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Therapeutic Effect of Vitamin D Supplementation in a
Pilot Study of Crohn’s Patients

Linlin Yang, PhD', Veronika Weaver', Jill P. Smith, MD?, Sandra Bingaman, RN?, Terryl J. Hartman, MPH/PhD® and
Margherita T. Cantorna, PhD'

OBJECTIVES: Low vitamin D status may be associated with Crohn’s disease. A pilot study was performed in patients with
mild-to-moderate Crohn’s disease to determine the dose of vitamin D needed to raise serum vitamin D levels above 40 ng/ml.
METHODS: Patients were evaluated for severity of symptoms using the Crohn’s disease activity index (CDAI) and patients with
mild-to-moderate (150-400 CDAI scores) Crohn’s disease were entered into the study (n=18). Vitamin D; oral therapy was
initiated at 1,000 1U/d and after 2 weeks, the dose was escalated incrementally until patients’ serum concentrations reached
40 ng/ml 25(0H)D; or they were taking 5,000 IU/d. Patients continued on the vitamin D supplements for 24 weeks. CDAI, quality of
life measures, bone mineral density, dietary analyses, cytokines, parathyroid hormone, calcium, and several other laboratory
measurements were evaluated at baseline and after 24 weeks supplementation.

RESULTS: Fourteen of eighteen patients required the maximal vitamin D supplement of 5,000 IU/d. Vitamin D oral supplementation
significantly increased serum 25(0OH)D; levels from 16 + 10 ng/ml to 45 + 19 ng/ml (P< 0.0001) and reduced the unadjusted mean
CDAI scores by 112 + 81 points from 230 + 74 to 118 + 66 (P<0.0001). Quality-of-life scores also improved following vitamin
D supplementation (P=0.0004). No significant changes in cytokine or other laboratory measures were observed.
CONCLUSIONS: Twenty-four weeks supplementation with up to 5,000 IU/d vitamin D; effectively raised serum 25(0OH)D; and
reduced CDAI scores in a small cohort of Crohn’s patients suggesting that restoration of normal vitamin D serum levels may be

useful in the management of patients with mild-moderate Crohn’s disease.
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INTRODUCTION

The incidence of immune-mediated diseases such as
inflammatory bowel disease (IBD) has increased in developed
countries over the last 50 years. The cause of the increased
incidence of IBD is thought to be because of poorly defined
environmental factors including changes in the microbial
exposure (sometimes referred to as the hygiene hypoth-
esis).”? The hygiene hypothesis proposes that because of
vaccination and decreased exposure to helminth infections
the immune system has not been properly primed to
prevent immune-mediated diseases. For IBD it is clear that
the composition of the gastrointestinal microflora is
associated with the development of these diseases. IBD is
thought to be a disease triggered by the bacteria or dietary
antigens in the gut of susceptible individuals.® There are
at least two distinct forms of IBD, ulcerative colitis and
Crohn’s disease.

A major source of vitamin D for humans results from its
manufacture via a photolysis reaction in the skin; vitamin D
available from sunlight exposure is significantly less in
northern climates, and especially low during the winter.** In
addition, dietary intake of vitamin D is problematic as there are
few foods that are naturally rich in vitamin D. The form of
vitamin D that is ingested in food and/or released from the skin
upon UV light exposure is inactive. Activation involves the

metabolism of vitamin D in the liver to form 25(OH)D3, which is
the major circulating form of vitamin D. There is mounting
evidence for a link between vitamin D availability either from
sunshine or diet and the prevalence of autoimmune dis-
eases.® The use of supplemental vitamin D (500-6001U) is
associated with a 40% reduction in the risk of developing other
immune-mediated diseases like multiple sclerosis.” In addi-
tion, vitamin D deficiency is common in patients with Crohn’s
disease.®"° Vitamin D insufficiency in Crohn’s disease is
due in part to malabsorption of many nutrients as a result of
the disease. With our present lifestyles that feature decreased
activity outside and diets naturally low in vitamin D, the
amount of vitamin D people are exposed to has become more
variable.

Vitamin D is essential for bone mineralization and calcium
homeostasis; however, other important roles of this vitamin
have been described. In 1983,"" the vitamin D receptor was
identified in human leukocytes and since that time its ligand
has been shown to be an important immunomodulatory
compound. In particular, vitamin D is critical for the control
of T helper 1/T helper 17-mediated diseases, including
experimental IBD. Vitamin D deficiency accelerates the
development of experimental IBD,"? and vitamin D receptor
knockout models of experimental IBD show a fulminating and
often lethal form of the disease.'®"* Conversely, treatment of
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mice with active vitamin D3 (1,25(0OH),D3 or calcitriol) inhibits
the development of experimental IBD.'?

Two recent studies have evaluated the therapeutic effects
of vitamin D3 and 1(OH)D3 or 1-a-calcidiol treatment in human
IBD. 1-a-Calcidiol is a synthetic form of vitamin D that is
hydroxylated at the 1-o position but not the 25 position. A
modest but insignificant decrease in markers of inflammation
(C-reactive protein, CRP) and Crohn’s disease (Crohn’s
disease activity index, CDAI) was shown following treatment
with 1(OH)D; for 6 weeks.'® There was no effect of 1,000 IU/d
vitamin D5 over 6 weeks on either CDAI or CRP levels.'® A
randomized double-blind placebo-controlled trial was done in
Crohn’s patients whose disease was in clinical remission
(CDAI score <150)."® The trial showed that 1,2001U/d
vitamin D3 for 3 months improved vitamin D status signifi-
cantly compared with placebo and the vitamin D treatment
group had lower disease relapse rates compared with
placebo, but the difference did not reach significance. These
two clinical trials suggest that there may be benefits to vitamin
D supplementation in patients with Crohn’s disease.

The purpose of this current pilot study was to determine the
oral dose of vitamin D3 required to raise 25(0OH)D; levels
above 40ng/ml in patients with mild-to-moderate Crohn’s
disease. The hypothesis tested was that at baseline Crohn’s
disease patients would have low-vitamin D status and that
vitamin D5 supplementation should improve the serum levels
and might affect bone mineral density (BMD), overall health,
quality of life, and clinical disease activity.

MATERIALS AND METHODS

Study design. The study design was that of an open-
labeled prospective clinical trial and was conducted at two
locations both at the Pennsylvania State University, the
College of Medicine (Hershey, PA), and the main campus
(University Park, PA). Patients with confirmed Crohn’s
disease between the ages of 18-70 and of either gender
were recruited into the study. Inclusion criteria required
patients to have CDAI scores between 150 and 400 and
serum levels of 25(OH)D3 below 40ng/ml. Patients were
allowed to continue maintenance IBD medications and
multivitamins. Patients with ulcerative colitis or other
inflammatory bowel conditions were ineligible. Exclusion
criteria also included patients with an ostomy or receiving
corticosteroid therapy. A total of 31 Crohn’s patients
were screened for the trial and of those 18 were deemed
eligible and completed the 24-week study. All subjects
gave their informed written consent before the start of
the study. All procedures were approved by the Institutional
Review Board of the Pennsylvania State University. The
trial has been registered at https://register.clinicaltrials.gov
and the trial # is NCT00742781. The primary outcome
was to determine the oral dose of vitamin D needed to
raise the serum level of 25(0OH)D3 to 40ng/ml in Crohn’s
patients.

Vitamin D intervention. The vitamin D3 supplement
(cholecalciferol) was purchased from Nutraceutical Sciences
Institute (Lexington, KY) and the capsules contained 1,000 [U

Clinical and Translational Gastroenterology

of vitamin D3. Eligible participants were started on 1,000 |U/d
of vitamin Dz administered orally once daily for 2 weeks, after
which the vitamin D status was evaluated and patients with
serum levels of 25(0OH)D3; below 40ng/ml had the dose
raised to 2,0001U/d. The serum 25(OH)D; levels were
measured every 2 weeks and the dose escalated by
1,000 1U/d increments until serum 25(OH)D5 levels above
40ng/ml were achieved or they were taking 5,000 IU/d
vitamin Ds. All patients were evaluated at baseline, 2 weeks,
12 weeks, and 24 weeks. Treatment compliance was
assessed via log sheets, returned capsule counts, and
serum 25(0OH)D3 values.

Serum measurements. Serum 25(0OH)D; was measured
using 25(0OH)-Vitamin D direct ELISA kit (Immundiagnostik
AG, Bensheim, Germany) according to the manufacturer’s
instructions. Serum transaminases, serum calcium, para-
thyroid hormone (PTH), alkaline phosphatase, and albumin
were done to evaluate safety and toxicity from vitamin D.
Erythrocyte sedimentation rate (ESR) was monitored as an
indicator of inflammation. Serum vascular endothelial
growth factor, tumor necrosis factor (TNF-a), interleukin
(IL)-10, and IL-17 were measured using a multiplex human
kit (Millipore, St Charles, MO) according to the manufac-
turer’s instructions.

Disease activity and overall health assessment. A diary
was provided to all patients to record daily bowel function,
abdominal pain, sense of general well-being, and anti-
diarrhea medication for 7 days before office visits to calculate
the CDAI score."” In addition, patients were asked about any
adverse effects or changes in medications. The standard
CDAI score criteria were utilized with a score of 220 or
greater indicative of active disease, a score of 150 or below
indicative of remission, a 70-point or greater decline
indicative of a favorable response, and a 100-point or greater
increase in score indicative of a flare-up.'” The number of
subjects having a 100-point decline was also assessed.'®

The IBD questionnaire (IBDQ) was used to measure
disease-specific quality of life.'® Baseline and week 24
follow-up physical activity levels were assessed via the short
version of the International Physical Activity Questionnaire
(IPAQ) (http://www.ipag.ki.se).

Dietary assessment. Dietary intakes were collected and
analyzed at the Penn State Diet Assessment Center
(University Park, PA) via a series of unannounced three
telephone 24-h recalls (two weekday and one weekend day).
The background dietary intake of vitamin D and other related
nutrients (e.g., calcium) were assessed in this way. Data
were collected at baseline and 24 weeks. Nutrient calcula-
tions including both dietary and supplement intake were
assessed using the Minnesota Nutrition Data System for
Research version 4.06.

Dual energy X-ray absorptiometry scan. The BMD of
proximal femur measured by dual energy X-ray absorptio-
metry was performed at the beginning and end of the study
by a trained technician. The T-score and Z-score were
calculated according to age and gender.
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Statistical analysis. Graphs and some basic statistics were
generated using GraphPad Prism version 5.0 for Windows
(GraphPad Software, San Diego, CA). Baseline and 24-week
values were evaluated to determine whether they were
normally distributed and compared using either a t-test and/
or the Wilcoxon rank sum comparisons. Individual changes in
lab tests, CDAI scores, and IBDQ values for a given patient
were calculated to assess differences due to the supple-
mentation therapy. Regression analyses were done using
PROC GLM in SAS (version 9.3, SAS Institute, Cary, NC).

RESULTS

Baseline characteristics of the patients. Based on an
initial telephone conversation a total of 31 subjects were
evaluated for entry into the study. Of the 31 subjects, 10
subjects were ineligible mainly due to having CDAI scores
out of the 150—400 score range. None of the screen failures
were due to serum 25(OH)D3 levels above the 40ng/ml
threshold. Three additional patients withdrew from the study
leaving a total of 18 patients who completed the study. The
main reason stated for withdrawal from the study was
compliance with scheduling the multiple visits required to
determine appropriate vitamin D dosage (early bi-weekly
visits). Table 1 summarizes the baseline characteristics of
the 18 patients who completed the study. The study had 61%
females and 39% males with a broad age range of 18-66
years and a mean age of 38 years (Table 1). The mean body
mass index was 24 +3kg/m? with a broad range of body
mass index values from a low of 18 to a high of 30 (Table 1).
Patients were on several different conventional IBD treat-
ments, including anti-TNF-o biologic agents (n=>5), purine
analogs (n=4), aminosalicylates (n=9), and opioid receptor
antagonists (n=4). Several patients were on more than one
treatment (n=5) and two patients were not on any Crohn’s
maintenance drugs (Table 1).

Participants were allowed to continue on multi-vitamins that
contained vitamin D. At baseline, 67% of the Crohn’s patients
were taking nutritional supplements that contained between
120-800 IU/d of vitamin D (Table 1). Baseline vitamin D status
of the Crohn’s population was low even among those
consuming multivitamin supplements (including vitamin D).

Table 1 Baseline characteristics of participants (n=18)

Characteristic Baseline
Age (years) 38117

Male (%) 7 (39%)
Female (%) 11 (61%)
Body composition (BMI, kg/m?) 24+35

Multivitamin 12 (67%)
Medications®

Aminosalicylates 9 (50%)
Purine analogs 4 (22%)
TNF-o blockade 5 (28%)
Opioid receptor antagonists 4 (22%)
None 2 (11%)

Abbreviations: BMI, body mass index; TNF, tumor necrosis factor.
2n all, 2 patients were on three different medications, 3 were on two different
medications, and 11 were only on one drug.
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Serum samples were obtained from 25 Crohn’s patients at
baseline. In all, 13 of the 25 Crohn’s patients (52%) had frank
vitamin D deficiency at screening with serum 25(0OH)D; levels
below 12ng/ml. The mean 25(0OH)D5 value of the patients
entering the study was 16 + 10 ng/ml (Figure 1a).

Vitamin D supplementation raises serum 25(OH)D;
levels. Vitamin D3 supplementation for 24 weeks effectively
and significantly raised serum 25(OH)D3 levels to 45+ 19
ng/ml from 16 £ 10 ng/ml (Figure 1a). Two weeks of 1,000 U/
d of vitamin D3 was not adequate for raising 25(0OH)Dj levels
in any of the 18 individuals in the study. In 14 of the 18
patients (78%), the maximal dose of 5,000 IU/d was needed
for the 24-week study. Two of the patients who required less
than 5,000 IU/d of vitamin D3 had higher levels of 25(0OH)D3
at baseline (over 30ng/ml). At the discretion of their
physician, two patients had a dose reduction of vitamin D3
from 5,000 to 4,0001U/d due to unrelated health problems
and those two patients remained on the lower dose of
4,0001U/d for the remainder of the study. Even on the
maximum dose of 5,000 |U/d dose for 24 weeks half of the
participants failed to achieve serum 25(OH)D3 levels above
40 ng/ml. Figure 1b shows the beginning and ending value of
25(0OH)D5 for each individual patient. Those subjects who
started with higher vitamin D levels at baseline had reduced
improvement in serum 25(OH)D5 and those who started with
low vitamin D levels showed the greatest improvement
(Figure 1b). The maximum increase in serum 25(OH)D3 was
67 ng/ml, and smallest increase was 5ng/ml. (Figure 1b).
There was a gradual improvement in serum 25(0OH)D3 levels
over the 24 weeks supplementation (Figure 1c). By week 24,
two patients had serum 25(OH)D; levels above our targeted
range of 65ng/ml (Figure 1c). Compliance was good based
on the pill counts and was 96% (range 72—-100%) for the
study overall. The improvement in serum vitamin D status
was not associated with a change in serum PTH (from 30 + 9
to 28 £ 12 pg/ml), calcium (from 9.2 + 0.4 to 9.3 £ 0.5mg/dl),
or alkaline phosphatase (from 80+ 17 to 73 £ 18 U/l) follow-
ing 24 weeks of vitamin D3 supplementation (Figure 2).
There was a small but insignificant increase in the BMD of
both the right and left hip Z-score after 24 weeks of vitamin
D3 intake (data not shown). PTH and calcium values were all
within the normal range both at the start and at the end of the
study, suggesting that the vitamin D3 dose was not in the
toxic range for any patient. There was no significant
correlation between 25(0OH)D3 and either PTH or calcium
at either time points (Table 2).

Crohn’s disease severity. The mean CDAI score for
patients at the beginning of the study was 230 * 74 indicating
active disease (Figure 3a). After 24 weeks of vitamin D, the
CDAI scores were below 150 for 67% of the participants
(Figure 3). The mean CDAI scores after 24 weeks vitamin D3
supplementation also suggested that the patients were in
remission. The mean CDAI score at follow-up was 118 + 66
(Figure 3a) with 12 out of 18 patients (67%) in remission with
CDAI<150. Furthermore, 17 patients (95%) achieved a
response, with an average decrease in CDAI score of
112 £ 81 points after vitamin D supplement use for 24 weeks
(Figure 3). The maximum decrease was 269 points (from
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Figure 1

Effect of vitamin D5 supplementation on 25(0H)Dj levels in serum. (a) 25 (OH)Dj levels started below the targeted 40 ng/ml levels at baseline. Twenty-four

weeks of vitamin D supplementation significantly raised serum 25(0OH)Dj levels and the mean value was above 40 ng/ml. (b) Starting and ending values of 25(0H)D; are
connected with a line. (¢) Serum 25(0OH)D; levels continue to rise over the 24-week supplementation scheme. The shadowed area represents the target range of serum
vitamin D levels for the supplementation of 40-65 ng/ml. Two individuals went over the targeted range for 25(0OH)D; at the 24-week time point; n=18.
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Figure 2 Effect of vitamin D3 supplementation on calcium, parathyroid hormone (PTH), and alkaline phosphatase levels in serum. There were no changes in the calcium,
PTH, or alkaline phosphatase levels between baseline and 24 weeks post vitamin D3 supplementation.

410-141) with 78% of the patients experiencing a decrease
in CDAI score of >70 points. Of the remaining participants,
three experienced a decrease of less than 70 points
(decrease of 21-69 points) and one experienced an increase
of 74 points. Two of the non-responders were patients who
started with high serum 25(OH)D5 and ended up on less than
5,000 1U/d vitamin Ds. There was at least one vitamin D non-
responder on each IBD treatment (TNF-o blockages etc.).

Based on univariate Pearson Correlations, there was no
relationship between CDAI and 25(0OH)D3 status either before
or after 24 weeks of vitamin Ds supplementation (see
Supplementary Table 1 online). The change in CDAI scores
was inversely related to CDAI score at baseline indicating that
patients with high CDAI scores at baseline showed the
greatest vitamin D treatment effects (see Supplementary
Table 1 online). CDAI scores showed a positive association
with serum PTH before supplementation, but the relationship
disappeared after supplementation (see Supplementary
Table 1 online).

Baseline IBDQ scores of 156 + 24 were reported indicating
poor quality of life (Figure 3c). After supplementation for 12
weeks, 56% of patients had more favorable IBDQ scores with
mean values of 178 + 22 (P=0.0006; Figure 3c). At week 24,
the IBDQ scores were maintained and were also significantly
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higher than at baseline 180 + 26 (P=0.0004) but not different
from the 12-week scores (Figure 3c). The one patient who
showed an increase in CDAI score also showed a decreased
IBDQ score from 143 to 125 after 24 weeks and as noted
previously, a serum 25(OH)D3 level that did not reach the
40 ng/ml target (32 ng/ml after 24 weeks) (Figures 1 and 3).
There was a significant inverse correlation between CDAI
scores and IBDQ score both before and after supplementation
(see Supplementary Table 1 online). Serum 25(OH)D5 level
and the change in serum 25(OH)D3 level after supplementa-
tion revealed a positive correlation with IBDQ score but not
before (see Supplementary Table 1 online).

Multiple linear regression analyses showed that at follow-up
mean CDAI score was decreased by 112 points (96 for
women, 95% confidence interval (Cl) = 55—-138; 136 for men,
95% =Cl 83-189) after accounting for gender, change in
serum vitamin D, and baseline CDAI score (data not shown).
Change in serum vitamin D over the follow-up time was
marginally associated with change in CDAI score (P=0.09).
In addition, at follow-up the mean IBDQ scores increased by
24 points (24 for women, 95% Cl=10-37; and 25 for men,
95% CI = 7-42) after accounting for gender, change in serum
vitamin D, and baseline IBDQ. Change in serum vitamin D
over the follow-up time was significantly associated with



Table 2 Selected dietary characteristics of participants (n=18)*
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Baseline mean (s.d.) Follow-up mean (s.d.) Change mean (s.d.)’ P-value®
Energy (kcal) 1,739 (603) 1,542 (444) 189 (431) 0.10
Carbohydrates (% kcal) 51 (9.8) 51 (5.4) 0(10.3) 0.83
Protein (% kcal) 17 (4.6) 18 (4.3) —1(4.6) 0.56
Fat (% kcal) 32(7.2) 31 (4.0) 1(8.3) 0.63
Dietary calcium (mg) 670 (388) 648 (279) —1(290) 0.99
(mg/1,000 kcal) 379 (155) 442 (203) 73 (160) 0.09
Calcium supplements (mg) 228 (576) 506 (970) — 250 (418) 0.03
Total calcium (mg) 897 (606) 1153 (879) — 251 (490) 0.06
(mg/1,000 kcal) 538 (408) 791 (648) —245.2 (320) 0.008
Dietary vitamin D (ng) 3.7 (2.4) 5.3 (6.6) —1.7 (6.8) 0.33
(ng/1,000 kcal) 2.2 (1.5) 3.9 (56.1) —1.7 (4.8) 0.17
Vitamin D supplement (ug)® 4.9 (5.9) 4.8 (5.5) 0.6 (3.5) 0.48
Total vitamin D (pg) 8.5 (6.4) 10.1 (9.5) —1.0(5.6) 0.46
(ng/1,000 kcal) 5.3 (4.5) 7.2 (7.0) 1.6 (3.7) 0.11
Total vitamin A (ng RAE) 1322 (1005) 1365 (914) 62 (348) 0.49
(ng RAE/1,000 kcal) 799 (691) 954 (707) —88.78 (338.1) 0.31
Total vitamin C (mg) 113 (106) 272 (746) — 173 (754) 0.37
(mg/1,000 kcal) 64 (53) 139 (327) 80 (334) 0.35
Total vitamin E (mg ATE) 19 (16) 22 (17) 2.0 (10.8) 0.48
(mg ATE/1,000 kcal) 11 (10) 15 (12) -3(9) 0.19
Total iron (ng) 37 (41) 38 (61) 2 (30) 0.78
(ng/1,000 keal) 24 (31) 27 (46) —-1.1(19) 0.82
Total selenium (ng) 114 (54) 103 (46) 13 (49) 0.31
(ng/1,000 keal) 67 (26) 68 (27) 0.15 (27) 0.98
Total zinc (mg) 9.3 (4.5) 9.9 (5.5) —0.66 (4.9) 0.59
(mg/1,000 kcal) 5.2(1.3) 6.5 (3.5) —-1.2(3.0) 0.12

Abbreviations: ATA, alpha-tocopherol equivalents; RAE, retinal activity equivalents.

2Values for the daily recommended intakes (DRIs) for people aged 19-30 years are as follows. For all nutrients except iron the lower value is for females, higher value
is for males, and if there is only one value it is the same DRI for males and females: 1,000 mg calcium, 15 pg vitamin D, 700-900 pg vitamin A, 75-90 mg vitamin C,

15mg vitamin E, 8-18 pg iron, 55 ug selenium, and 8—11 mg zinc.
PChange calculated as baseline—follow up.
°P-value is for significant change between time points.

%There were nine users of multivitamin supplements that contained vitamin D at baseline; all but one of these remained multivitamin users at follow-up. Background

vitamin D supplement use ranged between 3 and 20 pg/d or 120 and 800 IU/d.
Bold values denote significant difference.

change in IBDQ score (P=0.0302). The addition of other
covariates, including body mass index, age, and baseline
serum vitamin D, did not affect the results in either model.

Dietary status. The diets of all participants were evaluated
using a series of 3- to 24-h recall surveys at baseline and
follow-up 24 weeks later. The nutrient intakes are reported as
total and the overall intakes per 1,000 kcal as individuals who
consume more energy would be more likely to consume
more nutrients. There were no significant changes in the
dietary composition of most nutrients between baseline and
24 weeks (Table 2). As part of the evaluation, supplement
use was recorded at baseline and 24 weeks for all
participants (Table 2). There were nine patients already
taking vitamin D supplements at baseline that ranged from
120-8001U/d or 3—20 ng/d vitamin D (Table 2). At the end of
the trial, all, except one, of the original nine patients were still
taking the vitamin D supplements. At baseline, the mean total
vitamin D intakes were below the daily recommended intake
for all, but two participants who were supplementing their
vitamin D intakes. Dietary vitamin D, supplemental vitamin D
(as background), and total vitamin D did not change
significantly between baseline and 24 weeks (Table 2).
There was an increase in the use of calcium supplements at
24 weeks compared with baseline calcium supplement use
(Table 2). This resulted in an increase in total calcium
(P<0.06) and a significant difference in total calcium

reported for 1,000kcal energy intake between 24 weeks
and baseline (Table 2). There were no differences in the
intakes of vitamin A, vitamin C, vitamin E, iron, selenium, or
zinc between baseline and 24-week follow-up (Table 2).

Secondary outcomes. Serum from the Crohn’s patients
before and after vitamin D3 supplementation was assessed
to determine whether there were changes in markers of
inflammation associated with the vitamin D3 supplementa-
tion. CRP, ESR, TNF-g, IL-17, IL-10, and vascular endothe-
lial growth factor were all found not to be affected by the
vitamin D supplementation (Figure 4).

IPAQ questionnaires showed that of the 14 patients
evaluated there was the same level of physical activity before
and after vitamin D3 supplementation (data not shown). Three
of the participants increased their activity, three of the
participants decreased their activity, and the remaining eight
had no change in physical activity following vitamin D3
supplementation (data not shown). The IPAQ scores were
therefore unaffected by the vitamin D3 supplementation.

Adverse effects. All adverse events reported during the trial
are shown in Table 3. There were no significant adverse
effects that could be directly attributed to vitamin Dj
supplementation. Complaints among the patients that may
have been related to the supplement included headache,
dizziness, fatigue, abdominal pain, constipation, and rash.

o
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Figure 3 Effect of vitamin D on CDAI and IBDQ scores. (a) CDAI scores were
decreased significantly after vitamin D3 supplementation for 24 weeks. (b)
Beginning and ending CDAI for each patient are connected by a line. All but one
patient had a lower CDAI score at the end of the study than at the beginning.
Horizontal dashed lines indicate the CDAI score of 150 that indicates remission. ()
IBDQ scores increased significantly after vitamin D3 supplementation for either 12
weeks or 24 weeks. (d) The beginning and ending IBDQ scores are connected by a
line. Most (15 of 18) of the participants showed improvement in the IBDQ scores
following vitamin D5 supplementation. Horizontal dashed line is at 170, which is the
threshold indicating poor quality of life.

Fifteen subjects reported one or more adverse events. The
most common reported adverse event was headache, which
occurred in five (28%) subjects. Four (22%) subjects
reported mild abdominal pain. Four (22%) subjects reported
rash that resolved within 1 day. Four (22%) subjects reported
fatigue. All of these reported adverse events were mild and
no infectious or serious adverse events occurred during the
treatment.

DISCUSSION

In a small clinical trial in central PA, vitamin D3 supplementa-
tion for 24 weeks effectively improved vitamin D status,
decreased CDAI scores, and improved IBDQ scores in 18
patients. By raising serum vitamin D levels, Crohn’s patients
with mild-to-moderate symptoms exhibited a decrease in
CDAI scores such that the majority of patients achieved
remission. The effect of vitamin Dz on the CDAI scores was
remarkable with all but one patient having a decrease in CDAI
score and 78% of the patients had a drop of 70 points or more,
which is considered a treatment response in the clinic.2%2
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The vitamin D effect was also reflected in the improved IBDQ
scores, which is a second validated assessment tool used to
monitor therapeutic efficacy in clinical trials of IBD.?22® The
IBDQ questionnaire consists of 32 questions scored in four
domains: bowel symptoms, emotional health, systemic
systems, and social function. As established by other
investigators, the IBDQ scores were significantly correlated
to the CDAI scores at both baseline and 24 weeks indicating
that vitamin D3 effectively improved both quality of life and
CDAI scores. Even with the small number of participants and
the lack of a placebo the study points to a strong effect of
vitamin D5 supplementation on Crohn’s disease symptoms.

The primary goal of the study was to determine what dose of
vitamin D3 would be required to raise serum 25(0OH)D; levels
into a target range of over 40 ng/ml. Consistent with what has
been published by others, we found that Crohn’s patients
have low serum 25(0OH)D; levels.>%'® Even though the
majority of the patients were on vitamin D supplements at
baseline, the level of supplementation was insufficient to
sustain serum 25(OH)D3 above 40 ng/ml. In fact, half of the
Crohn’s patients screened for the study had frank vitamin
deficiency with serum levels of 25(0OH)D3 suggesting malab-
sorption. The maximal amount of vitamin D3 (5,000 IU/d) was
needed to raise serum 25(OH)D3 above 40 ng/ml. The serum
levels of 25(0OH)D3 were slow to respond to the vitamin D3
supplement and even between 12 weeks and 24 weeks serum
25(0OH)Dg levels continued to go up even though the dose of
vitamin D3 was not changed. It seems likely that the increased
level of 25(0OH)D5 between the 12-week and 24-week time
points reflects improvement in CDAI scores, a healthier gut
and better absorption of the vitamin D supplement. There
were no signs of vitamin D toxicity based on the fact that both
calcium and PTH were unaffected by the vitamin Dj
supplementation. In addition, there were no reported adverse
events that required a decrease or discontinuation of the
vitamin D dose. Although the higher serum levels of 25(OH)D3
were not toxic, there are no reported benefits associated with
high serum levels of 25(0OH)Ds. In future studies, it would be
prudent to check the serum 25(0OH)D; levels at least every 3
months to monitor the 25(0OH)D5 levels and to adjust the
vitamin D3 supplementation downward if needed. This study
suggests that in patients with mild-to-moderate Crohn’s
disease a safe and tolerable dose of vitamin D that effectively
raises serum 25(0OH)D5 levels is 5,000 IU/d.

Calcium intakes were increased in the participants at week
24 compared with baseline (Table 3). A closer inspection of
the dietary data provided by the individuals seemed to indicate
that some individuals at follow-up consumed a calcium
supplement every day of the 3 days of recall but only 2 of
the 3 days at baseline. Therefore, it seems unlikely that the
relatively modest change in calcium for a few individuals
would account for the observed changes in CDAI and IBDQ
scores. Other known immuno-modulatory nutrients, including
vitamin A, vitamin C, vitamin E, selenium, iron, and zinc, were
not different between baseline and 24 week follow-up. It is
possible that at week 24 absorption of numerous nutrients
(other than vitamin D) had improved concomitant with the
decrease in CDAI scores; in future, vitamin D intervention
would be interesting to determine the concentrations of other
micronutrients biochemically.
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Figure 4 Effects of vitamin D5 supplementation on systemic inflammation markers and cytokines in serum. Serum C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), vascular endothelial growth factor (VEGF), cytokines tumor necrosis factor (TNF)-o, interleukin (IL)-10, and IL-17 levels at baseline and 24 weeks following vitamin
D5 supplementation. No significant differences were observed for any measurement comparing the baseline with the 24-week vitamin D3 supplemented values.

Table 3 Adverse events

Adverse events n (%)
No adverse events 3 (17%)
Headache 5 (28%)
Hyperanxiety 1 (6%)
Dizziness 1 (6%)
Fatigue 4 (22%)
Eye irritation 3 (17%)
Sinusitis 3 (17%)
Nausea 2 (11%)
Abdominal pain 4 (22%)
Back pain 1 (6%)
Joint pain 1 (6%)
Muscle pain 3 (17%)
Constipation 1 (6%)
Rash 4 (22%)

The Crohn’s patients in this study were on several different
maintenance therapies except glucocorticoids. The rationale
for the exclusion of the glucocorticoids was the fact that
usually glucocorticoid treatment is used to suppress Crohn’s
disease flares and the goal was to have patients with active
but mild-to-moderate Crohn’s symptoms. The study was not
powered to identify whether vitamin D3 supplementation might
be more or less effective based on the other treatments being
used. However, as vitamin D reduced CDAI scores in all, but

one patient it seems that the exclusion of any of the common
maintenance therapies may not be warranted.

Several serum proteins were measured in the patient
population. Acute-phase proteins such as CRP have been
shown to increase with inflammation and to correspond with
active Crohn’s disease. ESR measurements are another
nonspecific measure of inflammation. There was no effect of
vitamin D3 supplementation or improvement in CDAI on the
levels of either CRP or ESR in this cohort. In addition, TNF-o
and IL-17 were detectable but not affected by the vitamin D3
supplementation. Vascular endothelial growth factor is
another serum protein that has been shown to correlate with
active Crohn’s disease.?* There was no effect of vitamin D3 on
any of the serum proteins measured and there was no
correlation between these inflammatory biomarkers and the
improvement in CDAI scores seen. At this time, it is unclear by
what mechanisms vitamin D might be improving the CDAI
scores. This would be an important area for future research.

This small pilot study establishes that vitamin D3 supple-
mentation of patients with mild-to-moderate Crohn’s disease
is effective at improving the quality of life and suppressing
clinical symptoms to induce remission. An effective dose of
vitamin D3 for improving vitamin D status in Crohn’s patients
was identified as being 5,000 1U/d. The major limitations of this
study are the small sample size and lack of placebo control.
The study suggests that future larger studies that include
placebos and go on for longer periods of time are warranted.

Clinical and Translational Gastroenterology
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WHAT IS CURRENT KNOWLEGE

v~ Vitamin D deficiency may be associated with Crohn’s
disease.

v Patients with Crohn’s disease malabsorb micronutrients.

WHAT IS NEW HERE

v 5,000 |U/d of vitamin D raises serum vitamin D levels
significantly.

v Twenty-four weeks of vitamin D supplementation is
associated with remission in patients with mild-to-
moderate Crohn’s disease.

v~ Vitamin D supplementation resulted in significant
improvement in CDAI and IBDQ values that suggest a
therapeutic effect of vitamin D in Crohn’s.
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