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Abstract

Background: Vitamin D is a hormone with immunomodula-
tory properties. Vitamin D deficiency has been reported for
patients with inflammatory bowel disease (IBD). In this cross-
sectional study, 25-hydroxyvitamin D3 (25-OH-D3) levels in
patients with IBD were compared to those in patients with
irritable bowel syndrome (IBS). Methods: A total of 181 pa-
tients, 156 with IBD and 25 with IBS, were included. The influ-
ence of disease activity, inflammatory markers, physical ac-
tivity, and season were assessed. Results: A total of 58.6%
(n = 58) of the patients with Crohn’s disease (CD) and 44.6%
(n = 25) of the patients with ulcerative colitis (UC) had a 25-
OH-D3 level <50 nmol/L. CD patients showed significantly
decreased 25-OH-D3 levels compared to the IBS patients
(p = 0.018), but no significant difference was found for UC
patients. In a linear regression model adjusted for age, gen-
der, and BMI, a significant inverse association of C-reactive
protein (CRP) (p = 0.031) and faecal calprotectin (FC) (p =
0.025) with 25-OH-D3 levels was observed for CD patients.
Seasonal variation in 25-OH-D3 levels was found in CD pa-

tients, with significantly lower values in spring than in sum-
mer (p = 0.04). Conclusion: Vitamin D deficiency was com-
mon in all IBD patients, but more pronounced in CD patients,
in whom it also showed a significant inverse association with
inflammatory markers such as CRP and FC.

© 2018 S. Karger AG, Basel

Introduction

Inflammatory bowel disease (IBD) is a chronic inflam-
matory condition of the gut related to a combination of
genetic and environmental factors that have an impact on
host-microbe interactions [1]. IBD includes two different
diseases: Crohn’s disease (CD) and ulcerative colitis
(UC). Epidemiologic studies have demonstrated that IBD
is more frequently diagnosed in northern countries and
at higher altitudes, and frequently diagnosed during win-
ter [2-5]. It has been observed that vitamin D deficiency
occurs more frequently among IBD patients than in the
general population, and has therefore recently received
more attention as a potential environmental factor in the
pathogenesis of IBD [6-8]. As vitamin D is mainly pro-
duced in the skin upon exposure to sunlight (UVB) or is
absorbed by food intake in the small intestine, several fac-
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tors such as malabsorption, reduced vitamin D in the diet,
insufficient physical activity, and insufficient exposure to
sunlight or intestinal inflammation may cause the defi-
ciency [9]. Vitamin D is involved in a wide range of phys-
iological processes and especially well characterized in
the regulation of calcium homoeostasis. It is recommend-
ed to IBD patients with active disease and those who are
treated with steroids to monitor for serum calcium as well
as vitamin D and to supplement it if required to help pre-
vent low bone mineral density [10]. However, low serum
vitamin D levels have also been reported in various im-
mune-related diseases, pointing to an immunomodula-
tory function. Vitamin D receptors are located in most
tissues and cells of the body and in the intestine, with high
expression in the small intestine and colon. Vitamin D
and its receptor are known to interact with different play-
ers of the immune system involved in innate immune
functions and adaptive T-cell responses, as well as in
maintenance of the integrity of the intestinal barrier [11-
13].

Different clinical studies confirmed an association be-
tween vitamin D status and markers of disease activity
and inflammation [14-17]. IBD patients with low serum
vitamin D required more drugs such as steroids and bio-
logical treatment, and they showed an increased risk of
relapse with an increased rate of emergency department
visits and hospital admissions, suggestive of a more severe
disease course [18, 19]. Normalization of serum vitamin
D levels was associated with a lower risk of CD-related
surgery when compared to patients with a low serum vi-
tamin D level [20]. These data suggest that lack of vitamin
D relevantly contributes to inflammatory processes in the
gut and therefore may be a detrimental environmental
factor for the course of the disease in patients with IBD.

The aim of this single-centre, cross-sectional study was
to assess the vitamin D status of patients with IBD com-
pared to patients with irritable bowel syndrome (IBS).
Additional relevant confounders were examined in the
IBD group (e.g., disease activity, inflammatory markers,
BMI, age, gender, physical activity, and season) to iden-
tify possible determinants of vitamin D deficiency in IBD
patients.

Methods

Study Design and Subjects

This single-centre, prospective, cross-sectional study was per-
formed at the Department of Gastroenterology and Hepatology,
University Hospital Basel, Basel, Switzerland. Between April 2016
and January 2017, 277 patients with CD, UC, or IBS who were
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treated at the University Hospital Basel were asked to participate.
Of these, 181 agreed to participate, signed the informed consent
form, and were included in the study.

The inclusion criteria were the following: IBD patients in clin-
ical remission, IBD patients with a chronically active but medi-
cally controlled disease status, IBD patients hospitalized due to
active exacerbated disease (evaluation within the first 3 days of
hospitalization), and patients with IBS. Excluded were patients un-
willing to participate and those aged <18 years. The diagnosis of
IBD was confirmed by endoscopic and histological analysis. For a
diagnosis of IBS, the Rome III criteria were applied, and IBS pa-
tients had to undergo at least an endoscopic and histological anal-
ysis and had to have levels of faecal calprotectin (FC) <20 ug/g stool
and tissue transglutaminase IgA <5 IU/mL to exclude the presence
of inflammation in the gastrointestinal tract or coeliac disease. All
procedures, laboratory evaluations, and epidemiological data were
assessed on the day of examination.

Assessments

Analytical Assays

Blood samples were analysed for laboratory indices including
albumin and markers of systemic inflammation (C-reactive pro-
tein [CRP], leucocytes, and platelet count) through routine labora-
tory techniques.

Serum 25-hydroxyvitamin D3 (25-OH-D3) was measured with
a competitive electrochemiluminescence binding assay using the
cobas® modularanalyser platform (Roche Diagnostics, Mannheim,
Germany) according to the manufacturer’s instructions. Results
are expressed in nanomole per litre.

For evaluation of intestinal inflammation, the patients received
a small tube to store a stool sample at home which was collected
the day before consultation. After extraction from stool, FC was
assessed using a competitive chemiluminescent immunoassay
(DiaSorin LIAISON® Calprotectin; DiaSorin Inc., Stillwater, MN,
USA). Values are expressed as micrograms per gram stool. Values
were quantified within the range of 20-1,500 pg/g stool, with val-
ues below this range expressed as <20 ug/g stool.

Definition of Disease Activity and 25-OH-D3 Deficiency

The Harvey Bradshaw Index (HBI) for CD and the Modified
Truelove and Witts Severity Index (MTWSI) for UC were used for
determining disease activity [21-23]. The HBI is divided into four
categories: remission (<5), mild disease (5-7), moderate disease
(8-16), and severe disease (>16). The MTWSI is defined as remis-
sion (<3), mild disease (4-6), moderate disease (7-11), and severe
disease (>12). Each score was assessed on the day of examination.
CRP levels >5 mg/L were defined as active inflammation [21]. FC
levels >100 pg/g stool were considered a relevant elevation [24].
Vitamin D deficiency was considered with 25-OH-D3 values <50
nmol/L [25, 26].

Vitamin D Supplementation and Physical Activity

On the day of examination, the patients were asked about vita-
min D supplementation and registered as “yes” or “no” in the da-
tabase. The average physical activity per week in minutes was as-
sessed, and was then divided into three categories: low, <30 min
5x per week; moderate, 30-60 min 5x per week; and high, >60 min
5x per week. Physical activity included sport (e.g., running, gym,
and cycling) and general movement during the day (e.g., walking
or riding to work by bike).
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Table 1. Baseline characteristics of the IBD and IBS patients

CD (n=99) UC (n=57) IBS (n = 25)
Age, years 41.2 (14.5) 41.5(13.6) 48.2 (15.2)
Gender
Female 48 (48.5) 31 (54.4) 18 (72)
Male 51 (51.5) 26 (45.6) 7 (28)
Disease duration, years 13.8 (10.8) 10.2 (9.4) 4.4 (8.8)
BMI 25.4 (6) 24.2 (4.3) 23.7 (4.7)
Smoking status
Current smoker 28 (28.3) 11 (19.3) 8 (32)
Former smoker 30 (30.3) 16 (28.1) 9 (36)
Never smoked 41 (41.4) 30 (52.6) 8 (32)
Serum 25-OH-D3, nmol/L 46 (34-63.5)  52.5(35.5-69.2) 67 (47-78)
Serum 25-OH-D3 level
<50 nmol/L 58 (58.6) 25 (44.6) 7 (28)
>50 nmol/L 41 (41.4) 31 (55.4) 18 (72)
Serum 25-OH-D3 level <50 nmol/L
25-OH-D3 supplementation
No 46 (79.3) 21(84) 6 (85.7)
Yes 12 (20.7) 4(16) 1(14.3)
Serum 25-OH-D3 level >50 nmol/L
25-OH-D3 supplementation
No 22 (53.7) 17 (54.8) 11 (61.1)
Yes 19 (46.3) 14 (45.2) 7 (38.9)

Values are presented as mean (SD), median (IQR), or n (%). Age, gender, BMI, and smoking status were not
significantly different between the study groups (p > 0.1). Disease duration was significantly different (CD vs.
IBS, UC vs. IBS) ata p value <0.001. CD, Crohn’s disease; UC, ulcerative colitis; IBD, inflammatory bowel disease;
IBS, irritable bowel syndrome; 25-OH-D3, 25-hydroxyvitamin D3.

Statistical Methods

Descriptive statistics are presented as means (SD) for metric
variables and medians (IQR) for ordinal variables and clinical pa-
rameters. The prediction variable 25-OH-D3 and the cofactors
CRP and calprotectin were log transformed, as verified by prelim-
inary analysis including quantile comparison plots. Hierarchical
variable clustering analysis using Spearman’s rank correlation re-
vealed no significant collinearity between the covariates.

For comparing vitamin D levels between the three study groups
(reference group: IBS), linear models predicting log-transformed
25-OH-D3 levels were performed. To separately study the influ-
ence of selected covariates on log-transformed 25-OH-D3 levels in
patients with CD and UC, multiple linear models were performed
using a nested model design. All models were adjusted for age,
gender, and BMI. Back-transformed estimates represent ratios for
categorical parameters and slopes for continuous variables, with
corresponding 95% CI and p values.

Seasonal effects were studied by pooling individual study times
into three periods: spring (April to June), summer (July to Septem-
ber), and autumn/winter (October to January). Physical activity
values were pooled in two groups (260 and <60 min).

A p value <0.05 was considered significant. Adjustment of the
significance level for multiple comparisons was omitted because of
the descriptive nature of the study. All analyses were performed
with the statistical program R version 3.1.2 (R Core Team 2014; R
Foundation for Statistical Computing, Vienna, Austria).
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Results

Subject Characteristics

A total of 277 consecutive patients were asked to par-
ticipate in our study; 181 (66.3%) gave written informed
consent and were included in the study. Ninety-nine of
the 181 participants were diagnosed with CD, 57 with
UC, and 25 with IBS. The baseline characteristics of all
patients are shown in Table 1; the specific baseline char-
acteristics of the patients with CD and those with UC are
shown in Table 2.

Most patients with CD (70.7%; n = 70) and UC (54.4%;
n =31) were in clinical remission according to the clinical
scores on the HBI and MTWSI, respectively.

Vitamin D Deficiency in IBD Compared to IBS

Patients

The first analysis showed that vitamin D levels were
decreased in the patients with CD (median: 46 nmol/L;
IQR: 34-63.5) and UC (median: 52.5 nmol/L; IQR: 35.5—
69.2) when compared to the IBS patients (median: 67
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nmol/L; IQR: 47-78). A distinction between insufficient
and adequate vitamin D levels (<50 vs. 250 nmol/L) was
made, and it was observed that 58.6% (58/99) of the pa-
tients with CD, 44.6% (25/57) of the patients with UC,
and 28% (7/25) of the IBS patients had an insufficient
25-OH-D3 level (<50 nmol/L) (Table 1). Of these pa-
tients, 31.3% (n = 31) of those with CD and 31.6% (n =
18) of those with CU had a prescription for vitamin D
supplementation at the time of analysis. A higher per-
centage of sufficient vitamin D levels (>50 nmol/L) - i.e.,
46.3% of the CD and 45.2% of UC patients — was ob-
served among the patients with vitamin D supplementa-
tion.

In the linear regression analysis (adjusted for age, gen-
der, and BMI), 25-OH-D3 levels were significantly differ-
ent between CD patients and IBS controls (ratio: 0.761;
95% CI: 0.608-0.954; p = 0.018) (Table 3; Fig. 1), but not
between UC patients and IBS controls. As some patients
had vitamin D substitution at the time of evaluation, the
same analysis was also performed only for patients with-
out vitamin D supplementation, which still demonstrated
a significant difference between CD and IBS patients (ra-
tio: 0.723;95% CI: 0.549-0.952; p = 0.021). No significant
difference was observed between UC and IBS patients
(Table 3).

Association between Inflammatory Markers and

25-OH-D3 Levels

Most of the patients with CD and UC were in clinical
remission. For CD patients, a median FC level of 187.5
ug/g stool (IQR: 53-394.8) was observed; for UC patients,
the median FC level was 137 pg/g stool (IQR: 60-702)
(Table 2). Approximately 60% of CD and UC patients had
an FC level >100 pg/g stool at the time of analysis. The
median CRP levels were 1.7 mg/L (IQR: 0.8-5) for CD
patients and 1.5 mg/L (IQR: 0.6-3.8) for UC patients.
Only 24.2% of CD patients and 19.3% of UC patients had
a CRP level >5 mg/L.

Linear regression analysis demonstrated that serum
25-OH-D3 levels were significantly inversely correlated
with FC levels (slope: 0.918; 95% CI: 0.852-0.989; p =
0.025) in CD patients (Fig. 2a; Table 4). However, no cor-
relation was found between FC and 25-OH-D3 levels in
UC patients. Further analysis showed that the correlation
for CD patients appeared only in those patients with acute
inflammation, and therefore we differentiated inflamma-
tion from no inflammation by an FC cut-off at 100 pg/g
stool, which showed that an FC level >100 pg/g stool had
asignificant influence on 25-OH-D3 levels in CD patients
(ratio: 0.802; 95% CI: 0.647-0.995; p = 0.045).

Vitamin D in IBD

Table 2. Baseline characteristics of the patients with CD and UC

CD (n=99) UC (n=57)
Montreal classification
Age at diagnosis
Al (<16 years) 18 (18.2)
A2 (16-40 years) 69 (69.7)
A3 (>40 years) 12 (12.1)
Disease location (UC)
E1 (proctitis) 7 (12.3)
E2 (left colitis) 30 (52.6)
E3 (pancolitis) 20 (35.1)
Disease location (CD)
L1 (terminal ileum) 19 (19.4)
L2 (colon) 25 (25.5)
L3 (ileum-colon) 39 (39.8)
L4 (upper gastrointestinal tract) 1(1)
Disease behaviour (CD)
B1 (non-stenotic, non-penetrating) 52 (53.1)
B2 (stenotic) 24 (24.5)
B3 (penetrating) 11 (11.2)
B3p (perianal penetrating) 11 (11.2)
Number of drugs per patient
0 9(9.1) 5(8.8)
1 77 (77.8) 37 (64.9)
2 13 (13.1) 10 (17.5)
>3 0 5(8.8)
Current use of medication for IBD
5-Aminosalicylic acid 2(2) 21(28.8)
Immunomodulators 11 (10.7) 8(10.9)
Integrin antagonists 6 (5.8) 11 (15.1)
TNF-a blockers 71 (68.9) 25 (34.2)
Glucocorticoids 13 (12.6) 8 (11)
Disease activity'
Remission 70 (70.7) 31 (54.4)
Mild 13 (13.1) 16 (28.1)
Moderate 14 (14.1) 9 (15.8)
Severe 2(2) 1(1.8)
Calprotectin, pg/g stool 187.5 (53-394.8) 137 (60-702)
<100 pg/g stool 38 (38.8) 24 (42.1)
>100 pg/g stool 60 (61.2) 33 (57.9)
CRP, mg/L 1.7 (0.8-5) 1.5 (0.6-3.8)
<5 mg/L 75 (75.8) 46 (80.7)
>5 mg/L 24 (24.2) 11 (19.3)
Leucocytes, x10°/L 6.3 (5-8.2) 5.7 (4.7-7.5)
<10 x 10°/L 89 (89.9) 53 (93)
>10 x 10%/L 10 (10.1) 4(7)

Values are presented as median (IQR) or n (%). CD, Crohn’s disease; UC,
ulcerative colitis; IBD, inflammatory bowel disease; HBI, Harvey Bradshaw
Index for CD (remission <5, mild 5-7, moderate 8-16, and severe >16);
MTWSI, Modified Truelove and Witts Severity Index for UC (remission <3,
mild 4-6, moderate 7-11, and severe >12); CRP, C-reactive protein. ! Ac-
cording to the HBI for CD and the MTWSI for UC.

Inflamm Intest Dis 2017;2:200-210 203
DOI: 10.1159/000489010



Table 3. Linear regression model predicting log-transformed 25-OH-D3 by comparing the three study groups
(reference group: IBS) adjusted for age, gender, and BMI

Comparison Ratio 95% CI p value
With vitamin D supplementation CD vs. IBS 0.761 0.608-0.954 0.018

UC vs. IBS 0.829 0.653-1.052 0.121
Without vitamin D supplementation CD vs. IBS 0.723 0.549-0.952 0.021

UC vs. IBS 0.816 0.608-1.094 0.172

Bold type denotes significance. CD, Crohn’s disease; UC, ulcerative colitis; IBS, irritable bowel syndrome; 25-

OH-D3, 25-hydroxyvitamin D3.

Similar to FC levels, CRP levels were significantly in-
versely correlated with serum 25-OH-D3 levels in CD pa-
tients (slope: 0.91;95% CI:0.835-0.992; p=0.031) (Fig. 2b;
Table 4). Again, no correlation was found between CRP
and 25-OH-D3 levels in UC. The differentiation between
inflammation (>5 mg/L) and no inflammation (<5 mg/L)
was not associated with significant differences (slope:
0.822; 95% CI: 0.642-1.054; p = 0.121) for CD patients.

No significant correlation was observed between leu-
cocyte count (>10 x 10°/L) and 25-OH-D3 levels in both
UC and CD patients. In addition, in a subgroup analysis
the correlation between high leucocyte levels and intake
of steroids was examined. Systemic steroids were taken by
8/57 (14%) of UC patients and by 13/99 (13.1%) of CD
patients, and these patients expectedly showed a signifi-
cant correlation (p < 0.001) when compared to the pa-
tients who did not take steroids.

Association between Disease Activity Scores and

25-OH-D3 Levels

Disease activity was determined by clinical scores on
the HBI for CD patients and the MTWSI for UC patients.
The analysis of 25-OH-D3 deficiency in correlation to the
HBI showed an inverse trend (slope: 0.976; 95% CI:
0.951-1.002; p = 0.074) (Fig. 3; Table 5). A subgroup anal-
ysis was performed for the HBI to see if there were differ-
ences between subgroups concerning disease activity (re-
mission, mild disease, moderate, and severe disease) and
25-OH-D3 levels, but no differences were observed.
There was no correlation between MTWSI and 25-OH-
D3 levels in UC patients.

Association between Season and 25-OH-D3 Levels

The patients in this study were enrolled between April
2016 and January 2017. Therefore, we investigated wheth-
er seasonal differences could be responsible for any varia-
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Fig. 1. Boxplot of 25-OH-D3 levels in the three study groups (IBS,
CD, and UC). 25-OH-D3, 25-hydroxyvitamin D3; CD, Crohn’s
disease; UC, ulcerative colitis; IBS, irritable bowel syndrome.

tion in 25-OH-D3 serum levels. As the patients were en-
rolled within a time frame of 10 months, the following
seasons were set for analysis: spring (April to June), sum-
mer (July to September), and autumn/winter (October to
January); summer was used as the reference. The assess-
ment showed that 25-OH-D3 levels were significantly
lower in spring (ratio: 0.801; 95% CI: 0.648-0.99; p = 0.04)
and that there was a trend for low 25-OH-D3 levels in au-
tumn/winter (ratio: 0.623; 95% CI: 0.364-1.067; p = 0.084)
in CD patients. No associations between the different sea-
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sons and 25-OH-D3 levels were found for UC patients
(Fig. 4; Table 5).

Associations of Physical Activity (<60 vs. 260 min)

and Disease Duration with 25-OH-D3 Levels

There was no significant association between physi-
cal activity (<60 vs. 260 min) and 25-OH-D3 levels for
both UC and CD patients (Table 5). Disease duration
showed a significant inverse association with serum 25-

Vitamin D in IBD

OH-D3 levels in CD patients (slope: 0.983; 95% CI:
0.972-0.994; p = 0.003) in the model that was adjusted
for age, gender, and BMI. Because disease duration and
age may be highly correlated, a single-model analysis
adjusted for gender and BMI was performed. In this
model, there was no significant effect for CD (slope:
0.993; 95% CI: 0.984-1.003; p = 0.181). No correlation
was seen between disease duration and 25-OH-D3 lev-
els in UC patients (Table 5).
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Table 4. Multiple linear model of log-transformed 25-OH-D3 and selected inflammatory markers in CD and UC
adjusted for age, gender, and BMI including subgroup analysis

Parameter Group  Comparison Slope/ratio  95% CI p value
log calprotectin CD 0.918 0.852-0.989 0.025
ucC 0.987 0.903-1.079 0.767
Calprotectin CD! >100 vs. <100 ug/g stool 0.802 0.647-0.995 0.045
log CRP CD 0.91 0.835-0.992 0.031
ucC 1.101 0.979-1.239 0.107
CRP CD! >5vs. <5 mg/L 0.822 0.642-1.054 0.121
Leucocytes CD 1.016 0.975-1.059 0.434
UC 1.057 0.993-1.124 0.08
CD! >10 vs. <10 x 10°/L 1.148 0.820-1.609 0.418
uUcC! >10 vs. <10 x 10°/L 1.487 0.875-2.530 0.142

Bold type denotes significance. CD, Crohn’s disease; UC, ulcerative colitis; 25-OH-D3, 25-hydroxyvitamin
D3; CRP, C-reactive protein. ! Subgroup analysis.
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Fig. 3. Inverse correlation of the disease activity score on the HBI
and 25-OH-D3 levels in the patients with CD. The ellipse repre-
sents 95% of the given data. HBI, Harvey Bradshaw Index; 25-OH-
D3, 25-hydroxyvitamin D3; CD, Crohn’s disease.

Discussion

Vitamin D is a fat-soluble secosteroid hormone that
has been attributed to immunomodulatory functions in
patients with IBD [27]. High prevalence rates of vitamin

206 Inflamm Intest Dis 2017;2:200-210
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D deficiency among IBD patients ranging between 22 and
63% — depending on which threshold value for serum vi-
tamin D was used to signify deficiency - indicate its sig-
nificance as an environmental factor in IBD [7, 28-31].
The data from our cross-sectional analysis confirm the
findings regarding vitamin D deficiency from previous
reports, since up to 60% of the patients with CD and ap-
proximately 45% of the patients with UC had serum 25-
OH-D3 levels <50 nmol/L as compared to only 25% of the
patients in the IBS group. The 25% prevalence rate of vi-
tamin D deficiency among our IBS patients is comparable
to the prevalence rate reported for the general population
[32]. Independently of vitamin D supplementation, we
found a significant difference in serum 25-OH-D3 levels
between the CD and IBS patients. Similar to our findings,
results from other reports more frequently showed insuf-
ficient 25-OH-D3 serum levels in CD patients than in UC
patients [33].

The result that CD patients have a lower vitamin D
level suggests that the resorption of vitamin D in the small
intestine in these patients may be compromised by in-
flammatory activity or for other reasons, and it may indi-
cate the need for additional vitamin D substitution in or-
der to reach a sufficient level >50 nmol/L. A recently pub-
lished review of two small open-label trials and one
randomized controlled trial found a positive effect of vi-
tamin D supplementation on disease activity at least in
patients with CD [34]. Oral supplementation for CD pa-
tients in remission with 1,200 IU vitamin D3 was shown
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Table 5. Multiple linear model of log-transformed 25-OH-D3 and selected variables in CD and UC adjusted for

age, gender, and BMI

Parameter Group Comparison Ratio/ slope 95% CI p value
Clinical CD HBI 0.976 0.951-1.002 0.074
ucC MTWSI 0.965 0.918-1.014 0.16
Season CDh Apr-Jun vs. Jul-Sep 0.801 0.648-0.99 0.04
Oct-Jan vs. Jul-Sep 0.623 0.364-1.067 0.084
ucC Apr-Jun vs. Jul-Sep 0.933 0.689-1.263 0.65
Oct-Jan vs. Jul-Sep 0913 0.563-1.48 0.71
Physical activity CD Physical activity 1.101 0.893-1.358 0.365
ucC Physical activity 1.218 0.891-1.666 0.214
Disease duration CD Disease duration 0.993 0.984-1.003 0.181
ucC Disease duration 1.005 0.99-1.02 0.484

Bold type denotes significance. Physical activity values were pooled in two groups (260 vs. <60 min). Sea-
sonal effects were studied by pooling individual study times per month in three periods: spring (Apr-Jun), sum-
mer (Jul-Sept), and autumn/winter (Oct-Jan). Summer was set as the reference period. CD, Crohn’s disease; UC,
ulcerative colitis; HBI, Harvey Bradshaw Index for CD; MTWSI, Modified Truelove and Witts Severity Index for

UGC; 25-OH-D3, 25-hydroxyvitamin D3.

CD uc

150

100

Fig. 4. Boxplots showing 25-OH-D3 levels
in spring (Apr-Jun), summer (Jul-Sept),
and autumn/winter (Oct-Jan) in the pa-
tients with CD and UC. In the patients with
CD, 25-OH-D3 levels were significantly
enhanced in summer compared to spring,
asrevealed by linear regression adjusted for
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to significantly increase serum vitamin D levels and to
reduce the risk of relapse in these patients [35]. In our
study, only approximately 30% of the IBD patients were
supplemented with 1,000-1,500 IU vitamin D3 per day at
the time of the analysis, and in a substantial proportion
of these IBD patients we did not reach a sufficient vitamin
D level >50 nmol/L. Although adherence issues and the

Vitamin D in IBD

exact dosing of vitamin D supplementation was not fully
addressed in our evaluation, the above suggests that the
recommended level of supplementation may not prevent
vitamin D deficiency in all patients and that higher sup-
plementation and/or better monitoring may therefore be
needed especially in IBD patients at risk [36]. A small
study on patients with active disease supplemented with
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vitamin D with a targeted vitamin D serum level of 100-
125 nmol/L over a 12-week treatment period showed an
improvement in symptom-based activity scores but no
alteration in inflammatory markers [37].

Our analysis revealed that in CD patients, disease ac-
tivity was inversely correlated with serum 25-OH-D3 lev-
els, as shown for the inflammation markers FC and CRP.
By differentiating between inflammation (FC >100 ug/g
stool) and no inflammation (FC <100 pg/g stool) in our
study, higher FC values were associated with lower 25-
OH-D3 serum levels, indicating that a low vitamin D sta-
tus is associated with active disease in patients with CD.
Other authors reported that FC levels were significantly
inversely associated with 25-OH-D3 levels in CD patients
[15, 17], and this confirms an association of low vitamin
D level with increased disease activity [7, 16]. A correla-
tion of cytokine levels with vitamin D status has been
shown in patients with CD, with the finding that a low
vitamin D status is associated with reduced levels of the
anti-inflammatory cytokine interleukin-10 but with no
association with serum TNF-a levels [38]. However, also
in UC patients an inverse association of mucosal inflam-
mation with serum 25-OH-D3 levels was reported [15,
39]. Other studies showed that a low quality of life corre-
lates with a low serum vitamin D level [14, 31, 33].

Besides its absorption in the small intestine, vitamin D
is produced in the skin upon exposure to sunlight, and a
lack of it is associated with an increased risk of osteopo-
rosis and fractures, as well as of autoimmune and infec-
tious diseases [40, 41]. Our study has shown that patients
with CD had fluctuating 25-OH-D3 levels during differ-
ent seasons. When comparing the different periods of
spring, summer, and autumn/winter, patients with CD
had lower 25-OH-D3 levels in spring and autumn than in
the summer months, suggesting that exposure to sunlight
influences vitamin D levels in patients with IBD. A study
from Germany showed that adults have low vitamin D
levels especially at higher altitudes, during winter and
spring, and when having a low physical activity level [42].
Another study showed that patients with CD had low vi-
tamin D levels in winter, but there was no statistically sig-
nificant correlation between seasonal vitamin D level and
disease activity [43]. In our study, we included questions
about physical activity, which was measured by asking
patients how often they did sports or generally moved in
everyday life in an average week. Nonetheless, in our co-
hort physical activity did not seem to have influenced 25-
OH-D3 levels in the patients with CD and UC. However,
as a limitation we should state that we did not distinguish
between indoor and outdoor sports activity in order to
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exactly quantify any outdoor activity as a possible mea-
sure of exposure to sunlight; our evaluation permitted
only to assess for physical activity in two categories (260
vs. <60 min). Therefore, it cannot be concluded whether
physical activity is associated with vitamin D levels.

Disease duration has been reported to influence 25-OH-
D3 levels in CD patients. As different studies showed that
older people more often have a low vitamin D status [44],
we performed a single-model analysis which was adjusted
for gender and BMI to exclude any influence of age. We did
not observe any correlation between disease duration and
25-OH-D3 level. As IBD is mostly diagnosed in young peo-
ple (<40 years), it could be logically concluded that patients
with a longer disease duration are older and that conse-
quently their risk of vitamin D deficiency increases [41].

An important limitation of this study is its cross-section-
al design with voluntary participation and consequently an
uneven distribution of patient groups. However, we believe
that our evaluation is representative of the population of
IBD patients treated at tertiary referral centres. Since many
of the IBD patients were in remission, our statistical analy-
sis of inflammatory parameters, especially among the pa-
tients with UC, may limit conclusions about an association
of inflammation with vitamin D levels in UC patients. For
organizational reasons, patient inclusion was set between
April 2016 and January 2017, which limited the evaluation
of seasonal effects especially during the winter months of
February and March, when vitamin D deficiency may be
even more pronounced in our region with a low average
sunshine duration of 90-120 h per month.

In conclusion, our cross-sectional analysis of IBD pa-
tients revealed that 25-OH-D3 deficiency is found more
frequently among CD patients than among UC patients.
An inverse association of the inflammatory parameters
calprotectin and CRP with vitamin D levels was found for
patients with CD. Seasonal variation in 25-OH-D3 levels
was observed among CD patients, which suggests consid-
eration of a general substitution of IBD patients with vi-
tamin D at least during the winter months with less expo-
sure to sunlight.
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