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ABSTRACT

Introduction : According to World Health Organisation (WHO) obesity is an escalating global
epidemic. Due to sedentary lifestyle, children and adolescents are at risk for presenting Vitamin
D Deficiency (henceforth VDD). In this population, low levels of vitamin D are a risk factor for
delayed growth and development. Numerous studies have shown an inverse relationship
between obesity and vitamin D deficiency. Larger fat mass promotes greater storage of Vitamin
D but reducing bio-available vitamin D due to sequestration. Objective: The primary objective
of the study was to find out the prevalence of overweight and obesity among college going
adolescents and to estimate their Vitamin D status during summer and winter seasons. The
secondary objective was to highlight the correlating factors of obesity and Vitamin D from a
gender perspective. Methods: A cross-sectional survey was conducted using a pre-tested
questionnaire to find out the socio-economic background, health profile and physical activity
behaviour and anthropometric measurements among the college students (N=751) studying in
Government Arts and Science Colleges of Puducherry. For the biochemical analysis of Vitamin
D, a subsample of 60 willing overweight and obese adolescents was selected. Results: Mean
weight of obese girls was lower (77kg) than boys (81kg) whereas mean waist circumference of
girls was higher (85 cm) than that of boys (77cm). Bone mass was higher in obese adolescent
boys than in girls. Sunlight exposure, regular exercise and physical activity were found to be
very low in adolescent girls than in boys which could be the reason for the prevalence of
abdominal obesity higher in girls than in boys. Physical inactivity and unhealthy food choices
were the primary factors which contributed to obesity thereby leading to VDD among adolescents
during winter than in summer.
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Obesity during adolescent period is emerging as a major public health challenge for India.
The factors attributing to soaring adolescent obesity are disproportionately higher intake of
high-calorie foods that are low in vitamins, minerals and micronutrients coupled with decreased
physical activity (Kaushik, 2011). Vitamin D is a steroid hormone, essential for calcium and
bone mineral metabolism. Due to sedentary lifestyles, children and adolescents are at risk
for presenting vitamin D deficiency. In this population, low levels of vitamin D are a risk
factor for delayed growth and development (Holick, 2005). As a sign of malnutrition, VDD
is a dual burden for obese adolescents.

Review of literature :

Vitamin D is a fat-soluble vitamin that plays an important role in bone metabolism and
seems to have anti-inflammatory and immune-modulating properties. In addition, recent
epidemiologic studies have observed relationships between low vitamin D levels and multiple
disease states. Low vitamin D levels are associated with increased cardiovascular disorders,
cancer, and autoimmune diseases such as multiple sclerosis (Teresa, 2009).

A study done in Brazil found that Mascarenhas et al. (2012) among 198 adolescents,
70.9% were vitamin D-deficient and 24.5% were vitamin D-insufficient. One per cent of
the boys and 4% of the girls had vitamin D deficiency. Only 4.6% of the subjects had normal
levels of vitamin D. The mean level of vitamin D was 18.16+6.66 ng/dl. No differences
were observed among the groups, regarding age and WC. Participants with severe vitamin
D deficiency presented higher BMI and total body fat. Participants with greater BMI and
total body fat were at a 11-fold higher risk of having severe vitamin D deficiency.

Among the 45 children studied, 66.7% had normal vitamin D levels and 33.3% had
hypovitaminosis D (P value <0.05). There was no statistically significant association between
factors like gender, diet, literacy status, socioeconomic status, anthropometric parameters
and vitamin D levels. There is a high prevalence of hypovitaminosis D amongst apparently
healthy children and adolescents (Sivakumar and Shanthi, 2014).

METHODOLOGY

Anthropometric measurements:

The study was approved by the Ethical Committee of Bharathidasan Govt. College for
Women, Puducherry. This study was conducted after obtaining a written consent with a pre-
tested self-administered questionnaire and to find out the socioeconomic background, health
profile, physical activity among the college going adolescents (N=751) in the age group
between 17 and 19 years. This study was conducted in six Government and Government
aided Arts and Science Colleges in Puducherry. Stadiometer and weighing machine was
used to measure height and weight, respectively. Body fat percentage and bone mass was
assessed by Bio-electrical impedance method using Body Composition Analyzer (Tanita).
Body mass index (BMI) is defined as the weight in kilograms divided by square of the height
in meters.

According to proposed WHO Asia-Pacific guidelines (2000), a subject is considered
overweight if the body mass index (BMI) is 23-24.9 kg/m? and obese if the BMI was >25
kg/m?. These values are recognized internationally as a definition of obesity and overweight
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in adults. But Asians adults are more prone to adiposity and central obesity at a lower BMI
than their western counterparts. However, BMI in children and adolsecents changes
substantially with age, thus, age-specific cut-off points are needed (Khadilkar et al., 2012).
Therefore, Khadilkar’s Asian Indian guidelines for children and adolescents given recently
was used in this study to define overweight and obesity which corresponds to an adult-
equivalent cut-off BMI of 23 kg/m? and 28 kg/m?, respectively.

Waist circumference and hip circumference was measured using fiber plastic tape up
to the nearest centimeter. According to International Diabetes Federation (IDF) guidelines
(2006), cut-offs for waist circumferences to define central obesity was >90 cm for males
and >80 cm for females. As given in a recent study (Sohani et al., 2015), cut off value for the
risk of central obesity was >71cm for both gender and waist to hip ratio was calculated by
simply dividing the waist circumference by the hip circumference. Waist to hip ratio more
than 0.9 is indicative of central obesity in children and adolescents. Cut off value for waist to
height ratio was >0.5cm.

Biochemical measurements:

All blood samples were obtained between 8 A.M. and 9A.M after overnight fasting.
For biochemical analysis, a subsample of 60 eligible and willing obese adolescents (30 girls
and 30 boys) were selected by following the inclusive criteria. Fasting blood samples (5ml)
were collected and stored at -20° celcius prior testing. Blood serum levels of 1,25 OH vitamin
D3, calcium, Alkaline phosphatase (ALP) were estimated by using standard methods. All
the participant samples were collected both in summer and winter, i.e. March-May 2015 and
November-January 2015.

RESULTS AND DISCUSSION

There is an imperative need to identify children and adolescents at a risk of overweight
and obesity at an early age to avoid the risk for many chronic disorders including diabetes
mellitus, hypertension and other cardiovascular complications.

From Table 1 below, it was evident that out of 401 girls, 16.2 per cent were either obese
or overweight. Only 42.2 per cent were found to be of normal BMI. When compared with
girls, 47.7 per cent of boys were normal whereas 41 per cent of adolescent girls were
underweight. On the whole, 45 per cent of the adolescents were normal, 41 per cent were
categorized as underweight and 13 per cent were either overweight or obese. According to
waist circumference (> 71 cm), central obesity was seen in 33.2 % of girls and 41.3 % of
boys. Totally 8% of adolescents were obese with Waist to Height Ratio equal to and above
0.5 cm of which girls were more in numbers (10.8%) when compared with boys (4.9%). But
when Waist to Hip ratio was calculated 13% of girls and 14% of boys were above normal (>
0.9 cm), revealing boys to be more. From the Table 2, it is evident that adolescent boys had
higher mean value than girls with respect to waist circumference , hip circumference, height,
fat free mass, muscle mass, bone mass and BMI. But when comes to fat per cent and fat
mass, girls had higher mean value which showed the body composition of adolescent girls
was rich in fat which attributes to gender difference in body composition. Girls were more
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prone to sedentary lifestyle behaviours and inadequate habit of regular physical exercises
than boys.

Mean weight of obese girls was nearly 77 kg while that of boys was 81 kg whereas the
average height seemed to be almost similar. An increase of 4 kg weight was observed in
boys than girls when their mean weight was compared for their mean height of 1.6. Mean
BMI was almost identical in both obese boys and girls. Body fat per cent was slightly higher
in girls (31%) than boys (28%). Bone mass was found to be higher in boys (3%) than in girls
(2%). Low levels of vitamin D were observed in about 30 percentage of girls and 17% of
boys in summer. Only 10% of girls and 40% of boys had normal level of vitamin D in
summer. In winter season both obese girls and boys were categorized in the groups if either
deficiency (87%) or insufficiency (77%). Serum vitamin D levels of less then 20ng/dL has
shown to be significantly associated obesity in both adults and adolescents.

Mean Calcium level was 9.3 mg/dl in the study group in summer but in winter it was
reduced to 8.6mg/dl in boys while it was 9.2mg/dl in girls. The consumption of calcium rich
foods such as milk and milk products, green leafy vegetables and millets like ragi among girls
than boys was the reason for constant calcium levels in girls. Boys exhibited the habit of
drinking carbonated beverages frequently than girls which might decrease their calcium
intake in their daily diet. An increase in mean Alkaline Phosphatase (ALP) level was noticed
in winter (215IU/L and 242IU/L) than in summer (190IU/L and204IU/L) in both girls and
boys, respectively corresponding to the simultaneous decrease in serum Vitamin D levels.

Both boys and girls were found to be either deficient or insufficient in winter. The

Table 1 : Prevalence of obesity

Parameters Girls (n=401) Boys (n=350) Total (751)
Normal (BMI - 18.5-22.99) 170 (42.4) 167 (47.7) 337 (45.05)
Underweight (BMI < 18.5) 166 (41.4) 142 (40.6) 308 (41)
Overweight (BMI —23- 27.99) 51(12.7) 40 (11.4) 91 (12.05)
Obesity (BMI > 28) 14 (3.5) 1(3) 15(1.9)
Total 401(100) 350 (100) 751 (100)

Table 2 : Gender wise distribution of Anthropometric and body composition parameters

Parameters Mean + SD t value p value Mean 95% confidence
Boys Girls difference interval

Waist 69.3+8.0 65.86+9.3 6.0 0.014* 3.47 2.2-4.7

Hip 82.31+7.4% 78.81+8.9 5.9 0.001* 3.5 2.3-4.7

Height 168.12+8.6* 155.66+18.8 11.9 0.003* 12.5 10.4-14.5

Weight 55.549.6%* 50.7+11.2 6.2 0.023* 4.8 3.3-6.3

Fat% 12.5437.8 15.7£9.9 -1.6 0.996NS 32 -7-.06

Fat mass 5.7+4.3* 8.8£7.4 -7.2 0.0* 3.1 -3.9-2.2

Fat free mass 49.8+7.0* 41.9+6.2 16.1 0.0* 7.9 6.9-8.9

Muscle mass 47.346.7* 39.845.9 16.0 0.0* 16.1 6.5-8.4

Bone mass 2.5+£.3% 2.1+3 15.8 0.0* 0.38 0.33-0.42

BMI 19.6+2.8 20.0+3.7 -1.9 0.0* 4.6 -0.9-0.0

* There is a significant difference in mean between boys and girls (P<0.005)
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Table 3 : Anthropometric and body composition parameters of obese adolescents

Anthropometric and body composition Girls (N=30) Boys (N=30)
parameters Mean + SD Mean + SD
Weight (Kg) 76.95 +8.2 80.69 +7.82
Height (m) 1.6 +0.01 1.6 +0.05
BMI 30.57£2.6 299+26
Waist circumference (cm) 84.93 +5.46 79.2+9.2
Body fat (%) 30.95+£5.94 28.17+£3.3
Bone mass 2.2 +£0.21 3.01+0.3
Summer Winter
Status of vitamin D Girls Boys Girls Boys
(n=30) (n=30) (n=30) (n=30)
Group I- Severe deficiency (<10 ng/ml) - - 6(20) 5(16.66)
Group II- Deficiency (10-20 ng/ml) 9(30) 5(16.7) 14(46.7) 12(40)
Group III- Insufficiency (20-30 ng/ml) 18(60) 13(43.3) 10(33.3) 13(43.33)
Group IV- Sufficiency (>30 ng/ml) 3(10) 12(40) - -

reasons for low vitamin D low levels (Mean =19.5ng/dl) in obese adolescent could be attributed
to low sunlight exposure in winter in addition to excess body fat. Our study found that there
was high prevalence of vitamin D deficiency in obese adolescent group. Among 60 obese
adolescents, only fourteen came under the group II deficiency (10-20ng/dL). But in winter,
twenty six obese girls and boys were found to be deficient of this vitamin. Girls were more
(47%) deficient than boys (40%) in winter. Inadequate sunlight and/or exposure along with
low dietary calcium intake in winter than in summer might aggravate the deficiency of
vitamin D. A study done by Gorden et al. (2008) and Razzaghy-Azar et al. (2010) supports
the finding that girls were more deficient of vitamin D than boys. Razzaghy-Azar M et al.
estimated that 34% of the boys and 66% of the girls had vitamin D deficiency in Iran. In our
study 16.7% of the boys and 33.3% of the girls had vitamin D deficiency. Both studies
showed that vitamin D deficiency was more among girls than boys. Recently in 2014, a
study done by Sivakumar and Shanthi in Chennai, India also found 33% of girls had Vitamin
D deficiency when compared to 17% in boys.

Conclusion:

Malnutrition was more prevalent in adolescent girls than in boys. Obesity and Vitamin
D Deficiency was more in college going girls than in boys. Sub clinical Vitamin D deficiency
is common in India across all age groups which is also seen in the present study in obese
college going adolescents. Mass Vitamin D fortification in commonly consumed food articles
such as milk and oil may be the need of hour to address this major public health issue.
Dietary supplements, mandatory physical exercise during college hours, outdoor game activities
with adequate sunlight exposure are essential to maintain a healthy weight and for avoiding
vitamin D deficiency in adolescent groups hence to avoid all those major complication later
stage in life.
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