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I INTRODUCTION

‘Teenagers are not fed, they eat’
                                                                   Sizer and Whitney
Nutrition is an input for health and development of all living beings. Better nutrition means stronger immune system, less illness and better health. The importance of good nutrition is the main preventive measure against diseases.

Nutritional deficiencies have generally been replaced by dietary imbalance and is found to be associated with many of the leading cause of death and disability. Over nutrition results from excessive consumption of calorie rich foods and leading a sedentary life (Grigsby, 2003).

Obesity has become the major nutrition related disease of this decade and is defined as the condition of excessive body fat accumulation to an extent that increases the risk of complicating disease (Gessler et al., 2005).

Obesity epidemic is rapidly becoming a global issue (Lee and                Collin, 2006). Obesity is an increasingly prevalent problem and is contributed by low physical activity, less intake of fruits and vegetables, excessive consumption of soft drinks, eating disorders and unsafe weight loss practices (nutrition_adolescence.html).

Excessive body weight is associated with various diseases particularly cardiovascular diseases, type 2 diabetes mellitus, obstructive sleep apnoea, certain types of cancer and osteo arthritis as a result is found to reduce life expectancy (James, 2005).

Obesity causes 430,000 deaths in the U.S. annually (Lee and                    Collin, 2006).The International Obesity Task Force (2007) estimated that around 300 million people world wide are obese. About 64 per cent of adults are either overweight or obese and about 15 per cent of youth ageing from             6 to 19 years are obese (NHANES, 2006).

China is experiencing a rapid increase in obesity in children and adolescents. In Brazil and Mexico, obesity is associated with higher                   socio-economic status (Lee and Collin, 2006).

Adolescence is the second most rapid period of growth and development (Insel et al., 2004).Adolescence is a period of major physical, emotional, psychological changes as well as great changes in social interacting and relationships (WHO, 2008).

Healthy and nutritionally sound adolescents reflect the country’s potential human resource (Sander and Emery, 2004).

Adolescent years are characterized by dramatic growth and development, beginning with the onset of puberty and continuing throughout the life (Kaufmann, 2007).With the onset of adolescence, the steady growth of children speed up abruptly and dramatically, and the growth patterns of both females and males became distinct (Rolfes, et al., 2008).

The adolescent growth spurt usually occurs between the ages of                 11 and 15 years for girls and between 12 and 17 for boys. During these years of growth, adolescents gain 30 per cent of their adult weight and more than  20 per cent of adult height. Data from National Nutrition Monitoring Bureau (NNMB) shows that there has been an increase in obesity among adolescents (Dass, 2004).

 The period of adolescence influence both nutritional needs and the absorption and utilization of nutrients. During this period, there is a rapid enlargement of organs and tissues and sexual maturity brings about changes in physiological functions in response to hormonal changes ( Worsely, 2008).

In general, there is a significant change in the eating habits and food consumption adolescents. About a fourth of a teenager’s total daily energy intake comes from snacks and their diets are commonly too high in fat, sodium, protein and too low in fiber.

Energy needs of adolescents are influenced by activity level, basal metabolic rate and increased requirements to support pubertal growth and development. Adolescent boys have higher caloric requirements since they experience greater increase in height, weight and lean body mass than adolescent girls (Story et al., 2005).

Adolescents have an increased needs for energy and protein along with vitamin and mineral when compared with people of other stages of life. Vitamin A, calcium and iron are three nutrients of particular concern which plays an important role in growth of the adolescents (Insel et al., 2007).

Because of higher energy demands, more thiamine, riboflavin and niacin are necessary for the release of energy from carbohydrates (www.searo.who.int).

During adolescence, food habits change drastically. Adolescents begin  to skip breakfast, do not prefer to drink milk, fruit juices and consume more soft drinks each day (Sizer and Whitney, 2006).

As the adolescent become more independent, they eat fewer meals at home and more meals outside the home, with a lack of guidance on their food choices. They also share more food with their peers, learn new food preferences and change old food habits (Insel et al., 2004).

Yannakoulia et al. (2004), reported that younger adolescents                    (12-15 years) have strong positive relation between obesity and television viewing and consumption of high caloric snacks like cakes, sweets and chips.

Prevention and treatment of obesity involves eating less and being more physically active. It should provide family based or school based approaches (Pomeruleau and Neekee, 2005).

Teaching healthy behavior at a young age is important since any change become more difficult with age. Behaviours involving physical activity and nutrition are the corner stone of preventing obesity in adolescents and children (www.nutrtion.coml).

Physical activity is the leading health indicator for reducing the most significant preventable threats to health. Regular physical activity such as walking briskly for 30 minutes on five or more days per week reduces the risk of chronic diseases and help to prevent weight gain (National Academy of Sciences, 2009).

Obesity during adolescents can be managed through diet counselling, appropriate exercise program and behavior modification. Individual or group therapy mainly focused on changing behaviours of obese adolescents by supporting and encouraging them for normal weight development. Treatment includes the involvement of  qualified nutritionists, mental health professionals and an exercise specialist (National Institute for Health and Clinical Excellence, 2006).

With this in view, the present study titled “Dietary Habits and Energy Expenditure Pattern of Normal and Obese Adolescents in Namakkal”, is carried out with following objectives: 

To
· Study the socio-economic background and dietary habits of selected normal and obese adolescents in Namakkal

· Assess the physical activity pattern of selected normal and obese adolescents

· Determine the energy expenditure pattern and energy balance of selected normal and obese adolescents.
II REVIEW OF LITERATURE


The literature pertaining to the study titled “Dietary Habits and Energy Expenditure Pattern of Normal and Obese Adolescents in Namakkal” is reviewed under the following headings:

E. Adolescence – the real growth

F. Prevalence of obesity among adolescents
G. Dietary habits of adolescents
H. Energy expenditure pattern of adolescents

A. ADOLESCENCE – THE REAL GROWTH 


The word ‘adolescence’ has its origin from a latin word ‘ adolescence’ which means ‘ to ‘grow up’ or ‘grow to maturity’. World Health Organization (WHO) defines adolescents as those aged 10-19 years (Deborah, 2008).


Charces Dickens has quoted the period of adolescence as


‘It was the best of times, it was 

the worst of times


It was the age of wisdom,

 it was the age of foolishness…..









(Huebner, 2004)


According to Santrock (2007) adolescence is a process of development from childhood to maturity and adulthood with accelerated physical, biochemical and emotional changes. It usually begins with the appearance of secondary sex characteristics (Nawrot et al., 2004).


Adolescence is particularly development and uniquely vulnerable period of development. Development during the period of adolescence reflects an active interplay between the family, friends, community and culture (Hubner, 2004)

Growth during adolescent period is an important determinant of adult body size (Lowry et al., 2005).  Adolescents show heightened interest in their bodies and body images (Ramey et al., 2006).


Growth spurt occurs at different periods for boys and girls during adolescent years (Latner et al., 2005).



Eventhough the boys start their growth later than girls, the growth continues longer with the respect that at maturity boys are usually taller than girls (Valois et al., 2004).


Adolescent ‘growth spurt’ is larger for boys than for girls, but the period of more rapid growth is between the age of about 9 and 15 years. During the adolescent period both boys and girls exhibit increased strength but the increase is much greater in boys (Helenbee, 2004).


Girls develop an increasing amount of fat deposit especially in abdominal area. In boys, physical growth is seen more in increased muscle mass and long bone growth (Nix, 2005).


The development of adolescents has been associated with puberty. Puberty is accompanied by changes in endocrine system, weight and body fat (Dorn, 2004).


The onset of puberty is known to be a stressful period of life.                          The young adolescents face several simultaneous developmental challenges (Sinkkonen et al., 2005).


In addition to increases in height and weight, puberty brings changes in hip and shoulder width. Girls experience a spurt in hip width, while boys undergo an increase in shoulder width (Susman and Rogol, 2006).


Adolescence marks the lifecycle period of highest total nutrition need and a period of physical growth. Inadequate nutrition during this time can therefore have long term consequences (Varney et al., 2007).


The adolescent growth spurt is sensitive to energy and nutrient deprivation (Dietz and Robinson, 2005).


The energy intake for adolescents take into account with the needs of different adolescents, their growth rate and level of exercise, their age and gender (Brom, 2006).


Protein needs of adolescents are influenced by the amount of                protein required for maintenance of existing lean body mass and accural                         of additional lean body mass during the adolescent growth spurt               (Dehghan et al., 2005).


The rapid rate of skeletal growth demands more vitamin D, vitamin A, C and E are needed in increased amount for new cell growth. Vitamins needs of adolescents are also associated with the degree of maturity rather than chronological age because of demands of growth (www.searo.who.in).

B.  PREVALENCE OF OBESITY AMONG ADOLESCENTS
The widely used term “Obesity” derives from the Latin ‘ob’ standing              for “on account of” and “esum” meaning “having eaten”.  Obesity is a dynamic, multidimensional, biosocial phenomenon exerting a complex synergistic interaction between pathophysiology and the social world         (Gibney et al., 2005).

According to World Health Organization (2006) obesity is a condition of having excessive fat in the body and has significant health consequence.

Geissler (2005) defined obesity as a condition of excessive body fat accumulation to an extent that increases the risk of complicating disease.

Obesity is defined as a condition in which excessive accumulation of fat in adipose tissue, has taken place (Bisla, et al., 2009).

Obesity is the consequence of an imbalance between                           energy expenditure, energy consumption and energy storage in the body (Roman et al., 2009).

Antal et al. (2009) defined obesity as the pathological accumulation of excess body fat in relation to lean body mass.

Kaneria et al. (2006) suggests that BMI is the most appropriate and easily available method to screen for childhood obesity.

Body Mass Index (BMI) for age and gender specific centiles was recommended as the best indicator for use in adolescence. BMI of <5th centile for age and gender is considered as undernourished between 5th and 85th centile as normal, between 85th and 95th centile as overweight and more than 95th centile is considered as obese (Rao et al., 2009).

The Center for Disease Control and Prevention (2009) defined overweight as at or above the 95th percentile of BMI for age and “at risk for overweight” as between 85th and 95th percentile of BMI for age.

Obesity is increasing globally taking an epidemic significance, with nearly half-a-billion of the world’s population now considered to be overweight and obese (Kaneria et al., 2006).

Obesity is increasing rapidly world wide affecting more than one-third of adults in the U.S. alone. The number of morbidly obese adults has quadrupled from 1 in 200 to 1 in 50 (Burrowes, 2009).

About 70 per cent of obese adolescents grow up to become obese adults (Dehghan et al., 2005).

Currently, it is estimated that over 300 million people world wide are obese, while more than one billion suffer from overweight.  During the past two decades, the percentage of children and adolescents who are overweight has nearly doubled and almost tripled respectively (Gibney et al., 2005).

In a Greek nationwide multistage representative study, 21.7 per cent of boys and 9.1 per cent of girls were overweight, 2.5 per cent and 1.2 per cent were obese at ages between 11.5 and 15.5 years (Antal, et al., 2009).

Depending upon age, gender and geographical area, 3-20 per cent of children and young adolescents in Switzerland were overweight and 0-6 per cent were obese (Antal et al., 2009).

Obesity in adolescence has increased significantly over the past 30-40 years and a recent international comparison study showed that the highest prevalence in adolescents was found in the United States and lowest in Luthuania (Merrick et al., 2005).

About 10 per cent of the US babies and children are obese and about 18 per cent of all adolescents are obese according to figures published in January 2010 (The Hindu, 2010).

According to data compiled by the International Obesity Task Force (ITOF), among the European girls aged 14-17 years the highest estimates were United kingdom, Ireland, Hungary and Italy (Aranceta et al., 2009).

According to survey conducted by WHO in European countries, out of total child population of 77 million, 14 million are overweight of which 3 million are obese and this increases by 5000 per year (World Health                     Organization, 2005).

Recent evidence shows that number of overweight and obese adolescents in Iran has doubled during the past two decades. A very recent study showed that the prevalence of overweight and obesity among               Iranian school girls is 21.9 per cent and 5.3 per cent respectively                    (Maddah et al., 2009)

In Saudi Arabia, one in every six children aged 6 to 18 years old is obese (Dehghan et al., 2005).

The prevalence of obesity among Chilean children increased from 5 per cent in 1985 to 18 per cent in 2002, (Vio et al., 2008).

In Tonga 4.7 per cent of men and 70 per cent of women are obese.               In Samoa 33 per cent of men and 63.3 per cent of women are obese                (IOTF, 2007).

According to a report from National Health and Nutrition Examination Survey (2006) 15 per cent of youth ageing from 6 to 19 years are obese.

The prevalence of childhood obesity is increasing in India. It is estimated to be around 15-18 per cent in Indian children (Ahuja, 2004).

A study carried out on school children of age 9-18 years in                   Punjab revealed that the overall prevalence of obesity and overweight was 11.1 per cent and 14.2 per cent respectively (Chatwal, et al., 2004).

Another study done at Pune in the age group of 10-15 years showed that the prevalence of obesity to be 5.7 per cent whereas the prevalence of overweight was 19.9 per cent (Khadilkar, et al., 2004).

Nutrition Foundation of India conducted a study among 5000 children aged 4-18 years in Delhi private schools and found that 29 per cent were overweight (Srihari et al., 2006).

A study conducted in South India among adolescents showed the prevalence of obesity to be  3.1 per cent and overweight to be 16.8 per cent                 (Kaur et al., 2005).

Subramanyam et al. (2003) in Chennai reported that the prevalence of overweight among affluent girls aged 10-15 years was 9.6 per cent and             6.2 per cent were obese.

Out of 326 children aged 10-15 years of adolescents school children of Tindivanam City, 4.9 per cent were obese and was higher in boys                      (16.5 per cent) than among girls (11.5 per cent) (Devi, 2009).

According to a study conducted on school children of 12-17 years in urban Vadodara, from the total of 4808 children, the prevalence of overweight ranged from 4.6 per cent to 24.9 per cent and obesity from                0.6 per cent to 5.3 per cent (Gandhi and Iyer, 2007).

According to National Family Health Survey  (NFHS III) reports, a cross-sectional study involving school-going children from 9 to 15 years shows the overall prevalence of obesity and overweight to be 11.1 per cent and                14.2 per cent  respectively (Vishwanath, 2009).
C. DIETARY HABITS OF ADOLESCENTS


Adolescence is a crucial juncture in the adoption of behavior that are relevant to health (Ramey et al., 2006).


The eating habits of many adolescents are health compromising and an increased number of adolescents have an eating disorder (Brom, 2006).


Adolescents sometimes believe themselves to be less healthy than they actually are and eat more food (Wadden et al., 2008).


Most of the eating disorders begin in adolescence during puberty. Disordered eating including increased weight concerns, dieting, food restriction, binge eating and purging behaviours (Agras et al., 2007).


Risks for eating disorders are estimated to be 5-10 times greater in females (Whitaker et al., 2008).


 Today’s adolescents virtually live on fast food meals which contributed to the high fat levels in their diet (Ebbling et al., 2004).


Adolescents have the tendency to eat between meals                        (Casazza et al., 2009).


An increased level of U.S children and adolescents eat foods away from home and they were likely to consume salty snacks, soft drinks and pizza (Dietz and Robinson, 2005). The increase in obesity and involve biological, behavioural and environmental factors (Hill et al., 2008).


Obesity is a multifactorial disease influenced by both genetic and environmental factors. Genetic factors impinge on appetite, food choices, activity and balance between energy intake and expenditure (Gibney et al., 2005).


Obesity is a global epidemic, increased consumption of energy dense food and reduced physical activity levels are likely to be main drivers    (Martins et al., 2008).


Major life style changes related to diet and physical inactivity patterns in early like have been implicated in the increasing trends of obesity (Aranceta et al., 2009). Presence of excess weight or obesity in parents were significantly associated with childhood obesity  (Giugliano et al., 2004).


Obese adolescents show poorer calorie compensation after a pre load and increase their food intake more than normal weight controls after exposure to food cues (Jansen et al., 2003).


Obese children of aged (11-15 years) have higher levels of snack consumption, absence of hunger and score higher on psychometrically assessed ‘external eating’. They also fail to show the normal pattern of dececeration of eating during a meal (Carnau et al., 2008).


The marked increase in the consumption of sugar sweetened beverages is one of the dietary changes that has been identified as a cause of obesity (Albala et al., 2008).


Studies in adolescents support the role of parent as a influence over eating behavior of obese adolescents especially for eating dinner                 (Conteto et al., 2006).


Changing life style with increased reliance on convenience food and meals prepared outside the home contributes obesity in children and adolescents (Patrick et al., 2005).


Skipping breakfast was significantly related to overweight and obesity and it was reported to be more prevalent in the United States about (10-30%) (Rampersand et al., 2005).


The frequent consumption of snacks which are energy dense and less nutritious were common among obese adolescents than the normal and the consumption of fruit as a snack was also limited (Maddah et al., 2009).


Only among the youngest adolescents (12-14 years) a significant deterious impact on overweight and obesity on depression, self-esteem and social school functioning are found (Swallen et al., 2008).


Eating due to emotions and stress were common in adolescents which leads to obesity (Ozier et al., 2008).


Snack consumption while watching television represents the principal sources of inactivity for most youths in developed countries and has been linked to prevalence of obesity (Gibney et al., 2005).


An increase in availability and consumption of high-calorie convenience foods and beverages, more meals eaten away from home, fewer family meals may contribute to childhood obesity (Colorado Department of Public Health and Environment, 2006).


Teenagers have the reputation of having the worst eating habits. They eat fast foods which are generally inadequate in calcium and vitamin A but high in calories, saturated fat and sodium (Bray et al., 2005).


It is important for adolescents to consume enough calories to support normal growth and development without promoting excessive weight gain (United States Department of Agriculture, 2009).


During adolescence, the consumption of foods rich in iron and             vitamin A are very less when compared to protein, energy and fat (www.searo.who.in)


Drewnowski (2007) reported that rising obesity rates in the United States to the consumption of refined grains, added sugars, added fat, snacks, beverages, fast foods and eating away from home.

D. ENERGY EXPENDITURE PATTERN OF ADOLESCENTS


The first law of thermodynamics states that energy is conserved.                    In terms of human metabolism, Energy Intake (EI) is equal to Energy Expenditure (EE) in addition to the change in energy in the body stores                        (Hadley et al., 2007).

Individuals become less active as they reach and progress through adolescence (Merrick et al., 2005).

A low level of physical activity is a major risk factor for excess fat gain in adolescents (Emms et al., 2005).

An imbalance between energy intake and energy expenditure (EE) is the main underlying cause of obesity (Ezelund et al., 2008).

According to Lazzer et al (2008), higher body weight and greater fat free-mass make obese adolescents generally spend less time in physical activity and more time in sedentary activities than do others.

Sedentary life style and lack of regular exercise or physical activity contributes to obesity and make it difficult to maintain weight loss (Charlottesville, 2008).

According to Tershakover (2004) in an American study energy expenditure decreased with age and was lower in girls than boys.Increase in body weight among youth is due to the decreased levels of physical activity. 

Television viewing represents the principal source of inactivity for most children and adolescent in developed countries and has been linked to prevalence of obesity (Gibney et al., 2005).

Energy demands have dropped with additional television / media, so weight gain and obesity are inevitable for most or all the population                        (James, 2008).

Sleeping less than or equal to 5 hours and sleeping 8 to 9 hours was associated with obesity (Garcia et al., 2008).

Many adolescents are not getting enough sleep and that their desire to stay up late at night and sleep longer in the morning the, physiological underpinning (Yang, et al., 2007).

Adolescents sleep for an average of 9 hours and 25 minutes at night. Most get considerably less than 9 hours of sleep especially during the week. This short fall create a sleep deficit in which adolescents often attempt to make up on the week end (Carskadon, et a l., 2005).

Hansen et al. (2005) reported that girls spent more time in sleep than boys.

The time spent watching television, videos, DVDs and movie averaged slightly over three hours per day among children 8 to 18 years and old there is a positive association between time spent watching television and prevalence of obesity (United States Department of Agriculture, 2009).

Decreased participation in physical activity is another behaviour that contributes to obese children and adolescents. School physical education programs have decreased and children are walking to school and doing household those less frequently (Centers for Disease Control and Prevention, 2009).

It is confirmed that obesity occurs when energy intake exceeds energy expenditure and a steady decline in physical activity among all age group has heavily contributed to rising rates of obesity (Dehghan et al., 2005).
III METHODOLOGY


The methodology adopted in the present study titled, “Dietary Habits and Energy Expenditure Pattern of Normal and Obese Adolescents in Namakkal“ comprises the following steps:

A. Selection of Area and Sample

B. Screening for Obesity

C. Assessment of Socio-Economic Background and Dietary Pattern of Selected Normal and Obese Adolescents

D. Assessment of Physical Activity Pattern and Energy Expenditure of Selected Normal and Obese Adolescents

E. Analysis of Data

A. SELECTION OF AREA AND SAMPLE


The area selected for the study was Namakkal Town as the investigator was familiar with the place. Since the study sample included adolescents in the age group of 13-15 years, three types of schools comprising of six government, seven private and two aided schools were selected based on the co-operation of the school authorities.


From these 15 schools, 1310 adolescents in the age group of                     13-15 years which included 749 boys and 561 girls were screened for obesity.  The investigator explained the purpose, method and significance of the study to the school authorities and teachers to motivate them to extend their                 co-operation for the successful conduct of the study.

B. SCREENING FOR OBESITY


Anthropometry is the study and technique of taking a person’s body measurements especially for use on a comparison or classification basis to establish his/her nutritional status (Balakrishnan, 2009).


Anthropometry is the science of measuring the size, weight, height and proportions of human body and one of the components of nutritional assessment (Mahan et al., 2008).

i. Height 


Body height is the measurement of the length of human body from the bottom of the feet to the top of the head, when standing erect (www.humanheight.com.2009).


The height was determined using a stadiometer. The adolescents were made to stand up as straight as possible on the flat board with feet together and head, shoulder, back, buttocks and heal touching the steel bar. Care was taken to see that the legs were straight, shoulders were relaxed, head had comfortably erect and arms hanging by the sides in a natural manner. The head piece was gently brought down and placed on the head compressing the hair and making contact with the top of the head. The height was measured to the nearest 0.1cm accuracy (Plate I).

ii. Weight


Body weight is a simple measurement of total body components and growth. It is generally compared to an “ideal” or “desirable weight”                   (Michael et al., 2005).


The body weight was determined using a lever balance with an accuracy of 0.1 kg.  The zero error of the balance was ensured before taking the weight and corrected as and when require and adolescents were made to stand erect, with minimum clothing and without foot wear. The weight was noted to the nearest of 0.1kg (Plate II).

iii. Body Mass Index (BMI)


Weight for height indicates muscle fat mass in the body.  The ratio of weight in kg to height in m2 is referred to as Body Mass Index (BMI) (www.BodyMassIndexcalculator). 




Weight in kg


BMI
=




Height in m2

However, weight / height relationship changes dramatically with age  during adolescence, consequently at a given height, the weight corresponding to a particular percentile is not the same for all ages, so that the meaning of weight for height percentile differs with age.  Because of these limitations,   
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Body Mass Index (BMI) for age and gender specific centiles was recommended as the best indicates for use in adolescence (Rao et al., 2009).


After calculating the BMI, the value obtained was plotted on the CDC BMI for age growth charts (for either girls or boys) to obtain a percentile ranking. Adolescents whose BMI of less than 5th percentile were considered as underweight between 5th and 85th percentile were considered as normal, between 85th and 95th percentile were considered to be overweight and more than 95th percentile were to be obese. 

C. ASSESSMENT OF SOCIO-ECONOMIC BACKGROUND, FOOD HABITS, DIETARY PATTERN OF SELECTED ADOLESCENTS
According to Burney (2007) an interview schedule is one method of collecting data from the selected sample by interviewing respondents to obtain information on the issues of interest. It is either face to face or by telephone or online.

The investigator formulated an interview schedule to collect information regarding socio-economic background, and dietary pattern of selected adolescents (Appendix-I).


Details regarding the socio-economic background namely age, family size, birth order, birth weight, education level of parents, occupation, total family income and food expenditure of the family and details on type of food consumed, meal pattern, frequently consumed foods and snacks, food likes and dislikes, foods eaten based on advertisements and during television viewing were collected from 50 normal and 50 obese adolescents using the formulated Interview schedule (Plate III).


Apart from these, special events related to girls such as age of menarche, problems encountered during menstrual period and information related to weight loss attempts were also collected. 

1. Determination of Food and Nutrient intake

Twenty hour food recall method of data collection requires the individual to remember the specific foods and amounts of foods they
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consumed in the past 24 hours. The information is then analysed by the person or professional gathering the information (Hammond, 2008).


Details regarding the food intake of 15 obese boys and 15 obese girls were collected. An equal number of normal boys (15) and girls (15) were collected using 24 hour recall method and calculated using food composition tables(Appendix-II).


From this, the nutrient intake of adolescents were calculated and compared with Recommended Dietary Allowance, (ICMR, 2009).

D. ASSESSMENT OF PHYSICAL ACTIVITY PATTERN AND ENERGY BALANCE OF SELECTED NORMAL AND OBESE ADOLESCENTS

Physical activity is defined as any activity that involves the use of one or more large muscle growth and raises the heart rate. An important function of physical activity is energy expenditure, which helps to maintain energy balance and keep weight gain check. Addressing the obesity problem requires examining both energy intake and energy expenditure (Bray et al., 2005). 


The assessment of Physical Activity Pattern and Energy expenditure pattern was conducted out for the same normal (n=30) and obese (n=30) adolescents. 

1. Assessment of physical activity pattern


Time utilization pattern of both obese boys and girls (n=30) was studied to assess their physical activity and energy expenditure levels. An equal number of normal boys and girls (n=30) were also assessed for their time utilization pattern for comparison with the obese children. For studying the time utilization pattern, each adolescent was asked to prepare an activity time log for a week stating the time spent on each activity from the time one got up in the morning to the time one goes to bed. The activities were then classified into sedentary, moderate and heavy based on the type of activity was calculated along with the time spent for sleep for determining the difference in activity pattern and sleep hours of obese adolescent.

2. Determination of energy expenditure

Energy balance is the state in which an individual’s energy expenditure equals his or her metabolizable energy intake.


Negative energy balance occurs when expenditure is greater than intake and positive energy balance occurs when intake is greater than expenditure.  Hence, an indepth study on energy balance was carried out.


Basal Metabolic Ratio (BMR) and physical activity are the two major factors which determine the energy expenditure of an individual.  The energy expenditure of the obese adolescents was assessed using the time utilization pattern. The average workload per day was computed with the number of hour spent for each activity in school and or home along with work hours spent for sleep.


Energy expenditure for sedentary, moderate, heavy activities and sleep was determined using the formula given by Swaminathan (2005) as


Sedentary activity  
=  0.02 Kcal x Body weight x minutes


Moderate activity
=  0.04 Kcal x Body weight x minutes


Heavy activity
=  0.08 Kcal x Body weight x minutes


Sleep


=  0.01 kcal x Body weight x minutes


The basal energy requirement is regularly estimated as the energy need per kilogram of body weight which is assumed as one calorie for every hour per kg of body weight. Thus the basal expenditure for 24 hour is calculated as 1 x 24 x body weight. Energy that is saved during sleep is calculated as 0.1 x body weight x hours of sleep. This is reduced from the total basal energy expenditure of the individual.

3. Estimation of energy balance


Total energy expenditure was calculated from the Basal Metabolic Rate (BMR) and the type of physical activities. The actual food intake was determined from 24 hour recall method.  From the average daily food intake the energy intake was computed using the nutritive value of Indian foods (ICMR, 2007) and compared with the recommended dietary allowances.  The energy balance was thus calculated by finding the difference in the energy intake and energy expenditure of the adolescents.

E. ANALYSIS OF DATA


The data was consolidated, tabulated, analysed and interpreted using appropriate statistical methods.

III METHODOLOGY


The methodology adopted in the present study titled, “Dietary Habits and Energy Expenditure Pattern of Normal and Obese Adolescents in Namakkal“ comprises the following steps:

A. Selection of Area and Sample

B. Screening for Obesity

C. Assessment of Socio-Economic Background and Dietary Pattern of Selected Normal and Obese Adolescents

D. Assessment of Physical Activity Pattern and Energy Expenditure of Selected Normal and Obese Adolescents

E. Analysis of Data

A. SELECTION OF AREA AND SAMPLE


The area selected for the study was Namakkal Town as the investigator was familiar with the place. Since the study sample included adolescents in the age group of 13-15 years, three types of schools comprising of six government, seven private and two aided schools were selected based on the co-operation of the school authorities.


From these 15 schools, 1310 adolescents in the age group of                     13-15 years which included 749 boys and 561 girls were screened for obesity.  The investigator explained the purpose, method and significance of the study to the school authorities and teachers to motivate them to extend their                 co-operation for the successful conduct of the study.

B. SCREENING FOR OBESITY


Anthropometry is the study and technique of taking a person’s body measurements especially for use on a comparison or classification basis to establish his/her nutritional status (Balakrishnan, 2009).


Anthropometry is the science of measuring the size, weight, height and proportions of human body and one of the components of nutritional assessment (Mahan et al., 2008).

i. Height 


Body height is the measurement of the length of human body from the bottom of the feet to the top of the head, when standing erect (www.humanheight.com.2009).


The height was determined using a stadiometer. The adolescents were made to stand up as straight as possible on the flat board with feet together and head, shoulder, back, buttocks and heal touching the steel bar. Care was taken to see that the legs were straight, shoulders were relaxed, head had comfortably erect and arms hanging by the sides in a natural manner. The head piece was gently brought down and placed on the head compressing the hair and making contact with the top of the head. The height was measured to the nearest 0.1cm accuracy (Plate I).

ii. Weight


Body weight is a simple measurement of total body components and growth. It is generally compared to an “ideal” or “desirable weight”                   (Michael et al., 2005).


The body weight was determined using a lever balance with an accuracy of 0.1 kg.  The zero error of the balance was ensured before taking the weight and corrected as and when require and adolescents were made to stand erect, with minimum clothing and without foot wear. The weight was noted to the nearest of 0.1kg (Plate II).

iii. Body Mass Index (BMI)


Weight for height indicates muscle fat mass in the body.  The ratio of weight in kg to height in m2 is referred to as Body Mass Index (BMI) (www.BodyMassIndexcalculator). 




Weight in kg


BMI
=




Height in m2

However, weight / height relationship changes dramatically with age  during adolescence, consequently at a given height, the weight corresponding to a particular percentile is not the same for all ages, so that the meaning of weight for height percentile differs with age.  Because of these limitations,   
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Body Mass Index (BMI) for age and gender specific centiles was recommended as the best indicates for use in adolescence (Rao et al., 2009).


After calculating the BMI, the value obtained was plotted on the CDC BMI for age growth charts (for either girls or boys) to obtain a percentile ranking. Adolescents whose BMI of less than 5th percentile were considered as underweight between 5th and 85th percentile were considered as normal, between 85th and 95th percentile were considered to be overweight and more than 95th percentile were to be obese. 

C. ASSESSMENT OF SOCIO-ECONOMIC BACKGROUND, FOOD HABITS, DIETARY PATTERN OF SELECTED ADOLESCENTS
According to Burney (2007) an interview schedule is one method of collecting data from the selected sample by interviewing respondents to obtain information on the issues of interest. It is either face to face or by telephone or online.

The investigator formulated an interview schedule to collect information regarding socio-economic background, and dietary pattern of selected adolescents (Appendix-I).


Details regarding the socio-economic background namely age, family size, birth order, birth weight, education level of parents, occupation, total family income and food expenditure of the family and details on type of food consumed, meal pattern, frequently consumed foods and snacks, food likes and dislikes, foods eaten based on advertisements and during television viewing were collected from 50 normal and 50 obese adolescents using the formulated Interview schedule (Plate III).


Apart from these, special events related to girls such as age of menarche, problems encountered during menstrual period and information related to weight loss attempts were also collected. 

1. Determination of Food and Nutrient intake

Twenty hour food recall method of data collection requires the individual to remember the specific foods and amounts of foods they
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consumed in the past 24 hours. The information is then analysed by the person or professional gathering the information (Hammond, 2008).


Details regarding the food intake of 15 obese boys and 15 obese girls were collected. An equal number of normal boys (15) and girls (15) were collected using 24 hour recall method and calculated using food composition tables(Appendix-II).


From this, the nutrient intake of adolescents were calculated and compared with Recommended Dietary Allowance, (ICMR, 2009).

D. ASSESSMENT OF PHYSICAL ACTIVITY PATTERN AND ENERGY BALANCE OF SELECTED NORMAL AND OBESE ADOLESCENTS

Physical activity is defined as any activity that involves the use of one or more large muscle growth and raises the heart rate. An important function of physical activity is energy expenditure, which helps to maintain energy balance and keep weight gain check. Addressing the obesity problem requires examining both energy intake and energy expenditure (Bray et al., 2005). 


The assessment of Physical Activity Pattern and Energy expenditure pattern was conducted out for the same normal (n=30) and obese (n=30) adolescents. 

1. Assessment of physical activity pattern


Time utilization pattern of both obese boys and girls (n=30) was studied to assess their physical activity and energy expenditure levels. An equal number of normal boys and girls (n=30) were also assessed for their time utilization pattern for comparison with the obese children. For studying the time utilization pattern, each adolescent was asked to prepare an activity time log for a week stating the time spent on each activity from the time one got up in the morning to the time one goes to bed. The activities were then classified into sedentary, moderate and heavy based on the type of activity was calculated along with the time spent for sleep for determining the difference in activity pattern and sleep hours of obese adolescent.

2. Determination of energy expenditure

Energy balance is the state in which an individual’s energy expenditure equals his or her metabolizable energy intake.


Negative energy balance occurs when expenditure is greater than intake and positive energy balance occurs when intake is greater than expenditure.  Hence, an indepth study on energy balance was carried out.


Basal Metabolic Ratio (BMR) and physical activity are the two major factors which determine the energy expenditure of an individual.  The energy expenditure of the obese adolescents was assessed using the time utilization pattern. The average workload per day was computed with the number of hour spent for each activity in school and or home along with work hours spent for sleep.


Energy expenditure for sedentary, moderate, heavy activities and sleep was determined using the formula given by Swaminathan (2005) as


Sedentary activity  
=  0.02 Kcal x Body weight x minutes


Moderate activity
=  0.04 Kcal x Body weight x minutes


Heavy activity
=  0.08 Kcal x Body weight x minutes


Sleep


=  0.01 kcal x Body weight x minutes


The basal energy requirement is regularly estimated as the energy need per kilogram of body weight which is assumed as one calorie for every hour per kg of body weight. Thus the basal expenditure for 24 hour is calculated as 1 x 24 x body weight. Energy that is saved during sleep is calculated as 0.1 x body weight x hours of sleep. This is reduced from the total basal energy expenditure of the individual.

3. Estimation of energy balance


Total energy expenditure was calculated from the Basal Metabolic Rate (BMR) and the type of physical activities. The actual food intake was determined from 24 hour recall method.  From the average daily food intake the energy intake was computed using the nutritive value of Indian foods (ICMR, 2007) and compared with the recommended dietary allowances.  The energy balance was thus calculated by finding the difference in the energy intake and energy expenditure of the adolescents.

E. ANALYSIS OF DATA


The data was consolidated, tabulated, analysed and interpreted using appropriate statistical methods.

V SUMMARY AND CONCLUSION

The present study titled, “Dietary Habits and Energy Expenditure Pattern of Normal and Obese Adolescents in Namakkal”, is summarized as follows: 


A total of 1310 adolescents in the age group of 13-15 years were screened from 15 schools of Namakkal. Based on their BMI, the adolescents were screened for obesity. 386 were found to be normal and 229 were found to be obese, 276 were overweight and 419 were underweight. Anthropometric measurements namely, height and weight of adolescents were measured. Food habits and dietary pattern of normal and obese adolescents were elicited by administering an interview schedule. Using 24 hour recall method the food and nutrient intake were collected from selected normal and obese adolescents. Physical activity pattern and energy balance of selected normal and obese adolescents were also assessed.

The findings of the study are summarized as follows: 

· The overall prevalence of normal and obese adolescents (13-15 years) from 15 schools of Namakkal was found to be 29.5 per cent and            17.5 per cent and the prevalence of underweight and overweight was found to be 32 per cent (419) and 21 per cent (276) respectively. 

· In Government schools, 22.3 per cent of boys and 17.6 per cent girls were normal whereas 11.4 per cent boys and 10.9 per cent girls were obese. In aided schools, 18.7 per cent of boys and 14.2 per cent girls were normal and 16.6 per cent of boys and 15.3 per cent girls were obese. In private schools, 16.3 per cent boys and 10.9 per cent of girls were normal and 24.4 per cent boys and 21.4 per cent girls were obese.

· The genderwise prevalence of normal and obese adolescents indicated that 57.3 per cent boys were normal and 52.4 per cent of boys were obese whereas 42.7 per cent girls were normal and 47.6 per cent girls were obese.The prevalence of obesity were higher among boys than girls. 

·  The findings revealed that  an equal percentage (19.2%) of 13 year old adolescent boys and adolescent girls were normal whereas                      22.7 per cent of 13 year adolescent boys and 17.9 per cent of 13 year adolescent girls were obese. About 21.5 per cent of 14 year adolescent boys and 16.3 per cent of 14 year adolescent girls were normal and 19.2 per cent of 14 year adolescent boys and 18.8 per cent of 14 year adolescent girls were obese. 16.6 per cent of 15 year adolescent boys and 7.2 per cent of 15 year girls were normal whereas 10.5 per cent of 15 year adolescent boys and 10.9 per cent 15 year adolescent girls were obese. 
· The mean height of normal boys and girls aged 13 was found to be in normal height and the mean height of obese boys was found to be below normal. Among  obese girls was found to be above normal when compared with the standard height. The height of normal boys aged       14 years was found to be normal and girls was slightly below the normal height whereas the mean height of obese boys was found to be above normal and girls was below normal height when compared with standard height. The mean height of normal boys and girl of aged              15 years was normal whereas the mean height of obese boys aged            15 years was found to be above normal and obese girls was found to be below normal when compared with the standard height.
· The mean weight of both normal and obese adolescents were above when compared with standard weight. The mean weight of normal adolescents of age 14 years was normal whereas the mean weight of obese boys and girls was above the normal weight.  Among 15 years of age, the mean weight of both normal and obese adolescents were above normal when compared with the standard weight.

· The mean Body Mass Index of normal boys and girls aged 13-15 years was almost equal to the standard BMI. The BMI values of obese boys and girls aged 13-15 years was found to be well above the standard Body Mass Index values of NCHS.

·  Sixty six per cent of normal adolescent belonged to nuclear families and obese adolescents of (82%) belonged to nuclear families. The percentage of normal adolescents who belonged to joint families was 34 per cent and obese adolescents were 18 percent respectively.

·  Forty eight per cent of head of the families of normal and                     62 per cent of head of the families of obese had college education which was followed by higher secondary education (32 per cent and           26 per cent) and high school education (20 per cent and 12 per cent) respectively.

· Fourteen per cent and 18 per cent of the head of the families were professionals, whereas 48 per cent and 42 per cent were businessmen, 18 per cent and 22 per cent were government employees and 20 per cent and 10 per cent were labourers respectively.

·  Forty two per cent families of normal and 60 per cent families of obese had a monthly income of more than Rs.14500/- whereas 30 per cent and 26 per cent families of normal and obese adolescents had more than Rs.7500/- but less than Rs.14500/- and 22 per cent and                             14 per cent families of normal and obese adolescents had a monthly income of more than Rs.3,300/- but less than Rs.7300/- and                     six per cent of the families of normal earned less than Rs.3300/- as their monthly income.


·  Thirty eight per cent of normal adolescents and ten per cent of obese adolescents belonged to families who spent between Rs.1000 and Rs.2000 of their income on food while 32 per cent of normal and               24 per cent of obese adolescents belonged to families whose monthly food expenditure was between Rs.2001-3000. About 20 per cent normal and 46 per cent obese adolescents belonged to the families who spent Rs.3001-4000 for their food and eight per cent of normal and 20 per cent of obese families spent more than Rs.4000 for their food.

· Regarding the number of children in the family,90 per cent of normal and 66 percent of obese adolescents belonged to families which had more than one child where as 10 per cent of normal and  34 per cent of obese were single child in their family.

· Forty eight per cent of normal and 54 per cent of obese adolescents were the first child in their family. Around 42 per cent of normal and            38 per cent obese were the second child in their family. A very negligible percentage of normal and obese adolescents were the third child of the family.

·  Sixty two per cent of normal and 34 per cent of obese adolescents were born with a birth weight between 2.5 and 3.0 kg. Twenty eight per cent of normal adolescents and 52 per cent of obese adolescents were born with a birth weight between 3 and 3.5 kg. Only 10 per cent of normal and 8 per cent of obese adolescents were born with a birth weight of <2.5 kg. The percentage of adolescents born with a birth weight of >4kg was negligible.

· Among the surveyed normal and obese adolescents, 21 normal and          33 obese adolescents suffered from cold, 17 normal and 23 obese suffered from fever and five normal 13 obese adolescent suffered from diarrhoea, while 14 normal and 28 obese adolescent have respiratory problems like asthma and wheezing while 17 normal have tiredness and 46 obese adolescents have orthopaedic problems like leg pain, joint pain and tiredness. Fifteen obese adolescents had sleep disturbances whereas 26 normal and only 5 obese adolescents did not have any illness. 

· Details regarding the family history of illness among normal and obese adolescents revealed that12 of normal, 29 of obese adolescents had a family history of obesity and 16 normal and 27 obese adolescents had  a family history of diabetes mellitus. Only a negligible amount of both normal and obese adolescents have family history of heart disease, arthritis and cholesterol.

· Thirty six per cent and 20 per cent of normal girls attained menarche at the age of 13 years and 12 years where as in obese adolescent girls, 20 per cent and 36 per cent girls attained menarche at the age of               10 years and 11years respectively. Only a minimum percentage of adolescent girls attained menarche at other ages.

· Forty two per cent normal and  58 per cent of obese adolescents were               non-vegetarians followed by 36 per cent normal and 28 per cent obese adolescents being vegetarians, whereas 28 per cent normal and                14 per cent obese adolescents were ovo-vegetarians respectively.

· Regarding the meal pattern of normal and obese adolescents,                      66 per cent of normal and 52 per cent of obese followed 3 meal pattern per day and 20 per cent normal and 28 per cent of obese adolescents followed 4 meal pattern while 14 per cent normal and 20 per cent obese followed 2 meal pattern per day.

· Forty eight per cent of obese and 20 per cent of normal adolescents skipped their breakfast and 12 per cent of normal and 30 per cent of obese adolescents did not eat their lunch whereas 6 per cent normal and 12 per cent of obese adolescents did not consume their dinner. Sixty two per cent of normal and only 10 per cent of obese adolescents did not skip their meal.

· Eighty four per cent of normal boys and 100 per cent of obese boys consumed cakes in which 14 per cent of normal boys and 36 per cent of obese boys consumed cakes daily and 48 per cent of normal boys and 32 per cent of normal boys consumed once in a week.                      Eight per cent and 24 per cent of normal boys and 20 per cent and             12 per cent of obese boys ate cakes monthly and rarely .

· Forty per cent of normal boys and 76 per cent of boys consumed chocolates daily. Twenty eight per cent of normal and 60 per cent of obese adolescent boys consumed puffs once-in-a-week. Twenty four per cent of normal boys and 44 per cent of obese boys consumed sweets daily whereas 8 per cent of normal and 52 per cent of obese boys ate chips daily. Sixteen per cent of normal adolescent boys and 56 per cent of obese adolescent boys consumed ice cream once in a week. Consumption of pizza was high in obese boys (60%) than normal boys  (16%) monthly. 

· Twenty eight per cent of normal adolescent girls and 48 per cent of obese adolescent girls consumed cakes once in a week.

· Thirty two per cent of normal girls and 68 per cent of obese adolescent girls consumed chocolates daily.  Twenty eight per cent of normal adolescent girls and 44 per cent of obese adolescent girls are puffs once in a week.

· Sixteen per cent of normal and 52 per cent of obese adolescent girls consumed sweets daily and 12 per cent of normal and 36 per cent of obese adolescent girls consumed chips daily. Eighty per cent of  normal and 48 per cent of obese girls ate ice cream once in a week.

· Twenty eight per cent of normal adolescent girls consumed pizza monthly and rarely whereas 52 per cent of adolescent girls consumed pizza once in a week. Among 36 per cent of normal and 44 per cent of obese adolescent girls consumed savouries daily.

· Twenty two per cent of normal and 58 per cent of obese adolescents consumed soft drinks weekly in which 32 per cent of obese boys and 14 per cent of normal boys consumed soft drinks weekly. This shows that the consumption of soft drinks were more among boys than among girls.

· Twenty four per cent of normal adolescents and 22 per cent of obese adolescents consumed soft drinks occasionally and a negligible per cent of both normal and obese adolescents consumed soft drinks daily.

· Out of the selected normal and obese adolescents, 56 per cent normal and 22 per cent obese adolescents viewed television for one hour and about 28 per cent normal and 26 per cent obese adolescents viewed television for 2 hours whereas 16 per cent normal and 52 per cent obese adolescents viewed television for more than 2 hours in a day.

· The consumption of cereals was deficit among both normal (7.7 %) and obese (19.0 %) adolescents, green leafy vegetables of normal (31.7 %) and obese (58.3 %), milk and milk products normal (4.9 %) and obese (12.6 %).

· An increased consumption of pulses was seen among both the normal (3.8 %) and obese girls (12%), fish and fleshy foods of normal (13.6%) and obese (56.1%), fats and oils of normal (38.4%) and obese              (81.2%). The consumption of other vegetables were higher in normal (20%) whereas deficit in obese (21.8%) and fruits higher in normal (25.4%) and deficit in obese (22%).

· The consumption of cereals were deficit among normal (6.2%) and obese girls (18.4 %), green leafy vegetables among normal were (27.6%) and obese (52.2%), roots and tubers among normal (16.1%) and obese (8.8%), milk and milk products of normal (7.1%) and obese (4.4%). An increased consumption of pulses among normal (2.6%) and obese (7%), fish and fleshy foods among normal (16.1%) and obese (53.2%), fats and oil of normal (42.1%) and obese (72.8%) sugar and jiggery among normal (5.6 %) and obese (14.8%) was observed.  

· The consumption of other vegetables was higher among normal girls (21.4%) whereas deficit in obese (23.7%) and increased consumption fruits among normal (19.7%) which was deficit in obese (17.8%) respectively.

· The mean nutrient intake of both normal and obese boys were lower than that of Recommended Dietary Allowances except fat, thiamine, riboflavin, nicotinic acid, ascorbic acid and folic acid. The percentage of nutrients that are deficit in normal boys were less when compared with the percentage of nutrients that are deficit in obese boys except the energy intake.

· The mean nutrient intake of normal and obese girls was less in protein, pyridoxine, iron, calcium, retinol, beta carotene. It was found that the percentage of energy intake was deficit (0.73 per cent in obese and 12.5 per cent in normal) . The mean intake of fat, thiamine, riboflavin, nicotinic acid, folic acid, ascorbic acid were in excess than the Recommended Dietary Allowances.

· Twenty six per cent of normal and 36 per cent of obese adolescents played outdoor games at school. Fourteen per cent of normal and               22 per cent of obese adolescents played indoor games alone. About         60 per cent of normal adolescents and 28 per cent of obese adolescents played both indoor and outdoor games at school.                    Thirty two per cent of normal boys and 14 per cent of obese boys played both games. 28 per cent of normal girls and 14 per cent of obese girls played both indoor and outdoor games. It is also revealed that about 14 per cent of obese adolescents did not play any games at school whereas all the normal adolescents played games at school.

· Fourteen per cent of normal and 42 per cent of obese adolescents played indoor games at home while 28 per cent of normal and                      14 per cent of obese adolescents played outdoor games and                      52 per cent of normal and 12 per cent of obese adolescents played both indoor and outdoor games at home. About six per cent of normal and 32  per cent of obese adolescents did not play any games at home. Twenty four per cent of obese girls played indoor games than normal girls (6 per cent) and obese boys of 18 per cent played indoor games than normal boys (8 per cent) where as normal boys                         (24 per cent) and girls (28 per cent) played both indoor and outdoor games than obese boys and girls of (14 per cent and 18 per cent) respectively.

· Ten normal adolescents and 17 obese adolescents played chess for     30 minutes and the number of adolescents who played for one hour was seven normal and 12 obese adolescents. The number of normal and obese adolescents who played for two hours was negligible whereas 12 normal and 14 obese played carrom for 30 minutes and nine normal and seven obese adolescents played carrom for one hour. The number of adolescents who played carrom for two hours was negligible. About 13 normal adolescents and 10 obese adolescents played computer games for 30 minutes and 11 normal and seven obese adolescents played for one hour.  Three normal adolescents and eight obese adolescents played computer games for two hours where 15 obese adolescents played computer games for more than two hours.

· Nineteen normal adolescents and 18 obese adolescents who played cricket for 30 minutes and the number of adolescents who played for one hour, two hours and more than two hours were minimum, seventeen of normal adolescents and 11 obese adolescents played badminton for 30 minutes. The number of adolescents played for one hour and two hours was negligible. Seventeen normal adolescents and 13 obese adolescents who played shuttle cork for 30 minutes, the number of adolescents who played for one hour and two hours was minimum. Eighteen normal adolescents and 11 obese adolescents played basket ball for 30 minutes and 13 normal and six obese adolescents who played basket ball for one hour. The number of adolescents who played basket ball for two hours and more than two hours was negligible, 13 normal adolescents and 14 obese adolescents played foot ball for 30 minutes whereas the number of adolescents who played foot ball for one hour, two hour and more than two hours was negligible.

· Regarding the type of exercise of normal and obese adolescents,             14 normal adolescents and 13 obese adolescents performed running as an exercise for 30 minutes per day and the number of adolescents who ran for one hour and more than one hour was negligible. Twenty two normal adolescents and 12 obese adolescents walked for                    30 minutes per day whereas the number of adolescents walked for one hour and more than one hour was minimum, 29 normal adolescents and 19 obese adolescents cycled for 30 minutes per day and                     11 normal and 10 obese adolescents cycled for one hour per day where as the number of adolescents who cycled for more than an hour was negligible. An equal number 17 normal and obese adolescents did yoga for 30 minutes and a negligible number of adolescents did yoga for one hour and more than one hour. Seventeen normal adolescents and 8 obese adolescents performed swimming for 30 minutes per day where as the number of adolescents who performed swimming for one hour was negligible. Fifteen normal adolescents and 14 obese adolescents did skipping for 30 minutes per day the number of adolescents who did skipping for one hour and more than one hour was minimum.
· There was an increase in consumption of pulses (3.8 per cent normal and 12.0 per cent obese), fats and oils (38.4 per cent normal and             81.2 per cent obese), fish and fleshy foods (13.6 per cent normal and 56.1 per cent obese). There was an increase in consumption of sugar in obese boys (40.5 per cent) where as deficit of 4.2 per cent in normal boys and the consumption of other vegetables and fruits was higher in normal boys (20 per cent and 25.4 per cent) whereas deficit of               (21.8 per cent and 22 per cent) in obese boys. The intake of cereals green leafy vegetables, roots and tubers and milk and milk products care less than that of recommend dietary allowances of ICMR.
· Consumption of pulses of (2.6 per cent in girls and 7 per cent in normal girls) fats and oils (42.1 per cent in normal girls and 72.8 per cent in obese girls), sugar (5.6per cent normal and 14.8 per cent in obese girls), fleshy foods (16.8 per cent in normal girls and 53.2 per cent obese girls) whereas intake of other vegetables and fruits was higher in normal girls (21.4 per cent and 19.7 per cent) and deficit in obese girls (23.7 per cent and 17.8 per cent). The intake of cereals, green leafy vegetables, roots and tubers, milk and milk products are less in both normal girls and obese girls when compared with Recommended Dietary Allowances of ICMR.

· The mean nutrient intake of both normal and obese boys were lower than that of Recommended Dietary Allowances except fat, thiamine, riboflavin, nicotinic acid, ascorbic acid and folic acid. The percentage of nutrients that are deficit in normal boys were less when compared with the percentage of nutrients that are deficit in obese boys except the energy intake.

· The mean nutrient intake of normal and obese girls was less in protein, pyridoxine, iron, calcium, retinol, beta carotene. The percentage of energy, intake was deficit (0.73 per cent in obese and 12.5 per cent in normal) was found. The mean intake of fat, thiamine, riboflavin, nicotinic acid, folic acid, ascorbic acid were in excess than the Recommended Dietary Allowances (ICMR, 2009).

· The duration of sleep hours per day for normal boys was 7.5 and for obese boys was 13.5 with no significant difference. The hour spent per day on sedentary activities among normal was significant at one per cent level. The time spent per day in moderate activity by the normal boys was 5.5 hours than the obese boys who spent only 1.75 hours and the findings were found to be significant (p<0.01). A lesser and negligible time of 1.11 hour and 0.15 hours was spent by the normal and obese boys per day on heavy activities and the difference was statistically significant (p<0.01).Sleep hours of normal girls was found to be 7.8 hours and obese girls was found to be 8.8 hours. Normal girls spent 10.4 hours on sedentary activities and more time of 14.1 hours by obese girls and was found to be significant (p<0.01). The time spent on moderate activities by normal girls was 4.7 hours and by obese girls was 1.0 hours daily and found to be significant (p<0.01). The duration of time spent on heavy activities by normal girls was  (1 hour) and was comparatively very less (0.09 hours) in obese girls with a significant difference at one per cent level.

· Energy intake of normal boys was found to be more than those of normal girls and the difference was significant (p<0.01). The energy expenditure was found to be more among normal boys when compared to normal girls which was significant (p<0.05).In obese boys, the energy intake was found to be more when compared with obese girls, which was significant (p<0.01). The energy expenditure was found to be more among obese boys than obese girls and the difference was not significant.

· Both normal and obese adolescents exhibited a positive energy balance which was higher in obese adolescents than in normal adolescents and the difference between them was found to be significant (p<0.01).

Although the adolescents had adequate knowledge on good health of nutrition, proper eating attitudes and practices were not being adopted. Hence more awareness on the importance of maintaining a healthy weight for optimal physical health would be successful by changing life style behaviour, healthy eating and increased energy expenditure.

Future Recommendations
· Providing opportunities for adolescents to practice physical activity at home and in schools
· Promoting Healthy food habits for a healthy weight among adolescents
· Diet modification for obese adolescents

· Nutrition education programmes for adolescents
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APPENDIX I
INTERVIEW SCHEDULE ON SOCIO-ECONOMIC BACKGROUND AND DIETARY SURVEY OF ADOLESCENTS (13-15 YEARS)

I. Socio-economic Background

1.   Name



:

2.   Class and Section


:

3.   Name of the School

:

4.   Age



:

5.   Name of the Father

:

6.  Name of the Mother

:

7.   Address



:

8.   Type of family


:
Nuclear    

Joint   
9.   Number of family members 
:

10.  Birth order


:
1   

2   
 
3   
11.  Birth weight (kg)


:
<2.5   2.5-3.0

3-3.5
>40 
12.  Number of Brothers / Sisters
:

13.  Background information of the family

	Name of the family member
	Age (Years)
	Relationship with the student
	Education
	Occupation
	Income (in Rs.)

	
	
	
	
	
	


14.  Total monthly income of the family

:
Rs.

15.  Money spent by the family per month on food 
:
Rs.

II. Dietary Habits

1.    Are you a


(a)  Vegetarian

(b)  Non-vegetarian   
(c) Ova-vegetarian   
2.   How many number of meals do you eat in a day?


(a)  2 times  

(b)  3 times  

(c)  4 times  

(d) 5 times  
3.  Do you eat snack food items?


(a)  Yes   
(b) No      
4.  If yes, answer the following

	Type of snack foods consumed
	Frequency of consumption

	
	Daily
	Once in a week
	Monthly
	Rarely

	1.  Cakes

2.  Chocolates

3.  Puffs

4.  Sweets

5.  Chips

6.  Ice-cream

7.  Pizza

8.  Savouries
	
	
	
	


5.  Do you consume soft drinks?

(a)  Yes   
(b) No      
    If yes, please tick


(a)  Daily   

(b)  Weekly      
(b)  Occasionally    
6.  Do you have the habit of eating any meal outside your home?

(a)  Yes   
(b) No      
7.  If yes, answer the following

	Name of the meal
	Frequency of consumption

	
	Daily
	Once in a week
	Monthly
	Rarely

	Breakfast

Lunch 

Dinner
	
	
	
	


8.   How many hours do you watch television?

(a)  1 hour   

(b) 2 hours      
(c)  More than 2 hours   

9.  Do you play any games?

(a)  Yes   
(b) No      
      If yes, answer the following

	Name of the game
	Hours of play per day

	
	At School
	At Home

	
	½  an hour
	1 hour
	2 hours
	More than 2 hours
	½ an hour
	1 hour
	2 hours
	More than 2 hours

	1. Basket ball

2. Badminton

3. Cricket

4. Chess

5. Carrom

6. Computer games

7. Foot ball

8. Shuttle cork

9. Running

10. Tennis
	
	
	
	
	
	
	
	


10.  Do you exercise regularly?

(a)  Yes   
(b) No      
      If  Yes,   answer the following

	Type of exercise
	Duration of exercise per day

	
	½  an hour
	1 hour
	More than 2 hours

	1. Cycling

2. Walking

3. Running

4. Swimming

5. Yoga

6. Skipping
	
	
	


11.  How do you travel to school daily?

(a)  By walk

(b)  Bicycle     
(c)  School bus   
(d) Others   
12.  How many hours do you sleep in a day?


(a)  4-6 hours    
(b)  6-8 hours
  
(c)  8-10 hours    
13.  Do you suffer from any of the following illness?

	S.No.
	Illness
	Yes
	No
	Treatments

	1.

2.

3.

4.

5.

6.

7.
	Cold

Fever

Diarrhea

Asthma

Sleep disorders

Leg pain

Tiredness
	
	
	


14.  Does any member of your family suffer from the following?

	S.No.
	Conditions
	Relationship with the students
	Age

	1.

2.

3.

4.

5.
	Diabetes mellitus

High cholesterol

Obesity

Heart disease

Arthritis
	
	


15.  Special events related to weight gain / loss for Girls

1. Age of Menarche

2. Any problems during menstrual period

3. Previous weight loss attempts

APPENDIX II

PROFORMA FOR DIETARY SURVEY

(24 HOUR FOOD RECALL METHOD)

	Meal
	Name of the Food Item
	Quantity

	On rising

Breakfast

Mid morning

Lunch

Mid- afternoon

Evening

Dinner

Bed time
	
	


