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Introduction: Vitamin D deficiency is a global health problem worldwide and is considered to be a
pandemic with implications for compromised bone health and other chronic diseases. A few studies
have examined the association between vitamin D status and body mass index (BMI). However,
prospective data using the biomarker serum 25-hydroxyvitamin D 25(OH) D3 are limited and
therefore examined in the present study. Methods: Participants were selected from subjects
attending to Medicine Outpatient Department (OPD) in Sri Venkateshwara Medical College Hospital &
Research Centre (SVMCH & RC) willing to participate in the present study between Jan 2020 to Dec
2020. Anthropometric measurements, personal, medical history questionnaire, food frequency
questionnaire (FFQ) for vitamin D, and sun exposure questionnaire were collected from all the
participants in the present study, blood samples for serum 25(OH)D3 were collected from all
subjects. Results: Our study showed that the majority of healthy individual cases of the study i.e.,
68.0% have a deficiency in vitamin D status, while 68.0% have ≤20 ng/dl in vitamin D, and 32.0%
in >20 ng/dl. Moreover, the study showed a negative association between the level of circulating
25(OH) D3 and BMI. Conclusion: This study demonstrated that the association between BMI and
25(OH)D concentrations in populations from south India can be seen across different age groups and
in both men and women. The study also exemplified that higher BMI leads to lower vitamin D status,
providing evidence for the role of obesity as a causal risk factor for the development of vitamin D
deficiency.
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Introduction
The prevalence of obesity has increased in the last
two decades and it is presently the most common
and costly nutritional problem. [1–4]. In India, one-
third of the population is affected by obesity,
according to the National Health and Nutrition
Examination Survey. [5]. Despite a known genetic
contribution, the increase in obesity prevalence has
been largely attributed to lifestyle changes, which
means that it is amenable to modification through
public health and other interventions. [6]. Vitamin D
deficiency is another increasingly prevalent public
health concern in developed countries, [7–9]. and
there is evidence that vitamin D metabolism,
storage, and action both influence and are
influenced by adiposity.

Observational studies have reported an increased
risk of vitamin D deficiency in those who are obese;
however, the underlying explanations and direction
of causality are unclear. [10]. Active vitamin D
(1,25-dihydroxy vitamin D) may influence the
mobilization of free fatty acids from the adipose
tissue. [11]. In vitro experiments in rats have also
shown that large doses of vitamin D2 lead to
increases in energy expenditure due to the
uncoupling of oxidative phosphorylation in adipose
tissues. [12]. However, randomized controlled trials
(RCTs) testing the effect of vitamin D
supplementation on weight loss in obese or
overweight individuals have provided inconsistent
findings. [13–15].

It has also been suggested that obesity could result
from an excessive adaptive winter response and
that the decline in vitamin D skin synthesis due to
reduced sunlight exposure, contributes to the
tendency to increase fat mass during the colder
periods of the year. [16,17]. However, vitamin D is
stored in the adipose tissue and, hence, perhaps the
most likely explanation for the association is that
the larger storage capacity for vitamin D in obese
individuals leads to lower circulating 25-
hydroxyvitamin D [25(OH)D] concentrations, a
marker for nutritional status. [18]. If lower vitamin
D intake/status is causally related to obesity, a
genetic variant associated with lower 25(OH) D
concentrations should be associated with higher
body mass index (BMI) (in proportion to the effect
on 25(OH)D). Conversely, if obesity leads to lower
vitamin D status, then genetic variants associated
with higher BMI should be related to lower 25
(OH)D concentrations.

The genetic associations, unlike the directly
observed associations for vitamin D intake/status,
should be less prone to confounding by lifestyle and
socio-economic factors and be free from reverse
causation as genotypes are invariant and assigned
at random, before conception. The use of multiple
SNPs to index the intermediate exposure of interest
increases power and reduces the risk of alternative
biological pathways (pleiotropy) affecting the
observed associations between the genotype and
the outcome. [19,20]. With the above evidence, this
study aims to evaluate the level of vitamin D status
among healthy individuals and examine the relation
between BMI and 25(OH)D in a cross-sectional
sample of 100 men and women ranging in age from
18-75 years.

Methodology
Study Design: A Cross-sectional study was
conducted between Jan 2020 to Dec 2020, in
SVMCH & RC to access Vitamin D levels among
different subjects with various ranges of BMI. In this
study, 100 patients were enrolled. Participants were
selected from subjects attending to Medicine OPD in
SVMCH & RC willing to participate in the present
study. Inclusion criteria: All healthy subjects who
were willing to participate in the study, both male
and female were included. Subjects with co-
morbidities were also included. Exclusion criteria:
Subjects with known thyroid disorders, malignancy,
and who were on Vitamin D supplementation were
excluded from the study. Anthropometric
measurements, personal, medical history
questionnaire, food frequency questionnaire (FFQ)
for vitamin D, and sun exposure questionnaire were
collected from all the participants in the present
study. Samples for serum 25(OH)D3 were also
collected from all subjects. Approval of the
Institutional ethics committee was obtained.

Statistical Analyses: Stratified sample and
descriptive tools (Frequency distribution and
graphs) used. Furthermore, examine the normality
of data by Shapiro- Wilk tests and examine the
relationship of 25(OH) D with other variables done
by Pearson correlation analysis. Chi-square was
used to test variables on vitamin D. All statistical
analyses were performed by using SPSS (version
20) (p <0.05 is considered statistically significant).

Results
Table 1 Age/sex distribution of the study
population
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Age Sex Total

Male Female

18-30 03 03 06

31-40 10 06 16

41-50 11 27 38

51-60 10 10 20

>60 11 09 20

Total 45 55 100

In our study, we had the youngest patient with
18years and the oldest patient with 78years. In the
present study, we had maximum patients in the age
group between 41 to 50 years as similar to various
other studies. In our study male was 45% with
females were 55%.

Table-2: BMI distribution of the study
population

BMI Sex Total

Male Female

18.5-20 - - -

20.1-25 10 15 25

25.1-30.0 25 36 61

>30.0 10 04 14

Total 45 55 100

Table-3: Distribution of vitamin D levels
among the study population

Vitamin D (ng/ml) No of patients Percentage (%)

≤20 68 68

>20 32 32

Total 100 100

Table-4: Vitamin D levels among the study
population

Vitamin D (ng/ml) Male (n=45) Female (n=55)

≤20 18.4±6.4 18.7±6.9

>20 23.8±8.77 22.7±8.2

Table-5: Vitamin D Vs BMI (with P-value)
BMI Mean Vitamin D (ng/ml) p-Value

≤20 >20

18.5-20 - - - -

20.1-25 22.87±7.28 19.12±5.4 21.97±6.4 <0.01276

25.1-30.0 27.14±8.97 18.59±5.1 22.14±7.14 <0.02587

>30.0 30.98±10.04 18.28±4.9 22.47±8.2 <0.03945

Discussion
Vitamin D is a fat-soluble vitamin that functions as a
pre-hormone and it is naturally present via a few
foods or supplements. It can target many specific
tissues in the body. Also, it promotes the absorption
of calcium from the small intestine and the major
biological and phosphate.

Vitamin D can be synthesized endogenously by
direct sun exposure strike the skin and sun
exposure, food and supplements is biologically
interactions and must undergo two hydroxylations in
the body. The first activation occurs in the liver
which converts vitamin D to 25-hydroxyvitamin D
(25(OH) D), also known as calcidiol is the best
measure for vitamin D level. [3]. The second occurs
primarily in the kidney and forms the physiologically
active 1, 25-dihydroxyvitamin D (1,25(OH) D), also
known as calcitriol.

Numerous characteristics such as body fat darker
skin tone and physical activity also contribute to
vitamin D status. The prevalence of vitamin D
deficiency has become a major public health
problem. Obesity, and vitamin D deficiency, is
among the most important modifiable risk factors
for several chronic diseases. Obesity and vitamin D
status are known to be associated but the direction
of the association and whether it is causal has been
uncertain. We have presented genetic evidence that
higher BMI leads to lower vitamin D status.

Conversely, our analyses provided no evidence for a
causal role of vitamin D in the development of
obesity, although our study was not powered to
detect very small effects. These results suggest that
although increases in vitamin D status are not likely
to help with weight regulation, increased risk of
vitamin D deficiency could contribute to the adverse
health effects associated with obesity. The
association between obesity and vitamin D status
was remarkably consistent across the different
populations included in our meta-analyses, being
apparent both in men and in women, and the young
and older cohorts alike.

Recent intervention studies have shown that obese
individuals need higher vitamin D dosages than lean
individuals to achieve the same 25(OH)D
concentrations. [21,22]. Given that North America
has one of the highest rates of obesity in the world.
[23] our study highlights the importance of
considering obesity as a risk factor for vitamin D
deficiency with implications on the dosage
requirements and possible targeting of relevant
health promotion strategies. In our study we
enrolled 100 patients. Male were 45 (45%), Female
were 55 (55%). Most of the patients affected in the
age group were 41-50 years (38%).

BMI level was calculated and tabulated. Most of the
patients with BMI were 25.1-30 (61 patients).
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Dilution related to the greater volume of distribution
has been recently proposed as the most likely
explanation for the lower 25 (OH)D concentrations
in obese individuals. [24]. In that study, no
evidence was found for reduced bioavailability
through increased sequestration of vitamin D in the
adipose tissue, which had previously been
suggested to contribute to the low 25(OH)D
concentrations in obesity. [25].

It is also possible that differences in lifestyle could
contribute to lower 25(OH)D concentrations in
obese compared to normal-weight individuals,
although the association between obesity and low
25(OH)D concentrations has been found to only
modestly attenuate after adjustment for vitamin D-
related lifestyle and dietary factors. [9]. In the
present study, serum Vitamin D levels were
measured in 100 patients. It was found that 68% of
the patients are less than 20ng/dl Vitamin D
deficient and 32% had normal levels of more than
20ng/dl. In our study we found statistical significant
between BMI and Vitamin D levels in obese patients.

No more study found for similar results. In contrast,
associations between BMI and 25(OH)D within
levels in the obesity range were consistently linear
in studies included in our analyses (unpublished
data), hence the observed association between
higher BMI and lower 25 (OH) D is likely to be
informative in the context of obesity.

Conclusion
In conclusion, the present study demonstrated that
the association between BMI and 25(OH)D
concentrations in populations from south India can
be seen across different age groups and in both
men and women. The study also exemplified that
higher BMI leads to lower vitamin D status,
providing evidence for the role of obesity as a
causal risk factor for the development of vitamin D
deficiency. The study findings suggest that
population-level interventions to reduce obesity
would be expected to lead to a reduction in the
prevalence of vitamin D deficiency.

What does the study add to
existing knowledge?
The study shows evidence for the role of obesity as
a causal risk factor for the development of vitamin
D deficiency.
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