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I. INTRODUCTION


Adolescence is the period of transition between childhood and adulthood that involves biological, cognitive and socio – emotional changes. WHO (2009) defines “adolescents” as individuals in the 10 – 19 years age group. Adolescence is a significant period of human growth and maturation; unique changes occur during this period and many adult patterns are established. The proximity of adolescence to biological maturity and adulthood may provide final opportunities to implement certain activities designed to prevent adult health problems (WHO, 1995).

           
The world is now home to 1.2 billion individuals aged 10 – 19 years. The vast majority of adolescents i.e. 88 per cent live in developing countries. In 2009, India had the largest national population of adolescents aged 10 – 19 years (243.38 million, which accounted for more than 20 per cent of the country’s population), followed by China (207 million), United States           (44 million), Indonesia and Pakistan (both 41 million). There are more than 515 million adolescent girls living in the developing world today (UNICEF Global databases, 2009).
UNICEF (2006) considers the second decade of life as two parts; early adolescence (10 – 14 years) and late adolescence (15 – 19 years). Physical changes generally commence at early adolescence, usually beginning with a growth spurt and soon followed by the development of the sex organs and secondary sexual characteristics. In late adolescence, major physical changes have usually occurred, although the body is still developing. Girls in late adolescence tend to be at greater risk than boys of negative health outcomes. Adolescence is a critical juncture in the adoption of behaviours that are relevant to health (Roth and Gunn, 2003).

Adolescence is a unique intervention point in the life cycle. It offers a chance to acquire knowledge about optimal nutrition during young adulthood, which could prevent or delay adult – onset diet – related illnesses. It is a stage of receptivity to new ideas and a point at which lifestyle choices may determine an individual’s life course (www.worldbank.org). Adolescence seems to be one of the critical periods in the development of obesity (Dietz, 1994). 

Adolescence is characterized by a global acceleration of growth and maturation, with differential changes between both sexes. Annual height velocity, weight gain, fat-free mass and bone mineral content increase during this period in all adolescents. The body composition and psycho-sociological changes determine nutritional requirements, and eating and physical activity behaviour modifications. Sometimes, characteristic adolescent behaviour patterns produce both energy balance and nutritional status disturbances. Therefore, obesity, anorexia nervosa, bulimia or dyslipidemia are important alterations that commonly appear during adolescence and persist frequently into adulthood. 


Obesity for children and adolescents is defined as Body Mass Index (BMI) at or above the sex – and – age specific 95th per centile BMI cut off points in the 2000 Centre for Disease Control (CDC) growth charts (http://www.cdc.gov/growth charts).

Obesity is a complex, multifactorial disease that develops from the interaction between genotype and the environment. It involves the integration of social, behavioral, cultural, physiological, metabolic and genetic factors. Obesity is increasing rapidly in developing countries undergoing rapid nutrition and lifestyle transition, and it often coexists with under-nutrition. Obesity is associated with increased risk of the metabolic syndrome, type 2 diabetes mellitus (T2DM), hypertension, polycystic ovarian syndrome (PCOS), coronary heart disease (CHD) and dyslipidemia (Bhardwaj, 2008).
Obesity is a growing and serious concern in both industrialized countries and the developing world. Data from a subset of 10 developing countries show that the percentage of girls aged 15 – 19 years who are overweight ranges between 21 and 36 per cent (UNICEF Global databases, 2009). In 2007 – 2008, among the US children and adolescents aged 2 through 19 years, 11.9 per cent were at or above the 97th per centile of the BMI; 16.9 per cent were at or above the 95th per centile; and 31.7 per cent were at or above the 85th per centile of BMI for age (Ogden et al., 2010). A phenomenal rise has been observed in the prevalence of overweight and obesity among Indian youth. This has been attributed to nutritional transition in India, characterised by a shift in the diet content towards a high fat and high sugar diet (Shetty, 2002). The most important predictor of adult obesity appears to be adolescent weight and changes of BMI during this time (Power et al., 1997).


Growth and development in children and adolescents are associated with changes in body composition that affect body fatness and leanness. Body composition is used as one of the measures of growth. Body composition is the chemical or anatomical composition of the body. It is commonly defined as the proportions of fat, muscle, bone and other tissues in the body (Insel et al., 2004). It also provides an indication of both nutritional status and physical fitness (Gibney, 2004). Unlike body weight, an individual’s body composition has a profound influence on health and longevity (Rosenberg, 1997).


Body composition parameters such as total body fat and fat distribution are risk factors for metabolic disease not only in adults but also in children and adolescents. Therefore, measuring the body composition is important to ascertain the natural course of metabolic diseases and to develop strategies for their prevention because the body composition of children and adolescents is predictive of their body composition as adults.                                                              

Body composition may be evaluated at the atomic, molecular, cellular, tissue – system and whole – body levels. The four major body components are total body fat, fat – free mass, bone mineral and body water (Williams, 2005). 
Total body fat in the body consists of both essential fat and storage fat.  Essential fat is necessary for proper functioning of certain body structures such as the brain, nerve tissue, bone marrow, heart tissue and cell membrane. The essential fat in adult man is three per cent whereas in adult women it is 12 -15 per cent. Storage fat is simply a depot for excess energy and the quantity of body fat in this form also may vary considerably. Fat free mass (FFM) primarily consists of protein and water with smaller amounts of mineral and glycogen. It is a more common term used interchangeably in lean body mass. The body should contain 20 per cent body fat and 80 per cent fat – free mass. 

Bone gives structure to our body, but it is also involved in a variety of metabolic processes. Bone consists of 50 per cent water and 50 per cent solid matter. Mineral content in bone is only three – four per cent of the total body weight. Average adult body weight is approximately 60 per cent water, the remaining 40 per cent consists of dry weight materials that exist in this internal water environment.  Blood contains high water content and dry weight materials including adipose tissue.


In terms of one’s health risks, body composition is more important than body weight. Adolescence is a decisive period in human life in which important body composition changes occur dramatically. Increase of total body mass and its relative distribution are mainly related to gender and pubertal development (Rodriguez et al., 2004). In adolescence, lean body mass; LBM (includes all non – lipid body constituents as well as essential fat and phospholipids) increases to a much greater extent in males than females with muscle and bone representing the largest gains in growth. There is a drop in water content which coincides with the abrupt rise in the mean fat free mass density seen between these ages. There is an increase in body fat in adolescence. Girls experience a much larger increase in body fat than boys during adolescence (Gibney, 2004).
Children are not miniature adults. Therefore, while the needs of children and adolescents may be similar to those of adults in many ways, it is important always to be mindful of the differences that exist. This is particularly the case when assessing body composition of individuals of varying ages, ethnic backgrounds and health status (Hills et al., 2001). Assessment of body composition is an essential measure of health and fitness both for athletes and the general population. The body composition is a factor contributing to sport performance. Assessment of changes in body composition during disease conditions plays a vital role in treatment plan for overall improvement of health condition. 


Body composition is a key element in determining energy expenditure and is an important factor in disease risk (Insel et al., 2003). If the total energy contained in the body (as fat, protein and glycogen) is not altered (i.e. ∆ energy stores = 0), then energy expenditure must be equal to energy intake. In this case, the individual is said to be in a state of energy balance (Dulloo and Schutz, 2005). When energy balance is maintained over a prolonged period, an individual is considered to be in a steady state. When intake of energy is lesser than the expenditure of energy, the person is said to be in a state of negative energy balance. When energy intake is greater than expenditure, the person is said to be in a state of positive energy balance, which may become a risk factor for overweight or obesity.

Body composition is an important health related fitness component. A healthy body composition program helps a person lose weight and look thinner by causing excess fat to be lost and muscle to 2be retained. Healthy body composition produces significantly better overall health not only in regard to body fat content but also protein, mineral and water content of the body. With advancing age, people increase adiposity (the rate of fat accumulation) and lose fat – free mass, mostly in the form of muscle (Levadoux et al., 2001). Studies now confirm that these undesirable changes in body composition have severe, long term consequences to health (Inelmen et al., 2003). Health care providers are concerned about the patterning of the body’s adipose tissue distribution. Mortality and morbidity ratio vary with the distribution of body fat, with the highest risk linked to excessive abdominal fat, usually called as central obesity. The importance of central obesity is clear in populations (e.g. Asians), who tend to have relatively low BMI but high levels of abdominal fat. Assessment of body composition of individuals paves way to target the treatment plan in relation to health and disease. Hence, awareness has to be created towards the importance of body composition assessment among individuals especially adolescents, as adolescence is not only a time of vulnerability but also an age of opportunity for adopting healthy lifestyle.
Recently, many investigations have been conducted globally to assess the prevalence or incidence of overweight and obesity among adolescents. Studies on body composition using Bioelectrical Impedance Analysis (BIA) method are very scarce in India. Hence, the need for the present study. Since there is a paucity of data, this study was an effort to provide data on the body composition of normal, overweight and obese adolescent girls aged 15 – 19 years.

The specific objectives of the present study are: To
· Assess the incidence of overweight and obesity among adolescents of    15 – 19 years of age.
· Assess the nutritional status of the selected adolescents.
· Assess the body composition parameters of the selected adolescents.
· Find associations between body composition, anthropometry and energy balance.
II.  REVIEW OF LITERATURE

The literature pertaining to the study titled “Body Composition Measures of Overweight and Obese Adolescent Girls of 15 – 19 Years Age” is reviewed under the following headings:
A. Adolescence – the real growth

B. Obesity – a growing epidemic in India
C. Body composition analysis and its importance 

D. Bioelectrical Impedance Analysis – a promising technique

E. Energy balance and obesity

A.  ADOLESCENCE – THE REAL GROWTH
Adolescence is the period of transition between childhood and adulthood that involves biological, cognitive and socio-emotional changes. A key task of adolescence is preparation for adulthood (Larson et al., 2002).

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). Proper nutritional care and needs at this juncture is related to the fact that adolescent gain upto 50% of their adult weight, more than 20% of their adult height and 50% of their adult skeletal mass during their rapid growth period (WHO, 2009).

When the teen years begin, the adolescent has achieved 80 – 85 per cent of final height, 53 per cent of final weight and 52 per cent of final skeletal mass. Teens may almost double their weight and can add 15 – 20 per cent in height. Maintaining adequate calcium intake during childhood and adolescence is necessary for the development of peak bone mass, which may be important in reducing the risk of fractures and osteoporosis later in life (Greer and Krebs, 2006).

Some teens develop more rapidly than others (early matures), while others may develop more slowly (late matures). Girls who mature early may be prone to depression, eating disorders and anxiety. Obesity is an increasing trend, as noted in the National Longitudinal Study of Adolescence Health (Gordon – Larsen et al., 2004). 
Adolescence is a critical juncture in the adoption of behaviours that are relevant to health (Roth and Gunn, 2003). Many of the behaviours that are linked to poor health habits and early death in adults begin during adolescence (Ramey et al., 2006). The adolescent growth spurt is sensitive to energy and nutrient deprivation (Dietz and Robinson, 2005).

Dietary intake and body size influence age at menarche and growth pattern in teen girls. Even among well-to-be adolescents, calorie deficit of upto 23 – 27 per cent and protein deficit of 16 – 18 per cent has been reported in India (Greydanus, et. al., 2006).
The eating habits of many adolescents are health compromising and an increased number of adolescents have an eating disorder (Brom, 2006). Most of the eating disorders begin in adolescence during puberty. Disordered eating including increased weight concerns, dieting, food restriction, binge eating and purging behaviours are observed in adolescence (Agrass et al., 2007).

B. OBESITY – A GROWING EPIDEMIC IN INDIA
1. Definition
Obesity is a complex multifactorial chronic disease that develops from an interaction of social, behavioural, cultural, physiological, metabolic and genetic factors (National Heart, Lung and Blood Institute, 2005).
The condition of obesity is chronic, relapsing, and neurochemical and involves interaction between host and environment (Bray and Champagne, 2005).

Obesity can be regarded as a form of chronic caloric over dose, due to a combination of excessive caloric intake and inadequate calorie breakdown. The surplus calories are stored in the body’s fat deposits as fat within adipocytes; the most obvious externally visible fat depot is the subcutaneous adipose tissue, leading to the appearance of obesity, but the surplus is also stored internally, for example in omental, mesenteric, perinephric and epicardial adipose tissue (Stevens, et. al., 2009). It is condition in which the natural energy reserve in fatty tissue is increased to a point where it is thought to be a risk factor for certain health conditions or increased mortality (Provophys et al., 2007).

Overweight and obesity are now a global health problem so much so that a new word “globesity” has been coined which refers to the universal health burden of obesity (Mukhopadhyay et al., 2005).

2. Prevalence


Obesity is a major public health problem, which, until about a dozen years ago, was confined to developed countries. Since then, it has also become an important health problem in developing nations, and in certain countries obesity coexists with malnutrition in individual families. The prevalence of overweight and obesity is increasing worldwide at an alarming rate in children and adolescents (Lobstein et al., 2004). 
Among American children of ages 2–19, 23.4 million are overweight and obese, of which 12.3 million are males and 11.1 million are females and 12 million were obese of which 6.4 million are males and 5.6 million females (NHANES 2003-2006). Prevalence of obesity among the US adolescents aged 12–19 was 19.3 per cent in boys and 16.8 per cent in girls. Among girls in the period 2007–2008, non-Hispanic black adolescents (29.2%) were significantly more likely to be obese compared with non-Hispanic white adolescents (14.5%) (Ogden et al., 2010).
About 59 million adults are obese, and approximately 9 million children or teens aged 6 – 19 years are overweight (American Dietetic Association, 2005). This trend is occurring throughout the world in both developed and less developed countries (Pi – Sunyer and Kris – Etherton, 2005).
In the US obesity has reached epidemic proportions. The prevalence of obesity increased from 13 per cent to 32 per cent between 1960 and 2004; currently 66 per cent of adults in the US are overweight or obese, and 16 per cent of children are overweight. If current trends continue, it is projected that by the year 2015, 41 per cent of adults will be obese (Ruhm, 2007 and Wang et al., 2007). The variation in prevalence of obesity epidemic in various races and communities of the world may be attributed to heredity, age, sex, diet, eating patterns, life style and/or behavior. The prevalence of obesity is minimum in China (3.8%) and Singapore (6.7%) and maximum in Micronesian Island of Naru (85% for male and 93% for female). In Pakistan, the prevalence of obesity is 7-8% (Afridi et al., 2004).
In England, obesity in children and adolescents of all ethnicities has increased nearly two-fold over the past 10 years (Matijasevich et al., 2009). In Brazil, the prevalence of obesity in older children and adolescents (aged 6-18 years) almost tripled between 1975 and 1997, and is still rising (Wang et al., 2002).
In Saudi children and adolescents (5 – 18 years), the prevalence of overweight, obesity and severe obesity was 23.1 per cent, 9.3 per cent and 2 per cent respectively. The prevalence was higher in adolescents than in school age children (Mouzan et al., 2010).

Recent studies in India and other countries revealed that obesity is becoming a growing health problem among children and adolescents, especially in urban populations (Callahan, et al., 2010).

Almost 30-65% of adult urban Indians are either overweight or obese or have abdominal obesity (Misra et al., 2008).
According to the NFHS data (2007), the prevalence of overweight or obesity in India was 12.1 per cent in males and 16 per cent in females. Among the states of India, Punjab ranked first with the highest prevalence of overweight or obesity of about 30.3 per cent among males and 37.5 per cent among females, followed by Kerala (males 24.3% and females 34%), Goa ranked third (males 20.8% and females 27%) and Tamil Nadu ranked fourth with 19.8 per cent males and 24.4 per cent females either overweight or obese.
Pragti et al (2007) revealed from their study on non – smoking adults in Delhi that the overall mean prevalence of overweight/obesity was 25.5 per cent. In urban areas, it was 30.2 per cent (males–23.1%, females–35.3%) and 10.4 per cent (males–10.9%, females–10.1%) in rural areas. Data from the study conducted by Bhardwaj et al (2008) indicated that the overall prevalence of obesity among adolescent children (14 – 17 years) in New Delhi was 24.3 per cent. It was found that prevalence of obesity in adolescents belonging to private schools was higher (29%) when compared to government funded schools (11.3%).
A study conducted to assess the prevalence of overweight and obesity amongst children in the age group of 5-18 years belonging to low, middle and high income group in National Capital Territory NCT of Delhi found the prevalence of obesity and overweight in Low Income Group (LIG) school children was 0.1 and 2.7 per cent respectively, amongst Middle Income Group (MIG) school children it was 0.6 and 6.5 per cent and in High Income Group (HIG) school children was 6.8 and 15.3 per cent respectively (Kaur et al., 2008).

In a study in India on 13 to 18 year old children, age adjusted prevalence of over-nutrition was 17.8 per cent for boys and 15.8 per cent for girls (Ramachandran et al., 2002).
3. Causes

The crucial periods for persistence of obesity appear to be (i) gestational period (ii) adiposity rebound age (5-7yrs) and (iii) adolescence. The most important predictor of adult obesity appears to be adolescent weight and changes of BMI during this time. The older a child is, when he or she remains overweight, the greater the likelihood that overweight will remain in adulthood (Power, 1997).
Compared to Caucasian populations, South Asians typically develop metabolic syndromes at lower BMIs, and are known to have increased visceral fat and insulin resistance. Abdominal adiposity, impaired glucose and lipid levels, as well as hypertension in a high-proportion of study participants corresponds with the high-risk “Asian Indian phenotype” that may be a product of genetic adaptations to food insecurity, fetal or early childhood malnutrition, as well as more recent environmental exposures including adult diet (Daniel et al.,2011).

Genetics account for 30 – 40 per cent of the variation in weight between individuals (Pi – Sunyer and Kris – Etherton, 2005). For instance the “perilipin gene” controls breakdown of fat in our cells; resistance to loss of body weight from low energy diets occur in persons whose genes have this polymorphism (Corella et al., 2005).

Obesity generally develops over a lengthy period of time – since body weight is a stock resulting from flows of caloric intake and expenditures – and so may reflect an accumulation of the effects of socio economic status differences. Consistent with this, excess weight during childhood, particularly in late adolescence, is a strong predictor of adult obesity (McTigue et al., 2002).
At its simplest level, obesity is a disease of caloric imbalance that results from an excess intake of calories above their consumption by the body (Kummar et al., 2010).

Obesity develops as a result of a complex interaction between a person’s genes and the environment characterized by long-term energy imbalance due to excessive caloric consumption, insufficient energy output (sedentary lifestyle, low resting metabolic rate) or both. Diet and life style play a significant role both in development and control of obesity. There are strong links between socio-economic indicators and risk of obesity. In particular, affluence has a robust link to obesity (Gaiha et al., 2011).

Wasim et al (2009) opined that inadequate sleep duration increased adiposity among Gujarati Indian adolescents. 

Nearly half of those between ages 12 and 21 do not exercise vigorously on a regular basis; a sharp decline in physical activity occurs during adolescence regardless of gender. Participation in all types of physical activity declines strikingly with increasing age and school grade. Daily attendance in school physical education program declined from 42 per cent in early 1990 to less than 25 per cent in 2005 (Mc Ardle et al., 2007).

Epidemiological data show that low levels of physical activity and watching more television predict higher body weight (Hancox et al., 2004) Low levels of physical activity also increases the risk of early mortality. Using normal weight, physically active women as the comparison group, Hu et al (2004) found that the relative risk of mortality increased to 1.55 in inactive lean women, to 1.92 in active obese women and to 2.42 in women who are obese but physically inactive.  It is thus better to be thin than fat and to be physically active rather than inactive. Prevalence of obesity has been found to be very high in females compared to males in India (Mohan et al., 2006).
Independent of exercise levels, sedentary behaviors, especially TV watching, were associated with significantly elevated risk of obesity and type 2 diabetes, whereas even light to moderate activity was associated with substantially lower risk. The study emphasized the importance of reducing prolonged TV watching and other sedentary behaviors for preventing obesity and diabetes (Hu et al., 2003).

One trend that has attracted particular attention in both the scientific and lay press is the dramatic increase in eating away from home, and particularly at "fast food" outlets. The scientific case for "fast food" restaurants as a causal factor in obesity is based on several observations. There is some evidence that there are more "fast food" restaurants in geographic areas in which obesity prevalence is high (Jeffery et al., 2006).

The increase in obesity in the US has been associated with the higher calorie content of the diet, mostly caused by increased consumption of refined sugars, sweetened beverages and vegetable oil (Kumar et al., 2010).

Conditions in which obesity is an associated feature:

· Genetic syndromes associated with hypogonadism (Ex: Prader – Willi      Syndrome, Laurence – Moon – Biedl Syndrome).

· Hypothyroidism 

· Cushing’s syndrome

· Stein – Leventhal syndrome

· Drug – Induced (Ex: Corticosteroids)
· Hypothalamic damage (Ex: due to trauma, tumour)  (Elia , 2005).
A study by Praween et al (2004) revealed that age, urban residence, media habits, anemia status, and economic living standard are most important covariates of overweight and obesity among women in India. 
Researchers have found an association with the timing of sexual maturation and the risk of obesity. Girls who reach sexual maturation early are more likely to become overweight or obese than girls who do not mature until later. Age and stage of sexual maturation are associated with body fat and overall weight (Nix, 2009). 

4. Complications

Excess weight reduces the quality of life, raises medical expenditures, places stress on the health care system and results in productivity losses due to disability, illness and premature mortality (Andreyeva et al., 2004). Many adverse health effects generally associated with adult obesity are now being seen in obese adolescents (Zimmet et al., 2007) and there is concern that the strong tracking of adolescent weight into adulthood will exacerbate the increasing incidence of adult obesity and obesity related disease (Guo et al., 1999).

Childhood obesity is associated with an increased mortality and morbidity in form of coronary artery disease, diabetes mellitus hypertension, and dyslipidemia (Kaneria, et al., 2006). Obesity increases risk for a wide range of diseases, including diabetes and heart disease (Hummasti et al., 2010 and Kripa et al., 2010).
Obesity and overweight have important implications for health. Weight related problems can be divided into four categories: (Schlenker et al., 2007)

· Metabolic problem: Type 2 diabetes mellitus, hypertension and elevated blood lipids often accompany obesity. Regardless of total body protein, abdominal fat raises the risk of metabolic disorders.
· Degenerative problems:  Obesity and physical inability are strongly linked. Osteoarthritis and joint problems, artherosclerotic changes and pulmonary diseases are more serious in obese persons.
· Neoplastic problems: Many forms of cancer including colorectal, breast, prostrate, esophageal and ovarian cancer are more frequent in higher weight categories.
· Anatomical problems: Individuals exceeding a healthy weight have GastroEsophageal Reflux Disease (GERD) and obstructive sleep apnea.
Obese adolescent girls are more likely to suffer from poly cystic ovary syndrome, a syndrome of variable combinations of menstrual irregularity, hirsutism or acne, with obesity and insulin resistance. Higher prevalence of PCOS was reported in South Asian women than white Caucasians. South Asians present and seek treatment of PCOS at a younger age than white Caucasians, have more severe symptoms, and higher fasting insulin concentrations and lower insulin sensitivity than white Caucasians (Wijeyaratne et al., 2002)

Despite having lower prevalence of obesity as defined by BMI, Asian Indians tend to have greater waist circumference and waist to hip ratios thus having a greater degree of central obesity. Further, Asian Indians have more visceral fat for any given BMI and for any given body fat they have greater insulin resistance (Sandeep et al., 2010).

The major complications of obesity are:

· Obesity is associated with insulin resistance and hyperinsulinemia; important features of type 2 diabetes, and weight loss is associated with improvement.

· The risk of developing hypertension among previously normotensive persons increases proportionately with weight.

· Obese persons generally have hypertriglyceridedemia and low HDL, and these may increase the risk of coronary artery disease in the very obese.
· Obesity is associated with non – alcoholic fatty liver disease.

· Cholelithiasis is six times more common in obese than in lean subjects.

· Obesity is associated with hypoventilation and hypersomnolence.
· Marked adiposity predisposes to the development of degenerative joint disease (osteoarthiritis)   (Kummar et al., 2010)    
Central, or visceral obesity in which fat accumulates in the trunk and in the abdominal cavity (in the mesentery and around viscera), is associated with a much higher risk for several disease than is excess accumulation of fat diffusely in subcutaneous tissue (Kummar et al., 2010).
WHO (2002) estimates that approximately 58% of diabetes mellitius, 21% of ischaemic heart disease, and 8- 42% of certain cancers can be attributed to BMI above 21 kg/m2.
Freedman et al (1999) showed a positive relation of central adiposity measured by circumferences and skinfold thickness to lipid and insulin concentrations in children and adolescents. Adolescents with impaired glucose tolerance had more abdominal visceral fat, less abdominal subcutaneous fat and, therefore, greater visceral-to-subcutaneous fat ratio than those whose glucose tolerance was normal. Independently of the amount of fat mass, intra-abdominal fat accumulation was strongly related to insulin resistance and hyperglycemia in obese adolescents (Weiss et al., 2003).

While India already has highest number of patients with T2DM globally, rapid rise of obesity in children and adolescents is the prime reason for increasing insulin resistance, the metabolic syndrome, dyslipidemia, polycystic ovarian syndrome and raised levels of C-reactive protein. Excess body fat, thick truncal subcutaneous fat, and abdominal adiposity are important predisposing factors for development of insulin resistance in Asian Indian children and adolescents (Swathi et al., 2008).
Natalie et al (2010) studied the association of adolescent obesity with risk of severe obesity in adulthood. The results showed obesity in adolescence was significantly associated with increased risk of incidence of severe obesity in adulthood, with variations by sex and race/ethnicity. 
C. BODY COMPOSITION ANALYSIS AND ITS IMPORTANCE
The chemical or anatomical composition of the body is commonly defined as the proportions of fat, muscle, bone, and other tissues in the body (Insel et al., 2003). 

Analyses of tissue biopsies have long been a part of the practice of medicine and have contributed greatly to the fundamental knowledge of the basic physiology and metabolism of the human body (Ellis, 2000). 

The body composition is one of the important areas in human biology, wherein its assessment depicts the percentage of various components of the total body weight of an individual and provides precise information about overall body functioning (Ramana, V.Y, 2009).

The various body composition compartments are shown in Figure I (Kylea, G.U, 2004).

BODY COMPOSITION COMPARTMENTS
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                                        FIGURE I
Individuals have different body shapes and sizes depending on their age, gender, genetic background, state of health and body type. Ectomorphs have a body type that is generally slender and fragile, mesomorphs have prominent muscle and bone development and endomorphs have a soft, round physique with some accumulation of body fat. Although each person’s body type has a genetic base, dietary intake and physical activity influence how that body type is expressed. Particular body types are associated with better health, whereas others carry increased risk of chronic disease (Schlenker et al., 2007).

In 2008, Kim and Park reported that there is a relationship between abdominal fat and cardio​vascular risk factors and metabolic risk factors in obese Ko​rean children and adolescents. Visceral fat was found to be independently associated with blood pressure, blood triglyceride (TGL), blood high density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG) and homeostasis model assessment (HOMA) score. Also, Druet et al (2008) reported that visceral fat (VF) was independently re​lated to BP, TGL and   HDL-C in obese children and adolescents. Thus, VF has been identified as a severe risk factor for metabolic syndrome.

Assessment of body composition is also useful in childhood and adolescence in order to appreciate nutritional status and monitor corrective treatment. For any proposed value of BMI, Asian Indians have a higher magnitude of adiposity, abdominal obesity and a lower muscle mass than white Caucasians. Due to these body composition attributes, Asian Indians develop insulin resistance, the metabolic syndrome and T2DM even with a BMI currently defined within normal limits (Bhardwaj, et al., 2008).

Obesity, especially central body fatness, is associated with dyslipidemia, hypertension, insulin resistance or hyperinsulinemia and impaired glucose tolerance/type 2 diabetes. This cluster of metabolic abnormalities that appears in obese children and adolescents increases the risk of cardiovascular diseases (Moreno et al., 2002).

Body measures provide a better evaluation of overall health relating to weight. Two general procedures are used to evaluate body composition such as: (Ramana, V.Y, 2009).

1. Direct method: Chemical analysis of the animal carcass and human cadaver.

2. Indirect methods: There are various techniques available for the assessment of body composition and a brief description of different techniques are given below:

· Hydro Densitometry: It is also referred to as densitometry, or underwater weighing. It is based on the Archimede’s principle. This method computes percentages body fat from whole body density (the ratio of body mass to body volume).

· Skin Fold Thickness: By using skin fold caliper skin fold thickness is measured to predict body fat.

· Total Body Potassium: The body composition is obtained by measuring the naturally occurring body 40K radioactivity in a sensitive steel room with plastic scintillated whole body counter.

· Urinary Creatinine Excretion: The proportion of creatinine excreted in proportion to total body creatinine, therefore the lean body fat is obtained from the same.

· Isotope Dilution Technique: The calculation of total body water is based on the extent to which the isotopic dose is diluted by the total body fluid.
· Bio – Electrical Impedance Analysis: Bioelectrical impedance analysis (BIA) measures the impedance or opposition to the flow of an electric current through the body fluids contained mainly in the lean and fat tissue. Impedance is low in lean tissue, where intracellular fluid and electrolytes are primarily contained, but high in fat tissue. Impedance is thus proportional to body water volume (TBW). Lean body mass is then calculated from this estimate using an assumed hydration fraction for lean tissue. Fat mass is calculated as the difference between body weight and lean body mass.

· Near – Infrared Interactance: It is used to assess composition of human body by the use of principle of light absorption and reflection.

· Computed Tomography: This technique produces images of body segments and gives pictorial and quantitative information for the total fat and muscle area, and thickness and volume of tissues within an organ.

· Magnetic Resonance Imaging: This technique is primarily a medical imaging technique most commonly used in radiology to visualize the internal structure and function of the body. It magnifies the total and subcutaneous adipose tissue in the individual of varying degrees of body fatness.

· Dual – Energy X – Ray Absorptiometry (DXA): It measures bone and soft tissues and fatty and lean tissue components by absorbing energy from a photon beam at different rate.

· BodPod: It is a procedure for estimating body volume by adapting air displacement plethysmography. 

Many studies have been carried out on body composition of healthy volunteers, athletes and in various disease conditions:

A study was carried out to investigate  the gender differences in the relationship between muscular strength, body composition, and physical self-perception in adolescents and the results revealed that for adolescent girls, physical self-worth was associated with body fat per cent, relative total strength but not absolute total strength (Lubans et al., 2010).
Park et al (2010) carried out a study to analyze the relationship among life style, body composition and Bone Mineral Density (BMD) in community dwelling Korean adults. Among the body composition parameters, fat free mass seem to be the mostly predicting factor for BMD.
Assessment of body composition in girls with precocious puberty revealed that the results were consistent with obesity being an important contributing factor in early onset of puberty, especially in girls (Yoon et al., 2010).

Chung et al (2010) analyzed the relationship between body composition, metabolic parameters, and lumbar and femur BMD in pre-and post-menopausal women. The results found body composition, lean body mass, fat -free mass, and skeletal muscle mass were positive correlates, and fat mass and per cent fat were negative correlates with the lumbar spine and femur BMD.

The study conducted by Idoya et al (2006) suggested that in adolescents born at term, genetic and/or intrauterine environmental factors that influence fetal growth and are reflected in birth weight have long-term consequences for bone and muscle mass in girls and for subcutaneous fat distribution in boys.

A study on children having acute lymphoblastic leukemia showed significant changes in their body composition. Children had excess body fat, increased BMI, fat mass and percentage fat mass. There was no change in their total body water or bone mineral composition because of the treatment (Murphy et al., 2006).

The body composition of subjects (aged > 16) suffering from liver cirrhosis when compared with healthy volunteers showed lower levels of total body protein (TBP). Women with cirrhosis had significantly higher percentage body fat than did men. Whole body bone density was lower than in healthy volunteers (Peng et al., 2007).


The body composition is a factor contributing to sport performance. The body fat varies with age and sex and the desirable body fat of athletes can vary depending on the sport, training level and energy intake. For non-athletes the assessment of body composition is important in order to appreciate the nutritional status and monitoring the treatment. Assessment of body composition is an important component of the ongoing monitoring of athletes interested to improve their performance (Ionescu et al., 2006).
Results from a large number of studies suggest that total energy expenditure is similar between lean and obese persons, after taking differences in body composition into account. The lack of difference is probably the result of the opposing effect of the additional energy cost of weight bearing activities in subjects with greater body mass and the greater resting energy expenditure caused by increased fat mass versus the decreased likelihood of physical activity associated with carrying additional fat mass (Maurice et al., 2006).
D. BIOELECTRICAL IMPEDANCE ANALYSIS – A PROMISING TECHNIQUE
The validity of bioelectrical impedance analysis (BIA) as a measure of body composition in healthy persons has been well established in studies using isotope dilution and hydrostatic weighing. BIA is based on the concept that electrical flow is facilitated through hydrated fat – free body tissues and extracellular water compared to fat tissue because of the greater electrolyte content (and, thus, lower electrical resistance) of the fat – free component. Consequently, impedance to the flow of electrical current will be directly related to the quantity of body fat (Mc Ardle et al., 2007).

Of the various methods of assessing human body composition, BIA has emerged as a promising technique because of its simplicity, low cost, high reproducibility, and patient acceptability. It has been demonstrated to quantify fat-free mass, body fat and total body water reliably, as validated by densitometry, deuterium isotope dilution and dual energy X-ray absorptiometry (DXA) in normal and obese individuals. A study conducted by Gupta et al, (2011) showed a good level of agreement between BIA and DEXA in estimating the per cent body fat among Singapore Chinese adults.

BIA provides a reliable estimate of total body water under most conditions. It can be a useful technique for body composition analysis in healthy individuals and in those with a number of chronic conditions such as mild-to-moderate obesity, diabetes mellitus, and other medical conditions in which major disturbances of water distribution are not prominent (National Institutes of Health Technology Assessment Conference Statement, 1994).
The use of bioelectrical impedance analysis (BIA) is widespread both in healthy subjects and patients (Kylea, et al., 2004). The study conducted by Nguyen et al (2007) in children aged 2.5 – 18 years revealed that impedance index is a more significant single predictor of FFM than other anthropometric measurements 

A study by Frankenfield, et al (1999) indicate that body-composition analysis by BIA is valid in both critically ill patients and in healthy persons. In critically ill populations, body cell mass is more appropriate than fat-free mass as an index of the metabolically active tissue mass, primarily because fat-free mass includes extracellular water, which often fluctuates in critically ill people, whereas body cell mass includes only intracellular water.

BIA can also be applied to the measurement of the composition of segments of the body, usually the upper and lower limbs. Upper and lower limb skeletal muscle mass (SM) have been measured. SM is a more useful body composition component for nutritional studies than fat free mass (FFM). It has more obvious direct links with protein nutrition and functionality than FFM, which includes water and minerals in addition to protein. Movement, balance and leg bone mass are all partially dependent on lower limb SM. Equally, upper limb SM is very important for many everyday tasks (Norgan, 2005).

BIA reports use the reactance as well as the resistance components of impedance, incorporate measurements taken at multiple frequencies, or use measurements made at multiple sites or at sites other than the wrist and ankle. As with single frequency – BIA (SF-BIA), multiple frequency – BIA (MF - BIA) uses empirical linear regression models but includes impedances at multiple frequencies. MF-BIA uses different frequencies (0, 1, 5, 50, 100, 200 to 500 kHz) to evaluate fat free mass, total body water, intracellular water and extra cellular water. At frequencies below 5 kHz and above 200 kHz, poor reproducibility have been noted, especially for the reactance  at low frequencies (Ursula et al., 2004).

According to Patel et al (1996) multi frequency – BIA (MF – BIA) was more accurate and less biased than single frequency – BIA  (SF – BIA)  for the prediction of extra cellular water. Hannan et al (1995) noted that MF-BIA, compared to bioelectrical spectroscopy (BIS), resulted in better prediction of TBW and equal prediction for ECW in surgical patients. Segmental-BIA is performed by either placing two additional electrodes on wrist and foot on the opposite side, or by placing sensor electrodes on wrist, shoulder (acromion), upper iliac spine and ankle, or by placing electrodes on proximal portion of the forearm and the lower leg. Segmental-BIA has been used to determine fluid shifts and fluid distribution in some diseases (ascites, renal failure, surgery), and is helpful in providing information on fluid accumulation in the pulmonary or abdominal region of the trunk (Ursula et al., 2004).

E. ENERGY BALANCE AND OBESITY
Energy balance is achieved when input (or dietary energy intake) is equal to output (or energy expenditure), plus the energy cost of growth in childhood and pregnancy, or the energy cost to produce milk during lactation (FAO, 2004). The regulation of body weight is dependent on a balance between nutrient intake and utilisation, although there are other important factors. In the regulation of energy balance, nutrient intake and energy (E) expenditure are related in the formula: ∆E = Ein – Eout   (Eastwood, 2003).

Energy expenditure has several components. The basal metabolic rate (BMR) describes the obligatory energy expenditure required to maintain metabolic functions in tissues hence sustain life. It is most closely predicted by fat-free mass (i.e. total body mass – fat mass), which is lower in females. Extra metabolic energy is consumed during growth, pregnancy and lactation, and when febrile. Metabolic energy is also required for thermal regulation, and expenditure is higher in hot or cold environments. The energy required for digestion of food (Diet – Induced Thermogenesis, DIT) accounts for approximately 10 per cent of total energy expenditure with protein requiring more energy than other macronutrients. Another component of energy expenditure is governed by the level of muscular activity, which can vary considerably with occupation and lifestyle. Physical activity levels (PAL) are usually defined as multiple of BMR.

The major causal linkages among genetics, environmental effects, physiology, behavior, and energy balance is depicted in Figure II. Multiple causal routes exist by which both environmental and genetic effects may exert their influence. The Figure clarifies that behavior is not an alternative mechanism to genetics, they are different levels of the same phenomenon (Speakman, J.R, 2004).

THE MAJOR CAUSAL LINKAGES AMONG GENETICS, ENVIRONMENTAL EFFECTS, PHYSIOLOGY, BEHAVIOR, AND ENERGY BALANCE
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FIGURE II

Obesity rates in all age groups are increasing mainly because of the reduction in physical activity without concominant reduction in energy intake (10th Five Year Plan, 2002-07). Individuals become less active as they reach and progress through adolescence (Merrick et al., 2005).
There are mainly two groups of researchers who can explain the growth of overweight problems. One group of researchers suggests that obesity growth is mainly due to higher intake of calories. The other group asserts that a lower expenditure of calories in daily activities mainly causes the obesity. The common ground in both groups is that obesity results from a positive balance in the energy equation, which leads to fat accumulation in the body (Loureiro, 2005).  


Obesity is the end result of a mismatch between energy intake and energy expenditure, such that intake exceeds expenditure, resulting in net accumulation of energy stores in the body. Simply stated, obesity is the end result of positive energy balance or an increased energy intake relative to expenditure. It is often stated, or assumed, that obesity is simply the result of overeating, lack of physical activity, or a reduced metabolic rate. Obesity may develop gradually over time, such that the actual energy imbalance is negligible and undetectable. Differences or changes in energy expenditure and energy intake could occur at distinct critical periods of development (such as in early infancy or adolescence), and may result in energy imbalance (Goran, 2000).
III.  METHODOLOGY


The methodology adopted in the present study titled “Body Composition Measures of Overweight and Obese Adolescent Girls of 15 – 19 Years Age” comprises of the following steps: 

A. Selection of area and subjects

B. Formulation of interview schedule and data collection

C. Assessment of nutritional status of the selected adolescents

D. Assessment of body composition of adolescents using bioelectrical impedance analysis

E. Computation of energy balance

F. Statistical analysis and interpretation of data

A. SELECTION OF AREA AND SUBJECTS

The area selected for the study was Coimbatore. The adolescent girls in the age group of 15 – 19 years were selected from Avinashilingam Higher Secondary School and Avinashilingam Deemed University for Women owing to the proximity and easy accessibility of the institutions.

From these institutions, 530 adolescent girls were screened for overweight and obesity, which included 113 girls in the age group of 15 – 16 years from Avinashilingam Higher Secondary School and 417 girls in the age group of 17 – 19 years from Avinashilingam Deemed University for Women. The investigator explained the purpose, method and significance of the study to the institution authorities, teachers and students to motivate them to extend their cooperation for the successful conduct of the study.
Nutritional anthropometry is based on the concept that an appropriate measurement should reflect any morphological variation occurring due to a significant functional physiological change (Bamji et al., 2009).

Anthropometry is especially important during adolescence because it allows the monitoring and evaluation of the hormone – mediated changes in growth and maturation during this period (WHO, 1995).

Simple anthropometric measurements such as height, weight and Body Mass Index (BMI) were recorded as part of the nutritional screening procedure.

1. Height
The height of an individual is influenced by both genetic and environmental factors. The maximum growth potential of an individual is decided by hereditary factors, while the environmental factors, the most important being nutrition and morbidity, determine the extent of exploitation of that genetic potential (Bamji et al., 2009).

The height was determined using a stadiometer. The subject was made to stand straight on a levelled surface, without shoes, with heels together and toes apart. The anthropometer rod was placed behind the subject at the centre of the heels, perpendicular to the ground. The investigator held the chin of the subject with left hand and the occiput of the subject with right little finger in the Frankfurt horizontal plane. The moving head piece of the anthropometer was placed in the sagital plane over the head of the subject applying a slight pressure to reduce the thickness of hair. The reading was taken to the nearest 0.1 cm when the anthropometer rod was still in position. An average of three measurements was taken as the final measurement.

2. Weight
Body weight is the most widely used and the simplest reproducible anthropometric measurement for the evaluation of nutritional status                     (Bamji et al., 2009). It indicates the body mass and is a composite of all body constituents like water, minerals, fat, protein, bone etc. 

The body weight was determined using a lever actuated scale with an accuracy of 0.1 kg. The zero error of the balance was ensured before taking the weight and corrected as and when required. The adolescents were made to stand erect, with minimum clothing and without footwear. The weight was noted to the nearest of 0.1 kg.

3. Body Mass Index
BMI – for – age was recommended as the best indicator for use in adolescence. It incorporates the required information on age, it has been validated as an indicator of total body fat at the upper percentiles and it provides continuity with recommended adult indicators (Himes and Bouchard, 1989).

BMI was calculated for all the subjects using the following formula:
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After calculating the BMI, the value obtained was plotted on the Centre for Disease Control (CDC) BMI – for – age growth chart for girls of age    2 – 20 years; to obtain a percentile ranking. Adolescents whose BMI were less than 5th percentile were considered as underweight, between 5th and 85th percentile were considered as normal, between 85th and less than 95th percentile were considered to be overweight and equal to or greater than the 95th percentile were considered to be obese. Appendix – I gives the CDC BMI – for – age growth chart for girls 2 – 20 years.
Among the three groups of normal, overweight and obese adolescents, 15 girls were selected from each group depending on their willingness to participate in the study.

B. FORMULATION OF INTERVIEW SCHEDULE AND DATA COLLECTION

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 (Burney, 2007and Kothari, 2009).

The investigator formulated an interview schedule and a pilot study was undertaken for pre-testing the same. The schedule was modified in the light of the results of the pilot study and information regarding socio – economic background, health history, life style pattern and dietary pattern of the adolescents were collected (Appendix - II). 

The socio – economic background included details on family size, type of family, birth order, literacy level and occupation of head of the family and monthly family income. Information on health included family health history, age of menarche of the individual and problems during menstrual cycle. The schedule contained questions pertaining to the life style pattern of the adolescents. The dietary pattern was assessed comprehensively through the schedule which included questions regarding number of meals consumed in a day, foods consumed out of home, details on habit of skipping meals, food fads and taboos, food pattern during disease condition, consumption pattern of fast foods, knowledge on usage of food labels and food frequency table. The interview schedule was administered to all the 45 adolescents by the investigator and the required data was collected.

C. ASSESSMENT OF NUTRITIONAL STATUS OF SELECTED ADOLESCENTS

Nutritional status assessment involves interpretation of data from the nutritional screen and incorporates additional information. The nutritional assessment organizes and evaluates the information gathered to make a professional judgement about nutritional status (ASPEN, 2002). 

Further nutritional assessment of all the 45 subjects in the study was made through 1. Biochemical estimation, 2. Clinical examination and         3. Diet survey. 

1. Biochemical estimation

Biochemical assessment provides the most objective and quantitative data on the nutritional status of an individual (Subhadra, 2010).

The biochemical estimations performed in the study were blood haemoglobin, fasting blood glucose and lipid profile of all the selected 45 subjects.

a. Collection of blood samples
Out of five millilitres of venous blood collected from 45 adolescents, two ml was placed in fluoride tubes for estimation of glucose and the rest of the sample was collected in polypropylene tubes for estimation of serum total cholesterol, serum triglycerides and high density lipoprotein (HDL). The specimens were centrifuged at 3000 rpm for 10 minutes to obtain serum. The isolated sera were stored at – 20ᵒ C until use. 

b. Blood haemoglobin
Blood samples (0.02ml) were collected using finger prick method from all the subjects and analysed for their haemoglobin contents using cyanomethaemoglobin method. 
c. Blood glucose
Fasting blood glucose levels were estimated by GOD – PAP methodology (Trinder, 1969) using kit manufactured by Agappe Diagnostics in a spectrophotometer.

d. Total cholesterol

Semi auto analyser was used to analyse the lipid profile of subjects.             Total cholesterol was estimated by CHOD – PAP enzymatic colorimetric method (Richmond, 1973) using kit manufactured by Randox Diagnostics Ltd.,
e. Serum triglycerides

Triglycerides kit manufactured by Asritha Diatech was used for determination of triglycerides in serum by GPO – PAP method (Fossati, et. al., 1982).

f. High Density Lipoprotein (HDL)cholesterol

Direct enzymatic colorimetric method (Young, 2001) was used for analysing HDL cholesterol with kit obtained from Euro Diagnostic Systems Pvt. Ltd.
g. Very Low Density Lipoprotein (VLDL) and Low Density Lipoprotein (LDL)

From these values, very low density lipoprotein (VLDL) and low density lipoprotein (LDL) were calculated using the formulae:

 VLDL = Triglycerides/5 

 LDL = Total cholesterol – (HDL + VLDL) 
Plate I shows the biochemical estimations performed in the laboratory.
2. Clinical examination

Manifestations of nutritional deficiencies are measured through the observation of the body for clinical signs and symptoms specific to each nutrient deficiency (Subhadra, 2010). Careful observations of physical signs of nutritional status provide an important added dimension to the overall assessment of the individual (Robert and Williams, 2000).

Using ICMR (1989) clinical assessment proforma (Appendix – III), clinical examination was made with the help of a medical practitioner and the deficiency signs and symptoms of the selected adolescents were recorded. 

3. Diet survey

For a twenty four hour recall, individuals are asked a systematic series of questions to ensure recollection and description of all food and drink consumed in the twenty four hour before the interview, with an emphasis on food consumption meal – by – meal and looking for day – to – day and seasonal variations (Bamji et al., 2009).

Twenty four hour recall method was used to obtain details regarding the food intake of adolescents. The nutrient intake was calculated for individuals using the ‘Nutritive values of Indian foods’ (ICMR) and compared with recommended dietary allowances (RDA), 2010.

D. ASSESSMENT OF BODY COMPOSITION OF ADOLESCENTS USING BIOELECTRICAL IMPEDANCE ANALYSIS

Kyle et al (2001) stated that bioelectrical impedance analysis is a reliable measurement of body composition (fat free mass and fat mass) when compared with BMI or skin – fold measurements or even height and weight measurements.

The body composition of selected adolescents was assessed using ‘Bio Space, In Body 720 – the precision body composition analyzer’. It works on the principle of Bioelectrical Impedance Analysis (BIA).

1. Principle
BIA is based on the concept that electrical flow is facilitated through hydrated fat – free body tissues and extracellular water compared to fat tissue because of the greater electrolyte content (and, thus, lower electrical resistance) of the fat – free component. Consequently, impedance to the flow of electrical current will be directly related to the quantity of body fat (Mc Ardle et al., 2007).

The measurement is made by Direct Segmental Multifrequency Bioelectrical Impedance Analysis method [DSM – BIA method]. It records the 30 impedance (Z) measurements by using six different frequencies       (1 kHz, 5 kHz, 50 kHz, 250 kHz, 500 kHz, 1000 kHz) at each five segments (right arm, left arm, trunk, right leg, left leg) of the human body.

Adolescents with an implantable electrical device such as pacemaker, defibrillator, nerve stimulator or those within the first twelve weeks of pregnancy were eliminated for the study.

It was ensured that the subjects were properly hydrated and had not carried out any physical exercise in the previous four to six hours. Further, it was ascertained that they had not consumed alcohol, caffeine or diuretics in the past 24 hours besides they were not suffering from fever and electrolyte imbalance (Shronts et al., 1998). The selected adolescents were asked to come for the study on an empty stomach and bladder. Ornaments and other metallic items in their position were removed and their palms and soles were wiped with electrolyte tissue (provided by Biospace) before analysis.

The details such as individual’s name, age, height (in cm) and sex were entered in the instrument and after analysis; the body composition result sheet was obtained.
2. Body composition measures

 The four main body components measured in analyzer are total body water, protein, fat and mineral mass. Other parameters measured include:
	· Skeletal muscle mass

· Per cent body fat

· Waist hip ratio

· Lean balance

· Visceral fat area

· Arm circumference

· Arm muscle circumference

· Obesity degree
	· Bone mineral content (BMC)

· Body cell mass (BCM)

· Basal metabolic rate (BMR)

· Ratio of extracellular fluid to 

total body fluid – ECF/TBF

· Ratio of extracellular water to 

total body water – ECW/TBW




Plate II (a) and (b) show the ‘In Body 720 Body Composition Analyser’ and the body composition analysis in progress respectively.
E. COMPUTATION OF ENERGY BALANCE

The regulation of body weight is dependent on a balance between nutrient intake and utilisation, although there are other important factors. In the regulation of energy balance, nutrient intake and energy (E) expenditure are related in the formula: ∆E = Ein – Eout   (Eastwood, 2003).

1. Total energy expenditure (TEE)

TEE was estimated through factorial calculations that combined the time allocated to habitual activities (as obtained from the individual’s time motion record) and the energy cost of those activities. The energy cost of activities was calculated as a multiple of BMR per minute, also referred to as the Physical Activity Ratio (PAR), and the 24-hour energy requirement was expressed as a multiple of BMR per 24 hours by using the Physical Activity Level (PAL) value.

PAR    = Energy cost of an individual activity per minute

      = Energy cost of BMR per minute

PAL (for the day) = Total PAR hours / Total time
TEE (24 hr) = Predicted BMR × PAL
BMR was calculated using the age and sex specific predictive equations. In the present study, for adolescents in the age group of 15 – 17 years, BMR was calculated using the following formula:

Predicted BMR = 13.384×kg + 692.6 (FAO/ WHO/ UNU, 2001)

For adolescents in the age group 18 – 19 years, the following formula was used:

Predicted BMR = 14.0×B. wt (kg) + 471 (ICMR, 1989)

The PAL values proposed by ICMR expert group (2010) was used for calculation of PAL of individuals, sedentary or light activity lifestyle - 1.53, active or moderately active lifestyle - 1.8, vigorous or vigorously active lifestyle - 2.3.   
2. Energy intake
The actual food intake was determined from twenty four hour recall method. The energy intake was calculated for the individuals after calculating the carbohydrate, protein and fat intake using the nutritive value of Indian foods (ICMR).

From the above data, the energy balance was calculated by finding the difference in the energy intake and energy expenditure of the individuals.

F. STATISTICAL ANALYSIS AND INTERPRETATION OF DATA

The data were consolidated and tabulated. Mean and standard deviation were computed. The data was statistically appraised using the software SPSS version 16.0. Comparisons were made between various parameters of three groups using Student’s t – test. Correlations among anthropometric measurements, body composition parameters and biochemical parameters were derived using Karl Pearson’s coefficient of correlation. Probability at both 0.05 and 0.01 levels of significance was considered to draw conclusions. 

The research design of the study is presented in Figure III.

           IV.  RESULTS AND DISCUSSION

The results of the present study titled “Body Composition Measures of Overweight and Obese Adolescent Girls of 15 – 19 Years Age” are presented and discussed under the following headings:

G. Incidence of overweight and obesity among the adolescent girls (15 – 19 years)
H. Socio – economic background and health history of the adolescents 
I. Life style and dietary pattern of the adolescents

J. Nutritional status of the normal, overweight and obese adolescent girls
K. Body composition measures of the selected subjects
L. Energy balance of the adolescents
A. INCIDENCE OF OVERWEIGHT AND OBESITY AMONG THE ADOLESCENT GIRLS (15 – 19 YEARS).
A total of 530 adolescent girls in the age group of 15 – 19 years were screened for overweight and obesity using anthropometric measurements namely height, weight and BMI – for – age percentile as parameters. The results are presented in Table I.

TABLE I
INCIDENCE OF OVERWEIGHT AND OBESITY AMONG THE ADOLESCENT GIRLS (15 – 19 YEARS)
	Group
	No.
	Per cent

	Normal

Overweight

Obese

Underweight
	358

38

28

106
	67.5

7.2

5.3

20.0

	TOTAL
	530
	100


It is evident from the Table that the incidence of overweight and obesity in adolescent girls were 7.2 per cent and 5.3 per cent respectively. These observations are noticeably consistent with the results of studies conducted by Bisai et al (2010), which showed the prevalence of overweight among Bengalee adolescent girls to be 7.2 per cent and by Khadikar et al (2004), which documented a prevalence of 5.7 per cent obesity in affluent adolescents in Pune. Incidence of underweight was observed to an extent of 20 per cent among the adolescent girls. It was gratifying to note that the remaining 67.5   per cent belonged to normal weight category. 

Figure IV shows the incidence of overweight and obesity among the adolescent girls. 
B.

SOCIO – ECONOMIC BACKGROUND AND HEALTH HISTORY OF THE ADOLESCENTS 
1.
Socio – economic background of the individuals
The personal details of the individuals are presented in Table II.
       TABLE II

      PERSONAL DETAILS OF THE INDIVIDUALS

	Details
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)
	Total 

(N = 45)

	
	 No.       
	%
	No.
	%
	No.
	%
	No.
	%

	Religion

Hindu 

Muslim

Christian
	10

3

2
	66.7

20

13.3
	11

2

2
	73.4

13.3

13.3
	12

3

0
	80

20

0
	33

8

4
	73.3

17.8

8.9

	Community

Scheduled caste

Other backward castes

Others
	0

9

6
	0

60

40
	0

13

2
	0

86.7

13.3
	1

14

0
	6.7

93.3

0
	1

36

8
	2.2

80

17.8

	Type of family

Nuclear

Joint

Extended Nuclear
	14

1

0
	93.3

6.7

0
	13

0

2
	86.7

0

13.3
	14

0

1
	93.3

0

6.7
	41

1

3
	91.1

2.2

6.7


From the Table, it is evident that 73.3 per cent of the selected adolescents were Hindus, 17.8 per cent were Muslims and 8.9 per cent were Christians. A study by Bharati et al., (2008) revealed that Hindu children had a high risk of overweight and obesity than children of other religions. Similar results were seen in the present study, wherein majority (80 %) of the obese adolescents were Hindus. Around  80 per cent of the subjects belonged to other backward castes, 17.8 per cent belonged to other castes and 2.2 per cent belonged to scheduled caste. Among the selected adolescents, 91.1 per cent belonged to nuclear families, 2.2 per cent belonged to joint families and 6.7 per cent were from extended nuclear families. This is on par with the fact that a majority of the families in India now-a-days are nuclear.
Family size and birth order affect the nutritional status of an individual to an extent. The details of family size and birth order of adolescents are presented in Table III.
TABLE III

FAMILY SIZE AND BIRTH ORDER OF ADOLESCENTS
	Details
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)
	Total 

(N = 45)

	
	 No.       
	%
	No.
	%
	No.
	%
	No.
	%

	Family Size

1 – 4

5 – 7

≥ 8
	9

5

1
	60

33.3

6.7
	8

7

0
	53.3

46.7

0
	12

3

0
	80

20

0
	29

15

1
	64.4

33.3

2.3

	Birth Order

1

2

≥ 3
	10

2

3
	66.7

13.3

20
	8

7

0
	53.3

46.7

0
	8

6

1
	53.3

40

6.7
	26

15

4
	57.8

33.3

8.9


Family size is one of the factors that affect the nutritional status of any population. Fortunately, majority of the adolescents’ families (64.4 %) had one to four members, 33.3 per cent of adolescents belonged to families with 5 – 7 members and 2.3 per cent of the subjects had a family size of more than seven. It was observed that 66.7 per cent of normal weight, 53.3 per cent each of overweight and obese subjects were the first children in their family, 13.3 per cent of normal, 46.7 per cent of overweight and 40 per cent of obese subjects were the second children in their family and only 20 per cent of normal and 6.7 per cent of obese were third children in their family.
The socio-economic background of the adolescents is presented in   Table IV.
TABLE IV

SOCIO - ECONOMIC BACKGROUND OF THE ADOLESCENTS

	Details
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)
	Total 

(N = 45)

	
	 No.       
	%
	No.
	%
	No.
	%
	No.
	%

	Literacy status of head of family

	Illiterate

Middle school

High school

Higher secondary

University
	1

1

4

4

5
	6.7

6.7

26.7

26.7

33.3
	0

3

4

3

5
	0

20

26.7

20

33.3
	1

6

3

3

2
	6.7

40

20

20

13.3
	2

10

11

10

12
	4.5

22.2

24.5

22.2

26.6

	Occupation of head of family

	Agricultural labour

Professional worker

Lecturer / Teacher

Bank employee

Business

Government servant
	1

0

0

3

10

1
	6.7

0

0

20

66.6

6.7
	1

2

0

0

11

1
	6.7

13.3

0

0

73.3

6.7
	5

1

2

0

4

3
	33.3

6.7

13.3

0

26.7

20
	7

3

2

3

25

5
	15.6

6.7

4.4

6.7

55.5

11.1

	Monthly income (Rs.)

	< 5000

5001 – 10,000

10,001 – 20,000

 >20,001
	2

7

2

4
	13.3

46.7

13.3

26.7
	1

8

3

3
	6.7

53.3

20

20
	3

6

1

5
	20

40

6.7

33.3
	6

21

6

12
	13.3

46.7

13.3

26.7


Of the selected adolescents, 91.1 per cent had concrete residence and the remaining 8.9 per cent stayed in tiled roof houses. 

Children and adolescents living in households where the head of household has a college degree are less likely to be obese compared with those living in households where the household head has less education (NCHS, 2010). The results of the present study coincide with this fact, wherein, 86.7 per cent of obese and 66.7 per cent of overweight subjects’ head of family had an educational qualification of less than higher secondary and only 13.3 and 33.3 per cent of obese and overweight subjects’ head of the family had a college degree. The head of the family of normal subjects had a comparatively higher level of literacy.
Business was performed as an important occupation among 73.3 per cent of overweight subjects’ heads of the families. Laxmaiah et al (2007) revealed that prevalence of overweight among 12 – 17 year old urban adolescents of Hyderabad was higher among the adolescents whose parents’ occupations were either service or business. Among the other head of households, 15.6 per cent were agricultural labourers, 6.7 per cent were professional workers, 4.4 per cent were lecturers/teachers, 6.7 per cent were bank employees and 11.1 per cent were government servants. 
A maximum of 46.7 per cent of families had a monthly income between rupees 5001 – 10,000 and 26.7 per cent of the families had a monthly income of more than 20,001 and 13.3 per cent each of the families had a monthly income of less than rupees 5000 and 10,001 – 20,000.

2. Health history of adolescents



Family health history of adolescents is presented in Table V.
TABLE V

FAMILY HEALTH HISTORY OF ADOLESCENTS

	Details
	Normal

(n=15)
	Overweight (n=15)
	Obese

(n=15)
	TOTAL

(N = 45)

	
	
No.
	%
	No.
	%
	No.
	%
	No.
	%

	Family history*

Obesity

Diabetes mellitus

Hypertension

Cardio vascular diseases

Hyperlipidemia

Arthritis

Asthma

No family history
	1

6

4

2

2

1

3

5
	6.7

40

26.7

13.3

13.3

6.7

20

33.3
	11

8

7

0

0

0

1

1
	73.3

53.3

46.7

0

0

0

6.7

6.7
	15

10

9

1

3

0

0

0
	100

66.7

60

6.7

20

0

0

0
	27

24

20

3

5

1

4

6
	60

53.3

44.5

6.7

11.1

2.2

8.9

13.3


*  Multiple response

Family history of obesity was observed in all the obese subjects, 73.3 per cent of overweight subjects and 6.7 per cent of normal weight subjects. Diabetes mellitus was predominant in families of obese subjects, followed by overweight. Diabetes mellitus was not uncommon in families of normal subjects as 40 per cent of them had significant family history. These results correlate with previous findings which found that family history of obesity was more common than the having family history of diabetes (Goyal, 2010). Hypertension as a family history was observed in 60 per cent of obese subjects’ families, 46.7 per cent of overweight subjects’ families and 26.7 per cent of normal subjects’ families. From the Table it is evident that only a negligible number of normal weight, overweight and obese adolescents had a family history of cardiovascular diseases, hyperlipidemia, arthritis and asthma. Around 33.3 per cent of normal weight subjects and 6.7 per cent of overweight subjects had no family history of the chronic diseases mentioned.

The data on health history of adolescents pertaining to their recent illness, age of menarche and problems in menstrual cycle is presented in Table VI.
TABLE VI

HEALTH HISTORY OF THE ADOLESCENTS

	Details
	Normal

(n=15)
	Overweight (n=15)
	Obese

(n=15)
	TOTAL

(N = 45)

	
	
No.
	%
	No.
	%
	No.
	%
	No.
	%

	Recent illness*

Diarrhoea

Fever

Dysentery

Common cold

Food poisoning

No recent illness
	0

1

1

11

1

4
	0

6.7

6.7

73.3

6.7

26.7
	1

7

0

7

0

5
	6.7

46.7

0

46.7

0

33.3
	2

6

0

10

1

3
	13.3

40

0

66.7

6.7

20
	3

14

1

28

2

12
	6.7

31.1

2.2

62.2

4.5

26.7

	Age of menarche (years)

11 

12 

13 

14 

15 
	2

4

6

2

1
	13.3

26.7

40

13.3

6.7
	0

2

11

2

0
	0

13.3

73.4

13.3

0
	1

3

8

3

0
	6.7

20

53.3

20

0
	3

9

25

7

1
	6.7

20

55.6

15.5

2.2

	Problems in menstrual cycle*

No problems

Excessive bleeding

Irregularities

Physical discomfort
	5

1

2

8
	33.3

6.7

13.3

53.3
	9

1

2

6
	60

6.7

13.3

40
	9

0

4

5
	60

0

26.7

33.3
	23

2

8

19
	51.1

4.5

17.8

42.2


*Multiple responses
The incidence of fever was high in overweight (46.7 %) and obese      (40 %) subjects, whereas common cold was almost equally prevalent in normal, overweight and obese adolescents. Diarrhoea was not reported as a recent illness among normal subjects but it was observed in few overweight and obese adolescents.  One normal weight and one obese adolescent complained of food poisoning as a recent illness. Among the forty five subjects, four normal weight subjects, five overweight subjects and three obese subjects had no history of recent illness. 

The onset of puberty for a large portion (55.6 %) of the adolescents selected for the study was at 13 years.  No problems were observed during menstrual cycle in 60 per cent each of obese and overweight subjects and 33.3 per cent of normal weight subjects. Around 6.7 per cent each of normal weight and overweight subjects complained of excessive bleeding during menstruation, 13.3 per cent each of normal and overweight subjects suffered from irregularities in menstruation, 53.3 per cent of normal weight subjects, 40 per cent of overweight subjects and 33.3 per cent of obese subjects had physical discomfort during menstrual cycle. Other problems such as polycystic ovary syndrome (PCOS) were seen in very negligible (2.2 %) number of subjects.

C. LIFE STYLE AND DIETARY PATTERN OF THE ADOLESCENTS

1. Stress pattern of the adolescents
Chronic exposure to stress may play a role in the development of obesity among women (Vicennati et al., 2009). On studying the stress pattern of the selected adolescents, it was revealed that 40 per cent of normal weight adolescents, 66.7 per cent each of overweight and obese adolescents were relaxed and calm, the remaining had one or more of different forms of stress such as familial stress, peer stress, environmental stress, educational stress or physiological stress. The most widely accepted way of stress management was listening to music (71.1%). Other ways adopted for stress management were exercise (2.2%), over eating (4.5%), avoidance of food (24.5%), meditation (4.5%), sleep (17.8%) and 8.9 per cent adopted other individualised techniques. 
2. Lifestyle pattern of the adolescents


The lifestyle pattern of adolescents is given in Table VII.
TABLE VII

LIFESTYLE PATTERN OF ADOLESCENTS

	Details
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)
	TOTAL

(N = 45)

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Mode of travel

	By walk

By bicycle

By school / college bus

Others
	5

0

5

5
	33.3

0

33.3

33.3
	7

1

2

5
	46.7

6.7

13.3

33.3
	5

2

4

4
	33.3

13.3

26.7

26.7
	17

3

11

14
	37.8

6.7

24.4

31.1

	Hours of sleep per day

	< 6 

6 – 8

>8 
	2

5

8
	13.3

33.3

53.4
	6

4

5
	40

26.7

33.3
	8

4

3
	53.3

26.7

20.0
	14

21

10
	31.1

46.7

22.2

	Sleeping habit in the afternoon

	Yes

No
	5

10
	33.3

66.7
	2

13
	13.3

86.7
	3

12
	20

80
	10

35
	22.2

77.8

	Habit of snacking

	Yes

No
	11

4
	73.3

26.7
	15

0
	100

0
	13

2
	86.7

13.3
	39

6
	86.7

13.3

	Television viewing,  hours/ day

	1 

2 

>2
	5

8

2
	33.3

53.4

13.3
	3

3

9
	 20

20

60
	3

2

10
	20

13.3

66.7
	11

13

21
	24.4

28.9

46.7

	Regular exercise

	Yes

No
	3

12
	20

80
	2

13
	13.3

86.7
	4

11
	26.7

73.3
	9

36
	20

80


*Multiple responses

From the above Table, it is evident that 33.3 per cent each of normal weight and obese subjects and 46.7 per cent of overweight subjects travelled to their school / college by walk. Around 13.3 per cent of obese subjects and 6.7 per cent of overweight subjects preferred bicycle as a mode of travel to school / college. About 33.3 per cent of normal weight subjects, 13.3 per cent of overweight subjects and 26.7 per cent of obese subjects made use of school / college bus as a mode of travel. Remaining 33.3 per cent each of normal weight and overweight subjects and 26.7 per cent of obese subjects travelled to   school / college by other means such as auto or by two - wheeler.                

Among the selected adolescents, a maximum (86.7 %) of normal weight subjects slept for more than six hours per day and 53.3 per cent of obese and 40 per cent of overweight adolescents had sleep duration of less than six hours per day. Similar findings were reported in a study by Shaikh et al., (2009), where sleep deprivation (night sleep duration less than seven hours) in Gujarati adolescents of age 16 – 19 years was found to affect the body composition and predispose them to risk of overweight and obesity.

Among the selected adolescents, 22.2 per cent had sleeping habit in the afternoon. Habit of snacking was prevalent in all the three groups. Around 73.3 per cent of normal weight, 100 per cent of overweight and 86.7 per cent of obese subjects had the habit of snacking. Snacking of junk foods was preferred instead of healthy foods. 

A maximum of 66.7 per cent of obese adolescents and 60 per cent of overweight adolescents viewed television for more than two hours per day whereas only 13.3 per cent of normal weight adolescents viewed television for more than two hours per day. The findings correlate with the results of a recent study in which watching two or more hours of television a day was linked to being overweight for both adolescent boys and girls (Morgan and Thiagarajan, 2005). Twenty per cent of the selected adolescents exercised regularly and the remaining 80 per cent did not have the habit of exercising regularly. The most common form of exercise performed was walking and heavy household work.
3. Dietary pattern of the adolescents

Dietary pattern of the adolescents is given in Table VIII.
TABLE VIII

DIETARY PATTERN OF THE ADOLESCENTS
	Details
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)
	TOTAL

(N = 45)

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Meal pattern

	Vegetarian

Non – vegetarian
	1

14
	6.7

93.3
	1

14
	6.7

93.3
	3

12
	20

80
	5

40
	11.1

88.9

	Description of appetite

	Hearty

Moderate

Poor 
	5

8

2
	33.3

53.4

13.3
	7

7

1
	46.7

46.7

6.6
	12

3

0
	80

20

0
	24

18

3
	53.3

40.0

6.7

	Meal pattern (meals / day)

	2 

3 

4 
	2

12

1
	13.3

80

6.7
	2

13

0
	13.3

86.7

0
	0

15

0
	0

100

0
	4

40

1
	8.9

88.9

2.2


Among the selected adolescents, 11.1 per cent had a vegetarian meal pattern and 88.9 per cent followed a non – vegetarian meal pattern. Maximum of 53.3 per cent of selected individuals described their appetite to be hearty, 40 per cent described it to be moderate and 6.7 per cent reported their appetite to be poor.
Three meals per day pattern was followed by 88.9 per cent of the subjects, 8.9 per cent followed a two meal pattern and at least 2.2 per cent followed four meals per day pattern. Sharing of meals at college or school was prevalent in 73.3 per cent of subjects.
The consumption of out-of-home foods by the adolescents is presented in Table IX.

TABLE IX

CONSUMPTION OF OUT – OF – HOME FOODS BY THE ADOLESCENTS

	Consumption of out – of – home foods
	Normal 

(n = 15)
	Overweight

(n = 15) 
	Obese 

(n = 15)
	Total 

(N = 45)

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Yes 
	15
	100
	11
	73.3
	11
	73.3
	37
	82.2

	No 
	0
	0
	4
	26.7
	4
	26.7
	8
	17.8


All the normal weight subjects and 73.3 per cent each of obese and overweight subjects had the habit of eating out either in school/college canteen or hotel and from hawkers. Breakfast as a meal was not consumed from canteen or hotel by the selected adolescents whereas dinner was consumed once in a week from hotel by a considerable number of adolescents, consumption of street foods and snack items from vendors was widespread in all the three groups. An extensive study conducted by Nago et al (2010) on food, energy and macronutrient contribution of out-of-home foods in school going adolescents in Benin revealed that the contribution of out-of-home foods in the daily diet of the adolescents on school days was substantial and street foods constituted the greatest part of out-of-home foods consumed by the adolescents.

a. Food pattern during disease condition
Food pattern during disease conditions such as fever, dysentery, diarrhoea, constipation, chicken pox and general weakness was studied. Chiefly less oily, less spicy and easily digestible foods were included during ailments. Fresh fruit juices, buttermilk and curd were avoided in fever. Milk was solely avoided during diarrhoea and dysentery same as with salt during chicken pox. Biscuits were avoided during constipation and increased consumption of fluids was reported during diarrhoea.

The habit of skipping meals in the adolescents is presented in Table X.
      TABLE X
HABIT OF SKIPPING MEALS IN ADOLESCENTS

	Group 
	Yes 
	No 

	
	No.
	%
	No.
	%

	Normal  (n = 15)
	6
	40
	9
	60

	Overweight (n = 15)
	6
	40
	9
	60

	Obese  (n = 15)
	8
	53.3
	7
	46.7

	Total (N = 45)
	20
	44.4
	25
	55.6


The habit of skipping meals was found in 44.4 per cent of the selected adolescents. Among the three groups, the habit of missing breakfast and dinner was predominantly reported by obese subjects. These results correlate with the findings of a univariate analysis by Kumari et al (2011) wherein the adolescents who did not eat breakfast were 1.5 times more likely to be overweight than those who usually ate breakfast. Skipping of lunch and snacks were comparatively less common in the three groups of subjects.

b. Food fads and taboos

Food fads pertaining to hot foods and cold foods were commonly seen among the selected adolescents. They regarded pineapple, mango, papaya, sesame seeds, crab and chicken as hot foods and curd, buttermilk lime juice, citrus fruits and ice cream as cold foods. Brinjal, yam and colocasia were thought to cause skin diseases by a few adolescents. Potato and some types of pulses were usually considered as gas producing.

The occurrence of modification of eating habits among the adolescents is presented in Table XI.
TABLE XI

MODIFICATION OF EATING HABITS AMONG THE ADOLESCENTS
	Conditions


	Yes 
	No 

	
	No.
	%
	No.
	%

	Ailments

Heavy physical work

Overweight

Underweight

Holidays

Functions

Seasons / climates

Menstrual cycle
	44

8

25

3

40

43

35

6
	97.8

17.8

55.6

6.7

88.9

95.6

77.8

13.3
	1

37

20

42

5

2

10

39
	2.2

82.2

44.4

93.3

11.1

4.4

22.2

86.7


Eating habits were chiefly modified during ailments, holidays, functions and seasons / climates. Only 13.3 per cent of girls modified their eating habits during menstrual cycle wherein foods such as chocolates, sweets, pineapple, papaya and sesame seeds were avoided and fruit juices, tender coconut water, buttermilk and fenugreek seeds were included.

c. Favourite foods consumed frequently


The results of the survey revealed that chocolates, chips and chat items were the favourite foods consumed frequently by the selected adolescents. Energy dense foods such as vegetable briyani, chicken briyani, cauliflower manchurian, mushroom masala were among the list of favourite foods consumed once or twice a week. A very small proportion of the adolescents had preference for healthy foods such as milk, egg, oats, raw fruits and vegetables.

The consumption pattern of special foods / dietary supplements by the subjects is presented in Table XII.
TABLE XII

CONSUMPTION OF SPECIAL FOODS / DIETARY SUPPLEMENTS BY THE SUBJECTS
	Variables 
	Yes 
	No 

	
	No.
	%
	No.
	%

	Protective foods / Special foods for body building
	5
	11.1
	40
	88.9

	Vitamin / mineral supplements
	3
	6.7
	42
	93.3

	Special foods / supplements for weight reduction
	15
	33.3
	30
	66.7


From the Table, it is evident that special foods for body building such as egg, commercial protein mixes, skim milk powder, etc., were consumed by 11.1 per cent of subjects, vitamin / mineral supplements such as iron tonics, calcium tables and B complex vitamins were consumed by three per cent of subjects and 33.3 per cent of the subjects felt they were overweight and consumed special foods like oats, fibre rich mixes, horse gram and whole grain cereals for weight reduction or commercial supplements for weight reduction. 

 The food frequency of the adolescents is presented comprehensively in Table XIII.

TABLE XIII

FOOD FREQUENCY OF THE ADOLESCENTS

	Food Groups


	Normal
	Overweight
	Obese

	
	Daily 
	Twice a week
	Once a week
	Monthly
	Never
	Daily 
	Twice a week
	Once a week
	Monthly
	Never
	Daily 
	Twice a week
	Once a week
	Mont-hly
	Never

	Cereals and cereal products
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0

	Pulses and legumes
	33.3
	66.7
	0
	0
	0
	60
	26.7
	13.3
	0
	0
	46.7
	53.3
	0
	0
	0

	Green leafy vegetables
	0
	13.3
	60
	20
	6.7
	6.7
	13.3
	40
	33.3
	6.7
	0
	13.3
	46.7
	40
	0

	Roots and tubers
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0

	Other vegetables
	53.4
	33.3
	13.3
	0
	0
	86.7
	13.3
	0
	0
	0
	100
	0
	0
	0
	0

	Nuts and oil seeds
	13.3
	0
	26.7
	60
	0
	6.7
	0
	26.6
	60
	6.7
	0
	0
	53.3
	46.7
	0

	Fruits
	6.6
	40
	26.7
	26.7
	0
	46.6
	40
	6.7
	6.7
	0
	66.7
	13.3
	20
	0
	0

	Meat, poultry and fish
	0
	0
	66.7
	26.7
	6.6
	0
	13.3
	53.3
	26.7
	6.7
	0
	13.3
	40
	26.7
	20

	Milk and milk products
	80
	0
	0
	0
	20
	73.3
	6.7
	13.3
	0
	6.7
	86.7
	13.3
	0
	0
	0

	Fats and edible oils
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0
	100
	0
	0
	0
	0

	Sugars
	100
	0
	0
	0
	0
	86.6
	6.7
	6.7
	0
	0
	73.4
	13.3
	13.3
	0
	0

	Beverages
	80
	0
	0
	0
	20
	73.3
	6.7
	6.7
	0
	13.3
	73.4
	13.3
	13.3
	0
	0

	Prepared foods
	40
	13.3
	33.4
	13.3
	0
	6.7
	46.7
	33.3
	13.3
	0
	33.4
	33.3
	13.3
	13.3
	6.7


Cereals and cereal products, roots and tubers and fats and edible oils were consumed daily by all the selected adolescents. Daily consumption of pulses was high in overweight subjects (60%) followed by obese subjects (46.7%) and normal subjects (33.3%). Green leafy vegetables were not consumed on a daily basis by majority of the adolescents, whereas weekly consumption was high in normal weight subjects. It was astounding to know that consumption of vegetables and fruits was better in selected obese and overweight subjects than normal weight subjects. Vegetables were consumed daily by all the obese subjects, 86.7 per cent of overweight subjects and 53.4 per cent of normal weight subjects. Daily consumption of fruits was seen in 66.7 per cent of obese subjects and 46.6 per cent of overweight subjects. Weekly consumption of nuts and oil seeds was high in obese persons (53.3%). 

Meat, poultry and fish were consumed on a weekly basis by 66.7 per cent of normal weight subjects, 53.3 per cent of overweight subjects and 40 per cent of obese subjects. Milk and milk products were avoided by 20 per cent of normal weight subjects and 6.7 per cent of overweight subjects, daily consumption of the same was high in obese subjects (86.7%), followed by normal weight subjects (80%) and overweight subjects (73.3%). A high percentage (40%) of normal weight subjects consumed prepared foods like pickles, papads, etc., on a daily basis.

d. Awareness on purchase of labelled food products
The information on purchase of labelled foods and details looked into while purchasing foods are presented in Table XIV.

TABLE XIV
PURCHASE OF LABELLED FOOD PRODUCTS BY THE ADOLESCENTS
	 Groups


	Purchase of labelled food products
	Information looked upon while purchasing food products*

(In number)

	
	Yes 


	No


	Manufacturing date


	Expiry date


	Food additives


	Ingredients used


	Price


	Nutrition information


	Method of preparation


	Logo of food standards


	Recommended usage/ dosage


	Normal 


	15


	0


	15
	15
	3
	7
	13
	6
	4
	2
	1

	Over -

weight
	9


	6


	10
	11
	0
	1
	5
	2
	1
	1
	0

	Obese


	13
	2
	14
	15
	0
	0
	7
	6
	1
	0
	0


  *  Multiple responses
Of the selected adolescents, 82.2 per cent purchased labelled foods for consumption. Manufacturing date, expiry date and price were the foremost information looked upon while purchasing food products. Nutritional claims, precautions, recommended usage or dosage were not considered important while purchasing food products. As there is a growing interest in nutrition, health and fitness, it is heart warming to know nutrition information on labels is appraised before purchase of food products by 31.1 per cent of selected adolescents.

The consumption pattern of fast foods by the adolescents is presented in Table XV.

TABLE XV

CONSUMPTION PATTERN OF FAST FOODS BY THE ADOLESCENTS
	Fast foods
	In Per cent

	
	Normal 
	Overweight 
	Obese 

	
	Daily 
	Twice a week
	Once 
	Fortnightly 
	Monthly
	Never
	Daily 
	Twice a week
	Once 
	Fortnightly 
	Monthly
	Never
	Daily 
	Twice a week
	Once 
	Fortnightly 
	Monthly
	Never

	Puff
	0
	13.3
	53.3
	6.7
	20
	6.7
	0
	13.3
	66.7
	0
	20
	0
	0
	6.7
	46.6
	13.3
	26.7
	6.7

	Cake
	0
	13.3
	53.3
	6.7
	13.3
	13.3
	0
	0
	26.7
	0
	40
	33.3
	0
	6.7
	46.6
	6.7
	26.7
	13.3

	Samosa
	0
	6.7
	53.3
	0
	26.7
	13.3
	0
	0
	40
	0
	26.7
	33.3
	0
	6.7
	40
	13.3
	33.3
	6.7

	Cutlet
	0
	6.7
	53.3
	0
	20
	20
	0
	0
	26.7
	6.6
	26.7
	40
	0
	6.7
	40
	6.7
	33.3
	13.3

	Carbonated drinks
	0
	0
	0
	20
	33.3
	46.7
	0
	0
	13.3
	6.7
	46.7
	33.3
	6.7
	0
	0
	20
	33.3
	40

	Chat items
	0
	13.3
	26.7
	33.3
	26.7
	0
	0
	13.3
	26.7
	26.7
	26.7
	6.6
	0
	0
	40
	13.3
	26.7
	20

	Bajji / Bonda
	0
	20
	20
	40
	20
	0
	0
	13.3
	46.6
	26.7
	6.7
	6.7
	0
	0
	40
	20
	20
	20

	Chips
	13.3
	20
	40
	13.3
	13.3
	0
	0
	60
	0
	6.7
	26.7
	6.7
	0
	40
	20
	6.7
	13.3
	20

	Corn puffs/ popcorn
	0
	13.3
	53.3
	6.7
	20
	6.7
	0
	33.3
	6.7
	26.7
	13.3
	20
	0
	20
	6.6
	26.7
	26.7
	20

	Murrukku / sev
	13.3
	20
	40
	13.3
	13.3
	0
	6.7
	40
	0
	33.3
	20
	0
	0
	33.3
	13.4
	20
	13.3
	20

	Noodles
	0
	6.7
	66.7
	0
	26.6
	0
	0
	33.3
	53.4
	0
	13.3
	0
	0
	13.3
	13.3
	13.3
	26.7
	33.4

	Pizza / Burger
	0
	0
	0
	0
	26.7
	73.3
	0
	0
	0
	0
	13.3
	86.7
	0
	0
	0
	0
	13.3
	86.7

	French fries
	0
	0
	0
	0
	26.7
	73.3
	0
	0
	0
	0
	13.3
	86.7
	0
	0
	0
	0
	13.3
	86.7

	Ice cream
	0
	0
	33.3
	13.3
	40
	13.3
	0
	0
	6.7
	20
	60
	13.3
	0
	0
	6.7
	26.7
	46.6
	20


The study revealed that daily consumption of bakery items, chat items, ready-to-eat foods, noodles, pizzas, burgers, french fries, ice cream, bajji or bonda, sev, etc. were not widespread among the selected adolescent girls. Weekly consumption of bakery items was found to be greater in normal weight subjects, followed by obese subjects. Nearly 50 per cent of the selected normal subjects had no habit of consumption of carbonated beverages or soft drinks. Hot and spicy foods such as chat items, bajji, bonda, etc., were consumed on a weekly basis by relatively more number of obese subjects than overweight and normal weight subjects but it was heart-warming to know that 20 per cent of obese subjects were conscious of their weight gain and avoided those foods. 

Consumption of ready to eat foods such as chips, pop corn, murukku and sev for 2 to 4 times a week was highly prevalent in overweight and obese subjects. A significant portion of normal, overweight and obese subjects avoided high fat foods such as pizza, French fries, burgers, etc. The consumption of ice cream was high in normal weight subjects. Major conclusion drawn from the study conducted by Laxmaiah et al (2007) on adolescent girls in Hyderabad is that low levels of physical activity, watching television, and consuming junk foods are associated with a higher prevalence of overweight. The present study results correlate with the same.
D. NUTRITIONAL STATUS OF NORMAL, OVERWEIGHT AND OBESE ADOLESCENTS
1. Anthropometric measurements
Anthropometry has been applied universally to assess the size, proportions and composition of the human body. The mean anthropometric measurements of the adolescents are given in Table XVI.

TABLE XVI

MEAN ANTHROPOMETRIC MEASUREMENTS OF THE 


ADOLESCENTS 
	Parameters


	Standard value
	Normal 

(n = 15)
	Overweight 

(n = 15)
	Obese 

(n = 15)

	Height (cm)

Weight (kg)

BMI (kg/m2)

WHR

AC (cm)

AMC (cm)
	160.0*
52.0*
20.25*

0.70 – 0.80*
22.10$
18.65$
	156.56 ± 6.33

50.49 ± 5.43

20.57 ± 1.58

0.79 ± 0.02

26.71 ± 1.39

20.72 ± 0.77
	158.42 ± 5.53

69.37 ± 6.24

27.61 ± 1.02

0.85 ± 0.02

32.25 ± 1.09

23.64 ± 0.83
	159.11± 6.39

84.2 ± 15.39

33.05 ± 3.84

0.89 ± 0.04

36.28 ± 4.06

25.37 ± 1.50


     * ICMR, 2009; $ NNMB, 2002
The mean differences in the height of normal weight, overweight and obese subjects were 3.44, 1.58 and 0.89 cm respectively. The mean weight of the normal subjects was close to standard. As body weight increased, the mean BMI also increased with a significant difference in obese and overweight subjects. 
The waist-to-hip circumference ratio is positively related to a more centralized pattern of body fat distribution (Moreno et. al., 2002). In the present study, the waist hip ratio increased proportionately with weight, indicating the presence of android obesity in obese and overweight subjects. The arm circumference and arm muscle circumference differed among normal, overweight and obese adolescents. Greater variation was seen in mean arm circumference among three groups (differences in mean arm circumference of 5.54, 9.57 and 4.03 cm were noticed among normal vs. overweight, normal vs. obese and overweight vs. obese respectively) but there existed only a lesser difference in mean arm muscle circumference (differences in mean arm muscle circumference of 2.92, 4.65 and 1.73 cm respectively were noticed among normal vs. overweight, normal vs. obese and overweight vs. obese subjects respectively).

The mean height and weight of the adolescents and mean arm circumference and arm muscle circumference are presented in Figure V and Figure VI respectively.

Statistical interpretation for the comparison of anthropometric measurements of normal, overweight and obese adolescents with standard value and among the three groups is given in Table XVII.

TABLE XVII

COMPARISON OF ANTHROPOMETRIC MEASUREMENTS IN NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Groups compared
	

‘t’ value

	
	Body height
	Body weight
	BMI
	WHR
	AC
	AMC

	Std vs. Normal

Std vs. Overweight

Std vs. Obese

Normal vs. Overweight

Normal vs. Obese

Overweight vs. Obese
	2.03*

1.07NS
0.52 NS
0.83 NS
1.06 NS
0.30 NS
	1.04 NS
10.42**
7.83**
8.54**
7.73**
3.34**
	0.77 NS
27.07**
12.46**
14.00**
11.23**
5.12**
	0.95 NS
30.21**
18.78**
7.17**
8.10**
3.54**
	12.37**
34.89**
13.08**
11.73**
8.35**
3.59**
	10.01**
22.38**
16.73**
9.60**
10.30**
3.77**


** Significant at 1% level; * Significant at 5% level; NS Not Significant
The mean height of the normal weight subjects had significant difference when compared with standard height. The mean height of overweight and obese individuals had no significant difference on comparing with standard height. The anthropometric parameters such as body weight, BMI and WHR had significant difference in overweight and obese subjects indicating their significant deviation from standard values. 
Even though the WHR of normal subjects fell under standard range, individual variations in WHR observed among normal weight subjects revealed that only 11 normal weight subjects actually had a WHR in the standard range and 4 members had a higher value. Among the 45 selected adolescents, 11 subjects had WHR of ≤ 0.80 and 34 subjects had a WHR of greater than 0.80.

The distribution of subjects based on WHR is presented in Figure IX.   
           DISTRIBUTION OF SUBJECTS BASED ON WHR
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                                           FIGURE VII

The significant difference in arm circumference and arm muscle circumference on comparison with standard values indicates the presence of an increased AC and AMC in three groups. 

There existed a significant (1 % significance level) difference between body weights of the three groups. The BMI of the three groups were significantly different from each other. Similarly there was a significant difference in waist hip ratio (WHR), arm circumference (AC) and arm muscle circumference (AMC) among normal, overweight and obese subjects.

The correlation among anthropometric measurements in normal, overweight and obese subjects is given in Table XVIII.
TABLE XVIII

CORRELATION AMONG ANTHROPOMETRIC MEASUREMENTS IN NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Parameters correlated
	Normal

(n=15)
	Overweight 

(n=15)
	Obese 

(n=15)

	Weight vs. BMI

Weight vs. WHR

Weight vs. AC

Weight vs. AMC

BMI vs. WHR
	0.659**

0.160NS

0.726**

0.836**

0.792**
	0.641**

0.279NS

0.511*

0.550*

0.459*
	0.922**

0.750**

0.939**

0.923**

0.876**


* Correlation is significant at 5% level; ** Correlation is significant at 1% level; NS  Not significant

There existed a significant positive correlation between body weight and BMI in normal, overweight and obese subjects. High degree of positive correlation was observed between weight and WHR of obese subjects, but the correlation was not statistically significant in normal and overweight subjects. Arm circumference and arm muscle circumference had significant correlation with body weight in all the three groups. On comparing the BMI with WHR, a high positive correlation was observed in all the three groups of subjects, this indicated that WHR increased with a subsequent increase in BMI among the selected adolescents.
2. Biochemical parameters
Mean biochemical parameters of the adolescents are presented in Table XIX.
TABLE XIX

MEAN BIOCHEMICAL PARAMETERS OF THE

ADOLESCENTS 

	Parameters 
	Standard value
	Normal

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)

	Haemoglobin 

Fasting glucose Total cholesterol

Triglycerides 

HDL- c 

LDL- c 

VLDL- c 
	>12 g/dL**

70-105 mg/dL*
<200 mg/dL$
<150 mg/dL#
>45 mg/dL∞
<100 mg/dLβ
<40 mg/dLβ
	11.73 ±  1.71

81.96 ± 10.29

165.1 ± 9.9

77.33 ± 20.37

47.33 ± 9.11

102.3 ± 13.13

15.4 ± 4.14
	13.19 ± 1.38

89.25 ± 10.2

159.67 ± 12.5

82.4 ± 19.48

42.73 ± 8.96

100.5 ± 16.11

16.4 ± 3.89
	12.55 ± 1.41

89.38 ± 9.60

172.07 ± 11.6

83.47 ± 18.04

42.8 ± 11.02

112.6 ± 15.42

16.67 ± 3.50


**  WHO (2009); *Trinder, (1969); $Richmond (1973); #Fossati, et al., (1982); ∞Young (2001); βBray (2004)
In adolescents, excess body fat and specifically, increased intra-abdominal visceral fat are related to dyslipidemia, hypertension, insulin resistance and impaired glucose tolerance. The biochemical tests revealed that the hemoglobin level of overweight and obese adolescents were in normal range but normal weight subjects had slightly reduced blood hemoglobin. There was a slight difference in the fasting glucose level of normal, overweight and obese adolescents. Serum total cholesterol was higher in obese subjects compared to normal weight subjects. The triglycerides increased for obese subjects when compared to normal and overweight subjects, but the values were within the normal range. There was a significant decrease in HDL cholesterol in obese and overweight subjects, but the HDL levels of normal subjects belonged to normal value. Mean LDL cholesterol was high in all the three groups. VLDL cholesterol was found to be within the normal value in all the three groups of subjects. 

The mean biochemical parameters are presented in Figure VIII.

The statistical comparison of biochemical parameters among normal, overweight and obese subjects is presented in Table XX.

TABLE XX

COMPARISON OF BIOCHEMICAL PARAMETERS AMONG

NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Biochemical parameters
	Normal vs. Overweight
	Normal vs. Obese
	Overweight vs. Obese

	Hemoglobin

Glucose

Total Cholesterol

Triglycerides

HDL Cholesterol

LDL Cholesterol

VLDL Cholesterol
	2.48*

0.94 NS
1.27 NS
0.67 NS

1.35 NS

0.32 NS
0.66 NS
	1.38NS
1.98*

1.72 NS
0.84 NS
1.20 NS
1.90 NS
0.87 NS
	1.22 NS

0.035 NS
2.72**
0.15 NS

0.02 NS

2.02*

0.19 NS


       * Significant at 5% level;   ** Significant at 1% level;   NS Not significant


On comparing the biochemical parameters among normal, overweight and obese adolescents, statistically significant difference was observed in the hemoglobin of normal vs. overweight subjects, glucose level of normal vs. obese and total cholesterol and LDL cholesterol of overweight vs. obese subjects. Other biochemical parameters had no significant difference among normal, overweight and obese adolescents.

3. Clinical signs and symptoms

The clinical signs and symptoms observed in the selected adolescents are presented in Table XXI.

TABLE XXI
CLINICAL SIGNS AND SYMPTOMS
	Parameters
	Normal
	Over -weight
	Obese


	TOTAL


	
	No.
	No.
	No.
	No.
	%

	Healthy and free of deficiency symptoms
	5
	1
	0
	6
	13.3

	Easily plucked hair 
	1
	2
	1
	4
	8.9

	Dry, brittle hair
	2
	3
	2
	7
	15.6

	Bleeding gums 
	2
	3
	4
	9
	20

	Pallor of skin 
	1
	2
	4
	7
	15.6

	Rough and dry skin
	2
	3
	5
	10
	22.2

	Poor concentration 
	3
	4
	5
	12
	26.7

	Lethargy
	4
	2
	7
	13
	28.9

	Mild anaemia
	7
	2
	5
	14
	31.1

	Dental caries
	1
	1
	2
	4
	8.9


Among the selected adolescents, 5 normal subjects and 1 overweight subject were healthy and free of deficiency symptoms. Other normal weight subjects suffered from mild anemia, which was evident from clinical signs such as lethargy, poor concentration and easily plucked hair. Bleeding gums was seen in 2 normal adolescents which indicated the presence of vitamin C deficiency. Significant proportion of the obese subjects had bleeding gums, pallor of skin, rough and dry skin, poor concentration, lethargy and mild anemia. A high prevalence of poor concentration was seen among overweight subjects and 4 of the selected adolescents had dental caries.

4. Dietary intake

The Recommended Dietary Allowances (RDA) given by ICMR for different age groups (girls 13 – 15 years and 16 – 17 years and sedentary women) were averaged and the mean was taken as the reference standard. The mean nutrient intake of the adolescents is presented in Table XXII.

TABLE XXII

MEAN NUTRIENT INTAKE OF THE ADOLESCENTS

	Nutrients
	RDA*
	Normal

n=15
	Overweight

n=15
	Obese

n=15

	
	
	Actual intake
	% excess / deficit
	Actual intake
	% excess / deficit
	Actual intake
	% excess / deficit

	Energy (kcal)

Protein (g)

Fat (g)

Iron (mg)

Calcium (mg)
	2223

54

32

25

733
	2296

45.5

26.5

18.2

650
	+ 3.28

-15.74

- 4.38

- 27.2

-11.32
	2390

46.2

33.4

16.5

682
	+ 7.51

- 14.4

+ 4.38

- 34.0

- 6.96
	2627

48.6

35.6

15.3

725
	+ 18.17

- 10.0

+ 11.25

- 38.8

- 1.09


* ICMR (2010)
From the Table it is evident that the mean nutrient intakes of normal weight subjects are deficient in protein, fat, iron and calcium. Overweight and obese subjects had a deficient intake of protein, iron and calcium whereas their energy and fat intakes were high compared to normal weight subjects.

E. BODY COMPOSITION MEASURES OF THE SELECTED SUBJECTS
Mean body composition measures of the adolescents are depicted in Table XXIII.

TABLE XXIII

MEAN BODY COMPOSITION MEASURES OF THE 

ADOLESCENTS                                                                                                           

	Parameters
	Reference range**
	Normal 

(n = 15)
	Overweight 

(n =15)
	Obese 

(n = 15)

	BFM (kg)

PBF

FFM (kg)

TBW (l)

SLM (kg)

ICW (l)

ECW (l)

Protein (kg)

SMM (kg)

Mineral (kg)

BMC (kg)

BCM (kg)

VFA (cm2)*
ECW/TBW

ECF/TBF
	9.8 – 17.7 

17.4 – 27.4

35.9 – 43.6 

26.2– 31.9

33.8 – 41.1

16.2 – 19.8

10.0 – 12.1 

7.2 – 8.7 

19.8 – 24.1

2.5 – 3.01 

2.1 – 2.5 

23.7 – 28.9

< 100 

0.36 – 0.39

0.31 – 0.34
	16.96 ± 3.86

33.37 ± 5.35

33.54 ± 3.56

24.54 ± 2.59

31.49 ± 3.33

15.18 ± 1.58

9.35 ± 1.03

6.56 ± 0.68

17.79 ± 2.04

2.46 ± 0.28

2.05 ± 0.23

21.74 ± 2.24

51.9 ±12.08

0.38 ± 0.0032

0.33 ± 0.0032
	30.59 ±3.89

44.03 ±3.47

38.79 ±3.96

28.36 ±2.90

36.44 ± 3.72

17.63 ±1.79

10.73 ±1.10

7.61 ±0.79

20.99 ±2.38

2.82 ±0.31

2.36 ±0.26

25.23 ±2.60

93.77± 11.79

0.38 ±0.0049

0.33 ±0.0048 
	41.53 ± 9.87

49.04 ± 4.14

42.65 ± 6.87

31.22 ± 5.03

40.11 ± 6.43

19.35 ± 3.10

11.85 ± 1.92

8.36 ± 1.34

23.26 ± 4.05

3.06 ± 0.51

2.55 ± 0.43

27.76 ± 4.44

148.34± 35.59

0.38 ± 0.0040

0.33 ± 0.0039


* Visceral fat area was analysed only for adolescents above 17 years of age, hence in normal subjects and obese subjects n = 7 and in overweight subjects n = 6.

**Reference range as per ‘In body 720’ body composition analyser data for normal subjects.

Body fat mass and per cent body fat increased proportionately with weight as apparent from the Table. In the absence of clear cut off points, the most consistent per cent body fat values for the definition of excess body fat in female adolescents is the 85th percentile cut off point i.e. ≥35%  (Taylor et. al., 2003). It is evident from the results that the mean per cent body fat of overweight (44.03 % ± 3.47) and obese (49.04 % ± 4.14) subjects were higher than the cut off value and the reference range. The mean PBF value of normal subjects was higher than the reference value, indicating imbalance in body composition.

There seemed to be an increase in skeletal muscle mass, soft lean mass, protein and mineral content of body consistent with weight, which makes clear the basis for increase in fat free mass. These findings are in accordance with results of Elbelt et al (2010) who demonstrated a similar correlation between body weight and fat free mass in normal, overweight and obese individuals.

 There existed a significant difference in total body water among normal, overweight and obese adolescents. The mineral and bone mineral content of normal weight adolescents were slightly lower than the reference value range. Body cell mass is the amount of cells in the body and normal weight subjects had lower BCM compared to overweight and obese subjects. Difference was not evident in case of ratio of ECW to TBW and ratio of ECF to TBF among the three groups. Visceral fat area (VFA) of less than 100 cm2 was observed in the normal weight subjects whereas it was higher in overweight and obese subjects indicating increased intra abdominal adipose tissue.

Figure IX shows the mean body composition measures of the adolescents.


The comparison of body composition parameters among normal, overweight and obese subjects using student’s ‘t’ test is presented in Table XXIV.

TABLE XXIV

COMPARISON OF BODY COMPOSITION PARAMETERS AMONG 
 NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Groups compared


	‘t’ value

	
	Body Fat Mass
	Percent Body Fat
	Fat Free Mass
	Total Body Water
	Protein
	Skeletal Muscle Mass
	Mineral
	Bone Mineral Content
	Body Cell Mass
	Visceral Fat Area

	Normal vs. Overweight

Normal vs. Obese

Overweight vs. Obese
	9.29**

8.67**

3.86**
	6.26**

8.67**

3.47**
	3.69**

4.41**

1.82NS
	3.67**

4.42**

1.84 NS
	3.77**

4.48**

1.81 NS
	3.81**

4.51**

1.81 NS
	3.30**

3.88**

1.48 NS
	3.20**

3.76**

1.41 NS
	3.80**

4.52**

1.84 NS
	6.78**

7.26**

4.09**


         * significant at 5% level      ** significant at 1% level      NS not significant
On comparing the body composition parameters among normal weight, overweight and obese subjects, it was found that there was a statistically significant difference in body fat mass and per cent body fat among the three groups – normal vs. overweight, normal vs. obese and overweight vs. obese.  Fat free mass, total body water, protein, skeletal muscle mass, mineral, bone mineral content and body cell mass on comparison among normal vs. overweight, and normal vs. obese subjects showed a significant difference, whereas the comparisons were not significant among overweight and obese subjects. Visceral fat area (VFA) was significantly different among three groups. 

The correlation among body composition parameters in the three groups of selected adolescents is presented in Table XXV. 
TABLE XXV

CORRELATION AMONG BODY COMPOSITION PARAMETERS IN NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Parameters correlated 
	Normal

(n=15)
	Overweight 

(n=15)
	Obese 

(n=15)

	BFM vs. PBF

BFM vs. FFM

BFM vs. TBW

BFM vs. Protein

BFM vs. Mineral

FFM vs. Protein

FFM vs. TBW

FFM vs. SMM

FFM vs. Mineral

TBW vs. ICW

TBW vs. ECW

Protein vs. SMM

Mineral vs. BMC
	0.887**

0.073 NS
0.071 NS
0.038 NS
0.099 NS
0.998**

1.000**

0.999**

0.983**

0.999**

0.997**

0.999**

0.999**
	0.732**

0.252 NS
0.246 NS
0.193 NS
0.468*

0.997**

1.000**

0.997**

0.942**

0.996**

0.993**

1.000**

0.998**
	0.683**

0.680**

0.684**

0.679**

0.656**

0.999**

1.000**

0.999**

0.990**

0.999**

0.998**

1.000**

1.000**


* Correlation is significant at 5% level; ** Correlation is significant at 1%  level;  NS  Not significant
Body fat mass and per cent body fat had a high degree of positive correlation in the three groups. This indicates that as fat mass increased, there was a subsequent increase in per cent body fat in the selected adolescents. No significant correlation was found between body fat mass among fat free mass, total body water and protein in normal and overweight subjects, but significant correlation was found in obese subjects. The body fat mass and mineral content of the body had a significant correlation in overweight and obese subjects. As fat free mass primarily comprises of protein, total body water and mineral, there existed a high degree of positive correlation between fat free mass and the components such as protein, total body water and mineral. It is evident from the Table that total body water had a significant positive correlation with ICW and ECW in all the three groups. The skeletal muscle mass of an individual is directly related to body’s protein content, hence a high degree of positive correlation was observed in all the three groups, similarly the bone mineral content and mineral content of the body were correlated significantly.
The correlation coefficients between anthropometric and body composition variables of the adolescent girls are given in Table XXVI.

TABLE XXVI

CORRELATION BETWEEN ANTHROPOMETRIC AND BODY COMPOSITION VARIABLES IN NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Parameters correlated
	Normal

(n=15)
	Overweight 

(n=15)
	Obese 

(n=15)

	Weight vs. BFM

Weight vs. PBF

Weight vs. FFM

Weight vs. TBW

Weight vs. Protein
Weight vs. SMM

Weight vs. Mineral

Weight vs. BCM
	0.756**

0.372 NS
0.708**

0.707**

0.683**

0.697**

0.716**

0.692**
	0.787**

0.158 NS
0.795**

0.791**

0.756**

0.757**

0.893**

0.758**
	0.945**

0.410 NS
0.883**

0.885**

0.881**

0.878**

0.863**

0.879**

	BMI vs. BFM

BMI vs. PBF

BMI vs. FFM

BMI vs. TBW

BMI vs. Mineral

BMI vs. Protein
	0.829**

0.689**

0.114 NS
0.116 NS
0.063 NS
0.098 NS
	0.597**

0.273 NS
0.418 NS
0.425 NS
0.410 NS
0.397 NS
	0.969**

0.647**

0.674**

0.678**

0.637**

0.673**

	WHR vs. BFM

WHR vs. PBF

WHR vs. FFM

WHR vs. Protein
	0.592*

0.693**

- 0.391 NS
- 0.397 NS
	- 0.116 NS
0.139 NS
- 0.324 NS
- 0.304 NS
	0.861**

0.729**

0.445*

0.455*

	AC vs. Protein

AC vs. SMM

AC vs. FFM

AC vs. BFM

AC vs. Mineral
	0.163 NS
0.174 NS
0.180 NS
0.861**

0.130 NS
	0.462*

0.466*

0.454*

0.353 NS
0.313 NS
	0.769**

0.762**

0.760**

0.934**

0.721**

	AMC vs. Protein

AMC vs. SMM

AMC vs. FFM

AMC vs. BFM

AMC vs. Mineral
	0.569*

0.576*

0.580*

0.646**

0.500*
	0.787**

0.795**

0.783**

0.080 NS
0.568*
	0.860**

0.859**

0.854**

0.845**

0.795**


*   Correlation is significant at 5% level; ** Correlation is significant at 1% level; NS Not significant              

1. Correlation between weight and body composition parameters

There existed a significant correlation between weight and body fat mass in all the three groups. The relationship between per cent body fat and weight was not statistically significant. A high degree of positive correlation was found between weight and fat free mass in all the three groups. The individual components of fat free mass such as protein, total body water and mineral had significant positive correlation in all the three groups of subjects. Skeletal muscle mass and body cell mass were positive correlates with weight in normal, overweight and obese subjects. The findings of the study carried out by Nande et al (2010), explains that an increase in body fat and/or fat free mass add to body weight and thereby to BMI.  

2. Correlation between BMI and body composition parameters 
BMI was positively correlated with body fat mass in all the three groups. This indicated that the body fat mass increased proportionately with BMI. On evaluating the body composition using BIA in Japanese children, Kubo et al (2010) revealed that BMI was strongly correlated with per cent body fat in both sexes. Similar results are obtained in the present study. Per cent body fat and BMI had high degree of positive correlation in normal weight and obese subjects. BMI and fat free mass had a significant correlation in obese subjects where it was not statistically significant in normal weight and overweight subjects. Total body water, mineral and protein had positive correlation (r = 0.678, 0.637, 0.673 respectively) with BMI in obese subjects.
3. Correlation between WHR and body composition parameters

WHR and body fat mass had positive correlation in normal weight and obese subjects. The relationship between WHR and per cent body fat was statistically significant in normal weight and obese subjects, whereas it was insignificant in overweight subjects. Positive correlation between WHR and protein was observed in obese subjects. 

4. Arm Circumference (AC) and body composition parameters
Relationship between AC and protein, skeletal muscle mass and fat free mass revealed that a positive association was observed in overweight and obese subjects, whereas the relation was not statistically significant in normal weight subjects. AC and mineral content had a high degree of positive correlation in obese subjects. There prevailed a significant correlation between AC and body fat mass in normal weight and obese subjects.

5.  Arm muscle circumference (AMC) and body composition parameters
A significant correlation was found between AMC among fat free mass, skeletal muscle mass, protein and mineral in all the three groups. The relationship between AMC and body fat mass was significant in normal weight and obese subjects.
Correlation between various biochemical parameters and body composition measures in normal, overweight and obese subjects is given in Table XXVII.

TABLE XXVII

CORRELATION BETWEEN BIO CHEMICAL PARAMETERS AND BODY COMPOSITION VARIABLES IN NORMAL, OVERWEIGHT AND OBESE SUBJECTS
	Parameters correlated
	Normal

(n=15)
	Overweight 

(n=15)
	Obese 

(n=15)

	Glucose vs. Weight

Glucose vs. BMI

Glucose vs. BFM

Glucose vs. PBF

Glucose vs. WHR
	-0.018NS
-0.213 NS
-0.173 NS
-0.216 NS

-0.301 NS
	0.332 NS
0.376 NS
0.360 NS
0.197 NS

0.078 NS
	0.237 NS
0.211 NS
0.284 NS
0.286 NS

0.370 NS

	Total cholesterol vs. Weight

Total cholesterol vs. BMI

Total cholesterol vs. BFM

Total cholesterol vs. PBF

Total cholesterol vs. WHR
	-0.063 NS
0.160 NS
0.199 NS
0.321 NS

0.117 NS
	0.077 NS
0.017 NS
0.335 NS
0.434*

0.003 NS
	0.280 NS
0.228 NS
0.341 NS
0.304 NS

0.085 NS

	Triglycerides vs. Weight

Triglycerides vs. BMI

Triglycerides vs. BFM

Triglycerides vs. PBF

Triglycerides vs. WHR
	0.055 NS
0.213 NS
0.158 NS
0.189 NS

0.046 NS
	-0.151 NS
-0.402 NS
0.185 NS
0.455*

0.381 NS
	0.655**

0.658**

0.691**

0.427*

0.520*

	HDL vs.  Weight

HDL vs. BMI

HDL vs. BFM

HDL vs. PBF

HDL vs. WHR
	-0.209 NS
-0.084 NS
-0.077 NS
0.008 NS

0.079 NS
	0.583**

0.326 NS
0.564*

0.248 NS

-0.271 NS
	0.472*

0.416 NS
0.436*

0.131 NS

0.452 NS

	LDL vs. Weight

LDL vs. BMI

LDL vs. BFM

LDL vs. PBF

LDL vs. WHR
	0.092 NS
0.116 NS
0.159 NS
0.174 NS

0.016 NS
	-0.224 NS
-0.067 NS
-0.094 NS
0.092 NS

0.245 NS
	-0.278 NS
-0.280 NS
-0.214 NS
0.038 NS

0.379 NS

	VLDL vs. Weight

VLDL vs. BMI

VLDL vs. BFM

VLDL vs. PBF 

VLDL vs. WHR
	0.016 NS
0.199 NS
0.144 NS
0.196 NS

0.055 NS
	-0.169 NS
-0.416 NS
0.167 NS
0.444*

0.381 NS
	0.662**

0.674**

0.698**

0.427*

0.530*


          * Correlation is significant 5% level; ** Correlation is significant 1% level; NS Not significant

The relationship between various biochemical parameters and body composition variables was studied. Correlation among various variables was calculated and their association was revealed. There existed a high degree of positive correlation between triglycerides and body weight in obese subjects. A significant correlation was observed between BMI and triglycerides and body fat mass and triglycerides in obese subjects. Per cent body fat was significantly correlated with triglycerides in overweight and obese subjects.

In a study conducted by Zwiauer et. al. (1990), WHR was positively correlated in adolescent girls with total triglycerides (r = 0.44, P less than 0.01), total cholesterol (r = 0.49, P < 0.01), and LDL-cholesterol (r = 0.59, P < 0.01), but the results of the present study revealed a significant correlation among WHR and triglycerides and WHR and VLDL cholesterol in obese subjects.

HDL was significantly correlated with body fat mass in overweight and obese subjects. VLDL had a significant correlation with weight, BMI and BFM in obese subjects. Overweight and obese subjects showed a positive correlation between VLDL cholesterol and per cent body fat.

F. ENERGY BALANCE OF THE ADOLESCENTS

The energy balance of the adolescents was computed after calculating their intake and total energy expenditure. The energy balance of the selected adolescents is given in Table XXVIII.
TABLE XXVIII

ENERGY BALANCE OF THE ADOLESCENTS

	Parameters
	Normal weight

(n = 15)
	Overweight

(n = 15)
	Obese

(n = 15)

	Intake (Kcal)

Expenditure (Kcal)

Balance (Kcal)
	2296 ± 33.46

2235 ± 59.24

60.5 ± 74.6
	2390 ± 23.65

2186 ± 102.84

204.8 ± 106.1
	2627 ± 50.22

2110 ± 125.58

516.7 ± 123.5


Statistical interpretation on the comparison of energy intake, energy expenditure and energy balance among the three groups of subjects is given in Table XXIX.
TABLE XXIX

COMPARISON OF ENERGY INTAKE, ENERGY EXPENDITURE AND ENERGY BALANCE AMONG NORMAL, OVERWEIGHT AND OBESE SUBJECTS

	Groups compared
	‘t’ value

	
	Energy 

intake
	Energy expenditure
	Energy balance

	Normal vs. Overweight

Normal vs. Obese

Overweight vs. Obese
	8.64**
20.55**
15.96**
	1.57NS
3.36**
1.73 NS
	4.16**
11.83**
7.17**


   ** Significant at 1 % level; NS Not significant

There existed a statistically significant difference between the energy intake of the three groups of subjects. A significant difference in energy expenditure of normal and obese subjects was noted, which indicated the sedentary life pattern in obese subjects in comparison with normal weight subjects. Obesity is a state of caloric imbalance that results from an excess intake of calories above their consumption by the body (Kummar et. al., 2010). The study revealed that a positive energy balance was maintained in overweight (516.7 Kcal) and obese (204.8 Kcal) subjects which was a smaller amount in normal weight (60.5 Kcal) subjects. There existed a significant difference in the energy balance among the three groups. 


From the foregoing results and discussion, it is evident that the incidence of overweight and obesity among the selected adolescent girls were 7.2 and 5.3 per cent respectively. The anthropometric measurements and body composition measures showed significantly higher values among the overweight and obese adolescent girls when compared to their normal weight counterparts. Though the normal subjects had a normal BMI, their body composition measures especially per cent body fat and WHR were above the standard. Similarly the biochemical values though within normal levels in all the three groups, the values were higher in overweight and obese groups. Thus there existed an association between energy balance, body composition and anthropometry.

V.  SUMMARY AND CONCLUSION

Body composition, the chemical or anatomical composition of the body, unlike body weight, has a profound influence on health and longevity. Healthy body composition produces significantly better overall health not only in regard to body fat content but also protein, mineral and water content of the body.

The present study entitled “Body Composition Measures of Overweight and Obese Adolescent Girls of 15 – 19 Years Age” was aimed at assessing the incidence of overweight and obesity in adolescent girls of age 15 – 19 years, determining the body composition of selected adolescents and finding association between energy balance, body composition and anthropometry. In the methodology, initially, five hundred and thirty adolescent girls in the age group of 15 – 19 years from Avinashilingam Higher Secondary School and Avinashilingam Deemed University for Women, Coimbatore were screened for overweight and obesity using height, weight and Body Mass Index (BMI) as parameters. Based on the adolescent girls’ BMI percentiles marked on CDC growth chart, they were grouped as normal, overweight and obese adolescents. Among the three groups of adolescents, fifteen girls were selected from each group for further study. 

An interview schedule was formulated and data regarding socio-economic background, health history, lifestyle and dietary pattern were collected from the selected adolescents. Further nutritional status of the selected adolescents was made through biochemical assessment, clinical examination and diet survey. Biochemical assessment of blood haemoglobin, blood glucose, total cholesterol, serum triglycerides and HDL cholesterol were performed using standard procedures and LDL and VLDL cholesterol were calculated. Clinical examination was done with the help of a medical practitioner and twenty four hour recall method was used to obtain details regarding the food and nutrient intake of adolescents. Later the body composition of selected adolescents was assessed using “Bio Space, In Body 720 – the precision body composition analyzer’. The four main body composition components assessed were body fat, protein, mineral and total body water. Other parameters assessed include Soft Lean Mass (SLM), Skeletal Muscle Mass (SMM), Per cent Body Fat (PBF), ratio of extra cellular water to total body water (ECW/TBW) and ratio of extracellular fluid to total body fluid (ECF/TBF), Body Cell Mass (BCM), Bone Mineral Content (BMC), Visceral Fat Area (VFA). Total Energy Expenditure (TEE) was estimated through factorial calculations that combined the time allocated to habitual activities (as obtained from the individual’s time motion record) and the energy cost of those activities. The energy cost of activities was calculated as a multiple of BMR per minute, also referred to as the Physical Activity Ratio (PAR), and the 24-hour energy requirement was expressed as a multiple of BMR per 24 hours by using the Physical Activity Level (PAL) value. BMR was calculated using the age and sex specific predictive equations. The energy balance of the selected adolescents was calculated from the computed energy intake and energy expenditure data. The data was statistically appraised using the software SPSS version 16.0. Comparisons were made between various parameters of three groups using Student’s t – test. Correlations among anthropometric measurements, body composition parameters and biochemical parameters were derived using Karl Pearson’s coefficient of correlation. Probability at both 0.05 and 0.01 levels of significance was considered to draw conclusions. 

The salient findings of the study are given below:

· The incidence of overweight and obesity among adolescent girls of age    15 – 19 years were 7.2 per cent and 5.3 per cent respectively. 67.5       per cent of the adolescents screened belonged to normal weight category and 20 per cent were underweight.
· Among the selected adolescents, 91.1 per cent belonged to nuclear families. A maximum of 46.7 per cent of subjects’ families had a monthly income between Rs. 5001 – 10,000. Obesity was seen as a family history in all the obese subjects, 73.3 per cent of overweight subjects and 6.7 per cent of normal weight subjects. Diabetes mellitus was predominant in families of obese subjects, followed by overweight subjects. The onset of puberty for a large portion of the adolescents selected for the study was at 13 years.  No problems were observed during menstrual cycle in 60 per cent each of obese and overweight subjects and 33.3 per cent of normal weight subjects. 

· Among the selected adolescents, 33.3 per cent each of normal weight and obese subjects and 46.7 per cent of overweight subjects travelled to their school / college by walk. Duration of sleep of less than six hours per day was prevalent among obese (53.3 %) and overweight (40 %) adolescents.

· Among the selected adolescents, 22.2 per cent had sleeping habit in the afternoon. Habit of snacking was observed chiefly in overweight (100%) and obese (86.7%) subjects. A maximum of 66.7 per cent of obese adolescents and 60 per cent of overweight adolescents viewed television for more than two hours per day.
· Majority of adolescents (88.9%) followed a non – vegetarian meal pattern. Maximum of 53.3 per cent of selected individuals described their appetite to be hearty. Largely a three meals per day pattern was followed by 88.9 per cent of the subjects.
· All the normal weight subjects and 73.3 per cent each of obese and overweight subjects had the habit of eating out either in school/college canteen or hotel and from hawkers. The habit of skipping meals was found in 44.4 per cent of the selected adolescents. Eating habits were chiefly modified by the selected adolescents during ailments, holidays, functions and according to seasons / climates. Only 13.3 per cent of girls modified their eating habits during menstrual cycle. Chocolates, chips and chat items were the favourite foods consumed frequently by the selected adolescents. Around 33.3 per cent of the subjects were conscious of weight gain and consumed special foods or commercial supplements for weight reduction.

· Cereals and cereal products, roots and tubers and fats and edible oils were consumed daily by all the selected adolescents. Weekly consumption of nuts and oilseeds was high in obese persons (53.3%). Daily consumption of milk and milk products was high in obese subjects (86.7%). Consumption of fast foods on a weekly basis was relatively more in obese subjects than overweight and normal weight subjects.

· The mean height of the normal weight subjects had significant difference when compared with standard height. The anthropometric parameters such as body weight, BMI and WHR had significant difference when compared with standard values in overweight and obese subjects indicating their significant deviation from standard values.

· Even though the WHR of normal subjects fell under standard range, individual variations in WHR observed among normal weight subjects revealed that only 73.3 per cent of the normal weight subjects actually had a WHR in the standard range.

· Arm circumference and arm muscle circumference when compared with standard values were found to be higher in three groups.
· Statistically significant difference was observed in the haemoglobin level of normal vs. overweight subjects, glucose level of normal vs. obese, total cholesterol and LDL cholesterol of overweight vs. obese subjects.

· On comparison among the three groups, majority of the normal weight subjects (33.3 %) were healthy and free of any deficiency symptoms. Mild anemia was seen in 31.1 per cent of the selected adolescents and high prevalence of lethargy was observed in obese subjects (46.7%).

· The mean nutrient intakes of normal weight subjects were deficient in protein, fat, iron and calcium. Overweight and obese subjects had a deficient intake of protein, iron and calcium whereas their energy and fat intakes were high compared to normal weight subjects.

· Body fat mass and per cent body fat increased proportionately with weight. The mean PBF value of normal weight subjects was higher than the reference value. There seemed to be an increase in skeletal muscle mass, soft lean mass, protein and mineral content of body consistent with weight. The mineral and bone mineral content of normal weight adolescents were slightly lower than the reference value range.

· Visceral fat area (VFA) of less than 100 cm2 was observed in the normal weight subjects whereas it was higher in overweight and obese subjects indicating increased intra abdominal adipose tissue.

· Fat free mass, total body water, protein, skeletal muscle mass, mineral, bone mineral content and body cell mass on comparison among normal vs. overweight, and normal vs. obese subjects showed a significant difference, whereas the comparison was not significant among overweight and obese subjects.

· There existed a significant positive correlation between body weight and BMI in normal, overweight and obese subjects. High degree of positive correlation was observed between weight and WHR of obese subjects. Arm circumference and arm muscle circumference had significant correlation with body weight in all the three groups. Significant correlation was found between weight and body fat mass and weight and fat free mass in all the three groups.
· A high positive correlation was observed between BMI and WHR and BMI and body fat mass in all the three groups of subjects. Per cent body fat and BMI had high degree of positive correlation in normal weight and obese subjects. BMI and fat free mass had a significant correlation in obese subjects.
· Body fat mass and per cent body fat had a high degree of positive correlation in the three groups. Significant correlation was found between body fat mass among fat free mass, total body water and protein in obese subjects. The body fat mass and mineral content of the body had significant correlation in overweight and obese subjects.

· Skeletal muscle mass and body cell mass showed positive correlation with weight in normal, overweight and obese subjects. WHR and body fat mass and per cent body fat had positive correlation in normal weight and obese subjects. Positive correlation between WHR and protein was observed in obese subjects. 

· Relationship between AC and various body composition measures such as protein, skeletal muscle mass and fat free mass revealed a positive association in overweight and obese subjects. AC and mineral content had a high degree of positive correlation in obese subjects. There prevailed a significant correlation between AC and body fat mass in normal weight and obese subjects. A significant correlation was found between AMC among fat free mass, skeletal muscle mass, protein and mineral in all the three groups. The relationship between AMC and body fat mass was significant in normal weight and obese subjects.

· There existed a high degree of positive correlation between triglycerides and body weight in obese subjects. A significant correlation was observed between BMI and triglycerides and body fat mass and triglycerides in obese subjects. Per cent body fat was significantly correlated with triglycerides in overweight and obese subjects.
· A significant correlation among WHR and triglycerides and WHR and VLDL cholesterol was observed in obese subjects. HDL was significantly correlated with body fat mass in overweight and obese subjects. VLDL had a significant correlation with weight, BMI and body fat mass in obese subjects. Overweight and obese subjects showed a positive correlation between VLDL cholesterol and per cent body fat.
· The energy intakes of the three groups of subjects had significant difference. A significant difference in energy expenditure of normal and obese subjects was noted, which indicated the sedentary life pattern in obese subjects in comparison with normal weight subjects. The study revealed that a positive energy balance was maintained in overweight (516.7 Kcal) and obese (204.8 Kcal) subjects. There existed a significant difference in the energy balance among the three groups. 

From the results, it may be concluded that though the study was carried out with small sample size, the findings revealed the importance of body composition measurements in adolescents and the association between body composition measures, biochemical parameters, energy balance and anthropometry.  Further studies on larger sample size in all groups of population are recommended to create a database on body composition measures. 

The recommendations that emerge from the study are:
1. Obtain the body composition data on different age groups such as pre-schoolers, adult men and women, pregnant and lactating women.

2. Studies on association between diet and body composition.

3. Assessing body composition in chronic degenerative disorders such as diabetes mellitus, cancer and cardiovascular diseases.

4. Database generation on body composition measures in sports men and women.

5. Studies on inborn errors of metabolism and body composition

6. Studies on awareness on body composition and its relation to obesity and development of suitable education modules.

7. Nutrition and health education using modules on risk factors of obesity, body composition measures and energy expenditure.
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APPENDIX I

CDC BMI – FOR – AGE GROWTH CHART FOR GIRLS 2-20 YEARS
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APPENDIX – II 

INTERVIEW SCHEDULE TO ELICIT INFORMATION ON

 SOCIO ECONOMIC BACKGROUND AND 

DIETARY PATTERN OF ADOLESCENT GIRLS (15 – 19 yrs)

I. Socio – Economic Data:

1. Name



:

2. Age



:

3. Occupation


:

4. Name and address of the 


      head of the family

:

5. Religion


:

Hindu 
Muslim 
Christian 
Others 

6. Community


:

Scheduled Tribe 

Scheduled caste 
Other backward castes 
Others 
7. Family size


:

1-4 


5-7 


≥8 

8. Type of family


:

Nuclear 
Joint 
Extended Nuclear 
9. Birth Order


:
1 
2 


3

10. Type of house
:

Concrete 
Tiled roof 

Thatched 

11. Literacy status of head of the family :

Illiterate Read and write Middle school 

High school       Higher secondary University 


12. Occupation of head of the family     :

(i) Agricultural labour   (ii) Professional workers   (iii) Lecturer/Teacher

(iv) Bank employees     (v) Business     (vi) Government servants

13. Monthly income of the family (in Rupees)  :

<5000 5000 – 10,000 10,000 – 20,000 ≥20,000 

II. Health History:

1. Did you suffer from any of the following diseases recently?

      • Diarrhoea    • Fever     • Dysentry           • Jaundice

• Malaria     • Common cold   • Typhoid    • Food poisoning

2. Does any of your family members suffer from:

      • Obesity     • Diabetes Mellitus     • Hypertension     • Cardiovascular diseases

      • Hyperlipidemia   • Arthritis     • Cancer   
• Asthma

3. Age of menarche:

4. Problems in menstrual cycle if any:

	S.no.
	Problems
	Yes
	No
	Treatment

	1.

2.

3.

4.
	Excessive bleeding

Irregularities in menstruation

Physical discomfort

Other problems – 

PCOD (Poly Cystic Ovarian Disorder) etc,.
	
	
	


III. Life Style Pattern:

1. How do you travel to school / college daily?
By walk Bicycle By school/college bus Others 
2. How many hours do you sleep in a day?
(a) < 6 hours                      (b) 6 – 8 hours                     (c) > 8 hours  
3. Do you sleep soon after lunch?
Yes                No 

4. Do you have the habit of snacking? Yes  No 
      If yes, what kind of foods do you consume?

     • Junk foods     • Carbonated beverages    • Healthy foods

5. Stress pattern:

Relaxed and calm
     
Peer pressure 


Familial stress


Environmental stress

Educational stress

Physiological stress


6. How do you manage stress?

      • Music     • Exercise
  • Over eating   • Avoiding food   

• Meditation   • Sleep   • Others

7. How many hours do you watch television in a day?

(a)  1 hour   
(b) 2 hours      
(c) More than 2 hours   

8. Do you exercise regularly?
Yes                No 

  IV. Dietary Pattern:

1. Are you a :
Vegetarian Non-vegetarian   Ova-vegetarian 

2. How would you describe your appetite?

Hearty  

Moderate 

Poor 

3. How many numbers of meals do you consume in a day?

(a) Two


(b) Three

(c) Four

(d) Five

4. Do you eat foods outside?

	  Source
	Yes
	No
	Meals Consumed
	Frequency of consumption

	
	
	
	
	  Daily
	2-4 times a week
	Once a week

	School / college canteen
	
	
	
	
	
	

	Hotels
	
	
	
	
	
	

	Vendors
	
	
	
	
	
	


5. Do you have the habit of skipping meals?

Yes No 

If yes,

	Meals missed
	Frequency

	Breakfast

Lunch

Tea & Snacks

Dinner
	


6. What aspects do you look into while selecting foods?

      • Nutritive value   • Cost   • Taste   • Availability  • Surroundings/Hygiene  

      • Brand/ label       • Peer influence  • Advertisement/Mass media 

7. Do you share your meals at school/college?  Yes             No 
8. Do you modify your eating habits according to the following conditions?

	Condition
	Yes
	No
	Modification made

	Ailments

Heavy physical work

Overweight

Underweight

Holidays

Functions

Seasons/climate
	
	
	


9. Do you change your normal food habits during menstruation?
Yes No 

If yes,

	Foods included
	Reason
	Foods avoided
	Reason

	
	
	
	


10. Food pattern during disease condition:
	Condition
	Foods included
	Reason
	Foods avoided
	Reason

	Fever

Dysentry

Constipation

Chicken pox

Diarrhoea

General weakness
	
	
	
	


11. Favourite foods taken very frequently:
12. Details regarding food fads and taboos:
	   Reasons
	Food stuffs
	  Conditions/stages in which these foods are

	
	
	Avoided
	Included

	Hot foods

Cold foods

Gas producing

Bile producing

Foods causing -skin diseases
	
	
	


13. Do you consume any protective foods or any special foods for body building?
Yes No 

If yes, name of the food items consumed:

14. Do you consume vitamin or mineral supplements / dietary supplements? 
Yes No 

If yes, what, how much and how frequent?

15. Do you consume any special foods / supplements for weight reduction?

Yes No 

If yes, what, how much and how frequent?

16. Food frequency table:

	S.no
	                         Foods
	  Daily
	2-4 times a week
	Once a week
	Once a month
	Never 

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
	Cereals and cereal products
Pulses & legumes
Green leafy vegetables
Roots & tubers
Other vegetables
Nuts & oil seeds
Fruits


Meat, poultry & fish 

Milk & milk products

Fats & edible oils
Cooking oil

Sugars
Beverages
Prepared foods
	
	
	
	
	


17. Consumption pattern of fast foods:

	S.no.
	Items
	Daily
	2-4 times a week
	Once a week
	Fortnightly
	Monthly

	1.

2.

3.

4.

5.
	Bakery items:

Puff

Cake

Samosa

Cutlet 

Carbonated beverages

Hot and spicy foods:

Chat items

Bonda/bajji

Ready to eat foods:

Potato/tapioca chips

Murukku/sev

Others:
Noodles

Pizza

Burger

French fries

Ice cream
	
	
	
	
	


18. Do you always buy labelled food products?

Yes No 

19. Do you look at the information that appears on food labels?

Yes No 

If yes, what do you look for?

• Manufacturing date
        • Expiry date 
            • Food additives

• Ingredients used
        • Price   


• Precautions

            • Nutrition information       • Method of preparation  • Logo of Food standards

            • Recommended usage/dosage  •  Nutritional claims 

APPENDIX – III

CLINICAL ASSESSMENT PROFORMA

	S.No.
	SYMPTOMS
	PRESENCE

	1.
	Healthy and free of deficiency symptoms
	Yes (   )    No (   )

	2.
	Skinny 


Loss of appetite 

Sunken or hollow cheeks
	Yes (   )    No (   )

	3.
	Easily plucked hair 

Dry, brittle hair
	Yes (   )    No (   )

	4.
	Glossitis 

Bleeding gums 

Cheilosis

Loss of tooth enamel

Angular Stomatitis
	Yes (   )    No (   )

	5.
	Pallor of skin 

Rough and dry skin
	Yes (   )    No (   )

	6.
	Spooning of nails
	Yes (   )    No (   )

	7.
	Goiter
	Yes (   )    No (   )

	8.
	Distension 

Ascites
	Yes (   )    No (   )

	9.
	Edema 

Bone tenderness 

Bone ache
	Yes (   )    No (   )

	10.
	Poor concentration 

Lethargy
	Yes (   )    No (   )

	11.
	Mild Anaemia
	Yes (   )    No (   )

	12.
	Dental Caries
	Yes (   )    No (   )



FIGURE IV
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FIGURE VIII         

 MEAN HEIGHT AND WEIGHT OF THE ADOLESCENTS  
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V (a) Mean height of the adolescents
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V (b) Mean weight of the adolescents
FIGURE V

MEAN ARM CIRCUMFERENCE AND ARM MUSCLE CIRCUMFERENCE OF THE ADOLESCENTS
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VI (a) Mean arm circumference of the adolescents
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VI (b) Mean arm muscle circumference of the adolescents

FIGURE VI
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BIOCHEMICAL ESTIMATIONS PERFORMED IN THE LABORATORY


I (a) Estimation of glucose in spectrophotometer            

I (b) Estimation of lipid profile in auto analyser


I (c) Colorimetric estimation of haemoglobin 
PLATE I
BODY COMPOSITION ANALYSIS
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II (a) In Body 720 Body Composition Analyser
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II (b) Body composition analysis in progress
PLATE II

BODY COMPOSITION ANALYSIS
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II (a) In Body 720 Body Composition Analyser
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II (b) Body composition analysis in progress

PLATE II

Selection of area and sample N = 530





Screening for overweight and obesity using height, weight and BMI – for – age percentile as parameters





Selection of subjects


Normal weight (n = 15); overweight (n = 15);      obese (n = 15)








Interview schedule to elicit information on Socio – economic background, health history, life style pattern and dietary pattern of selected adolescents





Assessment of nutritional status of selected adolescents





FIGURE III





Statistical analysis and Interpretation of data





Computation of energy balance





Assessment of body composition of selected adolescents





Clinical examination





Anthropometric measurements





Diet survey 








Biochemical estimation





Parameters used in assessment of nutritional status
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A – Fasting glucose       B – Total cholesterol      C – Triglycerides    


 D – HDL cholesterol    E – LDL cholesterol     F – VLDL cholesterol
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MEAN BODY COMPOSITION MEASURES OF THE ADOLESCENTS
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FIGURE IX                         
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