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Abstract

Background: To investigate the relationship 25-hydroxy vitamin D (25OHD) level among 

children and in children with type 1 diabetes mellitus (T1DM).

Methods: A case–control study was conducted to compare the serum 25OHD levels 

between cases and controls. This study recruited 296 T1DM children (106 newly 

diagnosed T1DM patients and 190 established T1DM patients), and 295 age- and gender-

matched healthy subjects as controls.

Results: The mean serum 25OHD in T1DM children was 48.69 ± 15.26 nmol/L and in the 

controls was 57.93 ± 19.03 nmol/L. The mean serum 25OHD in T1DM children was lower 

than that of controls (P < 0.01). The mean serum 25OHD level (50.42 ± 14.74 nmol/L) in 

the newly diagnosed T1DM children was higher than that (47.70 ± 15.50 nmol/L) in the 

established T1DM children but the difference was not statistically significant (P = 0.16). 

HbA1c values were associated with 25OHD levels in established T1DM children (r = 0.264, 

P < 0.01), and there was no association between 25OHD and HbA1c in newly diagnosed 

T1DM children (r = 0.164; P > 0.05).

Conclusion: Vitamin D deficiency is common in T1DM children, and it should be worthy 

of attention on the lack of vitamin D in established T1DM children.

Background

Type 1 diabetes mellitus (T1DM) is an autoimmune disease 
occurring in the pancreatic islets. The disease can affect 
people of any age, but onset usually occurs in children 
or young adults, which accounts for 90% of diabetes in 
children and adolescents (1). The estimated incidence 
of type 1 diabetes per 100,000 persons years for all ages 
in China was 1.01 (2). However, the mean annual age-
standardized incidence of type 2 diabetes in youth aged 
5–19 years was 1.96/100,000 person-years (3).

Molecular mechanism of T1DM is unclear, which 
may be associated with many factors, such as gene and 
environment. T1DM is mainly caused by an autoimmune 
reaction, in which the body’s defense system attacks the 
insulin-producing beta cells in the pancreas. The compelling 

evidence indicates that adaptive autoimmunity to the 
pancreatic beta cell is initially targeted against islet (4).

The major forms of vitamin D are vitamin D3, 
vitamin D2 and the active form of 1,25-(OH) 2D3. The 
active form of 1,25(OH)2D3 binds to vitamin D receptors 
(VDR), which is like other steroid hormones to a nuclear 
hormone receptor. VDR is a member of the nuclear 
transcription factor superfamily and is detected in most 
tissues. Through activation by 1,25(OH)2D3, VDR could 
be associated with the retinoid X receptor and binds to 
vitamin D response element in target gene for regulation 
of expression. In those nonclassical tissues, vitamin D 
shows potent antiproliferative and immunomodulatory 
properties (5).
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A lot of evidence has revealed that 1,25(OH)2D3 is 
closely related to the occurrence of autoimmune diseases 
(6, 7). Vitamin D can inhibit inflammation and immune 
reaction, promote synthesis and secretion of insulin and 
increase insulin sensitivity (8). A review has revealed that 
vitamin D deficiency has a potential influence on T1DM 
incidence, complications and progression (9). 25OHD 
is hydroxylated by the kidneys to form 1,25(OH)2D3. 
Thus, 25 OHD is usually measured in serum to determine 
a person’s vitamin D status (10), and 25OHD is further 
hydroxylated by the kidneys to form 1,25(OH)2D3. Here, 
we aim to investigate the relationship between the serum 
25 OHD and type 1 diabetes in local hospital.

Materials and methods

A total of 296 cases, including 106 newly diagnosed 
T1DM patients and 190 established T1DM patients, were 
recruited from Nanjing Medical University Affiliated 
Children’s Hospital. A total of 295 nondiabetic controls 
were recruited. The selection of controls was random; they 
were outpatients of nondiabetic unit and were matched 
for age, gender and ethnicity. The exclusion criteria of 
controls included subjects who had conditions of bones, 
kidneys, liver, endocrinopathies, other autoimmune 
diseases or melanoma – all diseases that might influence 
vitamin metabolism. The study was approved by Nanjing 
Medical University Ethical Committee. Consent was 
obtained from each patient.

Sample size and randomization

The sample size was calculated by online power and 
sample size calculators (http://www.powerandsamplesize.
com/). Based on the previous study (11), we estimated  
the sample size for our study. If the power equaled 0.9, the 
minimum sample size was about 42. Our study met the 
minimum sample size. The stratification randomization 
method was conducted in this case–control study.

Collection and processing of samples

About 5 mL blood were collected from all the study 
subjects in appropriate tubes for subsequent laboratory 
analyses. The blood was drawn from patients when they 
were first diagnosed with T1DM or when the diagnosed 
patients came to the hospital once again. The serum was 
isolated from samples collected in plain tubes and stored 
at −80°C for subsequent analyses.

Measurement of 25OHD

The levels of 25OHD in the serum were determined in 
T1DM patients and non-diabetic controls (296 patients 
and 295 controls respectively) using a non-radioactive 
Enzyme Immunoassay kit (EIA kit, Immuno-Diagnostic 
Systems Ltd. Boldon, UK, www.idsplc.com). This method 
used ‘Direct’ assay technology, which eliminated the 
solvent precipitation and centrifugation steps, thus 
resulting in the automation of the ELISA procedure. It 
has been shown to possess excellent sensitivity (5 nmol/L) 
from a small sample size (25 μL) and a wide assay range 
(6–360 nmol/L). At concentrations of 15 and 80 nmol/L 
within-run CVs were 3.2 and 1.3% and total CVs were 
5.3 and 3.1%. Furthermore, this method eliminated the 
need for using a radioactive tracer. Appropriate controls 
were included in all assays for standardization and quality 
control.

The panel recommends the following classification 
of vitamin D status, based on serum 25OHD levels: 
sufficiency, >50 nmol/L; insufficiency, 30–50 nmol/L; 
deficiency, <30 nmol/L (12).

Statistical analysis

The data were analyzed using the Statistical Package for the 
Social Sciences, version 19 (SPSS). Normative distribution 
of data was tested by P-Plot. All data were normally 
distributed. Student t-test was used to compare the serum 
vitamin D between two groups. Chi-square test was 

Table 1 Characteristics of T1DM study participants.

Controls (n = 295) Total T1DM (n = 296) Newly diagnosed T1DM (n = 106) Established T1DM (n = 190)

Gender Males 148 147 49 98
Female 147 149 57 92

Age (year)a 8.40 ± 3.60 8.66 ± 3.75 7.18 ± 3.61 9.49 ± 3.58
Year <6 76 68 39 29

6–12 16 166 59 107
>12 57 62 8 54

aValues are expressed as mean ± s.d., Student t-test was used, P < 0.05 was statistically significant.
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used to compare T1DM distribution between subgroups. 
ANOVA was used to compare vitamin D concentrations 
among subgroups in T1DM patients. P value less than 
0.05 was considered statistically significant.

Results

In this study, there were 296 T1DM children, including 
106 children newly diagnosed T1DM and 190 children 
established T1DM and 295 controls. Selected characteristics 
are described in Table  1. The mean age of subjects in 
the T1DM children group was 8.66 ± 3.75 years and that 
of the control group was 8.40 ± 3.60  years respectively 
(the difference was not statistically significant; t = 0.847, 
P = 0.398).

‘Newly diagnosed diabetes’ indicated duration of 
diabetes of 30  days or less, and ‘established diabetes’ 
indicated children with T1DM of duration longer 
than 30  days. The mean serum 25OHD of subjects 
in the total T1DM children group (newly diagnosed 
T1DM and established T1DM combined) was lower 
than that of the control group (48.69 ± 15.26 nmol/L vs 
57.93 ± 19.03 nmol/L) (see Table  2). The serum mean 
25OHD level was 50.42 ± 14.74 nmol/L in the newly 
diagnosed T1DM group and was 47.70 ± 15.50 nmol/L in 
the established T1DM group (Table 2), and the difference 
was not statistically significant (t = 1.482, P = 0.16). 
Vitamin deficiency increased with age in the T1DM 
patients but not so in the controls. The vitamin D status 
in T1DM and controls were showed in Table  3. In the 
total T1DM children, the deficient group was 13.18% 
(39/296), the insufficient group was 36.48% (108/296), 

and the deficient and insufficient subgroup was 49.66% 
(147/296), while in the control group, the deficient group 
was 5.76% (17/297), the insufficient group was 24.75% 
(73/295), and the deficient and insufficient subgroup was 
30.51% (90/295). The difference between total T1DM and 
control in the deficient and insufficient subgroups was 
statistically significant (χ2 = 24.27, P = 0.00).

In the newly diagnosed T1DM children, the deficient 
group was 21.70% (23/106), the insufficient group was 
42.45% (45/106), and the deficient and insufficient 
was 64.2% (68/106), while in the established T1DM, 
the deficient and insufficient subgroup was 41.60% 
(79/190). The difference between newly diagnosed T1DM 
and established T1DM in the deficient and insufficient 
subgroups was statistically significant (χ2 = 13.86, P = 0.00).

The seasonal distribution of mean serum vitamin D  
levels in T1DM and controls is revealed in Table  4. 
The seasons were divided into summer months  
(April–September) and winter months (October–March) to 
analyze the serum 25OHD levels from T1DM and controls 
during different months of the year. The serum 25OHD 
level of T1DM was lower than those of controls only in 
the summer months (t = −6.50, P = 0.00).

HbA1c values were associated with 25OHD levels in 
established T1DM (Fig.  1) (r: 0.264, P < 0.01), and there 
was no association between 25OHD and HbA1c in newly 
diagnosed T1DM (r = 0.164; P = 0.09).

Discussion

In our study, T1DM children had lower mean 25OHD 
level than controls, 49.66% of T1DM childen were 
25OHD insufficient, while the controls were 30.51%. 

Table 2 Serum 25OHD level (nmol/L).

Controls (n = 295) Total T1DM (n = 296) Newly diagnosed T1DM (n = 106) Established T1DM (n = 190)

Overalla 57.93 ± 19.03 48.69 ± 15.26 50.42 ± 14.74 47.70 ± 15.50
<6 yearsa 56.91 ± 21.56 52.92 ± 13.48 54.27 ± 12.60 51.00 ± 14.67
6–12 yearsa 58.38 ± 18.07 49.40 ± 15.18 48.67 ± 15.10 49.82 ± 15.28
>12 yearsa 58.00 ± 18.36 42.16 ± 15.43 44.35 ± 19.03 41.83 ± 15.01

aValues are expressed as mean ± s.d. ANOVA was used to compare vitamin D concentrations among subgroups. P < 0.05 was statistically significant.

Table 3 The vitamin D status in T1DM and controls.

Controls (n = 295) Total T1DM (n = 296) Newly diagnosed T1DM (n = 106) Established T1DM (n = 190)

Deficient group 17 39 23 16
Insufficient group 73 108 45 63
Deficient and insufficient group 90 147 68 79
Sufficient group 205 149 38 111

Note: Chi-square test was used to compare T1DM distribution between subgroups, P < 0.05 was statistically significant.
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The difference was statistically significant. In the newly 
diagnosed T1DM children, the deficient and insufficient 
was 64.2%, while in the established T1DM, the subgroup 
was 41.60%. 1,25-(OH)2D3, as the active metabolite of 
vitamin D3, is known for the maintenance of mineral 
homeostasis and normal skeletal architecture and is being 
increasingly recognized for their potent antiproliferative, 
prodifferentiative and immunomodulatory activities 
(13). Vitamin D, known to exhibit immunomodulatory 
properties and prevent the development of type 1 diabetes 
in NOD mice, is efficient against apoptosis induced 
by cytokines in human pancreatic islets in vitro (14). It 
inhibits the differentiation and maturation of dendritic 
cells and promotes their apoptosis, preventing their 
transformation into antigen-presenting cells, which is 
the first step in the initiation of an immune response (9). 
Mice with diet-induced hypovitaminosis D led impaired 
glucose tolerance, increased RAS component expression 
and impaired islet function gene transcription (15). 
Vitamin D may play a role in pancreatic disease, including 

type 1 and type 2 diabetes mellitus as well as pancreatic 
cancer (16).

In a cross-sectional study, 60–84% of T1DM children 
were 25OHD deficient in Switzerland (17), and 90.6% 
of T1DM children vs 85.3% of nondiabetic children 
had vitamin D deficiency in North Indian in a case 
control study (18). It had been indicated that 15% of 
T1DM patients were 25OHD deficient and 61% were 
insufficient in Northeastern US in a cross-sectional study 
(18). Furthermore, all these data manifested significantly 
lower mean 25OHD level in T1DM children compared 
to controls (19). These have suggested that low serum 
vitamin D level is associated with T1DM in children (20).

Previous study has revealed that the serum 25OHD 
concentrations are not associated with the development 
of T1DM in Finland (21). However, severe ketoacidosis, 
as judged by bicarbonate may have transiently lower 
25OHD levels in children with new-onset type 1 diabetes 
(22). Vitamin D supplementation can improve glycemic 
control (23). Children with T1DM may have 25OHD 
deficiency, which had an effect on metabolic status and 
glycemic homeostasis.

In our study, HbA1c was associated with 25OHD levels 
in established T1DM.

In a randomized, double-blind, placebo-controlled 
trial, 30 young patients with new-onset T1DM assigned 
to cholecalciferol or placebo for 12 months, showed that 
cholecalciferol improved suppressor function of Treg in 
patients with T1DM and vitamin D could serve as one 
possible agent in the development of immunomodulatory 
combination therapies for T1DM (24).

There are also some strengths and limitations of our 
study. The merit of our study is in the analysis of the mean 
25OHD between controls and newly diagnosed T1DM 
children. Additionally, some limitations also exist in this 
preliminary study. Deep studies on molecular mechanism 
are needed in future work.

In conclusion, T1DM children have lower 25OHD 
than controls, and the serum vitamin D levels were found 
to be significantly different in early-onset and late-onset 
T1DM children. Whether low vitamin D is a risk factor or 
consequence of T1DM is still to be deeply researched.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of the research reported.

Acknowledgement
This study was supported by medical science and technology development 
foundation (No. YKK14119).

Table 4 Serum 25OHD level (nmol/L) in T1DM in difference 

season.

Season
T1DM Controls

t P25OHD n 25OHD n

Summer 
monthsa

50.43 ± 15.21 188 61.42 ± 18.63 229 −6.50 0.00

Winter 
monthsa

45.66 ± 14.93 108 45.80 ± 15.07 66 −0.06 0.95 

aValues are expressed as mean ± s.d. Student t-test was used to compare 
the serum vitamin D between two groups. P < 0.05 was statistically 
significant.

Figure 1
Linear correlation between serum 25OHD level and hemoglobin A1c in 
established T1DM.
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