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Abstract
AIM: To investigate the effect of vitamin D (VD) concentrations and VD supplementation on health related quality of life in inflammatory bowel disease (IBD) patients. 

METHODS: A cohort of 220 IBD patients including 141 Crohn´s disease (CD) and 79 ulcerative colitis (UC) patients was followed-up at a tertiary IBD centre. A subgroup of the cohort (n = 26) took VD supplements for > 3 mo. Health related quality of life was assessed using the short IBD questionnaire (sIBDQ). VD serum concentration and sIBDQ score were assessed between August and October 2012 (summer/autumn period) and between February and April 2013 (winter/spring period). The mean VD serum concentration and its correlation with disease activity of CD were determined for each season separately. In a subgroup of patients the effects of VD supplementation on winter VD serum concentration, change in VD serum concentration from summer to winter, and winter sIBDQ score were analysed.

RESULTS: During the summer/autumn and the winter/spring period, 28% and 42% of IBD patients were VD-deficient (< 20 ng/mL), respectively. In the winter/spring period, there was a significant correlation between sIBDQ score and VD serum concentration in UC patients (r = 0.35, P = 0.02), with a trend towards significance in CD patients (r = 0.17, P = 0.06). In the winter/spring period, VD-insufficient patients (< 30 ng/mL) had a significantly lower mean sIBDQ score than VD-sufficient patients; this was true of both UC (48.3 ± 2.3 vs 56.7 ± 3.4, P = 0.04) and CD (55.7 ± 1.25 vs 60.8 ± 2.14, P = 0.04) patients. In all analysed scenarios (UC/CD, the summer/autumn period and the winter/spring period), health related quality of life was the highest in patients with VD serum concentrations of 50–59 ng/mL. Supplementation with a median of 800 IU/d VD day did not influence VD serum concentration nor the sIBDQ score.

CONCLUSION: VD serum concentration correlated with health related quality of life in UC and CD patients during the winter/spring period.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Core tip: In a cohort of 220 inflammatory bowel disease (IBD) patients, we observed that vitamin D (VD)-insufficient patients (< 30 ng/mL) had a lower health related quality of life (sIBDQ) in the winter/spring period. In all analysed scenarios (ulcerative colitis/Crohn´s disease, the summer/autumn and the winter/spring period) the health related quality of life was the highest in patients with VD serum concentrations of 50–59 ng/mL, indicating a possible target level for therapeutic VD supplementation. Furthermore, we observed that supplementation with currently recommeded doses of VD supplementation of 800 IU/d VD did not influence VD serum concentration nor the sIBDQ score.
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INTRODUCTION
The well-known north-south gradient of inflammatory bowel disease (IBD) prevalence, epidemiological data, data from animal models, and genetic association studies of vitamin D (VD) receptor polymorphisms suggest that VD plays an important role in the pathogenesis of IBD[1-3]. There is increasing evidence of the influence of VD on disease activity and its possible therapeutic use. 
The role of VD in calcium metabolism and healthy bone development has been recognized for more than a century. However, the discovery that the VD receptor is present in most tissues and cells of the body provided new insight into the non-calcaemic functions of VD, such as cell proliferation, immunomodulation, and cell differentiation[4,5]. The VD receptor is abundantly expressed in immune cells. VD stimulates the production of T-regulatory lymphocytes and expression of interleukin 4 and transforming growth factor β, inhibits the differentiation of CD4+ T lymphocytes into Th1 cells, and suppresses the effector functions of T lymphocytes 4. VD deficiency is suggested to play a role in the pathogenesis of various immune-mediated diseases, including IBD, multiple sclerosis, rheumatoid arthritis, type I diabetes, systemic lupus erythematosus, and psoriasis[6]. VD receptor agonists have favourable effects in animal models of these diseases[7]. 
Modern lifestyles appear to result in widespread VD deficiency, especially at the end of winter[8,9]. In a large population study from Germany, 81% of men and 89% of women had a VD intake from food of lower than 200 IU/d and 57% of men and 58% of women were VD-deficient (< 20 ng/mL)[9].
VD deficiency is common among IBD patients, including those who have been recently diagnosed with such diseases[10-12]. The positive effects of VD are well documented in many animal models of IBD[7]. Limited clinical data suggest that there is an association between low VD concentration and increased disease activity in ulcerative colitis (UC) and Crohn’s disease (CD)[13,14]. 
There are limited clinical data on the effect of VD replacement therapy on disease activity or health related quality of life. Miheller et a[15] observed that the CD activity index (CDAI) score and the concentration of C-reactive protein were significantly reduced in a small cohort of 35 CD patients in remission who received 1000 IU VD supplementation per day. In a small placebo-controlled randomized trial of CD patients, oral supplementation with 1200 IU VD3/day reduced the risk of relapse from 29% to 13% (P = 0.06)[16]. However, in other small prospective study, VD replacement therapy did not influence disease activity in IBD patients[17].
Given the controversy concerning the effects of VD in IBD patients, the primary aim of this study was to evaluate the effect of VD serum concentration on health related quality of life in CD and UC patients. In addition, we also assessed the impact of supplementation with currently recommended doses of VD on the serum concentration of VD and health related quality of life. 

MATERIALS AND METHODS
This was a retrospective study of a cohort of IBD patients that were followed-up at a tertiary IBD centre between August 1, 2012 and April 30, 2013. 
[bookmark: Subjects]
Study population
Patients with CD and UC who were older than 18 years and managed by the IBD centre of the Department of Internal Medicine, Division of Gastroenterology and Hepatology, University Hospital Bratislava, Slovak Republic, who had visit at our centre between August 1, 2012 and October 30, 2012 (summer/autumn period) and between February 1, 2013 and April 30, 2013 (winter/spring period) were screened. These periods were selected to match the expected highest vitamin D levels at the end of high-sunshine period and the lowest vitamin D levels at the end of low sunshine period in our geographical area. Patients were eligible if their VD status had been measured in our laboratory on at least one occasion during the study period. Using these aforementioned criteria, 220 IBD patients (141 CD patients and 79 UC patients) were included in the study. The demographic and clinical characteristics of each patient were determined, including age, duration of disease, disease location, disease behaviour according to the Montreal classification, and IBD-related surgeries[18]. These data are provided in Table 1. Patients were treated with mesalamine, prednisone, azathioprine, infliximab, or adalimumab based on the clinical assessment of the treating gastroenterologist following a step-up approach to therapy. 

[bookmark: VD_measurement]Assessment of VD serum concentration
VD serum concentration was measured in fasting state in 196 IBD patients (124 CD patients and 72 UC patients) during the summer/autumn period and in 140 IBD patients (97 CD patients and 43 UC patients) during the winter/spring period. 
The serum concentration of 25(OH)D was determined using high-performance liquid chromatography (HPLC, Agilent 1200) in a clinical biochemistry laboratory at the hospital. The parameters of the HPLC method were ultraviolet detection at 264 nm, flow rate of 1 ml/min, temperature of 40 °C, analysis time of 10 min. This method measures 25 (OH)D3 and 25 (OH)D2. 
The mean VD serum concentration and its correlation with health related quality of life were determined for each season separately. 
The VD serum concentrations of 116 IBD patients (80 CD patients and 36 UC patients) were determined in both the summer/autumn period and the winter/spring period. In this subgroup, the summer/autumn period and the winter/spring period were compared in terms of VD serum concentration and short inflammatory bowel disease questionnaire (sIBDQ) score. The change in VD serum concentration between the summer/autumn period and the winter/spring period was determined (∆VD). This sub-cohort was stratified into patients who had a normal VD serum concentration and those who did not. A VD serum concentration ≥ 30 ng/mL was considered to be normal. Patients with a VD serum concentration of 20–29.9 ng/mL were considered to be VD-insufficient and those with a VD serum concentration of < 20 ng/mL were considered to be VD-deficient. Patients were stratified according to their VD serum concentration into bins of 10 ng/mL. 

[bookmark: Determination_of_clinical_acti]Determination of health related quality of life
Disease specific health related quality of life was measured at each visit using the Sibdq[19]. In our centre, this questionnaire is used as a part of the clinical routine for both CD and UC patients and those patients with sIBDQ scores ≥ 50 (maximum is 70) are considered to be in clinical remission[20]. The correlation between VD status and sIBDQ score was analysed for all visits and for the summer/autumn period and the winter/spring period separately. The mean sIBDQ score was also analysed when patients were stratified according to their VD serum concentration into bins of 10 ng/mL. Finally, the effects of the summer/autumn period VD serum concentration and the mean of the summer/autumn period and the winter/spring period VD serum concentrations on the winter/spring period sIBDQ score were analysed. 

[bookmark: VD_supplementation]VD supplementation
In our collaborating centre that treats osteoporosis, patients who are found to have a reduced bone mineral density by a DEXA scan are supplemented with 1000-1200 mg/d calcium and 400-1000 IU/d VD. The dose depends on the patient’s weight, compliance, and the formulation used. For this study, to be considered as VD-supplemented, the patient must have been taking a minimum of 400 IU VD supplementation daily for at least 3 mo prior to the measurement of VD serum concentration (Table 1). In a subgroup of patients for whom VD serum concentration was measured in both the summer/autumn period and the winter/spring period, the effects of VD supplementation on the winter/spring period VD serum concentration, change in VD serum concentration from the summer/autumn period to the winter/spring period, and the winter/spring period sIBDQ score were analysed. 

[bookmark: Statistical_analysis]Statistical analysis
Statistical tests were performed using SPSS 19.0 (IBM SPSS Inc., Chicago, Illinois, United States). 
Nominal and ordinal variables, such as clinical characteristics, VD status (sufficient/insufficient) and sIBDQ status (remission, activity) and season were analysed using the Chi square test with Yates’s correction. If any cell of the contingency table contained a value of less than 5, Fisher’s exact test was used instead. 
Continuous variables (age, duration of disease, VD serum concentration, and sIBDQ score) were analysed for normality using the Kolmogorov-Smirnov test. Separate summer/autumn period and winter/spring period mean VD serum concentrations and sIBDQ scores were compared among groups using Student’s T test or an analysis of variance (ANOVA). Correlations between VD serum concentration and sIBDQ score were tested using Pearson's R correlation test. In a sub-cohort of patients for whom VD serum concentration was measured in both the summer/autumn period and the winter/spring period, the effect of VD supplementation on the winter/spring period VD serum concentration and sIBDQ score, as well as comparisons of VD serum concentration and sIBDQ score between the two seasons, were tested using the paired Student’s T test. 
Statistical significance was considered at the level of P < 0.05. In multiple comparisons (ANOVA), Bonferroni's correction was applied. If not stated otherwise, results are reported as mean ±SE.

Ethical considerations
The study was approved by the local ethical committee. All subjects gave written approval for their clinical data to be analysed for research purposes.

RESULTS
Comparison of VD serum concentration and health related quality of life between the summer/autumn period and the winter/spring period
The mean VD serum concentration was significantly higher in the summer/autumn period than in the winter/spring period (28.2 ± 0.9 vs 23.8 ± 1.1 ng/mL; P = 0.002) (Figure 1). This difference in VD serum concentration between seasons was observed in both CD (27.8 ± 1.2 vs 23.2 ± 1.3 ng/mL, P = 0.01) and UC (29.0 ± 1.5 vs 24.9 ± 2.0 ng/mL, P = 0.10) patients.
Patients were stratified according to their VD serum concentrations in the winter/spring period and the summer/autumn period into bins of 10 ng/mL. Table 2 shows the numbers of UC and CD patients in each bin.
For UC patients, the mean sIBDQ score was significantly higher in the summer/autumn period than in the winter/spring period (54.8 ± 1.6 vs 51.3.0 ± 2.1; P = 0.02). The mean sIBDQ score of CD patients did not significantly differ between the summer/autumn period and the winter/spring period (57.6 ± 1.1 vs 57.1 ± 1.1, P = 0.5). 

Effect of VD serum concentration on disease related quality of life
The mean sIBDQ score was significantly higher for UC patients that had a normal VD serum concentration than for those that had a low VD serum concentration (56.5 ± 1.9 vs 51.6 ± 1.5, P = 0.04). When the two seasons were examined separately, this difference was only significant in the winter/spring period (48.3 ± 2.3 vs 56.7 ± 3.4, P = 0.04), not in the summer/autumn period (54.8 ± 1.9 vs 56.4 ± 2.1, P = 0.6), Figure 2A. In the winter/spring period, the mean sIBDQ score was significantly higher for CD patients that had a normal VD serum concentration than for those that had a low VD serum concentration (60.8 ± 2.14 vs 55.7 ± 1.25, P = 0.04), Figure 2B. By contrast, there was no significant difference in the summer/autumn period (low VD serum concentration, 57.9 ± 1.2 vs normal VD serum concentration, 57.8 ± 1.6; P = 0.9) or when measurements from both the summer/autumn period and the winter/spring period were analysed (low VD serum concentration, 56.8 ± 0.9 vs normal VD serum concentration, 58.8 ± 1.2; P = 0.18).
Next, we analysed the mean sIBDQ scores of CD and UC patients that had been categorised according to their summer/autumn period and winter/spring period VD serum concentrations into bins of 10 ng/ml (Table 3, Figure 3). 
In UC patients, the mean sIBDQ score increased with VD serum concentration over the bins from < 10 ng/mL to 50–59.9 ng/mL. There were only three patients in the > 60 ng/mL bin, and their mean sIBDQ score was low. This pattern of sIBDQ score increasing with VD serum concentration was also observed in CD patients. In UC patients, the mean sIBDQ score of patients in the lowest VD serum concentration bin (< 10 ng/mL) was significantly lower than those of patients in each of the other bins (P < 0.05), apart for the > 60 ng/mL bin. The mean sIBDQ score of UC patients with VD serum concentrations of 50–59.9 ng/ml was furthermore significantly higher than that of UC patients with VD serum concentrations of 10–19.9 ng/mL (P < 0.05). 
Next, we performed correlation analysis between VD serum concentration and sIBDQ score. There was no significant correlation between VD serum concentration and sIBDQ score in CD patients, although there was a trend towards significance in the winter/spring period (r = 0.17, P = 0.06; Figure 4A). By contrast, in UC patients, there was a significant correlation between VD serum concentration and sIBDQ score when both the summer/autumn period and the winter/spring period measurements were considered (r = 0.23 P = 0.02). This was also true when only the winter/spring period measurements were considered (r = 0.35, P = 0.03), but not when only the summer/autumn period measurements were considered (r = 0.1, P = 0.5) (Figure 4B).
Smoking, disease location, disease behaviour, and past IBD surgery did not significantly affect the association of VD serum concentrations and sIBDQ scores in neither CD nor UC patients.”

Effects of VD supplementation on VD serum concentration and disease related quality of life
Next, we analysed the effect of VD supplementation on VD serum concentration in the IBD sub-cohort for whom measurements were collected in both the summer/autumn period and the winter/spring period. VD supplementation did not significantly affect the mean VD serum concentration in the summer/autumn period (supplemented patients, 30.2 ± 1.2 ng/mL vs non-supplemented patients, 26.8 ± 2.7 ng/mL, P = 0.6 or the winter/spring period (supplemented patients, 24.0 ± 1.6 ng/mL vs non-supplemented patients, 25.9 ± 2.5 ng/mL, P = 0.8). The mean decrease in VD serum concentration from the summer/autumn period to the winter/spring period was smaller in VD-supplemented patients than in non-supplemented patients (−1.0 ± 2.8 ng/mL vs −6.1 ± 1.5 ng/mL, P = 0.10). Table 4 shows similar analyses conducted on CD and UC patients separately.
We analysed the correlation between the change in VD serum concentration from the summer/autumn period to the winter/spring period and the winter/spring period sIBDQ score. These two variables were significantly correlated in UC patients (r = 0.47, P = 0.03) but not in CD patients (r = 0.03, P = 0.8) (Figure 5). 
Finally, we analysed the winter/spring period sIBDQ scores of a subgroup of patients that had normal VD serum concentrations in both the summer/autumn period and the winter/spring period. In UC patients, the mean winter/spring period sIBDQ score of patients who had normal VD serum concentrations in both seasons was significantly higher than that of patients who did not (58.6 ± 2.4 vs 48.3 ± 4.8, P = 0.07). In CD patients, the mean sIBDQ scores of these two subgroups did not significantly differ.
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DISCUSSION
During the summer/autumn period and the winter/spring period, 28% and 42% of IBD patients in this study were VD-deficient (< 20 ng/mL), respectively. A further 31% were VD-insufficient (20–29.9 ng/mL) in both seasons. The prevalence of VD deficiency and insufficiency did not differ between CD and UC patients. This is in agreement with several other Western studies that reported that the prevalence of VD deficiency (< 20 ng/mL) was 18%–39% and 50%–57% at the end of the summer/autumn period and the winter/spring period, respectively, and that a further about 35% of people were VD-insufficient (20–29.9 ng/mL)[12,21-23]. In the current study, the mean VD serum concentration was 4.2 ng/mL higher in the summer/autumn period than in the winter/spring period, which is similar to the seasonal difference reported by Bours (3 ng/mL)[23]. This difference in VD serum concentration between seasons is logical because production of VD3 depends heavily on exposure to sunshine. In the West, only a small amount of VD is obtained from the diet. 
sIBDQ score, an indicator of disease specific health related quality of life, was significantly higher in the summer/autumn period than in the winter/spring period in UC patients (54.8 ± 1.6 vs 51.3 ± 2.1, P = 0.02) but not in CD patients. There is considerable controversy concerning seasonal variation in disease activity in CD and UC patients[24]. Some studies reported that the rate of flare-ups is low in summer period, particularly in UC patients[25,26]. 
In the current study, a low VD serum concentration (< 30 ng/mL) was associated with a lower sIBDQ score in the winter/spring period, in both CD and UC patients. In UC patients, the winter/spring period sIBDQ score correlated significantly with the winter/spring period VD serum concentration (r = 0.35), and the winter/spring period sIBDQ score correlated even more strongly with the mean of winter/spring period and the summer/autumn period VD serum concentrations (r = 0.46). In CD patients, there was a trend towards significant correlation between the winter/spring period sIBDQ score and the winter/spring period VD serum concentration (r = 0.17, P = 0.06). 
Several recent studies made similar observations. In a recent trial of 504 IBD patients (403 CD and 101 UC), vitamin D deficiency was associated with lower sIBDQ in CD [regression coefficient -2.21, 95%CI: -4.1-(-0.33)] but not in UC (regression coefficient 0.41, 95%CI: -2.91-3.73), as well as with increased disease activity in CD (regression coefficient 1.07, 95%CI: 0.43-1.71)[11]. In a small study of CD patients, serum 25(OH)D3 concentration correlated with disease activity, as assessed by the Harvey-Bradshaw index (r = -0.484, P < 0.004)[14]. In another open label study of CD patients, after 12 weeks of VD supplementation to a target serum VD concentration of more than 40 ng/mL the mean IBDQ scores rose from baseline 156 ± 24 to 178 ± 22 points (P = 0.0006)[27]. Blanck recently reported that UC patients who were VD-deficient (< 30 ng/mL) were more likely to have high disease activity (68%, n = 19) than UC patients who were not (33%, n = 14) (P = 0.04)[13]. An inverse correlation between 25(OH)D concentration and calprotectin concentration has been reported in CD (Pearson's r = -0.35, P = 0.04), UC (r = -0.39, P = 0.04), and all IBD together (r = -0.37, P = 0.003)[28]. IBD patients who were VD-insufficient (< 30 ng/mL) prior to anti-tumor necrosis factor-α treatment stopped this therapy earlier than patients who were not[29]. This effect was significant in patients who stopped treatment owing to the loss of response (HR = 3.49; 95%CI: 1.34–9.09) and was stronger for CD than for UC (HR = 2.38; 95%CI: 0.95–5.99). In a Dutch study of 316 IBD patients, low VD concentration, which was defined as the lowest quartile (< 16.8 ng/mL), was associated with increased disease activity[23]. 
In the current study, in all analysed scenarios (UC/CD, summer/autumn period/winter/spring period), health related quality of life was the highest in patients with VD serum concentrations of 50–59 ng/mL, indicating a possible target level for therapeutic VD supplementation. In a study by Hawai, the highest 25(OH)D3 concentration recorded following natural exposure to ultraviolet B was 60 ng/mL, and the authors recommended this as the upper limit when prescribing VD supplements[30]. 
With regards to a mechanistic explanation for our observations, VD might influence the disease activity and consequently the disease specific health related quality of life. The positive immunomodulatory effects of VD are well documented in many animal models of IBD[7]. VD also plays an important role in mucosal barrier homeostasis and preserving the integrity of epithelial junctions[31]. VD is also suggested to function in the physiological packaging of mucins in goblet cells[32]. 
In the current study, supplementation with a median of 800 IU/day VD (range, 400–1000 IU) did not influence the summer/autumn period VD serum concentrations. However, the change in VD serum concentration from the summer/autumn period to the winter/spring period was reduced from −6.2 ± 1.5 ng/mL in non-supplemented patients to −1.0 ± 2.8 ng/mL in VD-supplemented patients (P = 0.10, n.s.). Supplementation with such doses of VD for 4–6 mo did not affect disease related quality of life. In a small study on 55 IBD patients, the level of VD supplementation (mean, 371 IU/d) and 25[OH] serum concentration were only correlated during non-sunny months[33]. A small study from Ireland on a cohort of 58 CD patients identified VD supplementation (median, 340 IU/d) as an independent factor associated with adequate VD status in both the summer/autumn period and the winter/spring period[12]. In a recent study of 83 paediatric CD patients, supplementation with 400 IU or 2000 IU VD daily for 3 mo increased VD serum concentrations by a mean 2.8 ng/mL and 16 ng/mL, respectively, versus the baseline[34]. In an open label study on 19 CD patients, twenty-four weeks supplementation with up to 5000 IU/d vitamin D3 effectively raised serum 25(OH)D3 and reduced CDAI scores[27].
Although experimental animal studies and in vitro studies have provided evidence that VD supplementation may affect disease activity in CD and UC patients, there are limited clinical data. In a small double-blinded placebo-controlled randomized trial, oral supplementation of CD patients with 1200 IU/day VD3 non-significantly reduced the risk of relapse from 29% to 13% (P = 0.06)[16]. In another small study of 35 CD patients in remission, treatment with 1,25(OH)2D3 and 25(OH)D3 significantly decreased clinical activity, as measured by the CD activity index, as well as mean C-reactive protein concentration[15].
The current study has several limitations. First, all analyses of health related quality of life were univariate, despite this variable being modulated by a multiple factors. The study design and the numbers of patients in the UC and CD cohorts prevented multivariate analyses, and confounding bias was possible. The correlation between VD serum concentration and sIBDQ score was not affected by disease location, disease behaviour, previous IBD surgery, or smoking. However, we did not examine the effects of disease medication. Second, the association between VD serum concentration and health related quality of life can be interpreted in several ways. A lower VD serum concentration may result in higher disease related quality of life. Alternatively, higher disease activity reflected in lower sIBDQ might result in a lower VD serum concentration level owing to reduced intestinal absorption and/or changes to diet or lifestyle. Third, the effects of VD supplementation are dose-dependent. The patients took 400, 800, or 1000 IU/d VD. To evaluate the effects of VD supplementation more precisely, patients need to be prescribed a standardised dose of VD in a prospective study. 
To sum up, VD supplementation with adequate doses and saturation of 25(OH)D3 reserves might be a novel therapeutic approach for IBD that is simple, effective, safe, and inexpensive. Based on the findings of this study, we believe that patients with UC, and perhaps also those with CD, who are VD-insufficient might benefit from VD supplementation with adequate doses to increase their VD serum concentration to around 50 ng/mL. It is likely that currently recommended doses of VD supplementation are too low to achieve this level and that higher doses are needed. Further studies are needed to confirm the association of VD with disease activity and to explore the optimal treatment protocol. 

COMMENTS
Background
Vitamin D (VD) has strong immunomodulatory effects. The well known north-south geographical gradient of inflammatory bowel diseases (IBD) prevalence, genetic and epidemiology studies and animal model data suggest a role of VD in the pathogenesis of IBD. 

Research frontiers
There is limited and conflicting evidence of the influence of VD on disease activity in patients with IBD. Clinical data concerning the effect of VD supplementation on the disease activity and/or disease related quality of life are scarce. 

Innovations and breakthroughs
In this study, VD-sufficient patients (25(OH)D > 30 ng/mL) had a higher health related quality of life (sIBDQ) in the winter/spring seasons. The effect was stronger among UC patients. In all analysed scenarios (UC/CD, summer/winter), health realted quality of life was the highest among patients with 25(OH)VD serum concentrations of 50–60 ng/mL. Supplementation with a median of 800 IU/d VD did not influence the VD serum concentration nor the health related quality of life.

Applications
Our data suggest that achieving target VD serum concentration of approximation 50-60 ng/mL might improve the quality of life of IBD patients. This could be achieved either with VD supplementation with adequate doses or with heliotherapy. However, we demonstrated that the currently recommended doses of VD supplementation (600-800 IU VD/d) are too low to achieve this target and higher doses are probably needed. 

Peer review
This paper offers important information that supplementation with currently recommended doses of VD did not influence health related quality of life in IBD patients. 
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Table 1 Clinical characteristics of the cohort according to the Montreal classification n (%)

	Characteristics
	MC (n = 141)
	UC (n = 79)

	Females
	74 (52)
	39 (49)

	Age (yr, mean ± SD)
	38.5 ± 12.8
	47.0 ± 16.1

	Disease duration (yr, mean ± SD)
	9.8 ± 6.4
	10.5 ± 7.2

	Location
	L1: 63 (45)
	E1: 8 (10)

	
	L2: 29 (21)
	E2: 39 (49)

	
	L3: 44 (31)
	E3: 33 (41)

	
	L4: 4 (3)
	

	Behaviour
	
	

	   B1
	56 (40)
	

	   B2
	37 (27)
	

	   B3
	46 (33)
	

	IBD surgery
	46 (33)
	2 (3)

	VD supplementation
	30 (21)
	18 (23)


MC: Morbus crohn; VD: Vitamin D; IBD: Inflammatory bowel diseases;
UC: Ulcerative colitis.




Table 2 Vitamin D serum concentrations in the summer/autumn and the winter/spring period and ulcerative colitis/ Crohn´s disease cohorts n (%)
	VD concentration (nmol/L)
	IBD summer/autumn (n = 196)
	CD summer/autumn (n = 124)
	UC summer/autumn (n = 72)
	IBD  winter/spring (n = 140)
	CD winter/spring (n = 97)
	UC 
winter/spring (n = 43)

	< 10
	10 (5)
	8 (6)
	2 (3)
	22 (16)
	16 (16)
	6 (14)

	10-19.9
	45 (23)
	28 (23)
	17 (24)
	37 (26)
	25 (26)
	12 (28)

	20-29.9
	61 (31)
	38 (31)
	23 (32)
	43 (31)
	31 (32)
	12 (28)

	30-30.9
	42 (21)
	27 (22)
	15 (21)
	21 (15)
	13 (13)
	8 (19)

	40-40.9
	25 (13)
	16 (13)
	9 (13)
	11 (8)
	7 (7)
	4 (9)

	50-50.9
	7 (4)
	4 (3)
	3 (4)
	6 (4)
	5 (5)
	1 (2)

	> 60
	6 (3)
	3 (2)
	3 (4)
	0
	0 
	0

	
	
	
	
	
	
	

	> 30 (normal)
	41%
	40%
	42%
	27%
	26%
	30%


VD: Vitamin D; IBD: Inflammatory bowel diseases: CD: Crohn´s disease; UC: Ulcerative colitis. 



Table 3 Mean short inflammatory bowel diseases questionnaire scores of Crohn´s disease and ulcerative colitis patients in the summer/autumn and the winter/spring period according to their vitamin D serum concentrations
	VD 
concentration
(ng/mL)
	sIBDQ 
(Mean ± SE)

	
	CD
	UC

	
	
Summer/autumn
(n = 107)
	Winter/spring
(n = 87)
	All
measure
ments
(n = 194)
	Summer/autumn
(n = 72)
	
Winter/spring
(n = 44)
	All
measure
ments
(n = 116)

	< 10
	56.6 ± 3.0
	55.8 ± 2.2
	56.1 ± 1.7
	281
	44.5 ± 3.5
	42.1 ± 3.8a

	10-19.9
	58.6 ± 2.3
	56.0 ± 2.6
	57.3 ± 1.7
	54.3 ± 2.4
	49.0 ± 3.4
	51.7 ± 2.1

	20-29.9
	58.2 ± 1.7
	56.1 ± 1.8
	57.0 ± 1.2
	56.9 ± 2.9
	48.3 ± 4.2
	53.0 ± 2.5

	30-30.9
	58.4 ± 1.7
	61.8 ± 2.3
	59.6 ± 1.4
	56.3 ± 2.5
	53.3 ± 5.1
	55.1 ± 2.5

	40-40.9
	56.0 ± 3.0
	59.0 ± 6.1
	56.8 ± 2.7
	58.0 ± 2.2
	60.3 ± 3.5
	58.9 ± 1.9

	50-50.9
	66.7 ± 1.7
	60.0 ± 3.2
	62.9 ± 2.3
	63.0 ± 5.0
	70
	65.3 ± 3.7c

	> 60
	53.7 ± 6.2
	NA
	53.7 ± 6.2
	451
	NA
	451


aP < 0.05 vs all other bins except > 60 ng/mL; cP < 0.05 vs the < 10 ng/mL and 10–19.9 ng/mL bins; 1Too few cases to calculate the mean value. NA: Not available; VD: Vitamin D; IBD: Inflammatory bowel diseases; CD: Crohn´s disease; UC: Ulcerative colitis; sIBDQ: Short inflammatory bowel diseases questionnaire.

Table 4 Effect of vitamin D supplementation on vitamin D levels and short inflammatory bowel diseases questionnaire in Crohn´s disease and ulcerative colitis patients

	
	IBD
	CD
	UC

	Characteristics
(mean ± SE)
	No VD supplementation (n = 90)
	VD supplementation (n = 26)
	NO VD supplementation
(n = 64)
	VD supplementation
(n = 16)

	NO VD supplementation
(n = 26)
	VD supplementation
(n = 10)


	VD summer/autumn
	30.2 ± 1.4
	26.8 ± 2.7
	30.3 ± 1.7
	27.1 ± 3.4
	29.8 ± 2.7
	26.4 ± 4.3

	sIBDQ summer/autumn
	56.7 ± 1.1
	54.4. ± 2.1
	57.5 ± 1.3
	56.5 ± 2.6
	54.3 ± 2.3
	50.6 ± 3.7

	VD next winter/spring
	24.0 ± 1.6
	25.9 ± 2.5
	22.8 ± 1.6
	26.4 ± 3.2
	27.0 ± 2.5
	25.0 ± 4.1

	sIBDQ next winter/spring
	56.8 ± 1.2
	50.2 ± 2.3a
	58.6 ± 1.3
	54.5 ± 2.5
	53.0 ± 2.5
	42.9 ± 4.2a

	∆ VD (winter/spring-summer/autumn)
	-6.2 ± 1.5
	-1.0 ± 2.8
	-7.5 ± 1.6
	-0.7 ± 3.11
	-2.8 ± 3.2
	-1.4 ± 5.2


1Not significant; aP < 0.05 vs control group. VD: Vitamin D; IBD: Inflammatory bowel diseases; CD: Crohn´s disease; UC: Ulcerative colitis; sIBDQ: Short inflammatory bowel diseases questionnaire.



Figure 1 Differences in the mean vitamin D serum concentrations of Inflammatory bowel diseases patients between summer and winter. The horizontal lines represent the mean ± SE. VD: vitamin D. 
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Figure 2 Mean short Inflammatory bowel diseases questionnaire score in the winter/spring period according to vitamin D status. A: Ulcerative colitis patients; B: Crohn´s disease patients. Low VD serum concentration (< 30 ng/mL), Normal VD serum concentration (> 30 ng/mL). CD: Crohn´s disease; UC: Ulcerative colitis; VD: Vitamin D; sIBDQ: Short Inflammatory bowel diseases questionnaire.
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Figure 3 Effect of vitamin D serum concentration on disease activity according to diagnosis and season. The horizontal lines represent the sIBDQ score mean ± SE. VD serum concentration bins: 0: 0–9.9 ng/mL; 1: 10–19.9 ng/mL; 2: 20–29.9 ng/mL; 3: 30–39.9 ng/mL; 4: 40–49.9 ng/mL; 5: 50–50.9 ng/mL; 6: > 60 ng/mL. VD: Vitamin D; sIBDQ: Short Inflammatory bowel diseases questionnaire. 
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Figure 4 Correlation between vitamin D serum concentration and short Inflammatory bowel diseases questionnaire score. A: CD patients in winter; B: UC patients in winter. sIBDQ: short Inflammatory bowel diseases questionnaire; VD vitamin D; CB: confidence border; MC; Morbus Crohn; CD: Crohn´s disease. 




[image: ]

Figure 5 Correlation between the change in vitamin D serum concentration from summer to winter and the winter short Inflammatory bowel diseases questionnaire score in ulcerative colitis patients. VD average is the mean value of the summer/autumn and winter/spring VD serum concentrations. sIBDQ 1H2013 is the sIBDQ score measured in the winter/spring period of 2013. sIBDQ: Short inflammatory bowel diseases questionnaire; UC: Ulcerative colitis; VD: Vitamin D, CB: Confidence border.
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