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Introduction

The steroid hormone vitamin D influences bone homeostasis and has a potent immuneregulatory function. [START_REF] Moro | Vitamin effects on the immune system: vitamins A and D take centre stage[END_REF] A vitamin D serum level above a certain threshold is assumed to be critical to maintain a balanced immune response and to protect the organism against intruding microorganisms without triggering auto-inflammation. [START_REF] Holick | Sunlight and vitamin D for bone health and prevention of autoimmune diseases, cancers, and cardiovascular disease[END_REF] The sum of vitamin D2 and D3 reflects body stores of vitamin D. Vitamin D3 is synthesized in the skin upon sunlight exposure. The zenith angle of the sun determines the amount of vitamin D3 produced in the skin. Hence, latitude, season and the time of day influences cutaneous vitamin D3 production. [START_REF] Holick | Vitamin D: A millenium perspective[END_REF] Only a small part of total vitamin D, mainly vitamin D2, is obtained from the diet, mainly from fat fish and oral supplementation. Because few foods are naturally rich in vitamin D2, either sunlight exposure or vitamin D supplementation is needed to maintain adequate vitamin D levels.

Following its synthesis in the skin, vitamin D is hydroxylated in the liver as storage-type 25hydroxy vitamin D (25OHD). A further hydroxylation into 1,25-dihydroxy vitamin D takes place, mainly in the kidneys, and this highly active metabolite exerts its functions by stimulating the vitamin D receptor (VDR). The final 1α-hydroxylation also takes place in dendritic cells and macrophages, thereby allowing autocrine and paracrine vitamin D effects at tissue level. Several studies have reported an association between low serum 25-hydroxy vitamin D and autoimmune disease, including multiple sclerosis, diabetes mellitus and Crohn's disease (CD). [START_REF] Andreassen | Regulators of calcium homeostasis and bone mineral density in patients with Crohn's disease[END_REF][START_REF] Vogelsang | Bone disease in vitamin D-deficient patients with Crohn's disease[END_REF][START_REF] Silvennoinen | Relationships between vitamin D, parathyroid hormone and bone mineral density in inflammatory bowel disease[END_REF][START_REF] Harries | Vitamin D status in Crohn's disease: association with nutrition and disease activity[END_REF] Because the incidence of CD rises with increasing latitude, 13, 14 a "hot hypothesis" has been proposed that development of autoimmune disease is associated with low vitamin D levels. [START_REF] Peyrin-Biroulet | Crohn's disease: the hot hypothesis[END_REF] In CD, tolerance towards the commensal intestinal flora is disturbed, which is followed by an aberrant T lymphocyte activation in the gut mucosa. [START_REF] Duchmann | Tolerance exists towards resident intestinal flora but is broken in active inflammatory bowel disease (IBD)[END_REF] This leads to intestinal inflammation. The aetiology of the inflammation remains unclear, but a combination of genetic We aimed to assess the efficacy of vitamin D3 treatment in CD patients in remission. We hypothesised that vitamin D3 treatment could reduce the clinical relapse rate in these patients without side effects such as symptoms of hypercalcaemia. We therefore conducted a randomised double-blind placebo-controlled trial of oral vitamin D3 (cholecalciferol) therapy in CD patients in remission. 

Material and Methods

Study design and setting

The study was a multi-centre study carried out at four hospitals in Denmark: Aarhus University Hospital and the Regional Hospitals of Silkeborg, Randers, and Horsens. and was monitored by the GCP Unit, Aarhus University Hospital.

Intervention

Patients allocated to intervention received a daily dose of 1,200 international units (IU) of vitamin D3 and 1,200 mg of calcium. Patients allocated to placebo received a daily dose of 1,200 mg calcium. The daily dose consisted of three tablets, and the patients where instructed to ingest the total dose once daily together with a meal. Compliance was evaluated by patient interview at each visit and by a pill count of the remaining tablets on the last visit. Placebo, intervention medicine, and packaging looked alike.

Inclusion and exclusion criteria

Patients were suited for enrolment if they had a history of CD, were at least 18 years of age, were able to give written informed consent, and had CD in remission. 

Data collection and follow-up

The follow-up period was one year. Patients were assessed at 0, 3, 6, 9, and 12 months. Blood samples consisted of CRP, haematocrit, calcium and albumin measured at each visit together with CDAI. Patients were instructed to inform project personnel if any symptoms arose that could indicate relapse. If suspicion of relapse was maintained, an extra visit was scheduled measuring the exact same parameters. At each visit, adverse events and concomitant drug treatments were recorded.

Endpoint

The primary endpoint was relapse defined as a CDAI of 150 or more and an increase in CDAI of more than 70 compared with baseline during the one year observation period. 

Sample size and statistical analysis

A cumulative one-year CD relapse frequency of 50% has been reported. [START_REF] Moum | Clinical course during the 1st year after diagnosis in ulcerative colitis and Crohn's disease. Results of a large, prospective population-based study in southeastern Norway, 1990-93[END_REF] We powered the study at 70% and alpha at 5%. To detect a relative risk reduction of relapse of 50% or/and an absolute risk of 25% in the intervention group, we needed 50 in each treatment arm. We planned to enrol 55 patients in each treatment-arm as we took in to account an approximate drop-out of 10%.

Primary analyses were performed to evaluate relapse frequency in each treatment arm of the randomised cohort. To compare frequencies, we used Pearson Chi-square coefficient and, in case of fewer than five expected events, Fisher's exact test. We used Kaplan-Meier plots and Cox proportional hazards regression to compare time-dependent events. Data were analysed by the intention-to-treat principle. Differences in calcium-and 25OHD levels were evaluated using Student's t-test. Analyses were performed using STATA 10.0 (stata.com) and SPSS 11.0 (spss.com) software. 

Results

Patient characteristics

We managed to include a total of 108 patients in the study. 

Adverse effects and adherence to therapy

There were no adverse effects directly attributable to vitamin D intake. Five cases of mild constipation were reported (four treated with placebo and one with vitamin D). 3). We observed a marked discrepancy between patients included during the winter (November through April) and patients included during the summer (May through October). While oral vitamin D3 treatment increased serum 25OHD independently of season, 25OHD levels fell in placebo-treated patients who were included during the summer period (Figure 3). This indicates that seasonal variation is inferior to effects induced by oral supplementation using doses such as 1,200 IU daily.

A total of 44% of all patients reported intake of vitamin D-containing vitamin tablets prior to the 

Discussion

Oral intake of 1,200 IU vitamin D3 once daily was well-tolerated, increased serum 25OHD levels significantly and insignificantly reduced the CD relapse rate from 29% to 13% (p = 0.06) over a one-year period. We cannot, however, finally conclude whether the lack of a significance is attributable to the fact that vitamin D supplementation, does not have the expected effect on remission, or if it is rooted in insufficient statistical power of our study.

Fewer relapses occurred than assumed during the study planning; hence, the risk of a type II error increased, i.e. the risk of inferring that there is no difference between vitamin D3 and placebo when a difference does, indeed, exist. The discrepancy between expected and actual relapse rates may be due to the improvement in medical treatment seen during the past decades. The use of azathioprin to maintain remission has increased over the past ten years, 21 and the introduction of biological therapies has greatly changed the natural history of CD.

Adjustment for the use of azathioprine and smoking in the present study only changed the risk estimate slightly. We therefore conclude that the observed relapse rate reduction might be attributable to vitamin D. If our study reflects the true relapse rate in an outpatient clinic, future studies in which remission-inducing drugs are tested should include larger patient samples. We find it likely that the insignificant outcome is a result of a small sample size, given the low total number of clinical relapses during the follow-up period was lower than expected, and we speculate that the difference would have reached statistical significance if more patients had been included

The rationale for vitamin D use as an adjuvant therapy in CD is based on murine experimental models and in vitro studies. These studies imply that vitamin D enhances regulatory cellular phenotypes and cytokine productions both in peripheral blood and in gut At the time this study was planned, 1,200 IU vitamin D3 on a daily basis was generally considered a high dose of vitamin D3. Since then, the recommendations have changed. Today, up to and probably more than 2,000 IU per day is considered safe and to imply no enhanced risk of hypercalcaemia in long-term users.

22

Reference vitamin D3 levels are currently based on bone health, i.e. the levels needed to maximally suppress parathyroid hormone (PTH). PTH functions as a calcium-mobilising hormone when levels of 25OHD are inadequate. It is still being debated where the threshold should lie, but somewhere between 50 and 80 nmol/l 25OHD3 in serum is presumably a minimum level. [START_REF] Dawson-Hughes | Estimates of optimal vitamin D status[END_REF] We do not know which levels of 25OHD3 are required to reach possible immune effects. In the present study, we obtained a 25OHD3 level above the 80nmol/l threshold and significantly above the level of the placebo group, but it is possible that even higher doses of vitamin D3 could be used.

We conclude that oral vitamin D3 supplementation in CD is safe and well-tolerated. 

4 Following in vitro 1 ,

 41 25-dihydroxy vitamin D stimulation, dendritic cells and T lymphocytes decrease pro-inflammatory cytokine production, 5, 6 and 1,25-dihydroxy vitamin D increases production of the anti-inflammatory cytokines interleukin IL-10 and transforming growth factor TGF-β. 7, 8

  mucosa. Ultimately this leads to a balanced immune response, which decreases the proinflammatory condition observed in CD. The scope of this study was not to examine the cellular mechanisms regarding vitamin D effects in inflammation, but rather to examine positive clinical endpoints in CD patients treated with vitamin D. To our knowledge this is the first clinical trial to test the effect of vitamin D3 treatment on CD disease course study, 1,200 IU vitamin D3 daily during one year was without side effects and it was well-tolerated. Vitamin D3 treatment to CD patients may potentially reduce the use of remission-inducing drugs such as corticosteroids and anti-TNF-α antibodies. The advantage of vitamin D3 thus seems obvious; it is a low-cost product and its use does not require extra visits at the clinic.

Figure 1 .

 1 Figure 1. Consort diagram. All patients assessed for eligibility were enrolled in the study.Fourteen patients with clinical signs of quiescent Crohn's disease were excluded due to increase in C-reactive protein at enrolment. No serious adverse events were given as reason for discontinuation.

Figure 2 .

 2 Figure 2. Kaplan Meier plot. Percentage of patients reaching primary endpoint in the vitamin D3 versus placebo group. Primary endpoint: increase in CDAI > 70 compared with baseline and CDAI ≥ 150. Cox regression showed a hazard ratio of 0.42 (confidence interval (CI) 0.16 -1.10, p=0.06).

Figure 3 .

 3 Figure 3. Dynamic changes in 25OHD levels throughout the study period in vitamin Dtreated patients compared with placebo. Oral vitamin D3 treatment with 1,200 IU daily increased serum 25-OH-vitamin D3 from mean 69 nmol/l (standard deviation (SD) 31 nmol/l) to mean 96 nmol/l (SD 27 nmol/l) (p<0.001) after three months. Serum 25-hydroxy vitamin D remained unchanged in the placebo group. The most pronounced difference between treatment and placebo group was observed during the winter season. *p<0.05. **p<0.01.

  

  To minimise the inconvenience of an extra scheduled appearance patients were enrolled before we had the test result of C-

	reactive protein. Surprisingly, 14 patients had slightly raised c-reactive protein indicating sub-
	clinical disease activity at enrolment and these patients were excluded. Patients were randomly
	assigned to receive 1,200 mg calcium with vitamin D3 1,200 IU daily (n=46) or calcium alone
	(placebo) (n=48) daily during 12 months. Twenty patients reached the primary outcome defined

by a CDAI of 150 and an increase in CDAI exceeding 70 compared with baseline. The baseline characteristics were similar in both groups (Table

1

), although the number of azathioprin (thiopurines) users were higher in the vitamin D group than in the placebo group (20 (44%) versus 14 (29%), p=0.15)..No patient in the study received biologics (infliximab or adalimumab) during the trial, but 15 (32%) in the placebo and 11 (24%) in the vitamin D group, had received treatment with biologics prior to inclusion. Overall, premature withdrawal from the study occurred in nine patients in the vitamin D group and seven patients in the placebo group.

Table 1

 1 

	Supplementation with 1,200 IE daily markedly increases serum 25OHD3 levels and is not
	associated with side effects or hypercalcaemia. The number of relapses during 12 months of
	therapy was lower among patients treated with vitamin D3 and calcium (6/46 or 13% ) than
	among patients treated with calcium alone (14/48 or 29%), but the difference did not reach
	statistical significance. Multivariate adjustment for azathioprin use and smoking only changed
	risk estimates slightly. Larger clinical trials are needed to establish whether vitamin D3
	significantly reduces relapse risk in CD, but patient recruitment to such trials may potentially be
	limited, because of the growing attention to the potential benefits from vitamin D in terms of
	cancer and autoimmune disease prevention.

TABLE 1 .

 1 Baseline characteristics of 94 Crohn's disease patients included in the study.

	Placebo	Vitamin D	P value

  Specifically, for each group report the numbers of participants randomly assigned, receiving intended treatment, completing the study protocol, and analyzed for the primary outcome. Describe protocol deviations from study as planned, together with reasons. (denominator) in each group included in each analysis and whether the analysis was by "intention-to-treat". State the results in absolute numbers when feasible (e.g., 10/20, not 50%). For each primary and secondary outcome, a summary of results for each group, and the estimated effect size and its precision (e.g., 95% confidence interval). General interpretation of the results in the context of current evidence. 11From Moher D, Schulz KF, Altman DG. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomised trials. Lancet 2001; 357(9263):1191-1194.
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