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Abstract 
Introduction: Studies have identified Vitamin D deficiency (VDD) to be prevalent in 
children with Type1 Diabetes Mellitus (T1DM) and is associated with poor glycemic control 
(HbA1c). 
Aim: To estimate serum vitamin D level (25(OH)D) and to evaluate its correlation with 
HbA1 c among children with T1DM at first visit. 
Setting and Design: A cross sectional observation study was done in department of 
pediatrics over a period of one year. 
Methods and Material: Newly diagnosed and established T1DM children of <12 years old 
were included. Children >12 years, on vitamin D supplementations, with renal disorder, 
endocrinal problems were excluded. 25(OH)D level and HbA1c estimation done for all 
children along with routine investigations. 
Statistical analysis: Categorical variables and means were analyzed with Fisher’s exact, 
unpaired t test and Analysis of Variance respectively. Association between variables were 
analyzed with Pearson correlation and multiple linear regression. P< 0.05 was considered 
statistically significant. 
Results: Total 70 children were included, 74.28% had VDD (25 OHD < 15ng/ml). We 
observed significantly higher mean HbA1c in VDD children compared to children with 
vitamin D sufficiency and insufficiency(p-0.008) and 25(OH)D levels were inversely 
correlated with HbA1c (p < 0.05). Multiple linear regression analysis showed a link between 
HbA1c and 25(OH)D (p<0.001) when adjusted for age, sex, and duration of the disease. 
Conclusion: The present study revealed high prevalence of VDD in children with T1DM. 
Considering the high prevalence, estimation of 25(OH)D to be considered routinely in T1DM 
children as improvement in vitamin D levels may improve glycemic control. 
Keywords: Type 1 Diabetes Mellitus, Vitamin D, 25(OH)D, Glycemic Status. 
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Introduction 

Type 1 diabetes mellitus (T1DM) is the 
most common form of diabetes in 
childhood. [1] The annual incidence of 
T1DM has been increasing worldwide, 
possibly due to increasing urbanization 
and higher socioeconomic status. [2] 
Vitamin D is a fat-soluble vitamin, which 
plays an important role in bone 
mineralization and calcium homeostasis. 
Many other biological actions of vitamin 
D are shown in recent studies, suggesting a 
possible role of vitamin D deficiency in 
the pathogenesis of various metabolic 
conditions, including diabetes mellitus. 
It has become evident that the β-cells of 
pancreas express the vitamin D receptor 
(VDR) and 1 alpha hydroxylase enzyme. 
[3] Vitamin D due to its diverse 
immunomodulatory properties seems to 
contribute to the suppression of chronic 
inflammation (insulitis) in islets of 
Langerhans. Variations in genes 
controlling vitamin D metabolism and 
expression of VDRs have been implicated 
in the pathogenesis of T1DM. [4] Studies 
in humans have indicated that vitamin D 
supplementation in early childhood 
decreases the risk of TIDM [5] 
A recent meta-analysis showed that 
patients with T1DM have a lower level of 
serum 25OHD compared with healthy 
controls. [6] Previous studies done to 
estimate percentage of type 1 diabetic 
children who were vitamin D deficient, 
showed a wide variation. The highest rate 
of deficiency of vitamin D is 90.6%. On 
the other hand, the lowest rates of 
deficiency of vit. D are 15%. [7,8] 
Studies have also revealed that reduced 
serum 25(OH) D levels had a close 
relationship with improper metabolic 
control among diabetic patients. [8.9] 
Studies also showed improved glucose 
tolerance and insulin resistance with 
vitamin D treatment. [10] Vitamin D 
deficiency is more prevalent in T1DM 

patients with poor glycemic control, while 
better glycemic control has been 
consistently related to higher 25 hydroxy 
vitamin D (25(OH)D) concentrations. [11] 
The purposes of this study were to assess 
serum vitamin D (25OHD) levels in 
children with type 1 diabetes mellitus, and 
to evaluate the association between serum 
25(OH)D and glycosylated hemoglobin 
(HbA1c) levels, to test the hypothesis that 
lower 25(OH)D levels are associated with 
poorer glycemic control in children with 
T1DM. 

Materials and methods 
A cross sectional study was done over 
period of one year from November 2018 to 
October 2019 in children diagnosed as 
T1DM as per American Diabetic 
Association criteria. [12] 

Inclusion criteria: 
70 children of Type 1 Diabetes Mellitus 
(Ages between 1month to 12 years) 
attending Out patient department and 
children admitted in the Intensive Care 
Unit / general ward of department of 
Pediatrics formed the study group. 
Exclusion criteria: 

• Children above 12 years of age. 
• Children with poor compliance to 

Insulin. 
• Children who are already receiving 

supplementation of vitamin D. 
• Children with other comorbid 

conditions like end stage renal disease/ 
liver disease, endocrine abnormalities 
like thyroid/parathyroid disorders, 
other chronic diseases, 
immunodeficiencies. 

• Children with Anemia. 
• Children with history of blood 

transfusions. 
Institutional Ethical committee approval 
(IEC/GMC/2019/04/32) was taken. 
Children aged less than 12 years age who 
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were fulfilling the inclusion criteria were 
included after taking consent from parents. 
Children diagnosed to have T1DM for the 
first time taken as Newly diagnosed 
diabetes mellitus. Children diagnosed as 
T1DM previously and on insulin treatment 
taken as established diabetes mellitus 
cases. Detailed history and clinical 
examination were done in all children 
included in the study as per predesigned 
proforma. Detailed laboratory evaluation 
including Complete blood count, 
Reticulocyte count, Liver and kidney 
function test, serum electrolytes, serum 
calcium, thyroid profile, random blood 
sugars at the time of admission using 
glucometer, urinary ketones, arterial blood 
gases, serum 25(OH) D [ 25 hydroxy 
Vitamin D] levels and Hb A1 C 
[Hemoglobin A1C / Glycated hemoglobin] 
levels were done to all children at the first 
visit / admission. 
Measurement of Serum vitamin D levels 
can be done by immunoassay and 
chemical assay. Immunoassays 
[Chemiluminescence Immunoassays 
(CLIA), Radio Immunoassay (RIA)] are 
sensitive, cost and time effective. The 
disadvantage is with reproducibility and 
inability to discriminate 25 hydroxy and 
1,25 hydroxy forms of 25(0H) D 
metabolite. [13] Chemical assays are High 
Performance Liquid Chromatography 
(HPLC) and Liquid Chromatography 
tandem Mass Spectrometry (LC-MS/MS) 
etc. These are sensitive, accurate, 
reproducible and costly. [13,14] Serum 25-
hydroxyvitamin D levels have been 
determined by using CLIA in the recent 
years because of it being a simple, cost- 
effective method when compared to LC-
MS/MS systems. [15] 
In this study Serum 25(OH)D levels were 
estimated using CLIA and American 
academy of pediatrics classification was 
used to categorize vitamin D status. [16]. 
25(OH)D levels >20ng/dL taken as 
sufficiency, 25(OH)D level <15 ng/dL or 
less are considered as deficiency and 

Values in between 16 to 20 ng/dl 
considered as insufficiency. 
HbA1c value was measured using Ion 
exchange High performance Liquid 
chromatography (IE-HPLC) based assay. 
Diabetes control and Complication Trial 
(DCCT) and National Glycohemoglobin 
Standardization Program (NGSP) certified 
IE-HPLC also a standardized reference 
method. [17] HbA1c measurement can be 
false low or false high in patients with Hb 
variants and less accurate for patients with 
iron deficiency anemia, hemolytic anemia 
and patients with bleeding. [18] 
In children with diabetes, HbA1c values of 
6-7.5% represent good metabolic control, 
values of 7.6-9.9% indicate fair control, 
and values of 10% or higher indicate poor 
control. [19] 
Statistical analysis 
Data was entered into Microsoft Excel 
(Windows 7; Version 2007) and analyses 
were done using the Statistical Package for 
Social Sciences (SPSS) for Windows 
software (version 22.0; SPSS Inc, 
Chicago). Frequencies were calculated for 
categorical Variables and analyzed by 
using fisher’s exact test. Descriptive 
statistics such as mean and standard 
deviation (SD) were calculated for 
continuous variables. Comparison of mean 
between quantitative variables were 
analyzed using unpaired t test and 
ANOVA (Analysis of Variance) for 
variables having 2 and more than 2 
categories respectively. The association 
between the variables were analyzed using 
Pearson correlation test and multiple linear 
regression analysis was used to detect 
independent predictors of HbA1c. P- value 
< 0.05 was considered as statistically 
significant. 

Results 
Total 70 children were included in the 
study. Characteristics of patients included 
in the study showed in table 1, the mean 
age was significantly lower in newly 
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diagnosed cases compared to established 
cases of T1DM (P value < 0.05). We did 
not find statistically significant difference 

in mean values of HbA1C, in vitamin D 
status of newly diagnosed and established 
cases of T1DM as shown in table 1 and 2. 

 Table 1: Characteristics of Patients included in the study 

*P-value significant, †UL-upper limit, ‡LL- lower limit 
Table 2: Vitamin D status in newly diagnosed and established cases of T1DM 

Parameter  Newly 
diagnosed 
DM n=39 (%) 

Established 
DM 
n=31(%) 

Total T1DM 
cases 
n=70(%) 

P-
value 

Number of children with 25(OH)D 
> 20 ng/dl 

6(15.38) 6(19.35) 12(17.14) 0.7544 

Number of children with 25(OH)D 
between 16-20 ng/dl 

4(10.25) 2(6.4) 6 (8.57) 0.6867 

Number of children with 25(OH)D 
< 15 ng/dl 

29 (74.35) 23(74.19) 52 (74.28) 1 

Metabolic parameters were represented in table 3, P-value found to be significant for 
glycemic status in study population in relation to Vitamin D status. 

Table 3: Metabolic parameters in relation to Vitamin D status. Data expressed as mean 
± Standard deviation 

Metabolic 
parameter 

  Vitamin D 
deficiency 
(<15) 

 Vitamin D 
insufficiency 
 (16-20) 

 Vitamin D 
sufficiency 
(>20) 

p-value 

Ph  Mean (SD) 7.125(0.136) 7.200(0.110) 7.148(0.122) 0.402 
CI† -UL‡ 7.163 7.315 7.225  
CI - LL§ 7.087 7.085 7.071  

Bicarbonate 
(mEq / L) 

Mean (SD) 8.176(4.371) 10.05 (6.41) 9.258(3.826) 0.517 
CI -UL 9.392 16.777 11.689  
CI - LL 6.96 3.323 6.827  

Hb A1c (%)  Mean (SD) 11.196(1.655) 9.066(1.827) 9.783(1.406) 0.008* 
CI -UL 11.656 10.983 10.676  
CI - LL 10.736 7.149 8.89  

 

Parameter Newly Diagnosed DM 
n=39 

Established DM 
n=31 

P-value 

Mean 
(SD) 

Confidence 
interval 

Mean 
(SD) 

Confidence 
interval 

UL† LL‡ UL† LL‡ 
Age in years 7.358 

(2.650) 
8.217 6.499 9.435 

(3.06) 
10.558 8.312 0.004* 

HbA1C  10.574 
(1.733) 

11.135 10.013 11.019 
(1.818) 

11.686 10.352 0.130 

25(OH)D > 20 
ng/dl 

22.105 
(1.365) 

23.538 20.672 22.866 
(2.327) 

25.308 20.424 0.508 

25(OH)D between 
16-20 ng/dl 

18.2 
(1.840) 

21.128 15.272 17.0 
(1.414) 

29.706 4.294 0.44 

25(OH)D < 15 
ng/dl 

9.682 
(3.336) 

10.951 8.413 8.221 
(2.563) 

9.329 7.113 0.08 
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Association between 25OHD levels and 
glycemic control (HbA1c): Correlation & 
regression Children with vit D deficiency 
had higher mean HbA1c (11.19 +/- 1.65) 
compared to children with vitamin D 
insufficiency (9.53 +/- 1.45) and vit D 
sufficiency (9.78 +/- 1.40) (p value 0.004). 

A Pearson correlation coefficient was 
computed to assess the linear relationship 
between 25OHD and HbA1c levels in all 
cases, newly diagnosed and established 
cases of type 1 diabetes as shown in figure 
1.

 
 
There was a significant negative correlation between the two variables as shown in table 4. 

Table 4:  Vitamin D Association with metabolic parameters with Pearson correlation. 

A multiple linear regression analysis (R-
square: 0.406) showed that 30% variance 
in HbA1c can be accounted for by vitamin 
D levels, age, sex and duration of diabetes 
collectively. (p < 0.01 f (5,64) = 8.755). 

Results showed a link between 25OHD 
levels and HbA1c (β: -0.291; t= -3.845 
p<0.001). Age, sex or duration of diabetes 
did not show any significant correlation 
with HbA1c levels as shown in figure 2. 

Variable Pearson correlation 
coefficient (r) 

p-value 

Vitamin D in Newly diagnosed T1DM &HbA1C -0.4791 0.00203* 
Vitamin D in Established T1DM &HbA1C -0.5704 0.00081* 
Vitamin D in total T1DM &HbA1C -0.526 0.00000291* 
Vitamin D in total T1DM &Ph  0.048 0.69314299 
Vitamin D in total T1DM & Bicorbonate 0.0711 0.55861810 
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Discussion 
Vitamin D status in children T1DM: 
Management of T1DM is very challenging 
issue in developing countries due to 
various factors including insulin initiation, 
insulin storage, cost, adherence to 
treatment, availability of glucometer, cost 
of glucometer strips and parental education 
levels etc. Optimizing good glycemic 
control is the main stay of treatment in 
diabetes to avoid long term complications. 
Hence study was undertaken to assess the 
vitamin D status and its association with 
glycemic control in children with T1DM. 
We found high prevalence of vitamin D 
deficiency (74%) in newly diagnosed and 
established cases of T1DM. This finding 
confirms the widespread vitamin D 
deficiency in children with T1DM, as 
recently suggested by a meta-analysis of 
pediatric subjects with T1DM. [6] The 
prevalence of vitamin D deficiency is 
higher in newly diagnosed and established 
cases of T1DM than the study done by Liu 
C et al in 296 children with T1DM. [20] 
There is evidence in literature about 
potential role of Vitamin D deficiency in 
pathogenesis of DM and improving 
glycemic status with its supplementation. 

Association of vitamin D levels with 
glycemic status: Children with vitamin D 
sufficiency had better glycemic control 
(lower HbA1c) when compared to children 
with vit D insufficiency and deficiency. 
Similar result was seen in prospective 
observational study done in type 1 and 
type 2 DM patients over a period of 9 
months and improvement in glycemic 
status noted with vitamin D 
supplementation. [21] 
This study identified a moderate inverse 
correlation between vitamin D and HbA1C 
among the all children, newly diagnosed 
cases, and established cases of T1DM 
consistent with studies done in T2DM and 
T1DM. [21,22,23] When the correlation 
adjusted for age, sex, duration of diabetes, 
we found that 25(OH)D was an 
independent risk factor for glycemic status 
in all children with T1DM. A cross 
sectional observational study done in 
adults with type 1& 2 DM to investigate 
association of 25(OH)D levels with 
glycemic status and fasting blood sugar. In 
this study, multiple variables including 
age, weight, height, BMI, duration of DM, 
25 (OH)D were analyzed in linear 
regression analysis to identify the 
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correlation with glycemic status. It showed 
that HbA1C was inversely associated with 
25(OH)D and directly associated with 
fasting blood sugar. [9] 

Limitation of the study 
Our study was limited by small sample 
size and absence of a control group to 
compare the prevalence of vitamin D 
deficiency in type 1 diabetics with that of 
general population. 
One more limitation being cross sectional 
study, we could not able to identify the 
role of vitamin D supplementation in 
glycemic control. Factors that affect 
vitamin D status like variations in 
exposure to sunlight, seasonal variations, 
dietary habits, economic status, nutritional 
condition of child and Factors influencing 
the glycemic status of children like insulin 
dose, type of insulin, educational status of 
parents, family support were also not 
analyzed in this study. 
Most of the studies to assess the 
association between 25(OH)D and HbA1C 
were done in adult patients with DM. Only 
few studies are available in literature 
which examined association between 
vitamin D levels and glycemic status, with 
variable results. Hence studies having 
large sample size and factors effecting the 
metabolic status to be studied to impart the 
result to general population. 

Conclusion 
In this study, we found high prevalence of 
vitamin D deficiency in T1DM. Children 
with Vitamin D deficiency had poor 
glycemic status when compared to 
children with sufficient vitamin D levels. 
There is an inverse association between 
HbA1C and 25(OH)D when adjusted for 
other independent risk factors. 
Considering the high prevalence of 
vitamin D deficiency, Estimation of 
Vitamin D levels to be considered as part 
of routine workup. Hence early 
identification and improvement in vitamin 

D levels controls the glycemic status in 
children 
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