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Abstract
Vitamin D is a well-known fat-soluble vitamin which is essential in the homeostasis of calcium and phosphorus. Vitamin 

D deficiency causes skeletal disorders, including rickets, osteomalacia, and osteoporosis. However, recent studies revealing the 
immunomodulatory effects of vitamin D have opened up a new understanding and possibility in this field. It has been proved 
that vitamin D is related to a variety of autoimmune diseases. Type 1 diabetes mellitus (T1DM), being generally accepted as 
autoimmune mediated, is also proposed to be associated with the vitamin D status of the human body. Here, we reviewed briefly 
the epidemiological correlation between the vitamin D status and prevalence of T1DM, the possible mechanisms underlying this 
correlation, and clinical trials focusing on the therapeutic prospects of vitamin D in the treatment of T1DM.
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1. Vitamin D: source, metabolism, and 
function 

The D vitamins are a group of sterols that have a 
hormone-like function. The two main forms of vitamin D are: 
vitamin D2 or ergocalciferol, and vitamin D3 or cholecalciferol 
(Figure 1). The human body obtains vitamin D2 from diet 
(mainly plants) and obtains vitamin D3 from both diet 
(mainly animal tissues, especially fatty fish) and endogenous 
synthesis in the skin under exposure to UVB. Furthermore, 
vitamin D3 needs to be hydroxylated twice to the active form 
of the D vitamin. The first hydroxylation occurs in the liver 
catalyzed by the 25-hydroxylase, which converts vitamin D3 
into 25-hydroxyvitamin D3 [25(OH)D3. 25(OH)D3,which is 
the major form of storage and detection of vitamin D3, binds 
to vitamin D binding protein (VDBP) in the plasma and is 
transported throughout the body [1]. The second hydroxylation 
takes place in the kidney catalyzed by 1-α-hydroxylase, 
generating the bioactive 1α,25-dihydroxyvitamin D3 
(1α,25-(OH)2D3) [2]. On arrival at its target organs or cells, 
1,25-(OH)2D3 binds to vitamin D receptor (VDR), then the 
complex heterodimerizes with the retinoid X receptor (RXR). 

The heterodimer subsequently binds to the specific DNA 
sequence, called vitamin D responsive elements (VDREs) 
to exert its biological effects at the transcriptional level [3]. 
Additionally, VDR and 1,25-(OH)2D3 complex also intervene 
in the function of nuclear transcriptional factors, including 
NF-κB and active-protein-1 in a dose-dependent manner. All 
the genes with VDREs in the promoter regions play a crucial 
role in immunoregulation, and abnormal expression may lead 
to autoimmune diseases [4,5].
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Figure 1. Metabolism and bioactive mechanism of vitamin D. 
The human body obtains vitamin D from both diet and endogenous 
synthesis; vitamin D is not biologically active, but are converted in vivo 
to the active form, 1α,25-(OH)2D3, by two sequential hydroxylation 
reactions; 1α,25-(OH)2D3 is a fat-soluble particle, which exerts its 
transcription-modulating effects via binding to specific DNA sequence. 
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2. Type 1 diabetes mellitus 
Type 1 diabetes mellitus (T1DM) is a chronic 

autoimmune disease induced by several immune cells and 
cytokines that lead to destruction of the β cells within the 
islets of the pancreas, resulting in dysfunction of glucose 
homeostasis. The disturbance of immune tolerance leads 
to nonspecific insulitis, the exact mechanism of which still 
remains unknown. The disease process is thought to begin 
months to years before the onset of hyperglycemia, and 
clinical symptoms become apparent when approximately 
≥90% of pancreatic β cells are destroyed [6]. 

Specific antibodies or molecules can be detected in 
the T1DM patients, including glutamate decarboxylase 2 
(GAD2; also known as GAD65), receptor-type tyrosine-
protein phosphatase-like N (also known as islet cell antigen 
512; ICA512), and insulin. Existence of these antibodies can 
help clinicians make the diagnosis of T1DM. In addition, it is 
well known that T1DM has strong association with genetic 
susceptibility and different environmental factors. These 
factors include short-term exclusive breast-feeding and early 
introduction of cows’ milk [7] or cereals [8], enterovirus 
infections [9], and vitamin D deficiency [10].

3. Evidences linking vitamin D with T1DM 

3.1. Observational Study 

         Epidemiological studies 

Several cross-sectional studies have reported 
associations between low vitamin D status and prevalence of 
T1DM [11-15]. It has been known that more UV helps the 
human body to obtain more vitamin D. An observational 
study of a large, population-based sample of US youth 
confirmed that those born in wintertime had the lowest risk of 
developing T1DM [16], while those born around summertime 
experienced the highest risk of T1DM. This might explain 
why low maternal vitamin D status indicates a high risk of 
T1DM in the offspring. Contradictorily, a newly published 
paper denied this trend. Miettinen et al. concluded from a 
cross-sectional study, which recruited 343 T1DM patients 
and the same number of healthy controls, that there was no 
difference in the serum 25(OH)D3 concentration between the 
mothers whose children later developed T1DM and those of 
non-diabetic healthy children [17]. 

Recent studies have revealed that a higher predicted 
25(OH)D3 score was associated with glucose homeostasis and 
a small increment in fasting plasma glucose concentrations 
among participants free of diabetes [18,19] and that there 
was an inverse correlation between concentrations of vitamin 
D and insulin primarily in adolescent male subjects [20]. At 
the same time, a Swiss study showed a similar trend, with 
60.5% vitamin D deficient cases among 129 individuals 
with T1DM. In the research of Gupta et al., they found the 
low serum vitamin D levels elevated the risk for early-stage 
diabetes [19]. Other studies noted lower 25(OH)D3 levels 
in T1DM patients compared with healthy controls [22-

25] and found that 25(OH)D3 levels were much lower in 
individuals with poorly controlled T1DM, ketoacidosis, and 
other complications [26]. In a cross-sectional study of 517 
adolescent patients, it was confirmed that retinopathy was 
associated with vitamin D deficiency as an independent risk 
factor [27]. Also, a prospective observational follow-up study 
found that in patients with T1DM, severe vitamin D deficiency 
independently predicted all-cause mortality but did not develop 
microvascular complications in the eye and kidney [11]. On 
the other hand, Thrailkill [1] discovered the phenomena that 
more VDBP was excreted in T1DM patients compared with 
healthy controls, which could lead to the vitamin D deficiency 
of T1DM patients.

Although studies mentioned above indicated the effect 
of vitamin D on the prevalence of T1DM，a large prospective 
birth cohort in Finland reported no association between vitamin 
D intake and the risk [28] of T1DM or islet cell antoantibodies 
in their offspring at high genetic risk. Supporters argued that 
the low level of sunlight in Finland attributed to the negative 
outcome, but a study in Florida, a solar-rich region of the 
US, also failed to find significant differences in vitamin D 
levels between healthy control subjects and type 1 diabetic 
patients; both groups had a high level, about 70%, of vitamin 
D insufficiency [29].

        Genetics studies 

Because epidemiological studies have already thrown 
light on the association between vitamin D status and prevalence 
of T1DM, it was reasonable to deduce that there should be 
evidence on the genetic level of this association should it 
really exist. Genetic studies have been carried out worldwide 
to elucidate the genetic basis of vitamin D and T1DM. Results 
are conflicting and fail to provide a simple answer to this 
question [30-40]. Four well-known polymorphisms in the 
VDR genes have been implicated in susceptibility to T1DM. 
They were FokI , ApaI, TaqI, and BsmI. Different results have 
been reported from varied ethnic backgrounds. A research 
by Panierakis et al. reported the association of all these four 
single nucleotide polymorphisms with T1DM prevalence in 
the Greek population [31], while others reported that just one 
or several of the polymorphisms might indicate susceptibility 
to T1DM. BsmI polymorphism was proved to be related to the 
prevalence of T1DM in Brazilian, Japanese, Polish and Chinese 
populations [30,32,34,36]; TT genotype and T allele of the TaqI 
polymorphism were reported to be more frequent in health 
controls than those in T1DM patients among people living in 
Iran and South Croatia [33,39], though this association was 
concluded to negative by Chang et al. in their research carried 
out in Taiwan [34]. In addition to these, the FF genotype was 
found to be a risk factor for T1DM [37,38]. On the contrary, 
Kahles et al. and Manuel reported no association between 
VDR gene polymorphisms and susceptibility to T1DM among 
German and Portuguese populations, respectively [35,40]. 
Recently, a systematic review was released that investigated 
the association between polymorphisms in the VDR gene and 
T1DM risk using meta-analysis; the researchers concluded 
that the BsmI polymorphism was associated with an increased 
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risk of T1DM, especially in Asians, while the FokI, ApaI and 
TaqI polymorphisms were not [41]. Although the authors 
declared modestly that more studies were required to confirm 
their results, it was clear that they have already provided a 
comprehensive understanding of the association between 
VDR gene polymorphisms and T1DM.

3.2. Experimental studies 

As observational studies showed connections between 
vitamin D and the prevalence of T1DM, researchers worldwide 
endeavored to explore its possible mechanism. Wu et al. [42] 
discovered that VDR deletion affected IκBα through mRNA 
transcription, protein translation, protein-protein interaction, 
posttranslational modification, and protein degradation. 
Such deletion subsequently led to a decreasing level of IκBα 
protein, which in turn led to the activation of NF-κB and put 
the VDR-/- cell in a proinflammation state. Du et al. [43,44] 
found that vitamin D3 could restore the activated innate 
immunity destruction to a certain extent. They showed that 
1,25-(OH)2D3 could inhibit the expression of CD14, Toll-like 
receptor (TLR4), IL-1, and TNF-α, as well as reducing the 
NF-kB-p65 phosphorylation levels of the monocytes in the 
patients with LADA and/or T1DM [43]. This result positively 
corresponded to Khoo’s research [45]. These results proved 
that 1,25-(OH)2D3 had the ability to regulate the innate 
immune system associated with over-expression of TLRs and 
TLR signaling. Research has confirmed that 1,25-(OH)2D3 
could suppress the production of pro-inflammatory cytokines 
such as IFN-γ, IL-17 and IL-2 [45,46], and up-regulate CTLA-
4 and FoxP3 of T cells. Both might be important factors that 
suppress inflammatory outcomes of autoimmune diseases [46].

3.3. Interventional Studies 

Several clinical trials have been carried out to detect the 
effect of vitamin D intervention on the prognosis of T1DM. 
It is likely that vitamin D supplementation did not exert a 
therapeutic effect on the residual β-cell function [44,45,47,48], 
though it was reported that intervention with vitamin D could 
reduce the insulin dose needed to control serum glucose 
levels temporarily [47]. So, to our disappointment, vitamin 
D supplementation failed to improve the prognosis of 
T1DM. Nevertheless, new data are needed before we shut 
the door completely. Encouraging results have been reported 
previously that intervention with an inactive form of VD, 
1,α-(OH)D3, exerts a protective effect on the residual beta-cell 
function of LADA, another type of autoimmune diabetes [49]. 
Li et al. confirmed the fact that fasting C-peptide (FCP) and 
postprandial C-peptide (PCP) levels decreased significantly 
in the insulin-alone group while C-peptide levels remained 
stable in the vitamin D plus insulin group after 1 year’s 
intervention. Additionally, an interesting correlation was 
proposed that the incidence rates of T1DM increased inversely 
to the reduced officially recommended daily intake of vitamin 
D by infants over the years from 1965 to 2005 in Finland, 
suggesting indirectly the effect of vitamin D supplementation 
on the pathogenesis of T1DM [50]. Moreover, it has been 

proposed that high dosage of vitamin D promises to generate 
positive outcomes from this area [48], while the research that 
has drawn the negative results mentioned previously used a 
low dose of vitamin D. Pilot studies have proved the safety 
of a high dosage of vitamin D [51]. The next step should be 
well-designed clinical trials to elucidate the protective role 
of this high dose of vitamin D on the prognosis of T1DM. 
Furthermore, trials mentioned above all recruited patients as 
candidates, so it’s possible that vitamin D intervention does 
not have a therapeutic effect but can prevent the pathogenesis 
of the disease to some extent. After all, retrospective studies 
have already proved the possibility of this preventive effect of 
vitamin D supplementation [48]. Cohort studies are required 
to clarify the protective role on predisposed predisease 
populations; such research is ongoing worldwide, so it won’t 
be long before we can finally discover an answer to this 
question.

Summary
In summary, studies reveal promising association 

between vitamin D and T1DM, but this association is not 
conclusive, with conflicting data existing. More well-designed 
studies are required to explain this conflict. Systemic review 
using meta-analysis is a promising method to solve the puzzle 
with already available data. And also, the exact mechanism of 
the effects of vitamin D on the T1DM pathogenesis remains 
unclear yet. Creative exploration are needed to lead us to a 
comprehensive understanding of the framework. Therapeutic 
trials are ongoing aiming to prove the interventional benefits 
of vitamin D on T1DM. In the future, multi-center, double-
blinded RCTs are required to make the final answer.

Acknowledgement
Jingbo Li and Bing Xiao are supported by National 

innovation training project of undergraduate (2011AE11527). 
Yufei Xiang is supported by EFSD/CDS/Lilly fellowship 
(2013). We would like to thank Chao Deng for his critical 
editing of this manuscript.

References 
1. Thrailkill KM, Jo CH, Cockrell GE, Moreau CS, Fowlkes 
JL. Enhanced excretion of vitamin D binding protein in type 
1 diabetes: a role in vitamin D deficiency? J Clin Endocrinol 
Metab 2011; 96(1):142-9.
2. Meyer MB, Goetsch PD, Pike JW. A downstream intergenic 
cluster of regulatory enhancers contributes to the induction of 
CYP24A1 expression by 1alpha,25-dihydroxyvitamin D3. J 
Biol Chem 2010; 285(20):15599-610.
3. Smolders J, Peelen E, Thewissen M, Menheere P, Tervaert 
JW, Hupperts R, et al. The relevance of vitamin D receptor 
gene polymorphisms for vitamin D research in multiple 
sclerosis. Autoimmun Rev 2009; 8(7):621-6.
4. Eggert M, Kluter A, Zettl UK, Neeck G. Transcription 
factors in autoimmune diseases. Curr Pharm Des 2004; 
10(23):2787-96.
5. Cantorna MT, Mahon BD. Mounting evidence for vitamin 



70                                             J. Li, B. Xiao, Yu. Xiang / International Journal of BioMedicine 4(2) (2014) 67-71

D as an environmental factor affecting autoimmune disease 
prevalence. Exp Biol Med (Maywood) 2004; 229(11):1136-42.
6. Karges B, Meissner T, Icks A, Kapellen T, Holl RW. 
Management of diabetes mellitus in infants. Nat Rev 
Endocrinol 2012; 8(4):201-11.
7. Holmberg H, Wahlberg J, Vaarala O, Ludvigsson J. 
Short duration of breast-feeding as a risk-factor for beta-
cell autoantibodies in 5-year-old children from the general 
population. Br J Nutr 2007; 97(1):111-6.
8. Virtanen SM, Takkinen HM, Nevalainen J, Kronberg-
Kippila C, Salmenhaara M, Uusitalo L, et al. Early introduction 
of root vegetables in infancy associated with advanced β-cell 
autoimmunity in young children with human leukocyte 
antigen-conferred susceptibility to Type 1 diabetes. Diabet 
Med 2011; 28(8):965-71.
9. Yeung WC, Rawlinson WD, Craig ME. Enterovirus 
infection and type 1 diabetes mellitus: systematic review and 
meta-analysis of observational molecular studies. BMJ 2011; 
342:d35.
10. Zipitis CS, Akobeng AK. Vitamin D supplementation 
in early childhood and risk of type 1 diabetes: a systematic 
review and meta-analysis. Arch Dis Child 2008; 93(6):512-17.
11. Joergensen C, Hovind P, Schmedes A, Parving HH, 
Rossing P. Vitamin D levels, microvascular complications, and 
mortality in type 1 diabetes. Diabetes Care 2011; 34(5):1081-5.
12. Jorde R, Figenschau Y. Supplementation with 
cholecalciferol does not improve glycaemic control in diabetic 
subjects with normal serum 25-hydroxyvitamin D levels. Eur 
J Nutr 2009; 48(6):349-54.
13. Nemerovski CW, Dorsch MP, Simpson RU, Bone HG, 
Aaronson KD, Bleske BE. Vitamin D and cardiovascular 
disease. Pharmacotherapy 2009; 29(6):691-708.
14. Pinelli NR, Jaber LA, Brown MB, Herman WH. Serum 
25-hydroxy vitamin d and insulin resistance, metabolic 
syndrome, and glucose intolerance among Arab Americans. 
Diabetes Care 2010; 33(6):1373-5.
15. von Hurst PR, Stonehouse W, Coad J. Vitamin D 
supplementation reduces insulin resistance in South Asian 
women living in New Zealand who are insulin resistant and 
vitamin D deficient - a randomised, placebo-controlled trial. 
Br J Nutr 2010; 103(4):549-555.
16. Kahn HS, Morgan TM, Case LD, Dabelea D, Mayer-
Davis EJ, Lawrence JM, et al. Association of type 1 diabetes 
with month of birth among U.S. youth: The SEARCH for 
Diabetes in Youth Study. Diabetes Care 2009; 32(11):2010-5.
17. Miettinen ME, Reinert L, Kinnunen L, Harjutsalo V, 
Koskela P, Surcel HM, et al. Serum 25-hydroxyvitamin D 
level during early pregnancy and type 1 diabetes risk in the 
offspring. Diabetologia 2012; 55(5):1291-4.
18. Liu E, McKeown NM, Pittas AG, Meigs JB, Economos 
CD, Booth SL, et al. Predicted 25-hydroxyvitamin D score 
and change in fasting plasma glucose in the Framingham 
offspring study. Eur J Clin Nutr 2012; 66(1):139-41.
19. Gupta AK, Brashear MM, Johnson WD. Prediabetes and 
prehypertension in healthy adults are associated with low 
vitamin D levels. Diabetes Care 2011; 34(3):658-60.
20. Ford ES, Zhao G, Tsai J, Li C. Associations between 
concentrations of vitamin D and concentrations of insulin, 
glucose, and HbA1c among adolescents in the United States. 
Diabetes Care 2011; 34(3):646-8.
21. Janner M, Ballinari P, Mullis PE, Fluck CE. High 
prevalence of vitamin D deficiency in children and adolescents 
with type 1 diabetes. Swiss Med Wkly 2010; 140:w13091.

22. Bener A, Alsaied A, Al-Ali M, Al-Kubaisi A, Basha B, 
Abraham A, et al. High prevalence of vitamin D deficiency in 
type 1 diabetes mellitus and healthy children. Acta Diabetol 
2009; 46(3):183-9.
23. Singh DK, Winocour P, Summerhayes B, Viljoen A, 
Sivakumar G, Farrington K. Are low erythropoietin and 
1,25-dihydroxyvitamin D levels indicative of tubulo-interstitial 
dysfunction in diabetes without persistent microalbuminuria? 
Diabetes Res Clin Pract 2009; 85(3):258-64.
24. Borkar VV, Devidayal, Verma S, Bhalla AK. Low levels 
of vitamin D in North Indian children with newly diagnosed 
type 1 diabetes. Pediatr Diabetes 2010; 11(5):345-50.
25. Cooper JD, Smyth DJ, Walker NM, Stevens H, Burren 
OS, Wallace C, et al. Inherited variation in vitamin D genes is 
associated with predisposition to autoimmune disease type 1 
diabetes. Diabetes 2011; 60(5):1624-31.
26. Huynh T, Greer RM, Nyunt O, Bowling F, Cowley D, 
Leong GM, et al. The association between ketoacidosis and 
25(OH)-vitamin D levels at presentation in children with type 
1 diabetes mellitus. Pediatr Diabetes 2009; 10(1):38-43.
27. Kaur H, Donaghue KC, Chan AK, Benitez-Aguirre P, 
Hing S, Lloyd M, et al. Vitamin D deficiency is associated 
with retinopathy in children and adolescents with type 1 
diabetes. Diabetes Care 2011; 34(6):1400-2.
28. Marjamaki L, Niinisto S, Kenward MG, Uusitalo L, 
Uusitalo U, Ovaskainen ML, et al. Maternal intake of 
vitamin D during pregnancy and risk of advanced beta cell 
autoimmunity and type 1 diabetes in offspring. Diabetologia 
2010; 53(8):1599-607.
29. Bierschenk L, Alexander J, Wasserfall C, Haller M, Schatz 
D, Atkinson M. Vitamin D levels in subjects with and without 
type 1 diabetes residing in a solar rich environment. Diabetes 
Care 2009; 32(11):1977-9.
30. Mory DB, Rocco ER, Miranda WL, Kasamatsu T, 
Crispim F, Dib SA. Prevalence of vitamin D receptor gene 
polymorphisms FokI and BsmI in Brazilian individuals with 
type 1 diabetes and their relation to beta-cell autoimmunity 
and to remaining beta-cell function. Hum Immunol 2009; 
70(6):447-51.
31. Panierakis C, Goulielmos G, Mamoulakis D, Petraki 
E, Papavasiliou E, Galanakis E. Vitamin D receptor gene 
polymorphisms and susceptibility to type 1 diabetes in Crete, 
Greece. Clin Immunol 2009; 133(2):276-81.
32. Shimada A, Kanazawa Y, Motohashi Y, Yamada S, 
Maruyama T, Ikegami H, et al. Evidence for association 
between vitamin D receptor BsmI polymorphism and type 1 
diabetes in Japanese. J Autoimmun 2008; 30(4):207-11.
33. Mohammadnejad Z, Ghanbari M, Ganjali R, Afshari 
JT, Heydarpour M, Taghavi SM, et al. Association between 
vitamin D receptor gene polymorphisms and type 1 diabetes 
mellitus in Iranian population. Mol Biol Rep 2012; 39(2):831-7.
34. Chang TJ, Lei HH, Yeh JI, Chiu KC, Lee KC, Chen MC, 
et al. Vitamin D receptor gene polymorphisms influence 
susceptibility to type 1 diabetes mellitus in the Taiwanese 
population. Clin Endocrinol (Oxf) 2000; 52(5):575-80.
35. Kahles H, Morahan G, Todd JA, Badenhoop K. Association 
analyses of the vitamin D receptor gene in 1654 families with 
type I diabetes. Genes Immun 2009; 10 Suppl 1:S60-3.
36. Xiao XH, Liu ZL, Wang H, Sun Q, Li WH, Yang GH, 
et al. Effects of vitamin D receptor gene polymorphisms on 
susceptibility to type 1 diabetes mellitus. Chin Med Sci J 
2006; 21(2):95-8.
37. Kocabas A, Karaguzel G, Imir N, Yavuzer U, Akcurin 



71J. Li, B. Xiao, Yu. Xiang / International Journal of BioMedicine 2(4) (2014) 67-71

S. Effects of vitamin D receptor gene polymorphisms on 
susceptibility to disease and bone mineral density in Turkish 
patients with type 1 diabetes mellitus. J Pediatr Endocrinol 
Metab 2010; 23(12):1289-97.
38. Mimbacas A, Trujillo J, Gascue C, Javiel G, Cardoso 
H. Prevalence of vitamin D receptor gene polymorphism in 
a Uruguayan population and its relation to type 1 diabetes 
mellitus. Genet Mol Res 2007; 6(3):534-42.
39. Boraska V, Skrabic V, Zeggini E, Groves CJ, Buljubasic 
M, Peruzovic M, et al. Family-based analysis of vitamin D 
receptor gene polymorphisms and type 1 diabetes in the 
population of South Croatia. J Hum Genet 2008; 53(3):210-4.
40. Lemos MC, Fagulha A, Coutinho E, Gomes L, Bastos M, 
Barros L, et al. Lack of association of vitamin D receptor gene 
polymorphisms with susceptibility to type 1 diabetes mellitus 
in the Portuguese population. Hum Immunol 2008; 69(2):134-8.
41. Zhang J, Li W, Liu J, Wu W, Ouyang H, Zhang Q, et al. 
Polymorphisms in the vitamin D receptor gene and type 1 
diabetes mellitus risk: an update by meta-analysis. Mol Cell 
Endocrinol 2012; 355(1):135-42.
42. Wu S, Xia Y, Liu X, Sun J. Vitamin D receptor deletion 
leads to reduced level of IkappaBalpha protein through protein 
translation, protein-protein interaction, and post-translational 
modification. Int J Biochem Cell Biol 2010; 42(2):329-36.
43. Du T, Zhou ZG, You S, Huang G, Lin J, Yang L, et al. 
Modulation of monocyte hyperresponsiveness to TLR ligands 
by 1,25-dihydroxy-vitamin D3 from LADA and T2DM. 
Diabetes Res Clin Pract 2009; 83(2):208-14.
44. Du T, Zhou ZG, You S, Lin J, Yang L, Zhou WD, et 
al. Regulation by 1, 25-dihydroxy-vitamin D3 on altered 
TLRs expression and response to ligands of monocyte from 

autoimmune diabetes. Clin Chim Acta 2009; 402(1-2):133-8.
45. Khoo AL, Chai LY, Koenen HJ, Kullberg BJ, Joosten I, 
van der Ven AJ, et al. 1,25-dihydroxyvitamin D3 modulates 
cytokine production induced by Candida albicans: impact of 
seasonal variation of immune responses. J Infect Dis 2011; 
203(1):122-30.
46. Jeffery LE, Burke F, Mura M, Zheng Y, Qureshi OS, 
Hewison M, et al. 1,25-Dihydroxyvitamin D3 and IL-2 
combine to inhibit T cell production of inflammatory cytokines 
and promote development of regulatory T cells expressing 
CTLA-4 and FoxP3. J Immunol 2009; 183(9):5458-67.
47. Pitocco D, Crino A, Di Stasio E, Manfrini S, Guglielmi 
C, Spera S, et al. The effects of calcitriol and nicotinamide on 
residual pancreatic beta-cell function in patients with recent-
onset Type 1 diabetes (IMDIAB XI). Diabet Med 2006; 
23(8):920-3.
48. Bizzarri C, Pitocco D, Napoli N, Di Stasio E, Maggi D, 
Manfrini S, et al. No protective effect of calcitriol on beta-
cell function in recent-onset type 1 diabetes: the IMDIAB XIII 
trial. Diabetes Care 2010; 33(9):1962-3.
49. Li X, Liao L, Yan X, Huang G, Lin J, Lei M, et al. Protective 
effects of 1-alpha-hydroxyvitamin D3 on residual beta-
cell function in patients with adult-onset latent autoimmune 
diabetes (LADA). Diabetes Metab Res Rev 2009; 25(5):411-6.
50. Mohr SB, Garland FC, Garland CF, Gorham ED, Ricordi 
C. Is there a role of vitamin D deficiency in type 1 diabetes of 
children? Am J Prev Med 2010; 39(2):189-90.
51. Wicklow BA, Taback SP. Feasibility of a type 1 diabetes 
primary prevention trial using 2000 IU vitamin D3 in infants 
from the general population with increased HLA-associated 
risk. Ann N Y Acad Sci 2006; 1079:310-2.


