Nutrients 2013, 5, 3551-3562; doi:10.3390/nu5093551

nutrients

ISSN 2072-6643
www.mdpi.com/journal/nutrients
Review

Vitamin D Intake and Risk of Type 1 Diabetes: A Meta-Analysis
of Observational Studies

Jia-Yi Dong ', Weiguo Zhang 2 Jiong Jack Chen 3, Zeng-Li Zhang 4, Shu-Fen Han ' and
Li-Qiang Qin "*

! Department of Nutrition and Food Hygiene, School of Public Health, Soochow University, 199 Renai

Road, Suzhou 215123, China; E-Mails: dongjy@mail3.sysu.edu.cn (J-Y.D.);
sthan@suda.edu.cn (S-F.H.)

DSM Nutritional Products, Human Nutrition and Health, No.1-3 Xinyuannanlu, Beijing 100027,
China; E-Mail: weiguo.zhang@dsm.com

> DSM Nutritional Products, Research Center, 476 Libing Road, Shanghai 201203, China;
E-Mail: jack.chen@dsm.com

Department of Labor Hygiene and Environmental Health, School of Public Health of Soochow
University, 199 Renai Road, Suzhou 215123, China; E-Mail: zhangzengli@suda.edu.cn

* Author to whom correspondence should be addressed; E-Mail: ginligiang@suda.edu.cn;
Tel.: +86-512-6588-0075; Fax: +86-512-6588-0050.

Received: 26 July 2013, in revised form: 21 August 2013 / Accepted: 22 August 2013 /
Published: 12 September 2013

Abstract: Vitamin D is suggested to have protective effects against type 1 diabetes.
However, the results from observational studies have been inconsistent. We aimed to
examine their association by conducting a meta-analysis of observational studies. Multiple
databases were searched in June 2013 to identify relevant studies including both case-control
and cohort studies. Either a fixed- or random-effects model was used to calculate the pooled
risk estimate. We identified eight studies (two cohort studies and six case-control studies) on
vitamin D intake during early life and three studies (two cohort studies and one case-control
study) on maternal vitamin D intake during pregnancy. The pooled odds ratio for type 1
diabetes comparing vitamin D supplementation with non-supplementation during early life
was 0.71 (95% confidence interval [CI], 0.51-0.98). Similar results were observed in the
case-control subgroup analysis but not in the cohort subgroup analysis. The pooled odds
ratio with maternal intake of vitamin D during pregnancy was 0.95 (95% CI, 0.66—1.36). In
conclusion, vitamin D intake during early life may be associated with a reduced risk of type 1
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diabetes. However, there was not enough evidence for an association between maternal
intake of vitamin D and risk of type 1 diabetes in the offspring.
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1. Introduction

Type 1 diabetes is an immune-mediated disease characterized by the loss of the insulin-producing
B-cells, which eventually results in high levels of glucose in the blood. The incidence of type 1 disease is
increasing all over the world [1,2]. Ecological study has shown an association between ultraviolet B
irradiance, the primary source of circulating vitamin D in humans, and high incidence of type 1 diabetes
in children, leading to the hypothesis that vitamin D may have a role in the disease [3]. The prevalent
vitamin D deficiency/insufficiency, for example in the Chinese population, represents an important
public health issue [4].

Indeed, recent cross-sectional studies consistently suggested a high vitamin D deficiency in patients
with type 1 diabetes [5—7]. EURODIAB, the first case-control study on this topic, showed a reduced risk
of developing type 1 diabetes by vitamin D supplementation during the first year of life [8]. However,
subsequent observational studies (case-control and cohort studies) yielded inconsistent results [9-15].
The protective effect of vitamin D against type 1 diabetes was observed in some studies [8,10,11,13,14]
but not all [9,12,15]. The small sample size may have led to the null associations in some studies. On the
other hand, there is evidence that the destruction of B-cells could be initiated in utero [16]. Growing
attention therefore has been paid to the role of maternal vitamin D status in type 1 diabetes in the
offspring. Yet the results from observational studies [9,11,17] were also inconclusive.

Thus, the aim of this study was to examine the association between vitamin D intake and risk of type 1
diabetes by conducting a meta-analysis of relevant studies. In addition, we examined the association
between maternal intake of vitamin D during pregnancy and risk of type 1 diabetes in the offspring.

2. Methods
2.1. Literature Search

We generally followed the Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
guidelines [18] in the design, analysis, and reporting of this study. We searched PubMed, Web of Science,
and Cochrane Library databases in June 2013 to identify relevant studies that assessed the association
between intake of vitamin D and risk of type 1 diabetes. The literature search was supplemented through the
manual review of reference lists of retrieved articles and recent reviews. Search terms included “vitamin
D”, “25-hydroxyvitamin D”, “type 1 diabetes”. No restriction was imposed.

2.2. Study Selection

Studies were eligible for analysis if they met the following criteria: the study design was a
case-control study or cohort study; the outcome was type 1 diabetes; and risk estimates of diabetes
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related to vitamin D intake during early life or maternal intake of vitamin D and associated 95% ClIs (or
data to calculate them) were reported. Initially, we reviewed titles and abstracts to ascertain the potential
fit to the inclusion criteria. In the presence of uncertainty regarding the relevancy, a subsequent full-text
assessment was conducted.

2.3. Data Extraction

We extracted the following information: the first author’s name, publication year, study population,
location, characteristics of the study population (age, sex, and sample size), assessment of exposure and
outcome, length of follow-up (for cohort studies), most fully adjusted risk estimates (with corresponding
95% CI) from a multivariable model, and statistical adjustment for the potential confounding factors.
For two studies [15,17] that examined different sources of vitamin D (i.e., total vitamin D, vitamin D
from food only, and vitamin D from supplementation only), the risk estimates for total vitamin D intake
were used. Two authors (Dong, J.Y. and Qin, L.Q.) independently performed data extraction, with
disagreements resolved by discussion.

2.4. Statistical Analysis

Odds ratio (OR) was used as a measure of the association between vitamin D intake and risk of type 1
diabetes. For cohort studies, incidence rate, rate ratio, and relative risk were considered as a surrogate
measure of OR. Because the absolute risk of type 1 diabetes is low, the relative risks approximate OR
values. We calculated the O and F statistics [19] to examine statistical heterogeneity across studies. I is
the proportion of total variation contributed by between-study variation. Either a fixed-effects model or,
in the presence of heterogeneity, random-effects model was used to combine the study-specific ORs and
compute the summary one. Subgroup analysis by study design (i.e., case-control vs. cohort studies) was
performed. We also conducted sensitivity analysis to investigate the influence of a single study on the
overall risk estimates by omitting one study in each turn. Potential publication bias was assessed by
Egger test [20]. All analyses were performed using STATA version 11.0 [21]. A P value <0.05 was
considered statistically significant.

3. Results
3.1. Literature Search

Figure 1 presents a flow chart showing the study selection process. We initially identified 1588
potential articles from three electronic databases; most were excluded because they were not
case-control or cohort studies or because the exposure or endpoint was not relevant to our analysis,
leaving 11 potentially eligible papers for full-text review. One study [22] was excluded because the
outcome was immune-mediated diseases but not type 1 diabetes. Another study [23] was excluded
because the risk estimate for the association of interest was not available. Finally, nine
articles [8—15,17] with 12 risk estimates on vitamin D and type 1 diabetes were included in the final
analysis. The EURODIAB [8] that combined the results of seven case-control studies across European
countries was considered as one multi-center, case-control study. Among the nine articles, eight
studies [8—15] reported results on vitamin D intake during early life (e.g., the first year of life or
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childhood period) and three studies [9,11,17] reported results on maternal vitamin D intake

during pregnancy.

Figure 1. Flow chart of literature search and study selection.

Potential citations (n = 1588)
From PubMed (n = 464)
From Web of Science (n=1071)

1577 citations were excluded
Duplicated citations

A 4

Reviews
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A

Accepted for analysis (n =9)
Vitamin D intake during early life (n = 8)

Maternal vitamin D intake (n = 3)

3.2. Study Characteristics

Characteristics of the selected studies are presented in Table 1. These studies were published between
1999 and 2011. Among them, seven studies were conducted in Europe, and one each in the United States
and Iran. Six studies had a case-control design, comprising 1860 cases and 6243 controls; the other three
had a cohort design, comprising 171 cases and 14,264 participants. The length of follow-up for cohort
studies ranged from 5 to 31 years. Most selected/incident cases aged < 18 years old, whereas two studies
had cases with a wider age range between 0 and 30 years old. All studies included both male and female
participants. Two studies used food-frequency questionnaires for assessment of vitamin D intake and the
remaining used other questionnaires or interview. Type 1 diabetes cases were mainly ascertained on the
basis of WHO criteria or EURODIAB criteria. The adjusted covariates in individual studies differed
from each other.
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Table 1. Characteristics of observational studies on vitamin D intake and risk of type 1 diabetes.

Ae at No. of
ea
. . 8 . Cases/No. of Exposure Exposure Case .
Study Design Diagnosis  Sex . . Adjustment
Control Comparison Assessment Ascertainment
(years) -
(Participants)
<15 Vitamin D Duration of breast feeding less than
EURODIAB . . .
supplementation Questionnaire, EURODIAB 3 months, maternal age over 35 years,
study [8], Case-control M/F 820/2335 ] . ] ) o . .
E during early infancy interview criteria birth weight less than 2500 g, and
urope
P (yes vs. no) study center
Cod liver oil
intake during .
Stene et al. [9], . . ) EURODIAB Age, sex, breastfeeding, maternal
Case-control <15 M/F 85/1071 pregnancy/during first Questionnaire L .
Norway ) criteria education, and other supplement
year of life
(yes vs. no)
Vitamin D Hospital
Hypponen ) ) ) Sex, neonatal, length of maternal
Birth-cohort supplementation . ) discharge ) . . ]
etal. [10], 1-31 M/F 81/10366 . Questionnaire . education, social status, birth weight,
. (1966-1997) during the first year registers, or o
Finland i and growth rate in infancy
(regular vs. none) medical records
Stene Case-control <15 M/F 545/1668 Cod liver oil Questionnaire EURODIAB Age, sex, duration of exclusive
etal [11], intake during criteria breastfeeding, age at introduction of
Norway pregnancy/during first solid foods, maternal education,
year of life maternal smoking, maternal age at
(yes vs. no) delivery, child’s number of siblings,
type 1 diabetes among child’s
siblings or parents
Visalli Case-control 6-18 M/F 150/750 Vitamin D Questionnaire EURODIAB Not available
et al. [12], Italy supplementation criteria
during early life

(yes vs. no)
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Table 1. Cont.

Tenconi Case-control 0-29 M/F 159/318 Vitamin D Interview Not available Age, sex, viral diseases, bottle
etal [13], supplementation feeding, scarlet fever
Italy during lactation
(yes vs. no)
Ahadi Vitamin D )
. . ) ) L Maternal age at delivery, type of
etal [14], Case-control <16 M/F 101/101 supplementation during  Questionnaire WHO criteria . .
delivery, type of feeding
Iran the first year(yes vs. no)
. Vitamin D Family hist t
impson amily history, genotype, ener
P Cohort supplementation during  Food-frequency Physician . Y 1Y, BENOLP &y
etal [15], <12 M/F 35/175 . . . . . intake, survey type, and age at first
(1993-2011) childhood questionnaires diagnosis o
USA appearance of auto-antibodies
(yes vs. no)
Genetic risk, familial type 1 diabetes,
. . . . sex, gestational age, maternal age,
Marjamaki . Total vitamin D intake . . .
Birth-cohort . Food-frequency o maternal education, delivery hospital,
etal [17], 1-8 M/F 55/3723 during pregnancy ] ] WHO criteria ) ]
. (1997-2002) questionnaires route of delivery, number of earlier
Finland (yes vs. no)

deliveries and smoking

during pregnancy
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3.3. Vitamin D Intake and Risk of Type I Diabetes

There were eight epidemiologic studies (six case-control studies and two cohort studies) reporting the
association between vitamin D intake and risk of type 1 diabetes. All of them focused on vitamin D
intake during early life. The ORs from individual studies varied from 0.22 to 1.30. Of the eight included
studies, five reported a significant inverse association between vitamin D intake and risk of type 1
diabetes, while the other three found null associations. The pooled OR was 0.71 (95% CI, 0.51-0.98;
Figure 2), with evidence of heterogeneity across studies (P < 0.001, F = 74.9%). We further conducted
subgroup analysis by study design (case-control studies vs. cohort studies). The pooled risk estimate for six
case-control studies was similar to the overall one (OR = 0.68; 95% CI, 0.49-0.94), while the pooled risk
estimate for two cohort studies was non-significant with a wide CI (relative risk = 0.62; 95% CI, 0.11-3.45).
The sensitivity analysis in which one study at a time was omitted generally showed statistically significant or
marginally significant results; the pooled ORs ranged from 0.64 (95% CI, 0.46-0.89) to 0.78 (95% CI,
0.57-1.07). The Egger test suggested no evidence of publication bias (P = 0.28).

Three studies (two case-control studies and one cohort study) examined the association between
maternal intake of vitamin D and risk of type 1 diabetes in the offspring. All of them reported
non-significant associations. The pooled OR was 0.95 (95% CI, 0.66—1.36; Figure 2), with little
evidence of heterogeneity (P = 0.27, I = 23.7%). Because of the small number of studies, subgroup
analysis, sensitivity analysis, and Egger test were not performed.

Figure 2. Meta-analysis of observational studies on vitamin D intake and risk of type 1 diabetes.

%

Study OR (95% CI) Weight
Vitamin D Intake during Early Life

EURODIAB study (1999) —_— 0.67 (0.53, 0.85) 18.22
Stene (2000) —_— 0.82 (0.47,1.43) 12.84
Hypponen (2001) * 0.22 (0.05, 0.93) 4.15
Stene (2003) — 0.74 (0.56,0.98) 17.48
Visalli (2003) —T+— 1.22(0.82,1.82) 1548
Tenconi (2007) * 0.27 (0.10, 0.72) 7.23
Ahadi (2011) * 0.26 (0.11, 0.62) 8.34
Simpson (2011) —T—<*+— 1.30(0.91, 1.86) 16.26
Total (I-squared =74.9%, p = 0.000) O 0.71 (0.51, 0.98) 100.00
Maternal Vitamin D Intake during Pregnancy

Stene (2000) 0.38(0.12,1.24) 8.74
Stene (2003) —_— 1.00 (0.69, 1.45) 54.80
Marjamaki (2010) —_— 1.08 (0.65, 1.79) 36.46
Total (I-squared =23.7%, p =0.269) <:> 0.95 (0.66, 1.36) 100.00

Odds ratio T T T
0.05 0.5 1 2
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4. Discussion

The present meta-analysis aimed to assess the association between vitamin D intake and risk of type 1
diabetes. By combining the results from published case-control and cohort studies to date, our findings
suggested vitamin D intake during early life was associated with a reduced risk of type 1 diabetes.
However, current evidence does not support an association between maternal intake of vitamin D and
risk of type 1 diabetes in the offspring.

Complex mechanisms (which are beyond our scope) may be involved in the potentially protective
effects of vitamin D against type 1 diabetes. The beneficial effects of vitamin D are proposed to be
related to the regulation of the immune system, including its actions in monocytes, macrophages,
dendritic cells, T and B lymphocytes. In fact, experimental studies and clinical trials have shown
beneficial effects of vitamin D supplementation on immune function [24]. Another possible mechanism
is that vitamin D may have direct effects on B-cells, including improving insulin secretion, enhancing
expression of vitamin D receptor, and improving islet morphology [24,25]. In addition, vitamin D may
have effects on regulation of inflammatory responses [24].

To date, no randomized controlled trials directly look at the effects of vitamin D supplementation on
incidence of type 1 diabetes. Several trials tested the effects of vitamin D supplementation on residual
B-cell function in recent-onset type 1 diabetes [26-29]. However, the results were somewhat mixed.
Three trials [26—28] reported that calcitriol (the active form of vitamin D) had no protective effects or
only modest effects on B-cell function, while one trial [29] suggested cholecalciferol (vitamin D3) used
as adjunctive therapy with insulin slowed decline of residual B-cell function. Interestingly, in one trial
conducted in healthy subjects, vitamin D3 supplementation did not improve B-cell function but
significantly increased the frequency of regulatory T cells [30]. Such protective immunologic effect,
which was also observed in an above mentioned trial conducted in type 1 diabetes [29], indicated a
possible mechanistic link between vitamin D and the disease.

Measurement of vitamin D intake using questionnaires is inaccurate due to recall bias and other
measurement errors; moreover, sun exposure was not taken into account. Therefore, some studies
assessed blood 25-hydroxyvitamin D [25(OH)D] level as a reliable measure of total vitamin D status.
One case-cohort study found plasma 25(OH)D level was not associated with type 1 diabetes risk in islet
autoimmunity-positive children (adjusted hazard ratio = 0.91, 95% CI 0.68—1.22) [15]. The small number
of identified cases (n = 35) may be responsible for the null association. More recently, one nested
case-control study among US military personnel with more cases (n = 310) reported that higher blood
25(OH)D levels was associated with a significantly lower risk of type 1 diabetes among non-Hispanic
whites, although such association was not observed in non-Hispanic blacks or Hispanics [31].

Whether vitamin D deficiency in the fetal period contributes to increased risk of type 1 diabetes is of
additional interest. Previous study indicated maternal intake of vitamin D had a protective effect on
preventing diabetes-associated autoimmunity in the children [32]. Yet, our meta-analysis of three
studies [9,11,17] provided no evidence for the association between maternal intake of vitamin D and
diabetes risk in the offspring. In line with our finding, one Finnish study also found no difference in
serum 25(OH)D levels during early pregnancy between case and control mothers [33]. By contrast,
another study in Norway suggested lower maternal level of 25(OH)D during pregnancy was associated
with a significantly higher risk of type 1 diabetes in the offspring (OR = 2.38, 95% CI 1.12-5.07) [34].
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Given the limited and inconsistent evidence at present, more studies are needed to determine the role of
vitamin D in the fetal period in the development of type 1 diabetes.

Compared with a previous meta-analysis of only five studies [35], we added more evidence linking
vitamin D and type 1 diabetes up to date. We were also able to examine the association between maternal
vitamin D intake during pregnancy and diabetes risk in the offspring, which was not measured in that
meta-analysis. However, limitations of the present study should be considered. First, because the
findings were mainly based on case-control studies, recall bias and selection bias were inevitable. Also,
the adjusted covariates in individual studies differed and the lack of control for important confounding
factors increased the risk of confounding bias. Second, there was considerable heterogeneity among
studies. Study design did not seem to explain much between-study variation as heterogeneity remained
in both case-control and cohort subgroups (data not shown). Third, measurement errors could influence
our findings as assessments of vitamin D intake largely depended upon questionnaires. Moreover,
whether the questionnaires were validated was not reported in several studies. Fourth, we included two
studies [9,11] using cod liver oil as vitamin D supplementation, we therefore could not rule out the
possibility that n-3 fatty acids in cod liver oil may, at least in part, account for the observed benefits on
type 1 diabetes risk. Finally, although there was no evidence of publication bias, we could not
completely rule out such bias because of the limited number of studies.

5. Conclusions

Our findings suggest that vitamin D intake during early life is associated with a reduced risk of type 1
diabetes. There was not enough evidence supporting an association between maternal intake of vitamin
D and type 1 diabetes risk in the offspring. Because these findings were largely based upon case-control
studies, well-designed cohort studies are still needed to determine the role of vitamin D in the prevention
of type 1 diabetes.

Acknowledgements

The study was supported by 2012 Chinese Nutrition Society (CNS) Nutrition Research
Foundation—DSM Research Fund.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. DIAMOND Project Group. Incidence and trends of childhood type 1 diabetes worldwide
1990-1999. Diabet. Med. 2006, 23, 857-866.

2. Onkamo, P.; Vaananen, S.; Karvonen, M.; Tuomilehto, J. Worldwide increase in incidence of Type |
diabetes—The analysis of the data on published incidence trends. Diabetologia 1999, 42,
1395-1403.



Nutrients 2013, 5 3560

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mohr, S.B.; Garland, C.F.; Gorham, E.D.; Garland, F.C. The association between ultraviolet B
irradiance, vitamin D status and incidence rates of type 1 diabetes in 51 regions worldwide.
Diabetologia 2008, 51, 1391-1398.

Zhang, W.; Stoecklin, E.; Eggersdorfer, M. A glimpse of vitamin D status in Mainland China.
Nutrition 2013, 29, 953-957.

Bin-Abbas, B.S.; Jabari, M.A.; Issa, S.D.; Al-Fares, A.H.; Al-Muhsen, S. Vitamin D levels in Saudi
children with type 1 diabetes. Saudi Med. J. 2011, 32, 589-592.

Janner, M.; Ballinari, P.; Mullis, P.E.; Fluck, C.E. High prevalence of vitamin D deficiency in
children and adolescents with type 1 diabetes. Swiss Med. Wkly. 2010, 140, w13091.

Mutlu, A.; Mutlu, G.Y.; Ozsu, E.; Cizmecioglu, F.M.; Hatun, S. Vitamin D deficiency in children
and adolescents with type 1 diabetes. J. Clin. Res. Pediatr. Endocrinol. 2011, 3, 179—183.

The EURODIAB Substudy 2 Study Group. Vitamin D supplement in early childhood and risk for
type I (insulin-dependent) diabetes mellitus. Diabetologia 1999, 42, 51-54.

Stene, L.C.; Ulriksen, J.; Magnus, P.; Joner, G. Use of cod liver oil during pregnancy associated
with lower risk of type I diabetes in the offspring. Diabetologia 2000, 43, 1093—1098.

Hypponen, E.; Laara, E.; Reunanen, A.; Jarvelin, M.R.; Virtanen, S.M. Intake of vitamin D and risk
of type 1 diabetes: A birth-cohort study. Lancet 2001, 358, 1500—1503.

Stene, L.C.; Joner, G. Use of cod liver oil during the first year of life is associated with lower risk of
childhood-onset type 1 diabetes: A large, population-based, case-control study. Am. J. Clin. Nutr.
2003, 78, 1128-1134.

Visalli, N.; Sebastiani, L.; Adorisio, E.; Conte, A.; De Cicco, A.L.; D’Elia, R.; Manfrini, S.; Pozzilli, P.;
IMDIAB Group. Environmental risk factors for type 1 diabetes in Rome and province. Arch. Dis.
Child. 2003, 88, 695-698.

Tenconi, M.T.; Devoti, G.; Comelli, M.; Pinon, M.; Capocchiano, A.; Calcaterra, V.; Pretti, G.;
Pavia TIDM Registry Group. Major childhood infectious diseases and other determinants
associated with type 1 diabetes: A case-control study. Acta Diabetol. 2007, 44, 14-19.

Ahadi, M.; Tabatabaeiyan, M.; Moazzami, K. Association between environmental factors and risk
of type 1 diabetes—A case-control study. Endokrynol. Pol. 2011, 62, 134-137.

Simpson, M.; Brady, H.; Yin, X.; Seifert, J.; Barriga, K.; Hoffman, M.; Bugawan, T.; Baron, A.E.;
Sokol, R.J.; Eisenbarth, G.; et al. No association of vitamin D intake or 25-hydroxyvitamin D levels
in childhood with risk of islet autoimmunity and type 1 diabetes: The Diabetes Autoimmunity
Study in the Young (DAISY). Diabetologia 2011, 54, 2779-2788.

Lindberg, B.; Ivarsson, S.A.; Landin-Olsson, M.; Sundkvist, G.; Svanberg, L.; Lernmark, A.
Islet autoantibodies in cord blood from children who developed type I (insulin-dependent) diabetes
mellitus before 15 years of age. Diabetologia 1999, 42, 181-187.

Marjamaki, L.; Niinisto, S.; Kenward, M.G.; Uusitalo, L.; Uusitalo, U.; Ovaskainen, M.L.;
Kronberg-Kippild, C.; Simell, O.; Veijola, R.; Ilonen, J.; et al. Maternal intake of vitamin D during
pregnancy and risk of advanced B cell autoimmunity and type 1 diabetes in offspring. Diabetologia
2010, 53, 1599-1607.

Stroup, D.F.; Berlin, J.A.; Morton, S.C.; Olkin, I.; Williamson, G.D.; Rennie, D.; Moher, D.;
Becker, B.J.; Sipe, T.A.; Thacker, S.B.; et al. Meta-analysis of observational studies in
epidemiology. JAMA 2000, 283, 2008-2012.



Nutrients 2013, 5 3561

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21,
1539-1558.

Egger, M.; Davey, S.G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple,
graphical test. BMJ 1997, 315, 629-634.

STATA, version 11.0; StataCrop: 4905 Lakeway Drive, College Station, TX, USA, 2009.

Disanto, G.; Chaplin, G.; Morahan, J.M.; Giovannoni, G.; Hypponen, E.; Ebers, G.C;
Ramagopalan, S.V. Month of birth, vitamin D and risk of immune mediated disease: A case control
study. BMC Med. 2012, 10, 69.

Greer, R.M.; Portelli, S.L.; Hung, B.S.; Cleghorn, G.J.; McMahon, S.K.; Batch, J.A.; Conwell, L.S.
Serum vitamin D levels are lower in Australian children and adolescents with type 1 diabetes than
in children without diabetes. Pediatr. Diabetes 2013, 14, 31-41.

Prietl, B.; Treiber, G.; Pieber, T.R.; Amrein, K. Vitamin D and immune function. Nutrients 2013, 5,
2502-2521.

Wacker, M.; Holick, M.F. Vitamin D-effects on skeletal and extraskeletal health and the need for
supplementation. Nutrients 2013, 5, 111-148.

Pitocco, D.; Crino, A.; Di Stasio, E.; Manfrini, S.; Guglielmi, C.; Spera, S.; Anguissola, G.B.;
Visalli, N.; Suraci, C.; Matteoli, M.C.; et al. The effects of calcitriol and nicotinamide on residual
pancreatic -cell function in patients with recent-onset type 1 diabetes (IMDIAB XI). Diabet. Med.
2006, 23, 920-923.

Bizzarri, C.; Pitocco, D.; Napoli, N.; di Stasio, E.; Maggi, D.; Manfrini, S.; Suraci, C.; Cavallo, M.G.;
Cappa, M.; Ghirlanda, G.; et al. No protective effect of calcitriol on B-cell function in recent-onset
type 1 diabetes: The IMDIAB XIII trial. Diabetes Care 2010, 33, 1962—-1963.

Walter, M.; Kaupper, T.; Adler, K.; Foersch, J.; Bonifacio, E.; Ziegler, A.G. No effect of the
lalpha,25-dihydroxyvitamin D3 on B-cell residual function and insulin requirement in adults with
new-onset type 1 diabetes. Diabetes Care 2010, 33, 1443—1448.

Gabbay, M.A.; Sato, M.N.; Finazzo, C.; Duarte, A.J.; Dib, S.A. Effect of cholecalciferol as
adjunctive therapy with insulin on protective immunologic profile and decline of residual B-cell
function in new-onset type 1 diabetes mellitus. Arch. Pediatr. Adolesc. Med. 2012, 166, 601-607.
Bock, G.; Prietl, B.; Mader, J.K.; Holler, E.; Wolf, M.; Pilz, S.; Graninger, W.B.;
Obermayer-Pietsch, B.M.; Pieber, T.R. The effect of vitamin D supplementation on peripheral
regulatory T cells and P cell function in healthy humans: a randomized controlled trial. Diabetes
Metab. Res. Rev. 2011, 27, 942-945.

Munger, K.L.; Levin, L.I.; Massa, J.; Horst, R.; Orban, T.; Ascherio, A. Preclinical serum
25-hydroxyvitamin D levels and risk of type 1diabetes in a cohort of US military personnel. 4m. J.
Epidemiol. 2013, 177, 411-419.

Fronczak, C.M.; Baron, A.E.; Chase, H.P.; Ross, C.; Brady, H.L.; Hoffman, M.; Eisenbarth, G.S.;
Rewers, M.; Norris, J.M. In utero dietary exposures and risk of islet autoimmunity in children.
Diabetes Care 2003, 26, 3237-3242.

Miettinen, M.E.; Reinert, L.; Kinnunen, L.; Harjutsalo, V.; Koskela, P.; Surcel, H.M.;
Lamberg-Allardt, C.; Tuomilehto, J. Serum 25-hydroxyvitamin D level during early pregnancy and
type 1 diabetes risk in the offspring. Diabetologia 2012, 55, 1291-1294.



Nutrients 2013, 5 3562

34. Sorensen, I.M.; Joner, G.; Jenum, P.A.; Eskild, A.; Torjesen, P.A.; Stene, L.C. Maternal serum
levels of 25-hydroxy-vitamin D during pregnancy and risk of type 1 diabetes in the offspring.
Diabetes 2012, 61, 175-178.

35. Zipitis, C.S.; Akobeng, A.K. Vitamin D supplementation in early childhood and risk of type 1
diabetes: A systematic review and meta-analysis. Arch. Dis. Child. 2008, 93, 512-517.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



