive oxygen species (ROS), and stimulates the
expression of IL-33, and stimulating the expression of
antioxidant genes. This is one reason to explain how VD
can slow down oxidative stress, the aging process, cellular
injury, and facilitates balanced mitochondrial activities,
preventing lipid peroxidation and DNA damage [88, 94,
97–100].

On the other hand, since VD is a fat-soluble hormone, it
can remain in the body for a long time. For these reasons,
high doses (plasma levels above 150 ng/mL) are related
to toxicity such as hypercalcemia, altered sensorium, nau-
sea, vomiting, pancreatitis, altered sensorium, polyuria,
dehydration, and acute kidney injury [101].

The link between IBD and vitamin D

It is known that the deficiency of this VD in patients with
IBD ismultifactorial, which can be attributed to insufficient
sun exposure, to an inadequate diet, intestinal malabsorp-
tion, and impaired metabolism and conversion. Thus, it is
unclear whether there is a causal or consequence link
between IBDandVDdeficiency. The therapeutic use of this
vitamin was highlighted through an experiment performed
with VD-deficient IL-10 knockout mice, which had the
development of IBD quickly and with a progressive charac-
ter. Through a diet with a high content of VD and calcium,
attenuation of disease activity was observed [60, 102–107].

VD also affects the production of antimicrobial peptides,
such as cathelicidin and b-defensin 2, related to stimulating
the transcription of the NOD2 gene, which participates in
the release of cytokines as IL-1β, IL-6, and TNF-α, relevant
to the inflammatory process. In CD, it is observed that VD

Figure 2. Flow chart showing the study selection [33, 34].
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activates Treg cells, while suppressing TH1 and TH17 cells.
VDalso strengthensmacrophage responseandassists in the
maintenance of Paneth cells [7, 108–113].

VD also has action on the intestinal microbiota, playing
an essential role inmaintaining its homeostasis and compo-
sition. Moreover, intestinal dysbiosis may be relieved by
VD-dependent anti-inflammatory mechanisms. There is
evidence that VD participates in the regulation of the integ-
rity of the intestinal mucosal epithelial cells and provides
stimuli for their differentiation, further reducing the occur-
rence of apoptosis of these cells [7, 111, 114–116].

ChronicVDdeficiency, associatedwithwell-knowndam-
age caused by the intestinal inflammatory process, also
leads to malignant neoplastic processes. For this reason,
the therapeutic use of VD in the adjuvant treatment of
IBD is an important object of study [117–120]. The associa-
tion between IBD and VD is illustrated in Figure 4.

The articles discussed below present an intervention
using Vitamin D alone, in different dosages and routes of
administration (Table 1).

In a 1-year follow-up study, Bendix et al. [55] discussed
that high dosage VD treatment was significantly effective

Figure 3. Pathophysiology of inflammatory bowel disease (IBD). The imbalance in the intestinal microbiota, tight junction disruption, and
immunological response leads to the release of inflammatory cytokines, resulting in the two major inflammatory patterns. Tight junction
disruption promotes the phagocytosis of commensal bacteria of the intestinal lumen by dendritic cells and macrophages, leading to cytokine
secretion and modulation of T helper response determinates the granulomatous or ulcerative lesion pattern of IBD. CD: Chron’s disease; CXCL1:
chemokine (C-X-C motif) ligand 1; CXCL10: chemokine (C-X-C motif) ligand 10; CXCL3: chemokine (C-X-C motif) ligand 3; DC: dendritic cells;
FOXP3: forkhead box P3; GATA3: gata binding protein 3; NKC: natural killer cells; TLRs: toll-like receptors; IFN-γ: interferon gama; IL-1: interleukin
1; IL-2: interleukin 2; IL-4: interleukin 4; IL-: interleukin 5; IL-23: interleukin 23; IL-12: interleukin 12; IL-6: interleukin 6; IL-9: interleukin 9; IL-10:
interleukin 10; IL-13: interleukin 13; IL-17A: interleukin 17 a; IL-21: interleukin 21; IL-22: interleukin 22; IRF4: interferon regulatory factor 4;
MAdCAM-1: MAdCAM-1, mucosal addressing cell adhesion molecule 1; TGF-β: tumor growth factor beta; Ret A: retinoic acid; TNF-α: factor tumor
necrosis alfa; T-BET: immune cell transcription factor T-BET; Th1: T helper 1; Th2: T helper 2; Th9: T helper 9; Th17: T helper 17; Treg: T regulator
cell; RORγt: retinoid-related orphan receptor gamma t; UC: ulcerative colitis.
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to reduce inflammatory biomarkers and the need for later
infliximab dose-escalation in CD patients. The original
study of Bendix et al. [54] was conducted as a RCT with
CDpatients to evaluate IL-17A, IFN-γ, and IL-10expression
levels among individuals treated with high dosages of VD
alone or combined with infliximab. As an intervention, the
investigators administered firstly a bolus of 200,000 IU
of VD in the treated groups, followed by 7 weeks of
20,000 IU daily of VD. The results confirm that the use of
VD alone can significantly reduce IL-17A, IFN-γ, and IL-
10 expressions among VD-treated participants. However,
these high dosages of VD were not significantly appropri-
ated to decrease disease activity, CRP, or calprotectin

levels. This study does not demonstrate the chronic effects
of VD supplementation, although the done measurements
of inflammatory biomarkers were interestingly associated
with extensive follow-ups. One strength can be the use of
endoscopy toassessbowelbiopsies and theRNAexpression
of cytokines of the treated patients at weeks 0 and 7 of
treatments.

Emami et al. [45] performed an RCT with UC patients,
aiming to assess the levels of proangiogenic factors, vis-
fatin, and vascular endothelial growth factor after interven-
tion with a single intramuscular injection containing
300,000 IU of VD. The outcomes demonstrated that
although supplementation with VD generated less increase

Figure 4. Vitamin D and its effects on epithelial cells, inflammatory cells, and intestinal microbiota. In its active form, VD induces dendritic cells
and macrophages to an anti-inflammatory pattern and regulates intestinal microbiota and homeostasis. ": increase; ;: decrease; α: alfa; AMPs:
antimicrobial peptides; DAMPs: damage-associated molecular patterns; RXR: retinoic acid receptor; VDR: Vitamin D receptor; VDRE: Vitamin D-
response element; Vit D: Vitamin D; Th1: T helper 1; Th2: T helper 2; Th17: T helper 17; Treg: T regulator cell.
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in visfatin in patients with insufficiency of this hormone.
The study fails to demonstrate the effectiveness of VD sup-
plementation for the outcomes proposed in patients with
UC; thus, it is possible to point out the need for studies with
chronicadministrationof thevitaminsince itsuse ina single
dose limits the possible effects on an extremely acute and
short period. Furthermore, the study does not provide clear
information about theparticipants’ gender,which canbring
discrepancies between participants and impact the study’s
result through the generation of bias.

Ahamed et al. [41] performed an RCT with UC and VD
deficiency, assessing disease activity, using the UCDAI
score, after administering nano liquid formulation of VD
60,000 IU daily, for eight days. The study shows a reduc-
tion of 3 points in the score, especially in patients who
reached the target of serum VD concentration above 40
ng/mL. However, it is important to note the short adminis-
tration, for only eight days, limiting the results to an acute
use and masking possible adverse effects of the chronic
administration. Besides, the small sample also limits the
accuracy of the study.

The study of Sharifi et al. [36] used the same cohort
of Emami et al. [45] and demonstrated a significant reduc-
tion of TNF-α, IFN, and IL12p70 serum levels; however, the
IL-4 and IL-10 did not change significantly. The data allow
us to infer that VD may exert more relevant inhibitory
effects on a TH1 pattern to the detriment of the TH2
response. It is also relevant to note that the study does not
provide information about the participants’ genders. The
single applicationdoesnot specify a chronicVDadministra-
tion’s effects, limiting the results to a strictly acute
supplementation.

In another study, Sharifi et al. [44] investigated the effects
of a single intramuscular injectionofVD(300,000 IU), eval-
uating theBeckDepressionScore (BDS) atbaselineandafter
application, correlating it with the levels of VD. They
observed that the patients, who showed VD levels greater
than or equal to 30 ng/mL at the beginning of the study,
obtained a significant BDS reduction. This result allows us
toconclude that, for theVDsupplementation tohaveasignif-
icant antidepressant effect, this hormone’s levels must be
satisfactory from the baseline. The study did not evaluate
other clinical and laboratory data, which does not allow us
to know the effects of a possible reduction in the disease’s
inflammatory activity.

Karimi et al. [38] elaborated a double-blind, randomized
clinical trial to investigate the effects of twoVD regimens in
UCpatientswithVDdeficiency. Patients received2,000 IU
of VDper day for 12weeks or 1,000 IU ofVDper day for the
same time. Improvement of VD serum levels was observed
inall groups;however, the levelsweresignificantlyhigher in
the high dose group. RegardingQoL, both groups showed a
significant increase in themean score of IBDQ-9 at the end

of thestudy.Besides, thescore thatassesses thecolitis activ-
ity decreased in both groups.

In the study of De Bruyn et al. [40], CD patients were
treated to receive 25,000 IU of VD weekly for six months
following their first or second ileocolonic resection while
the other arm received a placebo. The results showed that
the higher dose was enough for the normalization of the
serum levels of VD, although this supplementation did not
reduce the incidence of postoperative endoscopic and clin-
ical recurrence in CD patients. The authors concluded that
it is possible that VD deficiency is a consequence of disease
activity and does not act as a causative factor in the patho-
physiology of CD.

Garg et al. [37] performed a prospective pilot study in
which the authors enrolled 25 patients into three groups:
eight with active UC, nine with inactive disease, and the
other eight had no IBD. All patients received 40,000 IU
of cholecalciferol weekly for 8 weeks. There was also a
decrease in fecal calprotectin levels in the active UC group.
Furthermore, there was a decrease in platelet levels and
increased albumin serum levels in this group. It was also
reported to increase in abundance of Enterobacteriaceae
and a decrease in the mucolytic Ruminococcus gnavus spe-
cies, but no other microbiota alteration was detected.
Although this study shows exciting results, it is important
to highlight it is not a randomized, placebo-controlled
study,which canbe led to possible bias.Moreover, the sam-
ple size is small.

Garg et al. [39] enrolled five patients withmild tomoder-
ately activeCDand five patientswith activeUCand treated
themwith 1,000–10,000 IU/daily for twomonths andana-
lyzed stool samples and other serum biomarkers of inflam-
mation. Their results showed improved VD serum levels,
but there was no significant improvement in fecal calpro-
tectin, neither on CRP, platelets, serum albumin, and other
inflammation biomarkers. After twelve weeks, there was a
significant improvement in clinical scores in patients with
CD, and a trendwasnoticed in patientswithUC. It is impor-
tant to notice that this is not a randomized, placebo-con-
trolled, or blinded study and included a small sample size.

In another study, Mathur et al. [43] investigated the
effects of VD3 on disease activity and quality of life in UC
patients with hypovitaminosis D, evaluating the Short IBD
Questionnaire (SIBDQ), the Partial Mayo Score for UC dis-
ease activity, and serum laboratory tests. Ninety days after
the intervention, VD serum levels increased more on the
4,000 IU group than the 2,000 IU group, although there
was a significant increase in both groups. They observed
that VD might improve the quality of life, but the effect on
the disease activity is still unclear.

Bafutto et al. [42] conducted a prospective double-
blinded, randomized trial with patients with mild-severe
CD. The trial compared 2,000 IU of VD per week for eight
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weekswith two other groups: 10,000 IU of VDand 50,000
IU of VD. The data demonstrated significant augmentation
of VD levels and 50,000 IU per week was the best dosage
for VD supplementation, and this intervention acts on
immunomodulation in patients in the use of anti-TNF. Fur-
thermore, itwas seena significant improvement in thequal-
ity of life in the two highest dosages.

In a randomized, double-blind placebo-controlled trial
performed by Narula et al. [49] with CD patients in remis-
sion, a comparison was made between VD dosages. The
subjects were divided into two groups so that one group
received oral VD in a dose of 10,000 IU, daily, while the
other arm received oral VD in a dose of 1,000 IU, daily
for 12months. The higher dosage of VDwasmore effective
in increasing this hormone’s levels in the blood. However,
the difference between dosages was not effective in reduc-
ing the relapse rate. Furthermore, both groups showed
improvement in depression and anxiety scores.

In the same cohort of Emami et al. [45], Sharifi et al. [51]
evaluated inflammatory biomarkers in UC patients in
remission. C-reactive protein levels were lower in the VD
group after an intervention such as Erythrocyte Sedimenta-
tion Rate. The mean fold change in cathelicidin hCAP18
gene expression in the VD group was significantly higher.
Although there was a significant increase in VD levels in
the VD group and decreased inflammatory biomarkers,
we cannot say that this dosage of VD in a single injection
would promote the disease’s clinical improvement.

In a randomized, parallel assignment, a single masking
study with IBD patients with 25(OH)D serum level <30
ng/mL of VD, Simek et al. [50] investigated VD as well as
calcium and parathormone levels. The patients received
VD in a dose of 10,000 IU/10 kg once a week, or 5,000
IU/per 10 kg. Serum VD increased in both groups at eight
weeks. At 12 weeks, serum VD levels were 35.1±8.4 and
30.8±4.2 ng/mL in the higher and lower dose groups.
Although there was a higher increase in the 10,000 IU
group than in the 5,000 IU group, it was not statistically sig-
nificant. The mean serum of calcium and parathormone
concentrations did not significantly change. With the
results of this study, it is not clear the impact of the supple-
mentation in improving IBD.

Raftery et al. [47] performed a study with CD patients in
remission with an intervention dose of 2,000 IU of VD,
daily, for three months. The other arm received only a pla-
cebo. The study demonstrated a significant augmentation
in VD serum levels in the treatment group. On the other
hand, the placebo group showed a reduction. Further-
more, this group had, as a result, small bowel and gas-
tro-duodenal permeability increased from baseline. From
the data, it is possible to claim that patients with 25(OH)
D�75 nmol/L after 3 months showed decreased markers
of inflammation such as CRP, and plasma cathelicidin

concentrations such as LL-37 apart from the non-signifi-
cantly lower score of disease activity compared to patients
with 25(OH)D<75 nmol/L.

Wingate et al. [46] performed an RCT with CD children
under supplementation with 2,000 IU/d of VD orally com-
pared to 400 IU/d of VD for sixmonths. The study demon-
strated that supplemental dose did not affect the disease
activity and showed that both interventions were effective
at achieving 16 or 20 ng/mL VD serum levels, although
2,000 IU/d dose was more effective in increasing VD con-
centrations to>30ng/mL inchildrenwithCDthan400 IU/
d doses.

The study performed by Yang et al. [52] enrolled patients
with active CD and low VD serum levels at baseline and
treated them with 1,000 IU, daily for two weeks and then
improved the dose for 5,000 IU for 24 weeks. The results
showed an increase in the serum levels at the end of the
study and a significant improvement in CD activity accord-
ing to the CDAI and quality of life scores. A possible bias to
behighlighted is the small sample size of the sample and the
fact that it is anopen-labeled trial,notcontrolledbyplacebo.

Pappaet al. [53]performedanRCTwithchildren/adoles-
cents with serumVD<20 ng/mL and IBD (CD and/or UC).
The intervention was performed in patients that received
2,000 IU of VD2 orally (control), oral VD3 2,000 IU daily,
or oral VD2, 50,000 IU weekly. The study indicated that
VD3 (2,000 IU) daily and VD2 (50,000 IU) weekly for
6 weeks is superior to VD2 (2,000 IU) daily for six weeks
in raising serumVD concentration andwerewell-tolerated.

Boothe et al. [48] published a non-complete work of a
randomized, single-blinded trial in which they enrolled 15
patients with CD diagnosis with low VD serum levels at
baseline. One group received low doses (1,000 IU), and
the other group received a higher dose (10,000 IU), daily
for 26weeks. At the end of the study, there was an increase
in VD levels in both groups, but there was a significant
increase inHBI levels only in the high dose group. Although
these are promising data, it is important to observe that the
results of this studywerenot fully published, and the sample
size was small.

The studies performed by Tan et al. [59], Bendix et al.
[56], Pappa et al. [57], and Bartels et al. [58] carried out an
intervention with VD in association with calcium supple-
mentation. Tan et al. [59] conducted a clinical trial where
participants had VD insufficiency (10 ng/mL�VD<20 ng/
mL) or deficiency (<10 ng/mL). The trial compared the
intervention of oral VD 150,000 IU plus oral Ca 600 mg
daily with two other groups: oral Ca 600 mg (daily) and
vehicle control group for three months, performing a fol-
low-up over 12 months. The study outcomes did not show
significant differences in Erythrocyte Sedimentation Rate,
C Reactive Protein, and Mayo score/CDAI, even after the
follow-up. It should be noticed that this study does not
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provide data on the number ofmen andwomen included in
the study. Also, VD administration was carried out in asso-
ciation with calcium, leading to a possible bias.

The study performed by Bendix et al. [56] included
patients from a previous study in which they were treated
with30μgofVD,plus 1,200mgofcalcium,daily.Theyeval-
uated the CD4+T cells response to the increase of VD in
patients’ cells that were previously activated. As a result,
the authors concluded that VD inhibited the VDR up-regu-
lation expression in previously stimulated T CD4+cells by
30%, with no effect on non-stimulated T cells. There was
also a decrease in IFN-γ levels in vitro matching VDR
expression reduction in those T cells. These results con-
tribute to show the effects of VD supplementation on the
regulation of pro-inflammatory cytokines. The small size
of the sample may represent a possible bias.

Pappa et al. [57] conducted a trial to evaluate VD serum
levels andCReactiveProtein inCDand/orUCpatients that
received400 IUor 1,000 IUoforalVDdaily in summerand
fall and 2000 IU at winter and spring. All patients received
800 mg of calcium supplementation daily and elemental
calcium orally if <11 years and 1,200mg if�11 years. Three
participants in the first dosage and three in the second
achieved VD of 32 ng/mL or higher in all trimonthly visits
for 12 months. This shows that VD doses under 2,000 IU
are not sufficient to maintain VD serum levels elevated.
Since the authors did not observe a significant difference
in the groups, it is impossible to postulate if VD supplemen-
tationat this dosagecouldhavebeneficial clinical outcomes
for patients with IBD.

In the study of Bartels et al. [58], CD patients with CDAI
below 150were treated to receive oral VD in adose of 1,200
IU plus calcium in a dose of 1,200mg while the other arm
received oral calcium alone. The evaluation of cytokine
levels exhibited lower production of inflammatory cytoki-
nes such as IL-1β and IL-6, and LPS-matured monocyte-
derived dendritic cells presented reduced expression of
CD80 after 26 weeks of intervention. The data show that
the placebo treatment did not affect cytokine production
or themixed leucocyte reaction,while the interventionwith
oral VD supplementation reduced cytokine levels in these
patients.

The recent publication of Guzman-Prado et al. [121]
showed a review and meta-analysis of VD in patients with
IBD. Although this publication is undoubted of significant
scientific contribution, it is essential to point out some ele-
ments that may constitute bias to the results of the paper.
In the meta-analysis, the authors included patients with
different disease stages. Furthermore, they included stud-
ies performed with different vitamin D dosages, as well as
studies that used an association of vitamin D with calcium
supplementation. Our review opted to build the discussion
and tables separately, discriminating the isolated use of VD

and its use associated with calcium. We believe that this
clearer andmore systematic form of writing allows a better
understanding of the outcomesobtainedby each study, cul-
minating in a more assertive conclusion.

Considering the high prevalence of IBD and its potential
harm to patients’ quality of life, the search for alternative
and complementary therapies is imperative. The conven-
tional therapies, such as immunomodulators and corticos-
teroids, are surrounded by limitations such as high cost
and adverse effects. As shown by the studies shown in
Table 1, VD is an adjuvant therapy that can help patients
and professionals deal with the management of remission
induction and prevent relapses. As other authors [122], we
can say that VD use helped reduce inflammation markers,
reduced the UCDAI and SSCAI scores, and improved the
quality of life of patientswho reachedVD levels above those
considered normal.

Oral daily doses of 1,000 IU for 12 weeks could elevate
the levels above 20ng/mL inUCorCD subjectswith active
disease. Doses of 50,000 IU per week were sufficient to
raise the levels above 40 ng/mL, and doses of 60,000 IU
daily for seven weeks could reduce UCDAI, CRP, and cal-
protectin. These results show that higher doses should not
be necessary. However, it is still a challenge to predict the
best dose of VD to be administered, whether it should be
used alone or in association with calcium, and which are
the best routes of administration.

Our review’s limitations include several factors related to
the use of VD in IBD patients: the form and time of admin-
istration and the concentrations useddifferwidely between
studies, which precludes effective comparisons of how
much VD helps in maintenance or induction remission.
Another important point is that the stage of the disease is
also different inmany studies, thus compromising an accu-
rateanddefinitive assessmentof thenecessarydosesofVD,
time of intervention, and form of administration for suc-
cessful results.

Conclusions

Since inflammation is the primary harmful mechanism
involved in the pathophysiologic architecture of IBD, VD
contributes to the prevention and treatment of this condi-
tion by decreasing the pro-inflammatory secretory pattern.
These properties strengthen the therapeutic use of VD sup-
plementation not only to prevent but also, to induce remis-
sion in IBD patients.

However, the studies that investigated the use of VD in
IBD patients were performed using different doses, differ-
ent associations, administration routes, and intervention
time, which may be difficult to identify the best way of VD
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clinical use. Therefore, more clinical trials are needed to
elucidate optimal dosages, long-term effects, and routes
of administration of VD.
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