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ABSTRACT 

Introduction: Vitamin D deficiency is a globally recognized public health problem. Even in a tropical 

country like India, where there is sufficient sunshine, vitamin D insufficiency/deficiency is widely 

prevalent. We conducted this study to document vitamin D levels and the prevalence of vitamin D 

deficiency in a population comprised of Indian females from North India. 

Methods: A hospital based cross-sectional study was conducted among 150 women aged ≥10 years in the 

department of Biochemistry, Pt. B.D Sharma Postgraduate Institute of Medical Sciences, Rohtak, Haryana, 

India. Serum 25-hydroxyVitamin D (25(OH)D) was estimated by radioimmunoassay method, on fully 

automated RIA Analyzer SR300 by Stratec Biomedical AG, Germany using Beckman Coulter 25OH 

vitamin D total RIA kit.  Individuals with 25OH vitamin D <20ng/ml were said to have vitamin D 

deficiency, those with 20-30 ng/ml was considered vitamin D insufficiency (VDI) and those with 

values>30ng/ml were taken as vitamin D sufficient. Data entry and analysis was done using SPSS version 

16.0 and R-software.  

Results: A total of 150 females were enrolled in the study and their vitamin D levels were assessed. Out of 

150 females, around one-fifth were in the age category of 10-15 years (20.7%), nearly half were aged 15-

45 years (52.7%) and the remaining were older than 45 years (26.6%). The mean (SD) vitamin D levels of 

the study population was 22 (11.9) ng/ml whereas the median (IQR) level was 19.7 (14.5-27) ng/ml. 

Overall, around half (51.3%) of the study population were deficient in vitamin D and another one-third 

(33.3%) had insufficient vitamin D levels (i.e. 20-30 ng/ml). Only 15.4% of the participants had sufficient 

vitamin D levels (>30 ng/ml).  

Conclusion: The study found a high prevalence of vitamin D deficiency/insufficiency. The need for 

improving the levels of vitamin D among the female population is both important and urgent. Emphasis on 

promoting consumption of vitamin D rich food, vitamin D supplements and outdoor activities to increase 

sun exposure will help alleviate the problem at large. 
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INTRODUCTION 

Vitamin D is a fat-soluble vitamin and is called as 'sunshine vitamin' or 'anti-rachitic factor due to its 

pivotal role in calcium homeostasis . 1From available evidence, we understand that it is involved in 

maintaining the integrity of the musculoskeletal system owing to its association with parathyroid hormone, 

calcium and phosphorous metabolism .1,2 Diet or adequate exposure to sunlight are the two predominant  

pathways through which human body obtains optimal amounts of vitamin D. Approximately 50–90% of 

vitamin D is produced by the skin on exposure to sun .2 Natural diet consumed by most humans contains 

less amounts of vitamin D. Important dietary sources includes egg, fish and fortified dairy products . 3 

 

Vitamin D deficiency is a global problem and it is prevalent even in a tropical country like India where 

there is plentiful sunshine.4 Studies from different parts of India have underscored that vitamin D 

insufficiency or deficiency across different age groups range from 70–100%, which is quite high and an 

issue of concern.5-7 It is quite ironical that even though vitamin D deficiency has increasingly been 

recognized as an important public health issue, it is not a part of the existing national health program.8 

Deficiency of vitamin D is ubiquitous and affects an individual irrespective of the baseline socio-

demographic characteristics such as sex, age, race and geography. Chronic deficiency of vitamin D in 

adults results in musculoskeletal problems such as osteomalacia, osteoporosis and muscle weakness.9-11 

Recent evidence also links vitamin D deficiency with the enhanced risk of developing chronic infections 

such as tuberculosis, ear infections such as otitis media and upper respiratory tract infections/influenza.12-14 

Deficiency of vitamin D has also been linked with the increased risk of chronic health conditions such as 

hypertension, diabetes, obesity and hypertriglyceridemia, thereby, leading to increased risk of 

cardiovascular morbidity and mortality.15-17 There is growing epidemiological evidence linking vitamin D 

deficiency with type1 diabetes. Findings of a recent meta-analysis showing a 30% reduction in risk of type 

1 diabetes mellitus in children receiving vitamin D supplementation is quite remarkable.17   

 

In India, the lifestyle of individuals is highly influenced by existing cultural and social taboos. Vegetarian 

diet is most prevalence and that could play an important role in the existing vitamin D deficiencies. Also, 

Indians prefer being fully clad and therefore experience less exposure to direct sunlight, thereby, 

aggravating the vitamin D deficiency.  Ironically, although vitamin D supplements are available in Indian 

markets, many are unaware and therefore do not use them. Since vitamin D under-nutrition is largely silent 

and sub-clinical, but its long term effects on health are profound, we conducted this study to document 

vitamin D levels and the prevalence of vitamin D deficiency in a population comprised of Indian females 

from North India. 

MATERIAL AND METHODS 

The study was conducted among 150 women, who came for vitamin D analysis in the department of 

Biochemistry, Pt. B.D Sharma Postgraduate Institute of Medical Sciences, Rohtak, Haryana, India. The 

females were divided into three groups based on the age:  10-15 years, 15-45 years and >45 years. 
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Inclusion criteria  

Inclusion criteria were females aged 10 years onwards.   

Exclusion criteria  

Exclusion criteria were age <10 yrs; women with parathormone hormone (PTH) deficiency; women with 

premature ovarian failure; women with chronic liver disease; women with renal disease; women on anti-

tubercular or antiepileptic treatment in the previous 3 months. 

Vitamin D estimation 

Serum 25OH vitamin D was estimated by radioimmunoassay method, on fully automated RIA Analyzer 

SR300 by Stratec Biomedical AG, Germany using Beckman Coulter 25OH vitamin D total RIA 

kit. The assay is based on the principle of competitive binding. At first, calibrators, controls and samples 

are incubated with the incubation buffer, in coated tubes, to release 25OH vitamin D3 and 25OH vitamin 

D2 from vitamin D Binding Protein (DBP). Then, without washing steps, a fixed amount of 125I labelled 

25OH vitamin D is added to compete with the 25OH vitamin D3 and 25OH vitamin D2 from samples, 

controls or calibrators, for a fixed amount of specific monoclonal antibody sites immobilized to surface of 

plastic tubes. After incubation, the content of tubes is aspirated, washed and bound radioactivity is 

measured. A calibration curve is plotted and the total 25OH vitamin D (D3 and D2) concentrations of the 

samples are determined by interpolation from the calibration curve.18 

 

Statistical analyses 

Vitamin D deficiency was considered at a level of <20 ng/ml; insufficiency at level of 20-30 ng/ml and 

sufficiency at a level of >30 ng/ml.19 Data entry and analysis was performed using the statistical software 

SPSS (IBM SPSS Statistics for Windows, Version 16.0) and R-software. Descriptive statistics (mean ± 

Standard Deviation [SD] and median (Inter-quartile Range; IQR) for the continuous variables and 

frequency in percentage for the categorical variables was used to describe the data. The age of the 

participants was categorized into 10-15 years, 15-45 years and >45 years. The mean and median values of 

Vitamin D were compared across these three age categories. Similarly, the proportion of females with 

vitamin D deficiency, insufficiency and sufficiency were compared across the three age categories. Chi-

square test was used to compare proportions and ANOVA was used to compare means. Generalize additive 

model (GAM) plots were generated using R statistical package to show the association between age and 

vitamin D levels. Results were considered significant at P < 0.05 level. 

 

RESULTS 

A total of 150 females were enrolled in the study and their vitamin D levels were assessed. The mean (SD) 

age of the participants was 33.7 (16.7 years). Out of 150 females, around one-fifth were in the age category 

of 10-15 years (31/150; 20.7%), nearly half were aged 15-45 years (79/150; 52.7%) and the remaining 

were older than 45 years (40/150; 26.6%).  
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The mean (SD) vitamin D levels of the study population was 22 (11.9) ng/ml whereas the median (IQR) 

level was 19.7 (14.5-27) ng/ml. Overall, around half (77/150; 51.3%) of the study population were 

deficient in vitamin D (i.e. vitamin D levels <20 ng/ml) and another one-third (50/150; 33.3%) had 

insufficient vitamin D levels (i.e. 20-30 ng/ml). Only 15.4% (23/150) of the participants had sufficient 

vitamin D levels (>30 ng/ml).  

Table 1 shows the mean (SD) and median (IQR) across the three age groups i.e. 10-15 years, 15-45 years 

and >45 years. Table 2 shows the proportion of participants with vitamin D deficiency, insufficiency and 

sufficiency across the three age categories. Among the study subjects aged 10-15 years, the mean (SD) 

vitamin D level was 21.4 (9.3) ng/ml and median (IQR) level was 19.1 (14.5-26.2) ng/ml. In this age 

category, 51.6% were deficient in vitamin D, 38.7% had insufficient levels and only 9.7% had sufficient 

vitamin D levels. In the age group of 15-45 years , the mean (SD) and median (IQR) levels were 20.8 

(13.2) ng/ml and 17.2 (13.5-24.4) ng/ml respectively.  

Table 1.  Vitamin D levels across the three age categories 

 Age category P-value 

10-15 years 

(N=31) 

15-45 years 

(N=79) 

>45 years 

(N=40) 

 

 

Mean (SD) vitamin D levels 

(ng/ml) 

21.4 (9.3) 20.8 (13.2) 24.8 (10.7) 0.104 

Median (IQR) vitamin D levels 

(ng/ml) 

19.1 (14.5-26.2) 17.2 (13.5-24.4) 22.2 (16.1-30.6) 0.212 

  

A total of 58.2% had vitamin D deficiency, 29.1% had insufficiency and 12.7% had sufficient vitamin D 

levels. Among the study participants who were older than 45 years of age, the mean (SD) and median 

(IQR) vitamin D levels were 24.8 (10.7) ng/ml and 22.2 (16.1-30.6) ng/ml respectively. A total of 37.5% 

were deficient, similar proportion had insufficient vitamin D levels (37.5%) and only one-fourth (25%) had 

sufficient vitamin D levels.  There was no statistically significant difference in the mean vitamin D levels 

across the three age categories (P=0.104) and also in the proportion of study participants in each of the 

three vitamin D categories i.e. deficient, insufficient and sufficient (P=0.160).  

Table 2.  Distribution of the females according toVitamin D Status. 

 Age category P-value 

10-15 years 

(N=31) 

15-45 years 

(N=79) 

>45 years 

(N=40) 

 

0.160 

Vitamin D levels<20ng/mL 16 (51.6%) 46(58.2%) 15 (37.5%) 

Vitamin D levels20-30ng/mL 12 (38.7%) 23 (29.1%) 15 (37.5%) 

Vitamin D levels>30ng/mL 3 (9.7%) 10(12.7%) 10 (25.0%) 
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Figure 1 presents the Generalized Additive Model (GAM) plot and represents the relationship between age 

(in years) and vitamin D levels. The graph was constructed using generalized additive model in R; the solid 

line depicts the association of vitamin D level and age (in years). The Y-axis is centered on the mean 

vitamin D level. The shaded area spans the 95% confidence interval of this association. The plot shows that 

the level of vitamin D does not vary with age and therefore suggests that all age groups are equally at risk 

of vitamin D deficiency and/or insufficiency.  

Figure 1. Generalized Additive Model (GAM) plot representing the relationship between age (in 

years) and vitamin D levels among the study subjects 

 

 

DISCUSSION 

 

We conducted this study among 150 females aged 10 years and above to document the vitamin D status. 

We found that around half (51.3%) of the study population were deficient in vitamin D (i.e. vitamin D 

levels <20 ng/ml) and another one-third (33.3%) had insufficient vitamin D levels (i.e. 20-30 ng/ml). Only 

15.4% of the participants had sufficient vitamin D levels (>30 ng/ml). The combined prevalence of vitamin 

D deficiency and insufficiency was 84.6% on our study. This is similar to other studies.6,7 A study in adult 

women from rural communities of Ballabgarh development block in Faridabad, Haryana documented the 

prevalence of vitamin D insufficiency (VDI) to be around 90% (6). Similarly, another study from rural 

Maharashtra reported a prevalence of VDI to be 88.9% . 7 

 

It is quite interesting to note that vitamin D deficiency has been observed both in countries which are 

'sunshine deficient' and 'sunshine sufficient and is therefore a global public health problem. Particularly in 

India, even though there is abundant sunshine throughout the year, vitamin D deficiency is a problem of 

utmost concern. A high prevalence (70-100%) of vitamin D deficiency/insufficiency along with sub-
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optimal dietary calcium intake has been documented in Indian population .20-22 Several studies conducted 

to assess hypovitaminosis D in different age groups in India reveal a high prevalence of vitamin D 

deficiency i.e. 40 to 70 per cent among pregnant women, 70 to 80 per cent among lactating mothers and 30 

to 90 per cent among adults.23-25 This is quite similar to what we have observed in the present study. In 

India, there is a suggestion that socio-religious and cultural practices may not facilitate sufficient sun 

exposure, which is essential for 25(OH)D synthesis. The use of fully covered clothing blocks ambient 

sunlight and decreases cutaneous vitamin D production, thereby, contributing to lower levels of 25(OH)D. 

Further, Indian cooking styles such as slow cooking and deep-frying could also be aggravating the 

deficiency of vitamin D. Vitamin D degrades at high temperatures i.e. above 200°C, cooking gas (LPG) 

reaches a temperature of 1900°C and coal stoves could attain a temperature as high as 300–700°C. During 

deep frying, 25(OH)D is thermally degraded as it comes out of the cooking medium. This could be a 

contributing factor to vitamin D deficiency. Moreover, Indians are predominantly vegetarians and 

vegetarian food is usually sub-optimal in vitamin D content. Hence, such type of food preferences by 

Indian population may also predispose to vitamin D insufficiency/deficiency. 

  

Vitamin D deficiency among females of reproductive age group has numerous clinical complications . The 

reproductive organs particularly the cervical epithelia, endometrium, epithelial cells of the fallopian tubes 

and ovaries are constituted of receptors and enzymes that have a role in vitamin D metabolism . Deficiency 

of Vitamin D may also lead to infertility due to chronic anovulation and endometriosis.26,27 In the present 

study, the prevalence of vitamin D deficiency among women in the reproductive age group (15-45 years) 

was 58.2% which is very high and an issue of concern. Public health impacts of vitamin D deficiency 

require urgent attention. It is pretty evident that vitamin D not only has a bearing on bone health, but also 

plays a crucial role in the overall health of an individual, right from its effect on glycemic control, 

immunity, cardiovascular diseases, neuromuscular function and other aspects of health. It is therefore 

imperative that focus should be given to the high burden of vitamin D deficiency among Indian population.  

 

CONCLUSION 

The need for improving the levels of vitamin D among the female population is both important and urgent. 

Emphasis must be given on promoting consumption of vitamin D rich foods and vitamin D supplements. 

Women should be encouraged to engage themselves in outdoor activities so that they are exposed to 

adequate sunlight. From a policy perspective, the provision for early diagnosis of vitamin D deficiency, 

devising population-based programs to provide affordable vitamin D supplements, and vitamin D fortified 

food will help improve the situation at large. 
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