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ABSTRACT  

 

Aims: to assess whereas vitamin D levels at birth were associated with risk of having type 1 

diabetes up to 10 years of age and the potential modifier effect of ethnic group. 

Methods:  The Piedmont Diabetes Registry and the Newborn Screening Regional data were linked 

to identify cases (n=67 incident children aged ≤10 years  at diabetes onset, 2002-2012) and up to 5 

controls (n=236) matched for birthday and ethnic group. Cards with neonatal blood spot were used 

and 25-hydroxyvitamin D(3) assessed with tandem mass spectroscopy. 

Results: In conditional logistic regression, OR for unit increment of log-vitamin D was 0.78 (95% 

CI 0.56-1.10). Vitamin D was significantly lower in migrant than in Italian control newborn babies 

(p<0.0001) and interaction between vitamin D and migrant status statistically significant (p=0.04). 

Compared to migrant newborns babies with vitamin D ≥ 2.14 ng/ml, migrants with lower levels 

had an OR of  14.02 (1.76-111.70), whereas no association was evident in Italians. 

Conclusions: our case-control study within the Piedmont Diabetes Registry showed no association 

between vitamin D levels at birth and risk of having type 1 diabetes up to 10 years of age, apart 

from the  subgroup of migrant babies, which might have clinical implications if confirmed. 
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Environmental changes are involved in the worldwide increasing temporal trend of type 1 

diabetes, but the identification of factors acting either as determinants or risk factors of the disease 

still remains elusive (1). Among these factors, vitamin D has gained particular interest (2-3) as it 

might have an immunomodulator role in the pathogenesis of autoimmune diseases and an 

association between its deficiency and type 1 diabetes has been also suggested (4-7). Most of case-

control studies have pointed out that lower intake of vitamin D during early life is associated with 

higher risk of type 1 diabetes, and a metanalysis including studies published up to 2011 (7) has 

estimated a pooled odds ratio (OR) of 0.71 (95% CI 0.51-0.98) for vitamin D supplementation with 

respect to non-supplementation. Results, however, might have been hampered by misclassification 

of vitamin D intake, generally assessed through questionnaires (8).  

Heterogeneities among studies might be due to differences among populations in levels of 

solar ultraviolet B radiation at different latitudes, dietary supplementation, genetic factors and age 

of examined people. Both the  fetal period and the early infancy might be vulnerable phases for the 

immunomodulator role of vitamin D, but studies examining this issue are very limited and results 

not consistent (4-6). Finally, ethnic differences might act as a modifier of the association between 

vitamin D and risk of type 1 diabetes and differences in circulating vitamin D binding protein have 

been pointed out (9-10). We performed a case-control study within the Piedmont Childhood 

Diabetes Registry, Italy  (11) to test whereas variations in vitamin D concentrations at birth were 

associated with risk of having type 1 diabetes up to age 10 years and the potential modifier effect of 

ethnic group on this association.  

Subjects and Methods 

The Piedmont Childhood Diabetes Registry is monitoring temporal trend of type 1 diabetes 

in childhood since 1990, using as primary data source the list of all new cases who had been 

identified by the diabetes pediatric clinics, and as secondary data source the regional administrative 

list of children who obtained exemption from payment of drugs due to diabetes (11). The diagnosis 

of type 1 diabetes is performed  according to international diagnostic criteria, including markers of 
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β-cells autoimmunity, and the estimated completeness of ascertainment is 98%. The Piedmont 

Region has also set up a newborn screening program to identify at birth genetic and metabolic 

disorders, and a random sample of cards with neonatal blood spot has been kept for research 

purposes by  the Newborn Screening Regional Center, allowing us to perform a case-control study 

through a linkage of data with the Piedmont Childhood Diabetes Registry. The Regional Ethical 

Committee has approved the study. Cases were children aged 0-10 years at diabetes onset in period 

2000-2012 among residents in Piedmont Region who were included in the Registry. Up to 5 non 

diabetic control children were matched to each case for birthday (± 30 days), place of birth and 

ethnic group, defined by the country of birth of parents (Northern Africa, Eastern Europe and Asia). 

Current data from the Piedmont Childhood Diabetes Registry were used to exclude that control 

children had diabetes onset up to 2013.  

      In all newborns dried blood samples were collected at the third day of life, according to the  

neonatal screening procedures of the Piedmont Region and analysed according to standardized 

technique, using tandem mass spectroscopy (LC-MS/MS) (12-14). The sample was a cardboard 

disk soaked in blood, five disks of 3 mm were cut out from a punching machine, corresponding to a 

content of 50 microliters of blood. The content was converted into corresponding values with a 

previously tested formula (12): serum [25(OH)D3] ng/ml = dried blood spot [25(OH)D3]ng/ml / 

(1-0,61). The levels of 25(OH)D3 and 25(OH) D2 were separately determined, with standards 

based on known amounts. As 25(OH)D2 levels were not detectable, 25(OH)D3 values were 

described as vitamin D throughout the text.  

Vitamin D levels were non normally distributed and they were analyzed after logarithmic 

transformation (base e). Data are shown as geometric means and interquartile range (IQR). 

Conditional logistic regression was used to determine the association between vitamin D levels and 

diabetes. Data were also stratified by median vitamin D levels in control subjects. All statistical 

analyses were performed using STATA 10.0. 
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Results 

The study base included 67 incident cases of type 1 diabetes aged 10 years and lower at diabetes 

onset in period 2000-2012 and 236 non diabetic matched control children. Among them, 23 cases 

were born to migrant families (20 from Northern Africa and 3 from Eastern Europe) and were 

matched to 57 children of the same ethnic group.  

Age was similar in cases and control children (7.0 ± 0.25 vs 7.2 ± 0.49 years, p=0.61) and 48% of 

them were males. Age at diagnosis in diabetic children was 4.2 ± 3.4 years (IQR 1.5-6.9).  

As shown in table 1, geometric means of vitamin D at birth were similar in cases and control 

newborn babies. Vitamin D levels were significantly lower in migrant than in Italian control 

newborn babies (p<0.0001). In conditional logistic regression, OR of having diabetes up to 10 

years of age was 0.78 (95% CI 0.56-1.10) for each unit increment in log vitamin D. As interaction 

between vitamin D and migrant status was statistically significant (p=0.04), Italian and migrants 

were separately analyzed. Compared to newborm migrant babies with vitamin D ≥ 2.14 ng/ml 

(median value), migrants with lower levels had an OR of 14.02 (1.76-111.70). Current age did not 

add significantly to the model nor modified estimated ORs. 

 

Discussion 

In this study we found no association between vitamin D in newborn babies and risk of 

having diabetes up to 10 years of age. Our study was performed within the Piedmont Diabetes 

Registry and had the unique opportunity to analyze cards with neonatal blood spot which were 

randomly collected for research purposes over a decade by the Newborn Regional Screening 

Program on genetic and metabolic disorders. Although we could link a quite limited number of 

cards referring to diabetic people of our Registry, we could both increase the study power selecting 

up to 5 control children who were matched to cases on birthday, and reduce the confounding effect 

of ethnicity by matching cases and control children on ethnic group. The latter  finding is relevant, 

as both environmental and genetic factors influence vitamin D levels and differences among 
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populations might be due to levels of solar ultraviolet B at different latitudes, dietary and 

supplemental vitamin D intakes, skin pigmentation as well as genetic factors (9-10). Polymorphism 

in vitamin D pathway related genes are related to increased likelihood of  having vitamin D 

deficiency in infancy (9) and higher predisposition to autoimmune type 1 diabetes (15). Moreover, 

black individuals have lower vitamin D binding protein levels than white individuals, whereas the 

bioavailable 25hydroxyvitamin D levels are similar (10). Among our control newborn babies, 

migrants had almost two-fold lower vitamin D levels than Italian babies and this difference was 

highly statistically significant. In conditional logistic regression a significant interaction between 

migrant status and vitamin D levels was found and stratified analysis was then conducted. In 

migrants, vitamin D levels below the median value were associated with a statistically significant 

higher risk of having diabetes up to ten years of age. Our subgroup of babies born to migrant 

families included mainly babies born to families from Northern Africa, and both genetic and 

environmental factors are likely to be involved in our results. An increasing number of children 

with type 1 diabetes among migrants has recently been observed in Italy (16), and the hypothesis 

that the high prevalence of vitamin D deficiency in migrant children might be involved in this 

temporal trend deserves consideration in future studies.  

 Our findings add to current knowledge on this issue, as previous studies assessing the role of 

vitamin D in the perinatal phase as risk factor for childhood diabetes have been performed in 

homogeneous Northern European populations (4-6), whereas no data are available in 

Mediterranean populations. A study performed in Norway showed that low concentration of 

vitamin D in mothers during pregnancy was associated with an increased risk of type 1 diabetes in 

the offspring (5), whereas a Finnish study (6) with a similar nested case-control study design did 

not find any association. However, about 70% of the Finnish mothers had vitamin D insufficiency 

during first trimester of pregnancy, which may have lead to difficulties to discern any differences 

between the groups. Another study showed that, compared to period 1998-2003, vitamin D levels 

increased in Finland after 2003, and this finding might be related to the leveling off of type 1 
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diabetes incidence that occurred after 2006 (17). In general, people with type 1 diabetes have high 

prevalence of vitamin D deficiency, even in a subtropical area with abundant sunlight like Australia 

(18), but its role in disease progression is unclear (19-21). Type 1 diabetes has many 

epidemiological similarity with multiple sclerosis (22). Recently, among patients with multiple 

sclerosis mainly treated with interferon, low vitamin D levels early in the disease course were a 

strong risk factor for disease progression (23). In contrast, the DAISY study (21) showed that 

although vitamin D levels were lower in children with multiple islet autoantibodies and in children 

with type 1 diabetes than in autoantibody-negative children, vitamin D deficiency was not 

associated with faster progression to type 1 diabetes. These findings were more recently confirmed 

in European children (19). As regards adults, two prospective studies performed in the United 

States in cohorts of military personnel have consistently shown that lower vitamin D levels were 

associated with higher risk of having insulin-requiring diabetes (24-25). Vitamin D might merely 

act as a marker of  autoimmunity rather than being directly involved in the pathogenesis of 

autoimmune diseases. The finding of an association between inherited variations in vitamin D 

genes and predisposition to type 1 diabetes would support this hypothesis (15). Recent 

experimental studies would support a protective role of vitamin D. Indeed, lifelong high doses of 

vitamin D prevented diabetes in NOD mice (26) and was able to promote the generation of 

tolerogenic mature dentritic cells with an impaired ability to activate autoreactive T cells (27).  

Limitation of present study is the low number of cases and control children, so that statistical 

significant result in our migrant subgroup might be merely due to chance. However, our result 

should be considered as a working hypothesis, which need to be confirmed by larger studies. 

Unfortunately, at present the availability of both biobank collected at birth and population-based 

diabetes registries of type 1 diabetes are limited, and properly design prospective studies are 

required. Finally, in our study levels of vitamin D at birth were very low in both cases and controls. 

Dried blood samples were obtained at birth and kept on cards until our assessment, and this 

procedure has probably provided biased downward estimates of vitamin D levels. However, our 
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case-control analysis was  focused on the potential role of low vitamin D levels at birth on type 1 

diabetes risk up to 10 years of age rather than on the frequency of its deficiency. As similar 

procedures were used in both cases and control subjects, selection bias and detection bias should 

have not affected our data.  

In conclusion, our case-control study within the Piedmont Diabetes Registry showed no 

association between vitamin D levels at birth and risk of having type 1 diabetes up to 10 years of 

age. A significant association was found in migrant babies, which might have clinical implications 

if confirmed. 
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Table 1: geometric means, interquartile range and  odds ratio (OR) of having type 1 diabetes up to 

10 years of age, by vitamin D levels at birth  

 

 
 Cases  

 

Control children  

All subjects (n=303) n=67 n=236 

Geometric mean (IQR) 1.42 (0.80-3.00) 1.81 (0.96-3.40) 

Log Vitamin D   OR (95% CI) 0.78 (0.56-1.10)  

   

        Italians (n=223) n=44 n=179 

Geometric mean (IQR) 2.07 (1.40-3.54) 2.09 (1.30-3.68)  

Log Vitamin D   OR (95% CI) 0.90 (0.57-1.41)  

   

         Migrants (n=80) n=23 n=57 

Geometric mean (IQR) 0.70 (0.30-1.70) 1.16 (0.60-3.25) 

Log Vitamin D   OR (95% CI) 0.65 (0.37-1.12)  
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Table 2: Results of conditional logistic regression on the association between vitamin D levels at birth and risk of  having type 1 diabetes by 10 

years of age, by median vitamin D level.  

 

 

 

Vit D (ng/ml) 

 

All subjects 

(n=303) 

Italians 

(n=223) 

 

Migrants 

(n=80) 

 

 

 Cases 

(n) 

Controls 

(n) 

OR (95% CI) Cases 

(n) 

Controls 

(n) 

OR (95% CI) Cases 

(n) 

Controls 

(n) 

OR (95% CI) 

<2.14 36 103 1.76 (0.92-3.38) 16 72 1.03 (0.47-2.26) 20 31 14.02 (1.76-111.7) 

≥2.14 31 133 1.00 28 107 1.00 3 26 1.00 
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