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ABSTRACT: OBJECTIVE: Both type 2 DM and vitamin D deficiency are widely prevalent in 

India. Since, vitamin D is known to affect both insulin secretion and action either directly by 

gene modulation via vitamin D receptors or indirectly by altering calcium metabolism and 

transcellular calcium flux, we wanted to establish whether patients with type 2 DM have lower 

levels of vitamin D when compared to that of controls. MATERIAL AND METHODS: This was a 

cross sectional case control observational study, conducted from April 2011 to March 2012. 

Patients attending the diabetes clinic at Victoria Hospital, Bangalore were recruited as cases. 

Age and sex matched non diabetic patient’s attendants and hospital staff were recruited as 

controls, after obtaining an informed consent in writing. After physical examination and 

anthropometric measurements, fasting serum samples were collected for estimation of 25(OH) 

D levels and other biochemical parameters. RESULTS:242 subjects were included in the study, 

of which 139 were cases and 103 controls. Serum 25(OH) Dlevels ≤ 30ng/ml was found in 122 

cases and 89 controls which was not statistically significant (p=0.658). CONCLUSION: In our 

study 87% of subjects (i.e. 211 of 242) were having less than optimal levels of vitamin D levels. 

This high level of prevalence of vitamin D deficiency is in conformation with results of other 

similar studies reported from India. Though statistically not significant, males andnon-

vegetarians had slightly higher levels of vitamin D. we could not establish an inverse association 

between serum vitamin D levels and prevalent type 2 DM, probably because of cross sectional 

study design, small sample size, high prevalence of vitamin D deficiency and other unknown 

confounding factors. 

KEY WORDS: Type 2 Diabetes mellitus, Vitamin D 

 

INTRODUCTION: India leads the world with largest number of diabetic subjects, earning the 

dubious distinction of being termed as the “Diabetes Capital of the World”. According to the data 

published by International Diabetes Federation in 2006, the number of people with diabetes in 

India is likely to increase from 40.9 million to 60.9 million by 2025[1]. Identification of easily 

modifiable environmental risk factors is urgently needed to curtail the epidemic of Type 2 

diabetes mellitus in India. 

In spite of abundant sunshine, vitamin D deficiency is widely prevalent in our country in 

all regions and age groups. About 70% of adults in both urban and rural areas were found to be 

vitamin D deficient, in a study by Harinarayanetal[2, 3, 4]. 
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               Vitamin D is unique because, it is a vitamin synthesized in the skin and functions as a 

steroid hormone after conversion to its active form 1-25 (OH) D by 1 alpha hydroxylase enzyme 

in the renal tubule. Research over the past few years has shown that the pleuripotent steroid 

hormone 1,25(OH) D initiates physiological responses in more than 36 cell types and is 

synthesized in  more than 10 extra renal  organs.  Vitamin D deficiency has been proposed to 

impair pancreatic Beta cell function, decrease insulinsecretion and sensitivity and promote 

systemic inflammation, either directly by gene modulation via vitamin D receptors or indirectly 

by altering calcium metabolism and transcellular calcium flux[5,6,7,8,9].   

                 Pittas AG et al[9], in their systematic review and meta-analysis have  demonstrated 

inverse relationship (though inconsistent) between circulating levels of 25-OH vitamin D, the 

main metabolite of vitamin D and type 2 diabetes mellitus.  

                 Since, both type 2 diabetes mellitus and vitamin D deficiency  are highly prevalent in 

India,  this study is undertaken to assess the vitamin D status of the study population by 

measuring serum 25-OH(D) levels, and to test whether patients with type 2 diabetes mellitus 

have lower levels of vitamin D when compared to that of age and sex matched controls. 

 

MATERIALS AND METHODS: This study was approved by the ethics committee of our 

institution (Victoria Hospital attached to Bangalore Medical College and Research Institute) and 

written consent was obtained from all the participants. Patients attending diabetes clinic at 

Victoria hospital, Bangalore, were recruited as cases. While patient’s attendants and staff of 

Victoria hospital were the source from which controls were recruited. We investigated 242 

randomly selected subjects 30 to 70 years of age. This was an observational study conducted 

from April 2011to March 2012, designed as cross sectional, case control type. There were two 

groups. The first group included 139 cases, subjects with  type 2 diabetes mellitus of varying 

duration (newly detected to 30 yrs.) and second group included 103 controls, subjects who 

were age and sex matched. 

Demographic and necessary clinical data were collected according to the Performa. 

None of the subjects were taking vitamin D preparations or any drugs known to interfere with 

vitamin D metabolism. None of them had past or present history of hepatic or renal disorders. 

Clinical laboratory measurements included estimation of fasting blood sugar, HBa1c, 

Lipid profile, and 25 OH vitamin D levels. 

Serum glucose was measured by enzymatic method with hexokinase, while 

immunoturbidometry was used to estimate Hba1C. Lipid profile was estimated by homogenous 

enzymatic calorimetric assay. Serum 25-OH-D was measured using enzyme immunoassay kits 

(Immunodiagnostic Systems Ltd., UK) and quality control materials provided by the 

manufacturer. The intra- and inter-assay coefficients of variation were 4.56% and 4.69%, 

respectively. 

 

Criteria for Vitamin D Levels[10] 

 Serum 25 hydroxy vitamin D – 25(OH)D, levels was measured to determine the vitamin 

D status. 

 Vitamin D deficiency; if serum 25(OH)D was = or < 75 nmol/liter or, = or < 30 ng/ml. 

 Vitamin D sufficiency;  if serum  25(OH) D was > 75 nmol/liter         or > 30 ng/ml. 

 

Statistical Methods: Descriptive statistical analysis has been carried out in the present study. 

Results on continuous measurements are presented on Mean  SD (Min-Max) and results on 
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categorical measurements are presented in Number (%). Significance is assessed at 5 % level of 

significance. 

 

RESULTS: Our study included 242 subjects, with 139 being cases and 103 controls. Both the 

groups were comparable to each other in demographic variables like age, sex. Among 139 cases, 

66 were males and 73 females. Among 103 controls, 49 were males and 54 females. 

 

Gender Control Cases 

No % No % 

Male 49 47.6 66 47.5 

Female 54 52.4 73 52.5 

Total 103 100.0 139 100.0 

Table 1: Gender distribution of patients studied 

 

 Mean age of controls was 47.02 ± 8.01 years  and that of cases was 51.20± 8.79 years. 

Majority of study subjects were in 41to 60 yrs. age group. 

 Duration of diabetes mellitus among cases varied from newly detected to 30 yrs. There 

were 20 newly detected diabetics and majority of them were diabetics of  1to 10 yrs. duration. 

 Co morbidities in both groups were documented with 58 of 139 cases having 

hypertension while 14 of 103 controls had hypertension. Out of 139 cases, 98 (70.58%) had 

dyslipidemia (Table 2). 

Comorbid conditions Control 

(n=103) 

Cases 

(n=139) 

No % No % 

Nil 82 79.6 75 54.0 

Yes 21 20.4 64 46.0 

 Hypertension 14 13.6 58 41.7 

 Hypothyroid 4 3.9 4 2.9 

 Dyslipidemia 1 1.0 98 70.58 

 Bronchial Asthma 2 1.9 0 0.0 

Table 2: Co-morbid conditions 

  

46 controls and 59 cases were pure vegetarians while the remaining ( i.e.57 controls and 80 

cases) were taking  a  mixed diet ( Table no 3 ). 

 

 Pure vegetarians Mixed diet 

Cases  59 80 

controls 46 57 

Table 3:-Diet 
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22 cases and 21 controls had BMI > 30kg/m2.  Mean  waist circumference in controls  was 85.51 

± 8.39 cms , while in cases it was 90.03 ± 8.3,with p value < 0.001. 

Variables Controls 

(n=103) 

Cases 

(n=139) 

P value 

BMI(kg/m2) 25.87±4.39 

 

26.62±4.01 0.172 

Waist circumference 85.51±8.39 90.03±8.30 <0.001** 

SBP (mm Hg) 127.88±11.39 135.21±17.22 <0.001** 

DBP (mm Hg) 82.45±7.24 84.65±9.62 0.053+ 

HbA1c 6.22±0.62 9.02±1.97 <0.001** 

Table 4: Comparison of Anthropometric  and blood glucose parameters. 

 

Out of 242 subjects, 211 were found to have vitamin D deficiency with levels of 25(OH)D   

≤ 30ng/ml. 122 cases and 89 controls were Vitamin D deficient while only 17 cases and 14 

controls wereVit D sufficient (> 30ng/ml) ( Table 5). 

Vitamin D ng/dl Control 

(n=103) 

Cases 

(n=139) 

No % No % 

≤30.0 89 86.4 122 87.8 

>30.0 14 13.6 17 12.2 

Mean ± SD 18.48±9.84 19.05±9.77 

Inference Levels of Vitamin D not statistically significant with p=0.658 

Table 5:-vitamin D levels in cases and controls. 

 

 Mean value of Vitamin D among cases was 19.05 ± 9.77 ng/ml and among controls  

18.48 ± 9.84 ng/ml which was not statistically significant. 

 Males  who were taking mixed diet had slightly higher levels of vitamin Dwhich was not 

statistically significant. (Table 6) 

Demographic parameters Vitamin D ng/dl P value 

Controls 

(n=103) 

Cases 

(n=139) 

Gender    

Male 20.39±11.13 20.75±10.62 0.860 

Female 16.75±8.21 17.51±8.73 0.622 

P value 0.061+ 0.050* - 

Diet    

Veg 15.54±9.07 17.77±7.91 0.203 

Mixed 20.86±9.86 19.74±10.62 0.524 
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P value 0.006** 0.258 - 

Table 6: correlation of vitamin D levels with some demographic parameters. 

 

DISCUSSION: Apart from calcitropic actions, vitamin D and its metabolites appear to have 

important effects (through paracrine/autocrine functions and gene modulation) on insulin 

synthesis, secretion and actions as well as components of inflammation. All these may have an 

influence on the pathogenesis of type 2 DM [7, 11]. 

          Our study provides estimates of vitamin D status among an urban south Indian population 

residing in Bangalore city. The results show high prevalence of vitamin D 

insufficiency/deficiency and lack of inverse association between serum 25 (OH) D levels and 

prevalent type 2 DM. 

           Out of 242 study subjects, 211 i.e. 87% were found to be having less than optimal levels of 

vitamin D. This high prevalence of vitamin D deficiency was also noted in some of the previous 

studies from India [2, 3]. Various factors like darker skin pigmentation, lack of adequate sun 

exposure and obesity, predominantly vegetarian diet may contribute to this poor vitamin D 

status among south Asian Indians. We found that females and subjects who were pure 

vegetarians had slightly lower vitamin D levels  when compared males and  individuals who 

consumed a mixed diet which was not significant.  

             There was no statistically significant difference in the mean values of vitamin D levels 

among cases and controls in the present study (19.05±9.77ng/ml vs. 18.48±9.84ng/ml, 

p=0.658). Pittas et al[9], in their systematic review and meta-analysis have also found that the 

inverse association between serum 25(OH) D levels and prevalent type 2 DM was not very 

consistent. Heath H 3rdet al[12] and Ishida H et al[13] also noticed in their studies that 25(OH) D 

and 1, 25(OH) D levels were not significantly different in type 2 DM when compared to that of 

controls. Scragg R et al[14] in an analysis of data from participants of the Third National Health 

and Nutrition Examination Survey, a cross sectional survey of nationally representative sample 

of US population, found lack of inverse association between vitamin D status and type 2 DM in 

non-Hispanic blacks, despite their poor vitamin D status. But, the inverse association was very 

much evident in the study population belonging to other ethnicities (non-Hispanic whites and 

Mexican Americans). The authors have hypothesized that; this could be due to an ethnicity 

specific altered vitamin D endocrine system and low sensitivity to vitamin D in blacks. 

             The lack of inverse association between vitamin D status and type 2 DM in the present 

study can be attributed to small sample size, cross sectional study design and possibly other 

factors related to ethnicity, widespread deficiency of vitamin D and other confounding factors 

like dietary habits,  vitamin D receptor  gene polymorphism , etc.     

 

CONCLUSION: Vitamin D deficiency is highly prevalent in India. Probably, population based 

prospective studies and larger interventional studies using sufficiently higher doses of vitamin 

D over a longer period of time, in subjects at risk for type 2 DM may establish the inverse 

association between type 2 DM and vitamin D status conclusively. Additional information may 

be gained by using dynamic techniques like euglycemic/hyperglycemic clamps in the study 

design and from genetic studies analyzing vitamin D receptor gene polymorphism in the 

population. 
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