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Abstract   

Background: Vitamin D deficiency found rampant all 

throughout the Indian subcontinent; has been linked with 

various disorders like hypertension, diabetes, obesity and 

high triglyceride levels ultimately leading to increased 

risk of cardiovascular mortality.  

Objective: To examine the concentration of 25-

hydroxyvitamin D (25[OH]D) in apparently healthy 

females of age group 40-60 years and its association with 

BMI, blood sugar levels, serum insulin and insulin 

resistance.  

Methodology: This was an observational cross sectional 

study. About 250 apparently healthy females were 

evaluated for anthropometric (height, weight, B.M.I.) and 

biochemical (fasting insulin and glucose, 25[OH]D, and 

HOMA-IR) parameters. Appropriate statistical analysis 

was done to find the vitamin D, obesity status amongst 

study participants and comparison of biochemical 

parameters between obese and non-obese groups. 

Correlation analysis was done to find relationship of 

vitamin D with B.M.I, blood sugar, serum insulin and 

HOMA-IR. Results: Our study demonstrated that 11% 

participants were found to be vitamin D sufficient, 73% 

were insufficient and 16 % were deficient. About 64.6% 

were found to be obese. Vitamin D status comparison 

between obese and non-obese group by Chi square test 

showed a significant difference (p < 0.0001). 25(OH)D 

levels showed significant negative correlation with BMI 

(r=−0.658), BSL (-0.432), Insulin (-0.24483) and HOMA 

IR ( -0.276). B.M.I., vitamin D, serum insulin and 

HOMA- IR showed significant difference between obese 

and non-obese groups.  

Conclusions: Vitamin D deficiency is widespread 

among urban Indian females and it is significantly 

associated with obesity, fasting blood sugar levels and 

insulin resistance 

Keywords: Anthropometric parameter, Insulin 

resistance, Vitamin D, obesity. 

Introduction 

Vitamin D deficiency has been documented as one of the 

major health problems worldwide. India, located between 

latitude of 8.40 -N and 37.60 N, receives ample sunlight 
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and ultraviolet B radiation in all seasons. Due to this 

reason, it has been assumed that levels of vitamin D are 

adequate in Indians.1 But on contrary vitamin D 

deficiency is found rampant all throughout the Indian 

subcontinent, prevalence in the general population being 

70%–100%.2 The social taboos and cultures affect 

lifestyle of the people in India. Most of them are 

vegetarians while the others are poor and deprived, 

affecting the nutritional status thus leading to deficiency 

vitamins and other nutrients. In addition, most Indians 

are unaware about the available vitamin D supplements 

and their requisite intake.3 Especially, Indian women are 

more likely to be vitamin D deficient as majority of them 

are confined to household work. Also they have high 

coverage of body parts with clothing, thus limiting their 

exposure to adequate sunlight. 4 

Serum levels of 25-hydroxyvitamin D [25(OH)D] are 

revealed as the best markers of total vitamin D stores in 

body, reflecting exposure to ultraviolet radiation and the 

total dietary intake.5 Limiting values  have been 

suggested for evaluation of vitamin D status. If vitamin D 

is ≤20 ng/ml, it is referred as “deficiency”, if it is in 

range of 21-29 ng/ml “insufficiency”, and if the level ≥ 

30 ng/ml it is “sufficiency”. If 25-OH vitamin D level 

exceeds 150 ng/ml , it is known as intoxication. 6 

Vitamin D is the undiagnosed and untreated nutritional 

deficiency in India. Vitamin D deficiency has been linked 

with various disorders like hypertension, diabetes, 

obesity and high triglyceride level ultimately leading to 

increased risk of cardiovascular mortality.7 

A number of studies have revealed an inverse correlation 

between vitamin D levels and body mass index 

(BMI)8,9. Abdominal obesity which is enormously 

prevalent in Indians is alleged to be a significant factor 

leading to insulin resistance and T2DM. Industrialization 

and urbanization have caused significant changes in 

lifestyles of people. The abundance, cheapness, and easy 

accessibility of food ingredients has caused excessive 

calorie intake On the other hand decrease in physical 

activity results in less energy expenditure.10 The 

mechanisms causing decreased vitamin D levels in obese 

are not fully understood, but probably being a fat soluble 

vitamin, it gets sequestered in fat compartments 

decreasing its bioavailability. 11 Another reason is that 

obese individuals due to sedentary life a have reduced 

amount of sun exposure.12 

Obesity and insulin resistance are most important and 

modifiable risk factors for diabetes. Moreover, a novel 

association between IR and vitamin D deficiency has 

been proposed. The prevalence of type 2 diabetes 

mellitus (type 2 DM) is rising at an alarming rate in 

India. Defects in pancreatic β-cell function, insulin 

sensitivity, and systemic inflammation all contribute to 

the development of type 2 DM. Vitamin D has been 

implicated with in vivo and in vitro effects on insulin 

sensitivity.13 Several studies have proposed an inverse 

association of vitamin D levels with insulin resistance .14 

A possible explanation is that β cells of pancreas express 

vitamin D receptors which can indirectly influence 

calcium entry and thus insulin secretion. So vitamin D 

level plays an important role in glucose metabolism and 

regulation.15 Low levels of serum 25(OH)D , and raised 

parathyroid hormone (PTH) can raise calcium in 

adipocytes which can stimulate lipogenesis predisposing 

a patient for obesity and increasing the risk of diabetes.
16

 

The question remains as to what the health consequences 

of these reduced 25D levels are, especially in obesity 

with dysfunctional adipose tissue and insulin resistance. 
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In growing pandemic of metabolic syndrome, identifying 

the exact prevalence of Vitamin D deficiency in females 

can be one of the modifiable risk factors in them before 

the progression to obesity and diabetes mellitus. In the 

above context, this cross-sectional study was undertaken 

with the objective to estimate Vitamin D status and 

correlate it with anthropometric measure of obesity 

(BMI) , fasting blood sugar, serum insulin and insulin 

resistance (HOMA IR) among apparently healthy 

females (40-60 years age group) of non-manual 

employment group (confined to house hold work) from 

Aurangabad, Maharashtra. 

Material And Methods  

The study participants comprised of 250 apparently 

healthy females from Aurangabad, Maharashtra in the age 

group of 40-60 years. All the study participants were 

housewives, involved in indoor house hold work with 

minimal sun exposure. This cross-sectional study was 

conducted from January 2019 to May 2019. The 

participants of study were informed about the protocol 

and written consent was taken. Females with chronic 

diseases, known case of diabetes mellitus, pregnant and 

lactating women, those taking drugs for obesity, Vitamin 

D or calcium supplementations for last 6 months, were 

excluded. A proper history was taken and inclusion-

exclusion criteria precisely looked over. 

Anthropometric Measurements: Weight was measured 

with an accuracy of 0.1 kg using a weighing machine. 

Height was measured using a wall stadiometer to the 

nearest 1 mm without shoes. The formula for calculation 

of BMI is, weight (in kg)/height (in m2). Those with 

BMI ≥25 kg/m2 were categorized as obese while < 25 as 

non-obese.17 

Biochemical Parameters: Following overnight fasting of 

minimum 8 hours venous blood was collected from all 

participants in plain bulb (2 ml) and fluoride bulb (1 ml). 

Serum was separated for analyzing insulin, and 25(OH) 

D levels and glucose levels. The serum level of 25(OH) 

D was measured by fully automated Chemi Luminescent 

Immuno Assay (CLIA) .Vitamin D deficiency was 

defined as 25(OH)D ≤ 20 ng/ml and level of 21-29 ng/ml 

was insufficient while ≥ 30ng/ml was considered 

optimal. Plasma glucose was analyzed by glucose 

oxidase-peroxidase method on fully auto analyzer. 

Serum insulin was measured using Chemi Luminescent 

Immuno Assay. Homeostatic model assessment (HOMA- 

IR) was calculated as (Fasting 

Glucose×Insulin)/405(Insulin in μIU/ml and glucose in 

mg/dl). 18 

Statistical Analysis 

Vitamin D and obesity status was assessed amongst study 

participants as percentiles. Quantitative variables were 

expressed as mean ± standard deviation. To study 

whether there is any significant difference in average 

levels of the various parameters of study between obese 

and non-obese group, we used student t-test. Pearson 

correlation coefficient of vitamin D with BMI, Insulin, 

HOMA & BSL was computed. A significant level of 

95% was taken for all tests (p<0.05). 

Observation And Results 

A total of 250 females were enrolled in the study after 

reviewing inclusion-exclusion criteria. Based on vitamin 

D status, the individuals were divided into three groups, 

viz.: (1) Vitamin D sufficiency: (25(OH) D ≥30 ng/ml), 

(2) vitamin D insufficiency: (25(OH) D 21-29 ng/ml), (3) 

vitamin D deficiency: (25(OH) D ≤20 ng/ml). Amongst 

the study participants approximately 11% (n=27) were 

found to be vitamin D sufficient, 73% (n=183) were 

found to be vitamin D insufficient and 16 % (n=40) were 

vitamin D deficient. (figure1). Amongst the study 

participants, 86 (34.4%) were found to be non-obese 
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(BMI<25 kg/m2) and remaining 164(65.6%) were obese 

with BMI≥25 kg/m2. (figure 2) 

Vitamin D status was compared between obese and non-

obese group and Chi square test showed a significant 

difference (p < 0.0001). In obese group 32 females were 

vitamin D deficient, 131 were insufficient and only 1 was 

found to be sufficient. While in non-obese group 8, 51 

and 27 females were deficient, insufficient and sufficient 

respectively. (Table 1, figure 3). 

The participants were in the age group of 40-60 years and 

the mean age was 49.10 ±10.01 years. The mean and 

standard deviation of quantitative variables is shown in 

table 2. Analysis of the data by Pearson correlation 

revealed that serum level of 25(OH)D was having 

significant negative correlation with BMI (r=−0.658), 

BSL (-0.432), Insulin (-0.24483) and HOMA IR ( -0.276) 

as shown in table 3 

Table 4 shows comparison of various parameters 

between obese and non-obese groups. There was no 

significant difference in age between the two groups. 

BMI and Vitamin D levels showed significant difference 

between obese and non-obese (P-value<0.0001). 

Significant difference was found in serum insulin levels 

and HOMA-IR but blood sugar levels did not vary 

significantly between the two groups. 

 

 

 

Table 1: Chi square test of vitamin D status among obese 

and non-obese 

 

Table 2 : Mean and standard deviations of quantitative 

variables 
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Table 3: Pearson correlation of vitamin D with BMI 

BSL Insulin, HOMA. 

 

Table 4 : Comparison of anthropometric and biochemical 

variables between obese and non-obese group 

 

Discussion 

Vitamin D insufficiency is increasingly being recognized 

in India as well as globally, affecting majority of the 

individuals regardless of their gender, age, race, and 

geography. Owing to its diverse effects on health, the 

extensive vitamin D deficiency in India will considerably 

add to the huge burden on the healthcare system.19     In 

the present study, approximately 11% (n=27) females 

were found to be vitamin D sufficient, 73% (n=183) were 

found to be vitamin D insufficient and 16 % (n=40) were 

vitamin D deficient. The very high prevalence of vitamin 

D deficiency and insufficiency (89%) is consistent with 

previous studies. Sahu et al. reported Vitamin D 

deficiency in 88.6% adolescent female in rural area of 

North India, they stated that urban females are more 

prone as compared to their rural counterparts to Vitamin 

D deficiency, probably because of less exposure to 

sunrays as a result of urbanization, pollution and less 

outdoor activities.20 Kumar et al found that prevalence 

of Indian women with vitamin D deficiency was 

65.24%, 32.86% were insufficient and only 1.90% were 

vitamin D sufficient.21Goswami et al showed that in 

spite of plentiful sunlight, healthy people of Delhi were 

vitamin D deficient. Apart from inadequate direct 

sunlight, low-calcium, high-phytate diets, skin 

pigmentation of Indians, pregnancy in females, and 

climatic variations may affect vitamin D levels.22 

In our study population about 34.4% females were non 

obese and 65.6%were obese. We found significant 

difference in vitamin D levels among obese and non –

obese groups. Obesity is associated with alterations in the 

vitamin D physiology as seen from our and some 

previous studies demonstrating a negative correlation of 

vitamin D levels with BMI. Vitamin D being fat soluble 

gets accumulated in the adipose tissue and its bio 

availability is reduced for action at other sites. 23,24Fat 

cells are endocrinologically active and have the vitamin 

D receptor (DVR). Hence, fat tissue is among the target 

tissues for active vitamin D. Also sufficient Vitamin D 

levels cause inhibition of adipogenesis.25 

We also found statistical significant difference in blood 

sugar levels, serum insulin and HOMA IR between the 

obese and non-obese groups. Vitamin D levels negatively 

correlated with blood sugar, insulin and HOMA IR. Thus 

obese individuals are more prone for vitamin D 

deficiency and insulin resistance leading to raised blood 

sugar levels. Same has been demonstrated from previous 

studies. Bhatt et al demonstrated that lower vitamin D 

levels are linked with higher blood glucose values in 

Indian women who are pre diabetic. The prevalence (%) 

of vitamin D deficiency, insufficiency and sufficiency 

was 68.6, 

25.9 and 5.5, respectively and obesity was 61.7% in their 

study.26In a study by Sahasrabuddhe et al 73% 

participants had vitamin D deficiency and individuals 

with severe vitamin D deficiency had maximum IR.27 

Another study on conducted Indian postmenopausal 
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women by Agarwal et al. showed that only 5.6% subjects 

had normal 25-OHD level and 7.0% had vitamin D 

insufficiency while 87.3% were vitamin D deficient , 

with mean serum 25-OHD levels being 12.73 ± 7.63 

ng/ml; 81% were obese and 25-OHD levels inversely 

correlated with BMI and HOMA-IR . 28Vitamin D 

deficiency influences insulin resistance and the 

pathogenesis of type 2 diabetes, through effects on both 

cell function and insulin sensitivity . Several roles of 

vitamin D deficiency are reported affecting insulin 

resistance through various mechanisms including 

increasing related pro inflammatory cytokines and acute 

phase reactants, as found in vitamin D deficiency, 

mediating low-grade inflammation. 29Abbasi et al 

showed that subjects with pre- diabetes and low 

circulating 25(OH)D levels were most insulin resistant 

and had impaired β cell function as compared with 

normal fasting glucose-vitamin deficient and normal 

fasting glucose-vitamin D sufficient subgroups.30 Dutta 

et al found that individuals with the lowest 25(OH)D 

levels had the highest level of insulin resistance. Vitamin 

D supplementation has been found to decrease 

progression to diabetes and helped in achieving normal 

blood glucose levels. Thus further trials were warranted 

with vitamin D supplementation in individuals with pre-

diabetes.
31

High prevalence of MS as well as vitamin D 

insufficiency and deficiency existed among 

postmenopausal women of Singur block, West Bengal, 

India. 25(OH)D had significant inverse and direct 

relationship with fasting BSL and waist circumference.
32

 

Conclusion 

Vitamin D deficiency is widespread among urban Indian 

females and it is significantly associated with obesity, 

fasting blood sugar levels and insulin resistance. Low 

vitamin D levels in serum may accelerate the progress of 

diabetes in obese persons. Vitamin D levels should be 

assessed in obese individuals that may be helpful in 

treatment of obesity and prevention of diabetes. There is 

urgent need for accessibility of quality-regulated and 

affordable vitamin D supplements and vitamin D fortified 

foods to the Indian population. The results of this study 

indicated that vitamin D determination in can be used 

for the prognosis and early detection of females at risk for 

metabolic syndrome. 

Limitations 

Being cross sectional study, no cause or effect of 25(OH) 

D levels on B.M.I and diabetes mellitus could be studied. 

The seasonal variation and amount of sunlight exposure 

and nutritional status of participants, comparison of 

urban vs rural population need to be considered in future 

studies. 
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