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Abstract: The role of vitamin D has long been discussed in many 

chronic diseases, and its significance in inflammatory bowel 

disease has recently gained attention. This article reviews vitamin 

D homeostasis, the involvement of vitamin D in the pathophysiol-

ogy of inflammatory bowel disease, and vitamin D deficiency as 

a result of inflammatory bowel disease. In addition, this article 

explores the possibility of age, specifically in the elderly popula-

tion, as a risk factor for developing vitamin D deficiency in patients 

with inflammatory bowel disease.

Inflammatory bowel disease (IBD), although present in all age 
groups, is most common in young adults. However, there is an 
emerging occurrence of IBD in the elderly and pediatric popula-

tions.1 Although the definition of elderly varies among studies, it is 
usually defined as over 60 to 65 years of age. The proportion of elderly 
patients with IBD has been increasing over the past 30 years in West-
ern countries.2 In comparison to younger patients, elderly patients 
with IBD often present with more subtle abdominal symptoms but 
similar extraintestinal manifestations.3,4 Elderly patients with IBD 
compose a unique patient population to study the role of vitamin D, 
as these patients are currently not well studied. This article reviews 
the role of vitamin D in IBD and the possible association between 
advancing age and vitamin D levels among patients with IBD.

Sources of Vitamin D

Several forms of vitamin D exist, including ergocalciferol (vitamin 
D2) and cholecalciferol (vitamin D3). Vitamin D initially enters the 
body through gut absorption or subcutaneous synthesis. Of the total 
synthesized vitamin D, 80% is a product of skin exposed to ultravio-
let B radiation, and the resultant 7-dehydrocholesterol is converted 
into vitamin D3.5 When absorbed through the gut, vitamin D is 
predominantly absorbed in the jejunum and ileum6 and then trans-
ported to the liver, where it is transformed into 25-hydroxyvitamin 
D (25[OH]D) via the 25-hydroxylase enzyme. 25(OH)D is subse-
quently converted to 1,25-dihydroxyvitamin D (1,25[OH]2D) in 
the kidneys via the 1-hydroxylase enzyme (Figure).7 Most circulating 
vitamin D in the body is in the form of 25(OH)D due to the short 
half-life of 1,25(OH)2D compared to 25(OH)D.
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microbes via vitamin D receptors (VDRs) located in most 
nucleated cells.8 Recent studies support vitamin D’s role 
through these mechanisms in cancer, depression, demen-
tia, cardiovascular disease, and gastrointestinal diseases.9,10

Importance of Vitamin D in Inflammatory 
Bowel Disease

IBD is a chronic relapsing-remitting inflammatory dis-
ease of unclear etiology thought to result from a complex 
interaction between genetic predisposition, a dysregu-
lated immune response, and an environmental trigger, 
central to which now appears to be the gut microbiome 
and its interaction with these factors. Vitamin D has a  

Physiologic Role of Vitamin D

1,25(OH)2D is integral to maintaining homeostasis of 
calcium via intestinal absorption, and further increases 
calcium levels by stimulating bone resorption and reduc-
ing renal calcium excretion. 1,25(OH)2D levels are 
increased by the parathyroid hormone. Upon detecting 
inadequate calcium levels, the parathyroid gland secretes 
parathyroid hormone to increase the 1-hydroxylase 
enzyme and thereby increase 1,25(OH)2D levels. Addi-
tionally, 1,25(OH)2D promotes intestinal phosphate 
absorption and decreases renal phosphate excretion. 
Research suggests that vitamin D has a probable role as 
an anti-inflammatory agent with potential activity against 

Figure. Synthesis of vitamin D.
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protective role in IBD by maintaining the intestinal 
epithelial barrier through immune interactions that favor-
ably affect the gut microbiome. Furthermore, vitamin D 
has been noted to influence the gut’s immune system by 
modulating the innate and adaptive immune systems.11,12 
Vitamin D deficiency as a result of IBD has been increas-
ingly recognized to contribute to a dysregulated intestinal 
immune response.

Pathophysiologic Role of Vitamin D in 
Inflammatory Bowel Disease

VDRs play a significant role in maintaining the intestinal 
epithelial barrier between the host commensal microbes 
and the immune system. Research has shown that VDRs 
sustain the tight intercellular epithelial junctions and pre-
vent apoptosis of these epithelial cells, thereby preventing 
the entry of luminal antigens and foreign bacteria as well 
as the resulting inflammation.13 In addition, vitamin D 
helps maintain the intestinal microbiome, which further 
supports the gut’s innate immune system. Cathelicidin 
peptide acts as an antimicrobial when stored in macro-
phages and neutrophils. Vitamin D preserves gut homeo-
stasis as an antimicrobial by promoting the expression 
of cathelicidin peptide. Furthermore, activated VDRs 
increase CYP3A activity, improving the detoxification of 
harmful bile acids.12

On the other hand, vitamin D may play a proinflam-
matory role in the development of IBD. In genetically 
predisposed individuals, vitamin D has been shown to 
promote the synthesis of CD8 cells. Through the inter-
leukin-17 and interferon-g pathways, these cells promote 
inflammation and may play a role in the development  
of IBD.14

Defining Vitamin D Deficiency

The definitions of vitamin D sufficiency, insufficiency, 
and deficiency vary in the literature. Commonly,  
25(OH)D levels of 21 ng/mL and below are considered 
to be vitamin D–deficient, levels over 21 ng/mL up to 
30 ng/mL are considered to be vitamin D–insufficient, 
and levels of 30 ng/mL up to 75 ng/mL are considered 
to be vitamin D–sufficient.15 Using 21 ng/mL as a cutoff 
has found support in research demonstrating decreased 
all-cause mortality, as well as cardiovascular disease mor-
tality, above levels of 21 ng/mL.16 Mechanisms that may 
explain the increased mortality seen in vitamin D defi-
ciency include suppression of smooth cell proliferation 
and overstimulation of the renin-angiotensin-aldosterone 
pathway, leading to higher blood pressure and cardiac 
muscle hypertrophy.17 However, other authors have 
argued for a higher cutoff for vitamin D deficiency. A 
study suggested that there is a lower risk of colorectal 

cancer among patients with vitamin D levels above 40 
ng/mL,18 which could be considered sufficient. Of note, 
there is some evidence that vitamin D deficiency incurs a 
protective effect on the development of cancer, although 
this finding is questionable.19

Vitamin D Deficiency in Elderly Patients

Elderly patients, including those with IBD and those 
who are healthy, are assumed to be at an increased risk for 
vitamin D deficiency. This generalization may be due to 
decreased sun exposure, lower metabolic activity in aging 
skin, and decreased consumption of vitamin D–fortified 
foods. Additionally, decreased muscle mass is considered 
to be a reservoir of vitamin D, low VDR levels, and 
hepatic and renal dysfunction in elderly patients, com-
pared to younger patients, further predisposing elderly 
patients to vitamin D deficiency.20,21

Vitamin D Deficiency in Inflammatory Bowel 
Disease

Significant controversy exists within the literature regard-
ing a possible association between vitamin D deficiency 
and IBD. If an association does exist, it remains challeng-
ing to prove causality (ie, whether IBD causes vitamin D 
deficiency or whether vitamin D deficiency results in IBD). 

Association Between Vitamin D Deficiency  
and Inflammatory Bowel Disease
Mouli and Ananthakrishnan first noted a correlation 
between IBD and vitamin D deficiency.22 The authors 
used this observation to further explain the north-south 
gradient among IBD patients because IBD prevalence 
seems to parallel ultraviolet exposure and vitamin D lev-
els.22 Additionally, Ananthakrishnan and colleagues noted 
a 6% relative risk reduction in Crohn’s disease and a 4% 
relative risk reduction in ulcerative colitis per 1 ng/mL 
increase of serum vitamin D level.23 They also noticed a 
risk reduction in ulcerative colitis among women taking 
vitamin D supplementation.23 However, the study used 
predicted vitamin D serum levels in place of measured 
levels, which may be a limitation. Another study noted 
VDR polymorphisms to be associated with increased 
susceptibility to Crohn’s disease.24

In contrast to the above studies, Opstelten and 
colleagues found no association between serum vitamin 
D levels and the risk of Crohn’s disease and ulcerative 
colitis among patients of all ages.25 However, in patients 
60 years and older, low 25(OH)D serum concentra-
tions were slightly associated with the development of 
ulcerative colitis (odds ratio, 0.84; 95% CI, 0.70-1.00; 
P=.05). This analysis was based on categories of vitamin D  
concentrations, as shown in the Table. Elderly patients 
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60 years of age and older who had Crohn’s disease did 
not show any such association when 25(OH)D concen-
trations were analyzed as a categorical variable based on 
subcategories of vitamin D deficiency, insufficiency, and 
sufficiency.

Inflammatory Bowel Disease as a Risk Factor for  
Vitamin D Deficiency
Few studies have focused on IBD as a risk factor for vita-
min D deficiency. Atia and colleagues demonstrated that 
veterans with Crohn’s disease, compared to ulcerative coli-
tis, were more likely to have vitamin D insufficiency and 
deficiency.24 Several potential mechanisms can explain the 
development of vitamin D deficiency in IBD patients, 
specifically Crohn’s disease patients. Intestinal inflamma-
tion of the jejunum and ileum during active disease, prior 
abdominal surgeries, bacterial overgrowth, and disease 
in the small bowel will result in malabsorption and may 
hinder vitamin D absorption from dietary sources.25-27 
Additionally, avoidance of dairy products and food aver-
sion result in decreased dietary intake of vitamin D.26,27 
Lastly, medications for IBD management can also lead to 
vitamin D deficiency. Although IBD patients may already 
feel disabled due to their disease, thiopurines’ possible 
interaction with sunscreen products may discourage the 
patients from participating in outdoor activities.28

Vitamin D Supplementation in Inflammatory  
Bowel Disease
Given the risk factors for vitamin D deficiency in IBD, 
and the possibility that vitamin D deficiency furthers 
disease progression, several studies have analyzed vitamin 
D supplementation as a treatment modality in IBD. Jor-
gensen and colleagues demonstrated that among patients 
with Crohn’s disease in remission, vitamin D supple-
mentation with 1200 IU daily significantly increased 
serum vitamin D levels.29 Additionally, relapse rates were 
lower among treated patients. Although these results did 
not reach statistical significance, they highlight the pos-
sibility of supplementation as a treatment modality.29 
Research has shown that the active form of vitamin D 
(1,25[OH]2D), when compared to 25(OH)D, incurred 
these disease improvements, as measured by the Crohn’s 
Disease Activity Index and a decrease in C-reactive pro-
tein level.30 These results were replicated in ulcerative 
colitis patients as well.31

Although the above studies did not specifically target 
IBD patients with vitamin D deficiency, and treated all 
patients with IBD, Mathur and colleagues specifically 
treated vitamin D–deficient (defined as <30 ng/mL) 
ulcerative colitis patients with vitamin D supplementa-
tion (2000 or 4000 IU daily).32 Among the 18 patients 
randomized, the authors found that the higher dose (4000 
IU daily) was more effective at increasing serum vitamin 

D levels above 30 ng/mL. However, no statistically sig-
nificant improvement was noted in the Mayo Ulcerative 
Colitis Score, although the results did trend toward 
improvement with the higher dose.32 In contrast, among 
10 patients with active Crohn’s colitis or ulcerative colitis, 
Garg and colleagues found that the improved serum levels 
of vitamin D among IBD patients treated with vitamin 
D supplementation did not correlate with objective mea-
sures of intestinal or systemic inflammation.33

Vitamin D Deficiency in Elderly Patients With 
Inflammatory Bowel Disease

With this background, a priori, it might be suspected that 
elderly IBD patients are more at risk for vitamin D defi-
ciency, given the double risk factors of IBD as well as age. 
Interestingly, there are a very limited number of studies 
addressing this association.

In a retrospective study, Juneja and colleagues 
assessed vitamin D deficiency and IBD severity in the 
elderly population.26 They found that 15.3% of elderly 
IBD patients had overt vitamin D deficiency, defined as 
25(OH)D less than 9 ng/mL (11.3% in Crohn’s disease; 
17.7% in ulcerative colitis). Although the study did not 
have a comparative younger cohort, the authors noted 
that vitamin D deficiency rates were lower than in the 
published literature of IBD patients of all ages, suggest-
ing that elderly IBD patients are less at risk of developing 
vitamin D deficiency compared to younger IBD patients. 
Notably, the definition of vitamin D deficiency that was 
used is a lower level of vitamin D compared to that used 
in most studies. However, the authors reported significant 
correlation between the duration of Crohn’s disease and 
vitamin D deficiency. The average length of disease noted 
in the patients with vitamin D deficiency was 28.9 years, 
compared to 12.8 years (P=.003) in patients without 
vitamin D deficiency. There was no similar correlation in 
elderly patients with ulcerative colitis.

Kabbani and colleagues evaluated vitamin D levels 
and IBD status in elderly patients.34 The study compared 
elderly patients (>65 years) to middle-aged (45-65 years) 
and young (<45 years) patients with IBD. Older patients 
were less likely to have vitamin D deficiency (19.4%) when 
compared to the younger population (34.8%). Of note, 
the elderly cohort was only 9% of the entire IBD cohort.

Assessing Age as a Risk Factor for Vitamin D 
Deficiency in Inflammatory Bowel Disease

Evidence Against Age as a Risk Factor
Separate from viewing elderly patients in isolation, the 
following studies have analyzed age as a risk factor for 
developing vitamin D deficiency among IBD patients. 
Frigstad and colleagues reported that, among 408  
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Table. Aggregate of 25(OH)D Levels in IBD Patients in Various Studies

Study

Number 
of Patients

Age, yrs

25(OH)D Status

CD UC Deficient Insufficient Sufficient

Ananthakrishnan 
et al23,a

122 123 53 
(median)

Opstelten et 
al25,b

72 169 ≥60 32% (CD) vs 40% (control)
52.5% (UC) vs 39.8% (control)
(<30.05 ng/mL)

16% (CD) vs 22% (control)
18.6% (UC) vs 22% (control)
(≥30.1 ng/mL)

Atia et al24 43 80 64 (mean) 51.2% (CD)
30.0% (UC)
P≤03 for all data

83.7% (CD)
57.5% (UC)
P≤03 for all data

Juneja et al26,c 150 243 ≥65 15.3% (<9 ng/mL)
11.3% (CD)
17.7% (UC)

Kabbani et al34 597 367 <45 34.8% (<29 ng/mL)

45-65 28.4%

>65 19.4%
P=.005 for all data

Frigstad et al35 230 178 40 
(median)

53% (CD)
44% (UC)

Han et al36 34 49 32 (mean) 39.8% (<10 ng/mL) 49.4% (10-19 ng/mL)

<40 47.1%

≥40 28.1%

Pallav et al37 139 98 ≥65 15.4% (≤20 ng/mL) 38.5% (21-29 ng/mL) 46.2% (≥30 ng/mL)

Venkata et al21 196 0 45d

54
58.7% (<30 ng/mL) 41.3% (≥30 ng/mL)

Ulitsky et al38,e 403 101 43 (mean) 49.8% 24.4%

Leslie et al39,f 56 45 47 (mean) 5.9% (<10 ng/mL) 72.3% (10-29 ng/mL) 21.8% (≥30 ng/mL)

25(OH)D, 25-hydroxyvitamin D; CD, Crohn’s disease; IBD, inflammatory bowel disease; OR, odds ratio; UC, ulcerative colitis.
aMedian age at diagnosis of IBD and median 25(OH)D levels are shown. The average 25(OH)D levels are 22.9 ng/mL (range, 7.3-24.9) in quartile 
1, 26.3 ng/mL (range, 24.9-27.6) in quartile 2, 28.7 ng/mL (range, 27.6-30.0) in quartile 3, and 27.6 ng/mL (range, 7.3-38.6) in quartile 4.
bOR of serum 25(OH)D concentrations associated with development of IBD. Serum concentrations are converted from nmol/L to ng/mL. The 
25(OH)D status is ≤15 ng/mL and OR, 1.00 for quartile 1; 15.01-22.0 ng/mL and OR, 1.86 (range, 0.72-4.83) for quartile 2; 22.01-28.1  
ng/mL and OR, 0.97 (range, 0.35-2.69) for quartile 3; and ≥28.2 ng/mL and OR, 0.71 (range, 0.25-2.04) for quartile 4.
cAverage length of IBD in patients with vitamin D deficiency is 28.9 years and 12.8 years in patients without vitamin D deficiency.
d45 years is the average age of patients in the group with low vitamin D levels (<30 ng/mL) and 54 years is the average age of patients in the group 
with vitamin D sufficiency (≥30 ng/mL).
ePatients with vitamin D deficiency had a later onset of disease than those who were sufficient and insufficient (30.2 years vs 27.3 years; P=.03).
fThe mean serum 25(OH)D concentration is 24.4 ng/mL for patients younger than 50 years and 22.6 ng/mL for patients over 50 years. 51 patients 
were younger than 50 years and 50 patients were over 50 years.

Norwegian patients with IBD, age was not significantly 
associated with vitamin D concentrations.35 Han and 
colleagues described similar findings in Korean patients.36 
Using univariate binary logistic regression analysis, the 

authors found that patients younger than 40 years were 
at risk for vitamin D deficiency; however, a multivariate 
logistic regression analysis showed only female sex and the 
presence of Crohn’s disease to be associated with vitamin 
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D deficiency.36 Among American patients, Pallav and col-
leagues found only African-American race and body mass 
index greater than 30, but not age, to be associated with 
vitamin D deficiency among IBD patients.37

In Support of Age as a Risk Factor
Different results were reported by Kabbani and colleagues, 
who found that elderly IBD patients were less likely to 
have vitamin D deficiency, concluding that younger age 
was a risk factor.34 Similarly, Venkata and colleagues found 
younger age to be associated with vitamin D deficiency.21 
The authors divided 196 patients with IBD into cohorts 
based on vitamin D levels and assessed risk factors for 
hospital admission. Upon review of baseline characteris-
tics of the 2 cohorts, the authors noted that the vitamin 
D–deficient cohort was significantly younger than the 
vitamin D–sufficient cohort, supporting younger age 
to be associated with vitamin D deficiency among IBD 
patients.

Alternatively, 2 studies have demonstrated that 
increasing age may be a risk factor for vitamin D defi-
ciency in IBD. Ulitsky and colleagues retrospectively 
divided 504 IBD patients into cohorts based on vitamin 
D levels.38 The authors found that vitamin D–deficient 
patients were statistically significantly older than vita-
min D–sufficient patients, although the age difference 
may not be clinically significant (44.6 years vs 40.6 
years; P=.004).38 Leslie and colleagues reported that 
patients younger than 50 years had slightly higher vita-
min D levels compared to patients above 50 years (60.8 
ng/mL vs 56.4 ng/mL).39 However, because both studies 
only showed modest results, it cannot be concluded that 
they support the possibility of age being a significant 
contributor to vitamin D deficiency.

Summary

The role of vitamin D in IBD remains poorly understood. 
Vitamin D may play a role as a risk factor for disease 
pathogenesis and/or a consequence of the disease. It might 
be assumed that elderly patients are particularly vulner-
able to developing vitamin D deficiency due to decreased 
absorption, activation, and storage of vitamin D, yet 
conflicting data exist regarding age as a risk factor. Few 
clinical studies are dedicated to elderly patients with IBD, 
and contradictory data exist regarding the likelihood of 
elderly IBD patients having vitamin D deficiency. Cur-
rently, there are no specific recommendations for vitamin 
D supplementation in IBD patients. Further studies and 
guidelines are necessary to elucidate the optimal vitamin D 
level among elderly IBD patients, as well as to determine 
whether supplementation significantly alters disease devel-
opment, disease progression, or quality of life.

The authors are grateful to Dr Stuart Weinerman for his 
review of the article. The authors have no relevant conflicts of 
interest to disclose.

References

1. Gower-Rousseau C, Vasseur F, Fumery M, et al. Epidemiology of inflammatory 
bowel diseases: new insights from a French population-based registry (EPIMAD). 
Dig Liver Dis. 2013;45(2):89-94.
2. Lakatos PL, David G, Pandur T, et al. IBD in the elderly population: results 
from a population-based study in Western Hungary, 1977-2008. J Crohns Colitis. 
2011;5(1):5-13.
3. Charpentier C, Salleron J, Savoye G, et al. Clinical and phenotypic charac-
teristics of Crohn’s disease in elderly people: a population-based study [abstract 
Sa1246]. Gastroenterology. 2012;142(5):S253.
4. Charpentier C, Salleron J, Savoye G, et al. Natural history of ulcerative 
colitis in the elderly: a population-based study [abstract 105]. Gastroenterology. 
2012;142(5):S25.
5. Wimalawansa SJ, Razzaque MS, Al-Daghri NM. Calcium and vitamin D in 
human health: hype or real? J Steroid Biochem Mol Biol. 2018;180:4-14.
6. Bikle DD. Vitamin D insufficiency/deficiency in gastrointestinal disorders. J 
Bone Miner Res. 2007;22(2)(suppl 2):V50-V54.
7. Dirks NF, Ackermans MT, Lips P, et al. The when, what & how of measuring 
vitamin D metabolism in clinical medicine. Nutrients. 2018;10(4).
8. DeLuca HF. Overview of general physiologic features and functions of vitamin 
D. Am J Clin Nutr. 2004;80(6)(suppl):1689S-1696S.
9. Boucher BJ. Vitamin D status and its management for achieving optimal health 
benefits in the elderly. Expert Rev Endocrinol Metab. 2018;13(6):279-293. 
10 Anjum I, Jaffery SS, Fayyaz M, Samoo Z, Anjum S. The role of vitamin D in 
brain health: a mini literature review. Cureus. 2018;10(7):e2960.
11. Ko KH, Kim YS, Lee BK, et al. Vitamin D deficiency is associated with disease 
activity in patients with Crohn’s disease [published online October 10, 2018]. 
Intest Res. doi:10.5217/ir.2018.00022.
12. Tabatabaeizadeh SA, Tafazoli N, Ferns GA, Avan A, Ghayour-Mobarhan M. 
Vitamin D, the gut microbiome and inflammatory bowel disease. J Res Med Sci. 
2018;23:75.
13. He L, Liu T, Shi Y, et al. Gut epithelial vitamin D receptor regulates micro-
biota-dependent mucosal inflammation by suppressing intestinal epithelial cell 
apoptosis. Endocrinology. 2018;159(2):967-979.
14. Mudambi K, Bass D. Vitamin D: a brief overview of its importance and role in 
inflammatory bowel disease. Transl Gastroenterol Hepatol. 2018;3:31.
15. Hollis BW, Wagner CL. Normal serum vitamin D levels. N Engl J Med. 
2005;352(5):515-516.
16. Amer M, Qayyum R. Relationship between 25-hydroxyvitamin D and all-
cause and cardiovascular disease mortality. Am J Med. 2013;126(6):509-514.
17. Xiang W, Kong J, Chen S, et al. Cardiac hypertrophy in vitamin D receptor 
knockout mice: role of the systemic and cardiac renin-angiotensin systems. Am J 
Physiol Endocrinol Metab. 2005;288(1):E125-E132.
18. McCullough ML, Zoltick ES, Weinstein SJ, et al. Circulating vitamin D and 
colorectal cancer risk: an international pooling project of 17 cohorts [published 
online June 14, 2018]. J Natl Cancer Inst. doi:10.1093/jnci/djy087. 
19. Cawthon PM, Parimi N, Barrett-Connor E, et al; Osteoporotic Fractures in 
Men (MrOS) Research Group. Serum 25-hydroxyvitamin D, parathyroid hor-
mone, and mortality in older men. J Clin Endocrinol Metab. 2010;95(10):4625-
4634.
20. de Jongh RT, van Schoor NM, Lips P. Changes in vitamin D endocrinology 
during aging in adults. Mol Cell Endocrinol. 2017;453:144-150.
21. Venkata KV, Arora SS, Xie FL, Malik TA. Impact of vitamin D on the hos-
pitalization rate of Crohn’s disease patients seen at a tertiary care center. World J 
Gastroenterol. 2017;23(14):2539-2544.
22. Mouli VP, Ananthakrishnan AN. Review article: vitamin D and inflammatory 
bowel diseases. Aliment Pharmacol Ther. 2014;39(2):125-136.
23. Ananthakrishnan AN, Khalili H, Higuchi LM, et al. Higher predicted vita-
min D status is associated with reduced risk of Crohn’s disease. Gastroenterology. 
2012;142(3):482-489.
24. Atia A, Murthy R, Bailey BA, et al. Vitamin D status in veterans with inflam-
matory bowel disease: relationship to health care costs and services. Mil Med. 
2011;176(6):711-714.



34    Gastroenterology & Hepatology  Volume 15, Issue 1  January 2019 

K A G O L A N U  E T  A L

25. Opstelten JL, Chan SS, Hart AR, et al. Prediagnostic serum vitamin D levels 
and the risk of Crohn’s disease and ulcerative colitis in European populations: a 
nested case-control study. Inflamm Bowel Dis. 2018;24(3):633-640.
26. Juneja M, Baidoo L, Schwartz MB, et al. Geriatric inflammatory bowel disease: 
phenotypic presentation, treatment patterns, nutritional status, outcomes, and 
comorbidity. Dig Dis Sci. 2012;57(9):2408-2415.
27. Narula N, Marshall JK. Management of inflammatory bowel disease with 
vitamin D: beyond bone health. J Crohns Colitis. 2012;6(4):397-404.
28. Caviezel D, Maissen S, Niess JH, Kiss C, Hruz P. High prevalence of vitamin 
D deficiency among patients with inflammatory bowel disease. Inflamm Intest Dis. 
2018;2(4):200-210.
29. Jørgensen SP, Agnholt J, Glerup H, et al. Clinical trial: vitamin D3 treatment 
in Crohn’s disease—a randomized double-blind placebo-controlled study. Aliment 
Pharmacol Ther. 2010;32(3):377-383.
30. Miheller P, Muzes G, Hritz I, et al. Comparison of the effects of 1,25 dihy-
droxyvitamin D and 25 hydroxyvitamin D on bone pathology and disease activity 
in Crohn’s disease patients. Inflamm Bowel Dis. 2009;15(11):1656-1662.
31. Sharifi A, Hosseinzadeh-Attar MJ, Vahedi H, Nedjat S. A randomized con-
trolled trial on the effect of vitamin D3 on inflammation and cathelicidin gene 
expression in ulcerative colitis patients. Saudi J Gastroenterol. 2016;22(4):316-323.
32. Mathur J, Naing S, Mills P, Limsui D. A randomized clinical trial of vitamin 
D3(cholecalciferol) in ulcerative colitis patients with hypovitaminosis D3. PeerJ. 
2017;5:e3654.

33. Garg M, Rosella O, Rosella G, Wu Y, Lubel JS, Gibson PR. Evaluation of 
a 12-week targeted vitamin D supplementation regimen in patients with active 
inflammatory bowel disease. Clin Nutr. 2018;37(4):1375-1382.
34. Kabbani TA, Koutroubakis IE, Schoen RE, et al. Association of vitamin D level 
with clinical status in inflammatory bowel disease: a 5-year longitudinal study. Am 
J Gastroenterol. 2016;111(5):712-719.
35. Frigstad SO, Høivik M, Jahnsen J, et al. Vitamin D deficiency in inflammatory 
bowel disease: prevalence and predictors in a Norwegian outpatient population. 
Scand J Gastroenterol. 2017;52(1):100-106.
36. Han YM, Yoon H, Lim S, et al. Risk factors for vitamin D, zinc, and sele-
nium deficiency in Korean patients with inflammatory bowel disease. Gut Liver. 
2017;11(3):363-369.
37. Pallav K, Riche D, May WL, Sanchez P, Gupta NK. Predictors of vitamin D 
deficiency in inflammatory bowel disease and health: a Mississippi perspective. 
World J Gastroenterol. 2017;23(4):638-645.
38. Ulitsky A, Ananthakrishnan AN, Naik A, et al. Vitamin D deficiency in 
patients with inflammatory bowel disease: association with disease activity and 
quality of life. JPEN J Parenter Enteral Nutr. 2011;35(3):308-316.
39. Leslie WD, Miller N, Rogala L, Bernstein CN. Vitamin D status and bone 
density in recently diagnosed inflammatory bowel disease: the Manitoba IBD 
Cohort Study. Am J Gastroenterol. 2008;103(6):1451-1459.


