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ABSTRACT

Objective: Vitamin D has non-calcemic effects, like enhancing immunity and prevents premature aging. Vitamin D has antioxidant-like property,
which is necessary for maintenance of body’s mineral balance. Severe vitamin D deficiency is associated with an increased risk of death from diseases
such as cardiovascular conditions, diabetes, cancer, and infertility. Researchers have developed a growing interest in Vitamin D due to its functions
beyond calcium metabolism.

Methods: This study was undertaken to clarify the relationship between body mass index (BMI), physical activity and levels of Vitamin D, especially in
medical students. It was a cross-sectional study conducted in 1 year and 2" year MBBS students with the age group of 17-22 years, consisting of both
sexes and the participants were allocated by random sampling. Vitamin D levels in serum were measured using ELISA method. Students were asked
to fill the Questionnaire Short Form - International Physical Activity - (IPAQ - SF) and based on the categorical scoring, physical activity is classified as
low, moderate, and high. Pearson’s correlation coefficient was used to find out the correlations between the variables. BMI showed significant negative
correlation (r=-0.15, p=0.04) with serum Vitamin D.

Results: It was found that mean Vitamin D (49.7+30.50) was higher in BMI<25 (normal weight) which showed statistically significant difference
(p=0.04) when compared with BMI 25 to 30 (over weight) (42.6+31.73) and BMI>30 (obese) (34.6+25.16).

Conclusion: Physical inactivity and obesity have an adverse effect of Vitamin D. The present study reinforces that screening of population for Vitamin
D is mandatory, particularly among people who are overweight and obese.
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INTRODUCTION

Vitamin D is vital for the well-being and for the bone growth and it
maintains homeostasis between calcium and phosphorous [1]. It has
non-calcemic effects, like enhancing immunity and prevents premature
aging. Antioxidant properties are present in Vitamin D, which is vital for
keeping the body’s mineral constant. It can be obtained from external
sources or produced internally through the skin’s exposure to the sun’s
ultraviolet rays [2]. Physical activity may also increase serum Vitamin D
by increasing lysis of lipids and by increasing movement of Vitamin D
from fat compartments [3].

Physical activity is described as “any movement generated by skeletal
muscles that leads to higher energy expenditure than resting levels.”
In contrast, physical exercise refers to a well-structured, planned,
and repetitive form of physical activity aimed at enhancing health
and physical fitness [4] “Physical activity” includes both indoors and
outdoors [2]. Engaging in outdoor physical activity offers dual benefits
from both the exercise itself and the synthesis of Vitamin D, particularly
with sun exposure [4].

Vitamin D deficiency has emerged as a global health concern affecting
both children and adults. Reports have shown that individuals with
severe Vitamin D deficiency have significantly higher risk of death due
to diseases such as cancer, cardiovascular diseases, diabetes, infertility,
and miscarriage [5,6]. Higher adipose tissue has been reported with
reduced serum Vitamin D concentrations [3]. Researchers’ interest in
Vitamin D has been enhanced of late as it plays an important role far
beyond calcium metabolism in various extra-skeletal tissues such as

adipocytes, skeletal striated muscle, and pancreatic tissue, modulation
of immunity and inflammation [7].

There are research works available regarding physical activity, but
without mentioning significance of Vitamin D [8]. Similarly, while
studies exist on the synthesis of Vitamin D through the skin’s exposure
to sunlight, they do not establish a correlation between physical activity
and sun exposure [9]. Hence, the present study was planned to elucidate
the relationship between body mass index (BMI), physical activity and
levels of Vitamin D especially in medical students.

METHODS

It was a cross-sectional study conducted in 1% year and 2" year MBBS
students with the age group of 17-22 years, consisting of both sexes and
the participants were allocated by random sampling. Written informed
consent was obtained from each participant. Sample size was calculated
for the study to reach power of 80% at 5% level of significance, and it
was found to be 184. Healthy volunteers were included and students
who reported any health problem or active infection and those who are
receiving therapeutic dosage of Vitamin D during the past 6 months
were excluded from the study. Approval from Institutional Human
Ethics Committee had been taken before the commencement of the
study.

Information of individual’s identity, medical history, and details regarding
type of physical activity were collected. Anthropometric parameters such
as sex, height, and weight were recorded. BMI was calculated by dividing
weight (kg) by height in meter squared (m?). Waist circumference (WC)
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was measured at the end of normal exhalation, between the lower rib
margin and iliac crest [10] with the help of non-elastic measuring tape.
Blood pressure (BP) has been recorded in participants seated using a
Sphygmomanometer [10]. Two ml of blood sample was collected from
all the participants and serum Vitamin D level was measured using
ELISA method. Furthermore, students were asked to fill the International
Physical Activity Questionnaire - Short Form (IPAQ - SF) and based on the
categorical scoring; physical activity is classified as low, moderate, and high.

Statistical analysis

SAS 9.2 version software was used for statistical analyses. Continuous
variables values were expressed as mean and standard deviation (mean
+ SD). Correlations were investigated by correlation coefficient of
Pearson. Chi-square test was done for analysis of categorical variables
and if assumptions are not satisfied, then Fisher exact test was done.
Kruskal-Wallis test was done to compare between the groups if
continuous variable is not following normal distribution. If p<0.05, it is
considered as statistically significant.

RESULTS

Basic characteristics of the study population (n=184) are recorded in
Table 1. Accordingly, the mean age of the participants was 18.98 (+0.96)
years and other baseline parameters like BMI was 24.78 (+4.7) kg/m?,
average waist circumference was 90.31 (+13.5) cm, mean systolic and
diastolic blood pressure were found to be 117.75 (+10.72) and 75.15
(+8.49) mmHg. Furthermore, the serum Vitamin D level of the study
population was found to be 45.41 ng/ml.

Furthermore, analysis of Pearson’s correlation of Vitamin D with
anthropometric parameters and blood pressure are depicted in
Table 2. The result showed that none of the parameters except BMI had
significant correlation; the BMI showed significant negative correlation
(r=-0.15, p=0.04) with serum Vitamin D.

Analysis of Pearson’s correlation of Vitamin D and BMI along with
physical activity score is mentioned in Table 3. Result showed non -

Table 1: Basic characteristics of the study population (N=184)

Parameter Mean SD
Age (years) 18.98 0.96
BMI (kg/m?) 24.78 4.70
WC (cm) 90.31 13.50
SBP (mmHg) 117.75 10.72
DBP (mmHg) 75.15 8.49
Vitamin D (ng/ml) 45.41 30.68

Values are expressed in mean+SD

Table 2: Correlation of Vitamin D with anthropometric
parameters and blood pressure: (N=184) *p<0.05 is significant

Parameter Pearson’s correlation coefficient (r) p-value
BMI -0.15001 0.0421*
wcC -0.01793 0.8091
SBP 0.07032 0.3429
DBP 0.05120 0.4900

Values are expressed in Person’s correlation coefficient (r) and p-value

Table 3: Correlation of Vitamin D, BMI, and physical activity

(N=184)
Levels of Pearson’s correlation p-value
physical activity coefficient (r)
Low -0.17 0.12
Moderate -0.15 0.14
High 0.52 0.23

Values are expressed in Person’s correlation coefficient (r) and p-value
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significant negative correlation of Vitamin D with BMI in low and
moderate categories of physical activity, whereas high category
showed positive correlation of Vitamin D with BMI even though it is
not significant.

Comparison of Vitamin D between different categories based on
physical activity score is shown in Table 4. Accordingly, median values
of Vitamin D in low, moderate, and high categories of physical activity
were 36.5, 39, and 68. It did not show significant difference (p=0.51)
among themselves.

Table 5 compared (Fig. 1) the Vitamin D level in different BMI. It was
found that mean vitamin D (49.7+30.50) was higher in BMI<25 (normal
weight) which showed statistically significant difference (p=0.04) when
compared with BMI 25-30 (over weight) (42.6+31.73) and BMI>30
(obese) (34.6+25.16).

DISCUSSION

This study was designed to know the implication of physical activity
and BMI with Vitamin D levels among teenagers. In this study, the
basic parameters of the participants age, BMI, waist circumference,
BP recorded, and their relationship with serum Vitamin D3 was
analyzed (Tables 1 and 2). Further, the students were asked to fill
IPAQ - SF (International Physical Activity Questionnaire - Short Form)
questionnaire.

The presentstudy correlated serum Vitamin D level with anthropometric
parameters and blood pressure (Table 2). The result showed that
there was a significant negative correlation observed between BMI
and Vitamin D. Estimation of serum Vitamin D seems to be the best
marker to assess Vitamin D status as it indicates both dietary intake
and endogenous production of Vitamin D [11]. Researchers have shown
the negative correlation of BMI with Vitamin D (r=-0.18, p<0.01) [12],
which is in parallel with the result of present study. There are number
of literatures available to show the important role of Vitamin D in
various anthropometric parameters. Vitamin D has key role in the
functioning of adipocytes. Vitamin D receptors and CYP27B1 gene
expression takes place in adipocytes [13]. Researchers have reported
the inverse relation of vitamin D with obesity including BMI, percentage
of body fat, and waist circumference [14,15]. It has been shown that
supplementation of Vitamin D decreases visceral fat in overweight
and obese individuals [16]. The occurrence of Vitamin D deficiency
is increasing worldwide [11]. Vitamin D deficiency among obese
individuals has been observed in the literature [17]. It was considered
as epidemic of obesity [18]. Deficiency of Vitamin D in obesity have
been associated with cardiovascular diseases, type 2 diabetes, and
cancer. ["'Hence, researchers are focusing on this direction to know the
relationship between obesity and Vitamin D deficiency [18]. The result
of this study also endorses the above findings as in this study also BMI
and Vitamin D level had negative correlation.

Physical activity is important which increases bone mass.
Researchers [19] observed significant positive association between
Vitamin D and physical activity and they stated that physical activity
is correlated with Vitamin D levels. It was evident which supports the
result of present study though the correlation observed in the present
work was not significant (Tables 3 and 4). Significant association
between vigorous physical activity and vitamin D was reported [20],
which were in consistent with the result of the present study. Studies
have shown that obesity and physical activity are modifiable factors
that contribute to the status of Vitamin D [21]. It has been observed that
physical activity causes mobilization of stored Vitamin D from adipose
tissues and increases lipolysis [3].

Furthermore, the present study compared Vitamin D levels in
different levels of BMI (Table 5). Researchers have shown the negative
correlation of normal BMI with Vitamin D (r=-0.18, p<0.01) [12],
which is in parallel with the result of present study. It has been found
in literatures that lower Vitamin D levels were observed in overweight
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Table 4: Comparison of Vitamin D between categories of physical activity (N=184)

Vitamin D/Category Low Moderate

Chi-sq value DF Kruskal-Wallis test, p-value

Median (25% perc, 75% perc) 36.5 (18,67) 39 (16,67)

68 (29,78)

1.3085 2 0.51

Values are expressed in Median (25" percentile, 75% percentile) with degrees of freedom and p-value

Table 5: Comparison of vitamin D with different BMI: (N=184)
*p<0.05 is significant

Parameter Median (25 perc, Chi-square p-value
75 perc)

BMI <25 415 25.5,75.24  6.0303 0.049*

(Normal weight)

BM]I, 25-30 39 14.7, 64

(over weight)

BMI >30 29 13.9,46.43

(obese)

Values are expressed in Median (25" percentile, 75" percentile) with Chi-square
value and p-value
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Fig. 1: Comparison of Vitamin D with different BMI (Table 5):
p=0.04 (n=184). Values are expressed in Median (25" and
75" percentile).

and obese subjects. This relationship can be explained by the fact that
Vitamin D is stored in adipocytes as it is lipid soluble. Furthermore,
reduced exposure to sunlight as their physical activity is limited with
restricted mobility [3] Similar to the findings of present study, other
cross-sectional studies showed a significant correlation between the
low Vitamin D and obesity [3]. One reason for Vitamin D deficiency
in obesity is the decreased bioavailability of Vitamin D, as it becomes
sequestered in adipose tissue [22]. Furthermore, it is assumed that
decrease in circulating Vitamin D in calcidiol form causes increase in
fat mass, leading to obesity [23]. Correcting vitamin levels is crucial
for proper body function, with maintaining balanced Vitamin D being
especially important in treating various diseases and preventing many
others [24].

CONCLUSION

Since, physical inactivity and high BMI might have an adverse effect
on Vitamin D levels, intervention measures like supplementation of
Vitamin D can be recommended at earliest. This will help in preventing
further complications. The present study reinforces that screening
of population for Vitamin D is mandatory, particularly among people
who are overweight and obese. Awareness should be given about the
importance of Vitamin D status, the deficiency of which causes various
ailments helping in reducing the disease burden.
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