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i. Introduction

Nutrition plays an important role in growth and development throughout life. Infancy and childhood are important milestones for             nutrition and growth since they strongly predict health outcomes later in life (Gibney et al., 2003). Prevention of nutritional problems is important during childhood, in order to reduce risk during adulthood (Roberts and Williams, 2000). 

Among the nutritional problems, obesity is now reaching epidemic proportions in both the developed and developing countries and is affecting not only adults but also children and adolescents. During the past two decades, obesity has become the most prevalent nutritional problem in the world, eclipsing under nutrition and infectious diseases and is emerging as the most significant contributor to ill health and mortality. Obesity is a key factor for many chronic and non communicable diseases (Lau et al., 2007). 

In recent years, the prevalence of obesity in children has increased at a fast pace worldwide and has become one of the most significant public health challenges internationally (Wang and Lobstein, 2006). 

Globally, an estimated 22 million children under five years of age are over weight (Deckelbaum, 2001). The global prevalence of over weight including obesity in children aged 5-17 years is estimated by the International Obesity Task Force (IOTF) to be approximately 10 per cent but this is ‘unequally distributed’ with prevalence ranging from over 30 per cent in USA to less than two per cent in Sub Saharan Africa (Lobstein et al., 2004). 

Childhood obesity accounts for nearly 30 per cent of all adult obesity (Golan et al., 1998). Approximately 15-20 per cent of all obese people were found to be obese in childhood and an additional 10-15 per cent during adolescence (Zwiauer, 2000). The highest prevalence of childhood obesity has been observed in developed countries; however, its prevalence is increasing in developing countries also (James, 2004). 

Obesity is a multifactorial disease and its development is due to multiple interactions between genes and environment. In fact, the development of fat gain is a complex phenomenon which is regulated and affected by several mechanisms and factors (Maffeis, 2000). 

A twin study suggested that approximately 50 per cent                  of the tendency towards obesity is inherited. Numerous disorders                (Cushing’s syndrome, hypothyroidism etc.) and genetic syndromes                    (Prader - Labhard-Willi syndrome, Bardet Biedl Syndrome etc.) can be present with obesity (Kiess et al., 2001).

Childhood obesity is partly due to genetic components and due to environmental factors such as life style, socio economic factors and nutritional habits of the family (Sangha et al., 2006). Both physical activity and energy intake have a major contribution to the establishment of childhood obesity (Stubbs and Lee, 2004). 

Unhealthful eating patterns resulting in over consumption of foods high in fat, calories or added sugars are considered a major contributor to childhood obesity (Onge et al., 2003). 

Snacking is associated with an increased risk of weight                  gain, particularly when snacking occurs while watching television.               Children are exposed to an estimated 10,000 advertisements for food per year, 95 per cent of which are for fast foods, candy, sugared cereals and soft  drinks (Horgen et al., 2001).

According to a study reported in the International Journal of Obesity, Body Mass Index (BMI) was directly proportional to the mean hours of television viewing (Hancox and Poulton, 2006). 

Decreased physical activity or increased inactivity is probably the main factor accounting for the reduction of total energy expenditure leading to positive energy balance and increased prevalence of obesity (Molnar and Livingstone, 2000). 

As a result of the global obesity epidemic, many chronic diseases are now appearing in childhood rather than in adulthood. Obesity results in physical and psychological consequences to the affected individual. It also poses a significant economic burden to society (Loke, 2002). 

Among obese children 50-80 per cent will continue as obese adults and fall into risk group of diabetes, hypertension, coronary heart diseases and many more obesity related diseases. Complications of adult obesity are made worse if the obesity begins in childhood (Styne, 2001). Obesity is harder to treat in adults than in children (Park, 2005). 

Childhood obesity is associated with a wide range of serious medical complications. Early medical consequences of obesity include orthopedic complications, metabolic disturbances, Type II diabetes, disrupted sleep patterns, poor immune function, skin problems, impaired mobility, and increased blood pressure and hypertension (Wabitsch, 2000).

Cardiovascular risk factors which are associated with increased morbidity and mortality in later life can be found in obese children. Many studies have shown that childhood obesity is associated with increased levels of LDL cholesterol, triglycerides and decreased levels of HDL cholesterol (Vanhala et al., 1998). Endothelial dysfunction and carotid stiffness have been found in obese children consistent with an increased risk for atherosclerosis (Singhal, 2005). 

Obese children have higher causal blood pressure (BP) values as compared with the lean group (Martini et al., 2001).               Elevated blood pressure in children is an early risk factor for cardiovascular disease and is positively associated with Body Mass Index (Brion et al., 2007).

Sixty per cent of overweight children have developed at least one cardiovascular risk factor (i.e. high blood pressure, lipid levels or impaired glucose tolerance) and 20 per cent of overweight children have two or more of these (Dietz, 2002). 

The Urinary Albumin/Creatinine ratio (U-ACR) was almost increased two fold in obese children with normal cholesterol levels, underlining the importance of high cholesterol levels in the development of obesity related renal damage (Csernus et al., 2005).

According to a study reported by National Institute of Health (NIH), overweight children and adolescents are more likely than their normal weight counter-parts to suffer from bone fractures and have joint and muscle pains (www.vitaminretailers.com, 2006).

Childhood obesity has an immediate impact on a child’s physical appearance and can result in additional psycho-social consequences, such as low self-esteem, social alienation and              lack of self confidence, discrimination and for girls, depression  (Erickson et al., 2000). 

In addition to affecting personal health, the increased health risks translate into an increased burden on the health care system. The direct costs of treatment of obesity in USA accounted for $70 billion with far greater indirect costs (Reddy et al., 2002).

Effective prevention of adult obesity will require the prevention and management of childhood obesity (WHO, 2000). Successful weight management requires a lifelong commitment to healthy eating practices, physical activity that is enjoyable and sustainable, and setting achievable goals through a behaviour modification programme (Moloney, 2000).

Emphasis should be on nutrition rather than ‘dieting’. It is important to maintain healthy components of traditional diets (i.e., micro nutrient rich foods such as fruits, vegetables and whole grain              cereals) and guard against heavily marketed energy dense fatty and salty foods and sugared cold drinks. The strategy should be to recognize and eliminate risk factors of high calorie intake such as frequent snacking, frequent eating out and celebrating with food and drinks (Bhave et al., 2004).

Children should be encouraged to be active not only for weight control but for general well being. WHO recommends atleast          30 minutes of cumulative moderate exercise for all ages, particularly for children, an additional 20 minutes of vigorous exercise, three times a week (WHO, 2003). Weight control is more successful when sedentary activities (watching television, and playing computer or video games) are controlled and healthier alternatives provided (Epstein et al., 2002). 

Studies have shown that family based interventions combining education with behaviour modification were most successful (Golan and Crow, 2004). 

High calcium intake in childhood and adulthood as well as supplemental calcium is associated with a lower body weight (or BMI), less body fat due to a shift from fat to lean body mass and a slower  age-dependent weight gain in mid life. Furthermore calcium increased the efficacy of energy-reduced weight reduction diets. All studies show that calcium has an own anti-obesity effect which is independent from other components of the diet (www.gdinternational.com, 2006).

Increase in dietary calcium to the recommended levels may reduce the incidence of over weight and obesity by as much as 60 to 80 per cent (Heaney, 2003). 

Fibre intake is inversely associated with body weight and body fat. The addition of dietary fibre generally decreases food intake and hence, body weight. Many mechanisms have been suggested how dietary fibre aids in weight management, including promoting satiation, decreasing absorption of macronutrients and altering secretion of gut hormones (Slavin, 2006). 

Dietary fibre has important health benefits in childhood.      It may be useful in preventing and treating obesity and also in lowering blood cholesterol levels, both of which may help reduce the risk of future cardiovascular diseases (Williams, 2006). 

Since very few studies on calcium and fibre supplementation on obese children are available, the present study was planned to find out the effect of supplementation of calcium and fibre rich snacks on obese children (10-12 years) with the following objectives to

· Estimate the prevalence of obesity among children from selected schools.

· Collect information on their socioeconomic background, dietary pattern and nutritional status including lipid profile of selected obese children.  

· Develop calcium and fibre rich snacks and 

· Evaluate the effect of supplementation of calcium and fibre rich snacks on obese children.

ii. REVIEW OF LITERATURE

The literature pertaining to the study entitled ‘Effect of Supplementation of Calcium and Fibre Rich Snacks on Obese Children (10-12 years)’ is reviewed under the following headings.

A. Prevalence of obesity 

B. Causes and consequences of childhood  obesity 

C. Management of childhood obesity

D. Role of calcium in obesity management 

E. Role of fibre in obesity management.  

A. Prevalence of obesity

Obesity has reached epidemic proportions globally, with more than 1 billion adults being overweight, and at least 300 billion of them clinically obese (www.who.int, 2000).  The prevalence of childhood obesity has more than doubled in the last 15 years in many regions of the world (Invitti et al., 2003).

The International Obesity Task Force (IOTF) report estimated that in the year 2000 some 155 million school aged children in the world will be overweight, with some 40 million of those children obese. Among the estimated prevalence levels in the various WHO regions, the highest prevalence levels are found in America, followed by Europe and the Middle East (IASO, 2004).

At least 50 per cent of adults and 20 per cent of children in the United Kingdom and united States of America are currently overweight. Prevalence of overweight amongst Australian children has increased from 11 per cent in 1985 to 20 percent in 1995 (WHO, 2000). Twenty five per cent of children in the United States are overweight and 11 per cent is obese. About 70 per cent of obese adolescents grow up, to become obese adults (Nicklas, 2001). 

Shields (2005) reported that 26 per cent of Canadian children and adolescents aged 2-17 years were overweight. The obesity rate has increased dramatically in the last 15 years; from two per cent to ten per cent among boys and from two per cent to nine per cent among girls. The prevalence of overweight and obesity among children in China was approximately five per cent and two per cent respectively in 2002 (Li et al., 2005). 

The levels of obesity are higher in developed countries in the lower socio-economic groups. In developing countries this relationship is reversed .The transition from a rural to an urban life style is associated with increased levels of obesity, which has been linked with dramatic changes in lifestyle (www.iuns.org, 2002).

In India, the problem of obesity is found to be more prevalent in the upper-middle class than among slum dwellers.              Thus, as against the prevalence rate of obesity of one per cent for males and four per cent for females in the slums, the corresponding figures for the high income group among the middle class were                32.2 per cent and 50 per cent, respectively (www.nutritionfoundation ofindia.in,2001) and at least one in ten urban middle class children in India is overweight (Bhave et al., 2004).

A study carried out in Ludhiana on school children of both sexes, aged between 9 and 15 by the Department of Paediatrics, Christian Medical College and Hospital (CMCH) identified that the prevalence of obesity was 11.1 per cent while 14.2 per cent children were overweight and the number of boys who were obese and overweight was more than girls. More than one tenth of school children   in the age group of 9 to 15 were obese, a figure only slightly lower than that reported from most western countries (www.tribuneindia.com, 2004).

Kapil et al., (2002) estimated that in a Delhi school with tuition fees more than Rs. 2,500 per month, the prevalence of overweight was 31 per cent of which 7.5 per cent were frankly obese. Ramachandran et al., (2002) studied children from six schools in Chennai, two each from high, middle and lower income groups.               The prevalence of overweight including obesity among adolescents ranged from 22 per cent in better off schools to 4.5 per cent in lower income group schools. 

Castano et al., (2004) concluded that the prevalence of childhood obesity, as with that of adulthood, has increased considerably over the past few years and has become a serious public health problem. Once established, its treatment is very difficult and hence, prevention of childhood obesity using different types of intervention techniques appears promising. 

B.causes and consequences of childhood obesity 

a. Causes

Childhood obesity is partly due to genetic components and due to environmental factors such as lifestyle, socio economic factors and nutritional habits of the family (Sangha et al., 2006).

1. Genetics

Obesity is a multi- factorial disease and its development is the result of multiple interactions between genes and environment. Twins, adoption and family studies have found that heritability of BMI was in the range of 25-85 percent, but it is the environment that allows the expression of obesity (Lobstein et al., 2004). Chagnon et al., (2003) indicated that there is a strong genetic basis to the development of obesity. Obesity appears to be a polygenic disorder, with many genes linked or associated with a predisposition to excess adiposity. At least five single - gene mutations causing human obesity that is present in childhood have been identified.

Maternal and parental adiposity each increased the risk of adiposity in children threefold (Burke, 2006).  Obese parents are likely to have obese children. The reason for this is twofold. First, genetics plays a role in obesity. Second, obese parents probably pass down their poor habits to their children (www.jogging.com, 2002). Treuth et al., (2003) found that parental overweight is the most potent risk factor for childhood obesity and a stepwise increase in fat mass and percentage body fat over time occurred with increasing parental body weight status.

2. Environment

The cause of obesity is complex and multifactorial. Within the context of environmental, social and genetic factors, at the simplest level, obesity results from long-term positive energy balance - the interaction of energy intake and energy expenditure. The rapid increase in the prevalence of obesity over the past 20 years is a result of environmental and cultural influences rather than genetic factors, with progressive improvements in the standard of living in developed and developing countries, over nutrition and sedentary lifestyle have supplanted physical labour and regular physical activity, which has resulted in positive energy balance and over weight (Lau et al., 2007). 

Monterio et al., (2004) outlined that the changes in dietary and lifestyle patterns, collectively known as the “nutrition transition”, have led to a worldwide trend of increase in obesity. The nutrition transition is generally associated with an increase in the consumption of energy dense foods that are low in fibre, sugar and sweetened drinks, a decrease in physical activity and a more sedentary life style. Thus, over weight and obesity have become a serious, large scale, global, public health concern (Onis and Blossner, 2000).

Rangan et al., (2007) indicated that extra foods are over-consumed at two to four times the recommended limits and contributed excessively to the energy, fat and sugar intakes of Australian children, while providing relatively few micronutrients. 

Giammattei (2003) emphasized that consumption of fast foods among children seemed to have an adverse effect on dietary quality in ways that possibly could increase risk for obesity as seen in American Children. According to Ludwig et al., (2001), there is a positive association between sugary drinks, weight change and incidence of obesity, for each additional serving of sugar-sweetened drink consumed, the odds of becoming obese increased by 60 per cent. 

Must and Tybor (2005) pointed out that low physical activity and/or increasing sedentary activities are widely thought to be related to weight gain. Rocandio et al., (2001) found that positive energy balance which caused over weight in childhood was not due to increased energy or fat intake, but rather to decreased energy expenditure. 

Tremblay and Willims (2003) emphasized that sedentary behaviours like watching television and playing computer games are associated with increased prevalence of obesity. 

Television viewing exposed children to food marketing, increased opportunities for snacking on high-energy foods and drinks, decreased opportunities for physical activity, and reinforced sedentary behaviour. It was associated with an increased incidence of new cases of obesity, as well as with a decrease in success rates for obesity intervention (Robinson, 2001). Parents play an important role in the development of children’s physical activity patterns (Bogaert et al., 2003)  and are also responsible for eating behaviours and attitude of children (Benton,2004). 

Ochoa et al., (2007) concluded that leisure time, decreased physical activity, family history of obesity, watching television, and sugar-sweetened beverage consumption are important predictive variables of childhood obesity. 

b. Consequences

The rising prevalence of childhood obesity is receiving greater attention because of its association with adult obesity and its complications (Reddy, 2006). 

Wabitsch (2000) stated that besides endocrinological and metabolic disturbances associated with obesity in childhood, skeletal, dermatological and immunological diseases as well as adverse social and psychological effects are also experienced by the children. 

1. Health consequences 

Schrager (2005) found that over weight and obesity in children are directly associated with being over weight in adulthood. Kiess et al., (2001) stated that childhood obesity seems to substantially increase the risk of subsequent morbidity whether or not obesity persists into adulthood. According to Daniels et al., (2005) over weight and obesity in childhood have significant impact on both physical and psychological health; and are associated with hyperlipidemia, hypertension, abnormal glucose tolerance and infertility. 

Cardiovascular risk factors 

Cohort and case control studies provide good evidence of an association between childhood obesity and cardiovascular risk factors (Ludwig and Ebbeling, 2001). Several cardiovascular risk factors have been associated with childhood obesity. Increased blood pressure (Maffeis et al., 2001), adverse lipid profiles (Mamalakis et al., 2001) and hyperinsulinaemia (Young et al., 2000) had been reported in children. 

Hypertension 

According to Falkner and Daniels (2004), obesity is an important contributor to developing high blood pressure not only in adults, but also in children and adolescents. Rosner (2000) observed that the odds of elevated blood pressure are significantly higher for children whose Body Mass Index (BMI) is at or above the 90th percentile than for those with BMI at or below the 10th percentile. Chinn and Rona (2001) found that the risk for elevated blood pressure in children is three times greater in obese compared to non-obese children. Csabi et al., (2000) estimated hypertension in up to 40 percent of obese children and adolescents. 

Hyperlipidemia 

Hyperlipidemia is commonly found among the obese children and adolescents. The characteristic pattern of hyperlipidemia consists of elevated total cholesterol, LDL, triglycerides and low HDL levels, which is considered an atherogenic profile (Bundred et al., 2001). Increased levels of triglycerides, cholesterol and LDL Cholesterol have been described in 10 to 40 percent of obese children and adolescents, whereas decreased levels of HDL cholesterol were found among 10 per cent of obese children (Ohrig et al., 2001). 

Type II diabetes mellitus 

Obesity in childhood is associated with insulin resistance.  Severe obesity and insulin resistance may progress to type II diabetes, which now accounts for up to 50 per cent of newly diagnosed diabetes in some paediatric populations (Goran et al., 2003). The marked increase in paediatric obesity over the last decade has resulted in an unprecedented rise in the incidence of type II diabetes mellitus in both children and adolescents (Silverstein and Rosenbloom, 2001).

American Diabetic Association (2000) indicated that if a child is obese and has obese parents who have type II diabetes mellitus, the child is at increased risk of developing type II diabetes mellitus. McMahon et al., (2004) found that in Western Australia, the rate of diagnosis of type II diabetes in children showed an average increase of 27 per cent annually between 1990 and 2002. Wabitsch et al., (2004) found that obese children and adolescents of Caucasian population had impaired glucose metabolism (6%) and silent diabetes mellitus (1%). Sinha et al., (2002) reported impaired glucose tolerance (25%) and silent diabetes mellitus (4%) among obese children and adolescents in United States.

Respiratory complications

Obstructive Sleep Apnea (OSA)

Obesity can produce several physiologic derangements that result in upper airway anatomic obstruction and poor gas exchange. Obstructive sleep apnea can lead to severe cardiopulmonary problems including pulmonary hypertension. Severe OSA can lead to hypoventilation, carbon dioxide retention, hypoxia, polycythemia, right ventricular hypertrophy and failure, and possibly pulmonary embolism. Other adverse consequences of OSA include enuresis, day time somnolence or hyperactivity and deficits in learning and memory function, resulting in poor school performance (www.meadjohnson.com, 2004).

Asthma 

Obese children have a significantly greater frequency and degree of bronchospasm of the smaller air ways that is related partially to the amount of subcutaneous fat present in these children. Obesity also causes or enhances bronchial hyper-reactivity to exercise and may predispose to asthma (Kinra et al., 2000). Rodriguez (2002) indicated that children with a BMI above the 85th percentile had an increased risk of asthma independent of age, sex, ethnicity, socio economic status and exposure to tobacco smoke. 

Orthopaedic complications 

Rudolf et al., (2001) pointed out that a variety of orthopaedic complications were seen in the obese child. Blount disease results from overgrowth of the medical aspect of the proximal tibial metaphysis leading to bowing of the legs. Approximately two-thirds of children with Blount disease are obese. Another common problem found in overweight children is Slipped Capital Femoral Epiphysis (SCFE). This condition results from increased weight on the cartilaginous growth plate of the hip.   About 50 - 70 per cent of affected children are obese.

Renal complications

Csernus et al., (2005) reported that healthy obese children have a higher degree of albuminuria and beta-z- microglobulinuria than normal weight children, indicating early renal glomerular and tubular dysfunction as a consequence of childhood obesity. Adelman et al., (2001) emphasized that increased total cholesterol may be associated with obesity associated proteinuria and focal segmental glomerulosclerosis in children.

2. Psychological consequences 

 Obese children are more likely to show evidence of psychological distress than non-obese children and the effect is greater for girls than boys (Strauss, 2000). Obesity in childhood and adolescence is associated with poor self esteem (Sztainer and Hannan, 2000), depression (Sztainer et al., 2000), disordered eating (Braet and Wydhooge, 2000), bulimia and body dissatisfaction (Moore et al., 2000)

Goodman and Whitaker (2002) revealed that increased BMI was associated with increased depression at a one year follow-up study.  Erickson (2000) observed that higher BMI was linked with increasing symptoms of depression in elementary school girls.

According to Wake et al., (2000) overweight children may encounter rejection and become socially isolated, or they may develop a distorted body image. Strauss and Pollack (2003) pointed out that obese children and adolescents have difficulties with peer relationships.  Overweight children, for example, tend to have few friends. Eisenberg et al., (2003) stated that overweight adolescents who had been teased by peers or family members were found to have increased suicidal thoughts and attempts.

3. Economic consequences

According to Loke (2002) for obese children, adolescents, and adults, there is the burden of direct medical cost covering the costs of prevention, diagnosis and treatment.  There are also indirect costs that refer to the value of lost output through the cessation of productivity caused by morbidity and mortality.  In many countries, obesity accounts for 2-4 per cent of total health care costs.

The estimated annual direct and indirect costs of obesity in the United States are close to $100 billion (www.niddk.com, 2000).

c. Management of childhood obesity

Prevention and treatment of obesity and overweight are   somewhat easier in children than in adults because children are still growing in height. Related to the increased energy needs during growth, a child can achieve reductions in adiposity without reducing energy intake (Doak et al., 2006).

Dehghan et al., (2005) emphasized that prevention could be the key strategy for controlling the current epidemic of obesity.  It includes primary prevention of overweight or obesity, secondary prevention or prevention of weight regain following weight loss, and avoidance of more weight increase in obese persons unable to lose weight. Most approaches have focused on changing the behaviour of individuals in diet and exercise.  While about 50 per cent of the adults are overweight and obese in many countries, it is difficult to reduce excessive weight once it becomes established. Children should therefore be considered the priority population for intervention strategies.

According to Epstein et al., (2001), a long term therapy consisting of a combination of physical exercise, nutrition education and behaviour therapy is recommended for obese children.

Kumar et al., (2007) recommended that consumption of high fat and high energy (Junk) foods and snacking in between the meals should be avoided by children. Increasing physical activity like playing outdoor games, walking and cycling are essential.  Health education can be given to parents, teachers and children regarding dietary habit and sedentary life style.

a. Diet modification 

Moloney (2000) emphasized that the diet of the obese children should be adequate nutritionally, low in energy and fat. 

Zwiauer (2000) reported that caloric requirements result in efficient weight reduction. Generally a mixed hypo caloric diet consisting of 25% - 30% fat, 50% - 55% preferentially as complex carbohydrates and 15% - 20% protein is prescribed for obese children. Usually a fixed number of meals are recommended (e.g. five meal times) in order to avoid between meals and snacking. Moreover sufficient fluid intake should be provided (1.5 - 2.0 l/day). Moderate dietary restriction of the caloric intake and maintenance of body weight over a longer period often results in ‘growing into the body height’ and thus normalizing body weight’. 

Spieth et al., (2000) found that obese children using a low-glycemic index diet lost more weight compared with a similar group using a low-fat diet. 

Dietary interventions should emphasize energy reduction, lower - fat food choices, increased vegetable and fruit intake, healthier snacks and decreased portion sizes. Soft drinks and fruit drinks should be limited. Changes in eating habits, shopping practices and types of food for the whole family will support a child’s ability to self-regulate his or her food intake (Batch and Baur, 2005).  James et al., (2004) revealed that reduction of carbonated-drink consumption resulted in a reduction in the number of overweight children after 12 months. 
b. Increased physical activity and decreased sedentary behaviour 

According to Nowicka and Flodmark (2007), changes in physical activity with the aim of increasing energy expenditure are usually an important component in the treatment of childhood obesity. Physical activity also has several other aspects that are positive for the health of an obese child. 

Physical exercise programs combined with normal calorie intake resulted in reductions in body weight and body fat while allowing for normal growth and preservation of lean body mass (Dao et al., 2004). Reilly and McDowell (2003) stated that a reduction in sedentary behaviour is an effective component of a weight management program for obese children. 

Robinson (1999) pointed out that gains can be made in restriction of television viewing. Although, it seems that reduced eating in front of the television is at least as important as increasing activity. Swinburn and Egger (2002) emphasized that reducing the huge volume of marketing of energy-dense foods and drinks and fast food restaurants to young children, particularly through the powerful media of television, is a potential strategy that can be advocated. Edmunds et al., (2001) revealed that addition of physical activity and reduction in sedentary behaviour, improves weight loss.

c. Behaviour modification 

Wing (1999) reported that studies on weight control and behaviour modification revealed 10 per cent weight loss after a period of six months and 60 per cent weight loss after 40 weeks. Sharma (2006) stated that TV watching seems to be a most modifiable bahaviour, followed by physical activity and nutrition behaviours. 

McLean et al., (2003) reported that parental involvement in the treatment of childhood obesity is considered an important success, especially when parents are given adequate training in a wide-range of behaviour change techniques that can be applied to the entire family. Golan and Crow (2004) pointed out that as with all children, those with weight problems need acceptance, support and encouragement from their family. 

d. Intensive therapy 

Yanowski (2001) reviewed on intensive therapies that have been proposed and tried in children. These include a) severe energy restriction below 1000 kcal/day b) drugs- fenfluramine, metformin, sibu-tramine, leptin, octreotide and c) bariatric surgery such as gastric by pass and gastric stapling. Although initial weight loss can be dramatic, most of these approaches are fraught with significant adverse consequences and need constant long term monitoring. 

As obesity is the most common chronic disorder in industrialized societies, its impact on individual as well as on health economics has to be recognized widely. One should aim to increase public awareness of the ever increasing health burden and economic dimension of the childhood obesity epidemic that is presented around the globe (Kiess et al., 2001). 

D. Role of calcium in obesity management 

Decades of research show that traditional dairy products, as part of a healthy diet, offer an array of benefits in the areas of bone health, blood pressure reduction and weight management. Studies on overweight and obese subjects have demonstrated that including three servings of dairy foods each day as part of a reduced - calorie diet resulted in more weight and fat loss than cutting calories alone in a diet low in dairy. The nutrients found in dairy foods, especially calcium and protein, may be responsible for helping the break down and burning of fat (Huth, 2005). 

Novotny et al., (2004) opined that kids who want to keep their body weight low should drink less soda pop and sweetened juices and take in more milk and other dairy products. According to Moore et al., (2004) children who ate more dairy foods and had moderate intake of dietary fat gained less weight and fat than children who ate fewer dairy foods and had low or high intakes of dietary fat. 

Calcium from dairy products seems to have more of an impact than calcium from dietary supplements (Schrager, 2005). 

a. Mechanism of action

According to Vaskonen (2003), calcium as a divalent cation can form insoluble soaps with fatty acids in the intestine and thus prevent the absorption of part of the dietary fat. Decreased absorption of saturated fat leads to reduction in serum cholesterol level via decreased production of VLDL and increased intake of LDL in the liver. Dietary calcium may also bind bile acids, which increases the conversion of cholesterol to bile acids in the liver.  Furthermore, calcium appears to enhance the cholesterol - lowering effect of plant sterols. Thus, dietary combination of the mineral nutrients and plant sterols provides a promising novel approach to the modification of cardiovascular risk factors. 

Zemel et al., (2000) reported that increased circulating calcium due to the consumption of relatively large amounts of dietary calcium decreased serum concentrations of the hormones PTH (Parothyroid hormone) and calcitriol, which in turn down regulates the calcium influx into the fat cells of our body, the so called adipocytes. Decreased adipocyte intracellular calcium stimulates fat degradation and fatty acid oxidation. All these effects result in decreased adipocyte lipid accumulation, weight and body fat reduction and over all shift of dietary energy from fatty (adipose) tissue to lean body mass. 

 Delfos, (2004) indicated that high calcium intake did not affect hunger and satiety immediately after meal, but did significantly reduce spontaneous food intake over the subsequent 24 hours. 

b. Calcium in weight management 

Jacqmain et al., (2003) studied the effect of calcium intake on body composition, and lipoprotein - lipid concentrations in adults aged 20-65 years. The findings revealed that calcium intake is associated with greater adiposity, particularly   in women. In both sexes, a high calcium intake is associated with a plasma lipoprotein - lipid profile predictive of a lower risk of coronary heart disease risk compared with a low calcium intake. Davies et al., (2000) observed that there was a significant negative association between calcium intake and body weight.

A study in Italy evaluated the relationship between milk consumption and body mass in nearly 900 children aged 5 - 11 years. The researchers found an association between higher milk consumption and lower BMI, when controlling for sex, age, physical activity, birth weight, parental over weight and education (Barba et al., 2005). 

Rockell et al., (2004) stated that in a two year observational study of 46 New Zealand children (aged 3-10 years) who were ‘milk avoiders’ researchers found an elevated BMI, short stature and low bone mineral density compared to a reference population of milk drinkers. 

According to Lorenzen et al., (2006) a diet rich in calcium and dairy products was linked to lower body fat. Calcium supplements had no effect on body weight or body fat during the one year intervention. 

E. Role of fibre in obesity management

Slavin (2006) recommended increasing consumption of dietary fibre with fruits, vegetables, whole grains, and legumes across the life cycle is a critical step in stemming the epidemic of obesity. Fibre intake is inversely associated with body weight and body fat. The addition of dietary fibre generally decreases food intake, and, hence, body weight. Dietary fibre aids in weight management, including promoting satiation, decreasing absorption of macronutrients and altering secretion of gut hormones. 


Williams (2006) suggested that dietary fibre has important health benefits in childhood, especially in promoting normal laxation. Dietary fibre in childhood may be useful in preventing and treating obesity and also in lowering blood cholesterol levels, both of which may help reduce the risk of future cardiovascular disease. 

According to American Dietetic Association, studies using soluble fibre to lower cholesterol in children are limited (www.obesityaction.com, 2002). Academy of sciences (NAS) for children and adolescents have set an Adequate Intake (AI) of 19 -38 grams of total fibre per day. This new guideline is based on an AI of 14 grams of fibre per 1000 calories for a reduced risk of coronary heart disease (Institute of Medicine, 2002).

a. Mechanism of action 

Slavin and Green (2007) emphasized that dietary fibres have different physiological effects and provide a variety of health benefits, including satiety. Pre-absorptive factors such as gastric distention, and the work and time required for chewing are important for satiation. For this reason, the bulking and textural properties of fibre make it an attractive ingredient for enhancing diet. Satiety signals are generated both pre and post absorptively. Viscous soluble fibres may be useful because they prolong the intestinal phase of nutrient digestion and absorption. This means that there is a longer time over which the macronutrients can interact with the pre-absorptive mechanisms of satiation and satiety, as well as prolong the time course of post-absorptive signals. Adding fibre to low calorie/low fat foods may enhance satiety, but because weight-loss meals are low in energy and fat, satiety is likely to be short lasting. 

Fibre acts as a physical barrier and impairs the ability of the nutrients in the food to interact with the digestive enzymes. It delays gastric emptying, increase transit time through the intestine, and decrease nutrient absorption (Groff and Gropper, 1999). 

Fibre reduces energy consumption by displacing calorie-dense concentrated fats and sweets from the diet while donating little energy. Fibre therefore helps in weight control (Sizer and Whitney, 2000).

Fibre lowers blood cholesterol levels through the following mechanisms.1) Bind fecal bile acids and increase excretion of bile acid derived cholesterol, 2) prevent dietary fat and cholesterol absorption by binding bile acids or fat, 3) fermented by intestinal bacteria and produce short chain fatty acids (SCFAs) which inhibits cholesterol synthesis in liver and lower blood lipids ( Mahan and Stump,2004).

b. Fibre in obesity management

 1. Legumes

Legumes are also a source of dietary fibre the relatively high soluble - fibre content of peas and beans was shown to lower blood cholesterol concentrations in feeding studies (Anderson et al., 1995). 

Bengal gram

Nestel et al., (2004) found that chick pea diet lowered the consumption of fatty acid and cholesterol intakes.

Arcan and Yemenicioglu (2007) estimated the crude protein extracts from thermally processed or heat treated chickpeas. It indicated a higher free radical - scavenging capacity and thermostability. A chickpea protein has good potential of thermostable natural food antioxidants.

Horse gram

Muthu et al., (2005) observed the hypolipidemic activity of Dolichos biflorus (Horse gram) in high fat diet fed rats. Methanolic extract of D.biflorus, administration to high fat diet fed rats showed near to normal levels of the above lipids in plasma and tissues. 

2. Kodomillet 

As a commercial crop, koda millet, varagu or koda (Paspalum Scrobiculatum) is grown only in India. Although it is grown extensively by subsistence farmers elsewhere. Kodo is annual millet varying in height from 30 to 90 cm with many basal tillers, 10 to 48 cm. The inflorescence is small 2 to 12cm. It matures late compared with other small millets. It is highly self-pollinating; florets generally remain closed during self flowering period. The grain occurs in a hard husk that makes debranning difficult. The crop is drought hardy and frequently grown on poor soils. It is relatively high in fibre and ash (at 5%) (Dendy and Dobraszczyk, 2001). 

Hegde et al., (2005) revealed that kodomillet is a rich source of phenolics, tannis and phytates, which can act as antioxidants. Rats fed with kodamillet enriched diet showed a greater reduction in blood glucose (42%) and cholesterol (27%). 

3. Oats 

Roberts (2000) stated that low and moderate glycemic foods, especially those high in protein or viscous fibres, like oatmeal, may have a role in appetite regulation and weight management through their favourable effects on hormones and various metabolic processes. 

Kwiterovich (1995) observed that studies among 10 and 5-12 year old children who included oat bran at 28g/day and 1g/kg/day respectively observed a 6-7 per cent reduction in ldL cholesterol.

iii. experimental procedure

The experimental procedure adopted for the present study entitled ‘Effect of Supplementation of Calcium and Fibre Rich Snacks on Obese Children (10-12 Years)’ is dealt under the following headings. 

A. Selection of Schools
B. Selection of Children 

C. Formulation of Questionnaire 

D. Collection of Data on Socio Economic Background, dietary and Physical Activity  Pattern  of  the Selected Children 
E. Assessment of Nutritional Status of the Children  

F. Formulation and Preparation of Calcium and Fibre Rich Snacks

G. Implementation and evaluation of the supplementation and 

H. Statistical Analysis 

A. Selection of Schools

The area selected for the study included four schools of Coimbatore City as follows. 

1. Ramakrishna Matriculation Higher Secondary School, S.N.R College Road.

2. Siddha Naidu Memorial Matriculation School, Avarampalayam Road.

3. Angappa Senior Secondary CBSE School, Raja Annamalai Road.

4. Narayana Guru Mission Matriculation School, Raja Annamalai Road.
All the schools were run by private managements.                The investigator selected these private schools with an idea that there could be more affluent children and a higher prevalence of obesity and availability of obese children for the study. In addition, these schools were easily accessible to the investigator and the excellent co-operation rendered by the students, parents, teachers and the concerned authorities of the selected schools formed the basis for their selection.

B. Selection of children 

There were 745 children in the age group of 10-12 years among the four selected schools. All these children were screened for obesity based on their BMI values. Among the children, 40 obese boys were selected for the study by purposive sampling method. Girls were not selected since there are pubertal changes among girls during this age period which may influence the supplementation study. Necessary permission was obtained from the parents of the selected children for including them in the supplementation study.

Children are often considered the priority population for intervention strategies because, at first, weight loss in adulthood is difficult and there are a greater number of potential interventions for children than for adults. Schools are a natural setting for influencing the food and physical activity environments of children. Secondly, it is difficult to reduce excessive weight in adults once it becomes established. Therefore it would be more sensible to initiate prevention and treatment of obesity during childhood (Dehghan et al., 2005). 
Effectively treating obesity in childhood onwards also prevents the onset of adult obesity and reduces chronic diseases (Doak et al., 2006). Hence, 40 boys in the age group of 10-12 years were selected for the supplementation study. Plate 1 shows some of the selected children.
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C. Formulation of Questionnaire 

Questionnaire is one of the most popular data collecting methods within the survey research method. It is a document consisting of closed and/or open ended structured questions covering research objectives, questions and variables (Pawar, 2004). The collection of data through questionnaire is one of the most popular methods used now a days. The information obtained by this method is also of good quality (Gupta, 2005).

Hence, a well structured questionnaire was formulated to assess the socio economic, dietary background and physical activity pattern of the selected children. Both open-end and closed-end questions were included in the questionnaire in order to obtain qualitative and quantitative information about the selected children.            In explorative research, open end questions are generally used because they help to collect as much information as possible and closed end questions offer a simple and fast method to collect and process the data (Velde et al., 2004). The formulated questionnaire is given in Appendix I.  

D.  COLLECTION OF DATA ON Socio Economic Background, dietary AND PHYSICAL ACTIVITY PATTERN of the selected children
Socio economic factors profoundly affect nutritional status. The ethnic background and educational level of both the client and the other members of the household influence food availability and food choices. Level of income also influences the diet (Rolfes et al., 1998).  

Hence background information regarding socio economic status, age, occupation of the family members, type of family, monthly income, birth order, birth weight, food expenditure, details regarding dietary pattern, type of snacks eaten, food likes and dislikes, physical activity pattern, complications experienced by the boys, hereditary diseases and anthropometric measurement of the parents were collected from the 40 selected obese boys. 

Dietary survey constitute an essential part of any complete study of nutritional status of the groups, providing information on nutrient intake levels, sources of nutrients, food habits and attitudes (Swaminathan,1999).To assess the adequacy of food consumption a three day recall method was selected. According to Summerfield and Liane (2001), a three day diet record is advantageous because it is usually more representative of typical intake than one day record. The three day dietary recall questionnaire is given in Appendix II.

The mean nutrient intake of the selected children was calculated using the ICMR food composition tables (2007)                             and compared with Recommended Dietary Allowance (RDA) suggested by ICMR (2006).
E. Assessment of Nutritional Status of the  children
Nutritional status of children is an indicator of health and well being at both the individual and the population level (Zemel et al., 1997). Nutritional status in children is assessed clinically, anthropometrically and biochemically. Anthropometric assessment is the procedure most frequently performed and most affected by age and development (Morgan and Dickerson, 2003).
1. Anthropometry 

Anthropometric measurements on children can throw light not only on their growth and development but also on the probability of them becoming obese. 

Anthropometry involves obtaining physical measurements of individual and relating them to standards that reflect the growth and development of the individual. These physical measurements are another component of the nutritional assessment and are useful for evaluating over nutrition or under nutrition. They can also be used to monitor the effects of nutritional intervention (Mahan and Stump, 2004). 

 Cachera (1999) emphasized that the most widely used measurements to predict fatness are skin folds, weight and height. Hence anthropometric measurements such as height, weight and skin fold thickness were measured.    

a. Height 

Heights of populations are generally an index of their all round development (Gopalan et al., 2005). Hence height nearest to 0.1 cm was taken using a stadiometer available at the schools. The children             were asked to remove the foot wear and made to stand erect with heels, buttocks, shoulders and head touching the rod of the stadiometer, with feet parallel and placed together and with arms hanging at the sides in a natural manner as shown in Plate 2.
b. Weight 

Body weight is the widely used and the most sensitive and simplest reproducible anthropometric measurement for the evaluation of nutritional status of young children (Srilakshmi, 2006). Weights of all obese boys were taken using a portable weighing balance to the nearest 0.5kg as shown in Plate 3. Precautions like minimal clothing, no footwear, and standing erect and taking measurement before meals were followed. The weighing balance was checked for zero error before taking the weight and corrected as and when required.
c. Body Mass Index (BMI)
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BMI is considered as one of the most appropriate measure for the indirect assessment of adiposity in childhood and adolescence (Frontini et al., 2001). From the recorded heights and weights of the children, BMI was calculated using the formula

BMI =   

d. Grading of obesity 

BMI standards are expressed as ‘percentiles’ for children and it determines the degree of obesity (Cole et al., 2000). Based on the percentiles depicted in the NHANES III (The National Health and Nutrition Examination Survey) growth chart (2004), children exceeding the 95th percentile were considered to be obese.

e. Skin fold thickness 

 The most commonly used technique that determines subcutaneous fat is by measuring skin fold thickness using, skin fold calipers. Since subcutaneous tissue constitutes approximately 50 per cent adipose tissue stores, skin fold measurements are useful in judging the total body fat of an individual (Joshi, 2002). 
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Skin fold thickness of the children was measured at the midarm using Harpender skinfold calipers as shown in Plate 4.                     A vertical fold of skin is held with thumb and index finger, one inch above the mid point on mid - line on the back of the left arm of the children, taking care not to include muscles. The caliper is held with right hand, horizontal to the skin fold taking care not to be too close to the arm or too close to the edge of the skin fold. The reading is noted immediately as any delay will lead to gradual decrease in the measurement. Reading is recorded in mm up to the first decimal. 

2. Clinical examination 

Careful observations of physical signs of nutritional status provide an important added dimension to the overall assessment of the individuals (Robert and Williams, 2000). Clinical assessment was done by the investigator using the proforma which is given in Appendix III.

3. Biochemical estimation 

Biochemical tests help to diagnose deficiencies/diseases at the sub clinical stage and confirm it as a disease state. In the development of any deficiency disease, biochemical changes can be expected to occur even prior to clinical manifestations (Bert, 1998). They provide an accurate indication of the nature of short term nutritional problems and require the examination of body fluids such as blood and urine (Foster, 1992). 

With the help of a laboratory technician, 3ml of blood was drawn from the vein and blood lipid profile comprising of Total cholesterol, Triglycerides, Low density Lipoprotein, High density Lipoprotein and Very Low Density Lipoprotein was estimated (Plate 5). 
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F. Formulation and preparation of calcium and fibre rich snacks

Three supplements were selected to test the effect of calcium, fibre and calcium along with fibre on obese children (Plate 6). The details of the supplements are given as follows. 

Supplement 1: Flavoured Milk  

Milk was selected for supplementation since there are studies which highlight the significance of calcium on childhood obesity. Skinner et al., (2003) reported that higher calcium intake and more dairy servings per day were associated with reduced adiposity in children.

The formulation had three variations with skimmed milk powder purchased from Aavin milk society. Flavoured milk was prepared with skimmed milk powder (different variations), sugar and hot water. Different flavours such as rose, pista, cardamom, pineapple, and orange were added and given.
	Ingredients(g)
	F1
	F2,
	F3

	Skim milk Powder 
	20
	25
	30

	Sugar 
	8
	8
	8

	Acceptability scores out of  25
	17.0
	19.8
	21.9


Acceptability testing of different formulations of flavoured milk (F1, F2 and F3) was conducted using organoleptic evaluation, based on characteristics such as appearance, colour, flavour, taste and texture with the help of a score card (Appendix IV) by a group of panel members. Among them, F3 was selected for the supplementation study since it had higher acceptability scores of 21.9 out of 25. 
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Supplement 2: Varagu and Oats laddu  

Varagu and oats were the millet and cereal selected for the supplementation since they contain a high amount of fibre 9g and 11g/100g respectively. All the ingredients were purchased of good quality from Departmental stores. Varagu was roasted and powdered, but oats was powdered as such. Cardamom was added for flavour, jaggery was boiled in water, filtered and added to cereal flours and mixed thoroughly. The mix was made into balls. The following were the proportions used for mixes.
	Ingredients(g)
	L1
	L2
	L3

	Varagu
	25.0
	18.75
	12.5

	Oats
	12.5
	18.75
	25.0

	Jaggery
	5.0
	5.0
	5.0

	Acceptability scores out of 25
	22.0
	19.1
	17.7


Acceptability testing was conducted with the help of students using score card (Appendix V) and L1 was selected for supplementation since it obtained a highest score of 22 out of 25. 

Supplement 3: Whole gram Sundal 



The selected legumes were Horse gram and Bengal gram which contain high amounts of calcium 287mg, 202mg and fibre 5.3g, 3.9g/100g respectively. These legumes were selected to test the effect of calcium along with fibre on obese children. The amount of legumes taken was 40g. Legumes were soaked overnight, pressure cooked, 3g of salt was added, and prepared without seasoning.

Nutrient Content of the Supplements

Nutrients such as energy, carbohydrate, protein, fat, fibre, calcium and iron content of these supplements were calculated using the ICMR food composition table (2007).

G. Implementation and evaluation of the supplementation  

1. Implementation of the supplementation 

Forty obese boys in the age group of 10-12 years were divided into four groups. Thirty boys constituted the experimental groups and ten boys formed the control group. 

Three different supplements were given to the three experimental groups for a period of three months. Flavoured milk for experimental group I, Varagu and oats laddu for experimental group II and Whole gram sundal for experimental group III were given. The supplements were given as a replacement of the mid afternoon snack for three months. The investigator visited the schools and gave the supplements everyday and they were asked to consume the supplements without spilling or wasting. The boys were given supplements in the home during the holidays. All the groups were monitored throughout the supplementation period. Plate 7 depicts the children taking the supplements. 

2. Evaluation of the supplementation 

Effect of the supplementation was evaluated through nutritional assessment such as height, weight, BMI, and biochemical components comprising of total cholesterol, triglycerides, low density lipoprotein, high density lipoprotein and very low density lipoprotein. 
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.                   

These assessments were done at the beginning and at the end of the supplementation study. The non-supplemented control group was also assessed for the same parameters at the same intervals. 
The following biochemical parameters were assessed using standard procedures before and after the supplementation study. 

a. Serum Total cholesterol

Chod – pap / End point method (Burtis, 1999)

b. Serum Triglycerides 

Gpo – pap / End point method (Buccolo, 1973)
c. HDL cholesterol (Naito,1984)

Direct HDL / Enzymatic method

d. VLDL Cholesterol

Serum Triglycerides , where 5 is a constant factor.

5

e. LDL Cholesterol 
Serum Total Cholesterol – (VLDL cholesterol + HDL cholesterol) 

H. Statistical Analysis 

The data obtained from the study was consolidated and tabulated. The impact of calcium and fibre rich snacks on obese children in comparison with the control group was statistically analyzed using test of significance such as t-test, Analysis of variance i.e., ANOVA or F-test for all the parameters.

The outline of the study is given in Figure 1.
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iv. Results and discussion

The results of the study entitled ‘Effect of Supplementation of Calcium and Fibre Rich Snacks on Obese Children (10-12 years)’ are discussed under the following headings:

A. Prevalence of obesity among children.

B. Socio-economic background of selected obese boys.

C. Dietary pattern of selected children.
D. Physical activity pattern of selected children.
E. Nutritional and health profile of selected children.
F. Acceptability, cost and nutrient content of the supplements.

G. Effect of supplementation on selected children.
A. Prevalence of obesity among children

The prevalence of obesity among children has increased at a fast pace worldwide in recent years. Prevalence of normal, under weight, over weight and obesity among children of 10-12 yrs age group                based on BMI values from the selected schools is presented in Table I and Figure 2. 

Table - I

prevalence of obesity among children (10-12 years) from selected schools       

                                                                                                                                                                  (N=745)
	Age in years
	No. of children 
	Normal*
	Underweight*
	Overweight*
	Obese*

	
	
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls

	
	Boys
	Girls
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%

	10+
	183
	121
	30
	16.4
	18
	14.9
	123
	67.2
	81
	66.9
	10
	5.5
	9
	7.5
	20
	10.9
	13
	10

	11+
	149
	147
	22
	14.8
	27
	18.4
	93
	62.4
	85
	57.8
	14
	9.4
	21
	14.3
	20
	13.4
	14
	9.5

	12+
	125
	20
	28
	22.4
	4
	20
	78
	62.4
	8
	40
	13
	10.4
	4
	20
	10
	8
	4
	20

	Total
	457
	288
	80
	17.5
	49
	17
	294
	64.3
	174
	60.4
	37
	8.1
	34
	11.8
	46
	10.1
	31
	10.8


*NCHS, (2002)
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From the table, it is observed that the prevalence of obesity and overweight among 10 year boys was found to be 10.9 per cent and 5.5 per cent and that among girls it was 10.7 per cent and 7.5 per cent respectively. Among boys of 11 years, the prevalence of obesity and overweight was 13.4 per cent and 9.4 per cent and that of girls was           9.5 per cent and 14.3 per cent respectively. The prevalence of obesity and overweight among boys of 12 years was found to be 3.2 per cent and 10.4 per cent and among girls was 20 per cent each. It is observed that the prevalence of obesity was higher in boys of 10 and 11 years when compared to girls of the same age whereas the prevalence was higher among girls of 12 years compared to boys. With regard to overweight, the prevalence was higher among girls compared to boys. 

Tokmakidis et al., (2006) reported a prevalence of 59.4 per cent normal BMI, 25.8 per cent overweight and 14.8 per cent obesity among Greek nine year old primary school children and the prevalence of overweight and obesity affected approximately four out of ten children. Regarding gender differences, the prevalence of overweight and obesity was slightly higher among boys. Findings of the present study are similar to the study reported here.
According to Kumar et al.,(2007) the prevalence of obesity among affluent school children in Davangere city was 5.74 per cent and it was supported by the contemporary studies conducted at Chennai and Delhi with a prevalence of 6.2 and 7.4 percent respectively.  Prevalence of obesity was more among girls with 8.82 per cent than among boys with 4.1 per cent. 

B. Socio-economic background of selected obese boys

Prevalence of obesity was found to be proportional to the socio economic status. The socio economic profile of the selected children is presented under different headings.
1. Size, type, religion and income of the families 

Details on the size, type, religion and monthly income of the selected families of the obese boys are presented in Table II. 

Table - ii 

SIZE, TYPE, RELIGION AND INCOME OF THE FAMILIES

                                                                 (N=40)
	Details
	No
	Per cent

	Size of family
	
	

	2-4
	27
	67.5

	5-7
	13
	32.5

	Total
	40
	100.0

	Type of family
	
	

	Joint
	10
	25.0

	Nuclear
	30
	75.0

	Total
	40
	100.0

	Religion 
	
	

	Hindu 
	36
	90.0

	Christian
	3
	7.5

	Muslim
	1
	2.5

	Total
	40
	100.0

	Monthly Income (Rs)* 
	
	

	<2100
	0
	0

	2101  - 4500
	3
	7.5

	4501 -7500
	13
	32.5

	> 7500
	24
	60.0

	Total
	40
	100.0


            * HUDCO Classification (2004)

Size of the family has an impact on the nutritional status of any person. In the present study 67.5 per cent of the families had 2-4 members and 32.5 per cent of the families had 5-7 members. It is observed that majority of the families are adopting small family norms. 

With regard to type of families, majority of the obese children belonged to nuclear families (75%) and the rest belonged to joint families (25%). 

Among the families surveyed, 90 per cent were Hindus,          7.5 per cent Christians and 2.5 per cent Muslims. Since a higher percentage of children in the selected schools belonged to Hindu families, the prevalence of obesity was higher among them. 

In the present study, following HUDCO classification (2004), it is observed that 60 per cent of the families of the obese children had a monthly income of more than Rs.7500, 32.5 per cent had Rs.4501 and Rs.7500, 7.5 per cent of the families earned Rs.2101-Rs.4500 per month whereas none of the families earned less than Rs.2101. It shows that prevalence of obesity was higher (60%) among high income group. Household income shows an association with food availability and indirectly influences children’s eating habits and weight (Mei et al., 1998). Parent’s socio economic status also has an important effect on childhood obesity (Veugelers and Fitgerald, 2005).
2. Number of children in the families 

Number of children in the families of the selected obese boys is presented in Table III.

Table - iii

Number of children in the families

                                                 (N=40)
	No of children
	No
	Per cent

	Single child
	15
	37.5

	Two children
	20
	50.0

	Three children
	5
	12.5

	Total
	40
	100.0


It is observed that 50 per cent of the obese boys belonged to families which had two children, 37.5 per cent of obese boys were single child in their family whereas, the remaining 12.5 per cent obese boys belonged to families which had three children. 

Moussa et al., (1999) revealed that, being the only child had been associated with childhood obesity. In the present study, more number of obese children was found among families of two children
3. Distribution of the family members according to age and sex.

Age and sex wise distribution of the family members is presented in Table IV.

Table - iv

Age and sex wise distribution of the family members                                                                                               

                                                                                       (N=122)
	Age in years 
	Male
	Female
	Total

	
	No
	%
	No
	%
	No
	%

	0-5
	1
	1.5
	0
	0
	1
	0.8

	6-12
	13
	19.4
	2
	3.6
	15
	12.3

	13-19
	8
	11.9
	6
	10.9
	14
	11.5

	20-60
	42
	62.7
	42
	76.4
	84
	68.9

	>60
	3
	4.5
	5
	9.1
	8
	6.5

	Total
	67
	100
	55
	100
	122
	100


Among the 67 males found in the selected families, majority of them (62.7%) were found to be adults of 20-60 years of age. Among females (55), the predominating percentage was adults (76.4%). Preschoolers, school going children, adolescents and senior citizens comprised a very low percentage of the total population.  

4. Educational status of the family members 

Educational status of the family members is presented in Table V. 

Table - v

Educational status of the family members

                                                                             (N=121)
	Educational status
	Male
	Female
	Total

	
	No
	%
	No
	%
	No
	%

	Primary
	14
	21.2
	4
	7.3
	18
	14.9

	Secondary
	7
	10.6
	20
	36.4
	27
	22.3

	Higher secondary
	18
	27.3
	13
	23.6
	31
	25.6

	Graduate
	27
	40.9
	13
	23.6
	40
	33.1

	Post-graduate
	-
	-
	2
	3.6
	2
	1.6

	Never been to school
	-
	-
	3
	5.5
	3
	2.5

	Total
	66
	100
	55
	100
	121
	100


It is encouraging to note that excluding one child under five years, majority of them 97.5 per cent were literates and only few 2.4 per cent of females were illiterates among the family members of the selected boys. A higher per cent of 33.1 had completed graduation and 25.6 per cent had studied up to higher secondary education.  

A Finland study had reported that there was a lower rate of increase in mean Body Mass Index (BMI) in the most highly educated groups. In some areas, the average BMI had actually fallen in men in the groups of highest education and the rates of increase in mean BMI in women of the high and medium education groups appeared to be levelling off (Pietinen et al., 1996).

5. Birth order and birth weight of obese boys 

Birth order and birth weight of obese boys are presented in Table VI.

Table - vi

Birth order and birth weight of obese boys

                                                         (N=40)
	Details
	N0
	Per cent

	Birth order
	
	

	First
	24
	60.0

	Second
	15
	37.5

	Third
	1
	2.5

	Total
	40
	100

	Birth weight (kg) 
	
	

	Less than 2.5
	7
	17.5

	2.5 – 3
	15
	37.5

	3.1 - 3.5
	12
	30.0

	Above 3.5
	6
	15.0

	Total
	40
	100


About 60 per cent of the obese boys were the first child in their family, 37.5 per cent were the second child where as only 2.5 per cent were the third child in their family. 

With regard to birth weight, 37.5 per cent of the obese boys had a birth weight of 2.5-3kg, where as 30 per cent had a weight of 3.1-3.5kg. Less than 2.5kg and above 3.5kg birth weight was observed among 17.5 per cent and 15 per cent of obese boys respectively. 

Eriksson et al., (2001) revealed that people who became obese tend to have a high birth weight and high ponderal index at birth. Bhargava et al., (2004) reported the deleterious effect of accelerated weight gain in childhood ‘crossing of centiles’ especially in low birth weight babies in India.

6. Occupation of the family members 

The occupation of the family members of the selected obese boys is given in Table VII. 

Table - vii

Occupation of the family members

                                                                          (N=92*)
	Occupation
	Male
	Female
	Total

	
	No
	%
	No
	%
	No
	%

	Agriculture
	1
	2.2
	0
	0
	1
	1.1

	Business
	16
	35.6
	1
	2.1
	17
	18.5

	Clerical work
	6
	13.3
	5
	10.6
	11
	12

	Driver
	3
	6.7
	0
	0
	3
	3.3

	Professional
	9
	20
	4
	8.5
	13
	14.1

	Skilled work
	4
	8.9
	0
	0
	4
	4.3

	House wives
	0
	0
	31
	66
	31
	33.7

	No occupation
	6
	13.3
	6
	12.8
	12
	13.0

	Total
	45
	100
	47
	100
	92
	100


         * Excluding children 

A majority of the head of the families (35.6%) were doing business. About 20 per cent of them were engaged in professional jobs whereas 2.2 per cent were agriculturists, 13.3 per cent were clerks, 6.7 per cent were engaged as drivers and 8.9 per cent in skilled work. Among women a majority of 66 per cent were house wives, whereas 10.6 per cent and 8.5 per cent were working as clerks and as professionals like teachers respectively.

7. Food expenditure pattern 

Money spent by the families per month on food is presented in Table VIII and Figure 3. 

Table - viii

Food expenditure pattern

                                                (N=40)
	Amount spent (Rs) 
	No
	Per cent

	< Rs.1500
	4
	10.0

	Rs.1501 - 3000 
	13
	32.5

	Rs.3001 - 4500
	12
	30.0

	Rs.4501 - 6000
	11
	27.5

	Total
	40
	100


About 32.5 per cent of the families of the obese boys spent Rs.1501 - 3000 on food, and 30 per cent spent Rs.3001 - 4500 of their income on food. About Rs.4501 - 6000 was spent by 27.5 per cent of families where as very few families (10%) spent less than Rs.1500 on food per month. 
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c. Dietary pattern of selected children 

1. Type of diet, meal pattern and skipping of meals
Table IX presents the details regarding the dietary pattern of the children.

Table - ix

type of diet, meal pattern and skipping of meals
                                                                        (N=40)
	S.No
	Details
	No
	Per cent

	I
	Type of diet 
	
	

	1.
	Vegetarian 
	8
	20.0

	2.
	Non Vegetarian
	22
	55.0

	3.
	Ova vegetarian
	10
	25.0

	
	Total
	40
	100

	II
	Daily meal pattern
	
	

	1.
	Two meals 
	6
	15.0

	2.
	Three meals 
	27
	67.5

	3.
	Four meals 
	7
	17.5

	
	Total
	40
	100

	III
	Skipping of meals 
	
	

	1.
	Breakfast
	19
	47.5

	2.
	Lunch 
	8
	20.0

	3.
	Dinner 
	7
	17.5

	4.
	Do not skip
	6
	15.0

	
	Total
	40
	100


Most of the obese boys 55 per cent were found to be non-vegetarians while 25 per cent were ova vegetarians. Only about 20 per cent of the obese boys were vegetarians. More consumption of non-vegetarian foods may predispose to obesity. 

A good majority of the obese boys followed three meals per day whereas 17.5 per cent and 15 per cent followed four meals and two meals respectively.  Bellisle et al., (1997) revealed that there was an inverse association between meal frequency and overweight.

It is observed that 47.5 per cent of the obese boys skipped their breakfast to avoid delay in going to school. About 20 per cent skipped their lunch and 17.5 per cent their dinner. Only 15 per cent of them did not skip their meals. Moreno and Rodriguez (2007) found correlations between being overweight in childhood and missing the breakfast. 

2. Frequency of consumption of snacks and soft drinks 

Frequency of consumption of snacks and soft drinks by the selected obese boys is presented in Table X. 

Table - x

Frequency of consumption of snacks and soft drinks

                                                       (N=40)
	S.No
	Frequency of consumption
	No
	Per cent

	I
	Snacks ( per day)
	
	

	1.
	Once
	21
	52.5

	2.
	Twice
	16
	40.0

	3.
	Thrice
	2
	5.0

	4.
	> 3 times
	1
	2.5

	5.
	Never
	0
	0

	
	Total
	40
	100

	II
	Soft drinks
	
	

	1.
	Daily
	2
	5.0

	2.
	Weekly
	5
	12.5

	3.
	Occasionally
	21
	52.5

	4.
	Never
	12
	30.0

	
	Total
	40
	100


From the table, it is observed that 52.5 per cent of the obese boys had snacks once a day where as 40 per cent, 5 per cent and 2.5 per cent ate snacks twice, thrice, and more than three times a day respectively. All the selected obese boys consumed snacks at some time of the day. Snackers are at risk of weight gain due to increased energy intake (Villegas et al., 2002). 

With regard to soft drink consumption, a majority of 52.5 per cent had occasionally, 12.5 had weekly once and 5 per cent consumed daily. It is interesting to note that 30 per cent never consumed soft drinks. Ludwig et al., (2001) reported that soft drink intake had been associated with the epidemic of obesity among children. 

3. Type and frequency of consumption of snacks and soft drinks.

Table XI presents the type and frequency of consumption of snacks and soft drinks.
Table - xi

Type and frequency of consumption of snacks and soft drinks

	Type of food
	Daily
	Twice a week
	Weekly
	Monthly
	Rarely 

	
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%

	Snacks (N=40)

	Bakery items 
	8
	20
	18
	45
	8
	20
	4
	10
	2
	5

	Fried foods 
	24
	60
	13
	32.5
	3
	7.5
	-
	-
	-
	-

	Sweets 
	32
	80
	8
	20
	-
	-
	-
	-
	-
	-

	Chocolates 
	20
	50
	18
	45
	2
	5
	-
	-
	-
	-

	Chat items 
	10
	25
	16
	40
	14
	35
	-
	-
	-
	-

	Desserts 
	7
	17.5
	22
	55
	11
	27.5
	-
	-
	-
	-

	Soft drinks (N=28)

	Soda 
	-
	-
	4
	14.3
	5
	17.9
	8
	28.6
	10
	35.7

	Pepsi 
	-
	-
	5
	17.9
	7
	25
	13
	46.4
	3
	10.7

	Coco cola 
	-
	-
	2
	2.1
	10
	35.7
	14
	50
	2
	7.1

	Fanta 
	-
	-
	-
	-
	12
	42.9
	10
	35.7
	6
	21.4

	Miranda 
	-
	-
	1
	3.6
	8
	28.6
	9
	32.1
	1
	3.6

	Sprite
	-
	-
	3
	7.5
	10
	35.7
	5
	17.9
	6
	21.4

	Maaza 
	-
	-
	6
	21.4
	20
	71.4
	2
	7.1
	-
	-


About 80 per cent of the obese boys ate sweets while 50 per cent had chocolates daily.  Desserts were consumed by 55 per cent of the boys while 45 per cent ate bakery items namely cake, puffs, bread and biscuits twice a week.40 per cent had chat times and fried foods like potato chips, murukku and french fries were consumed by 32.5 per cent of the boys twice a week. 
It is observed that 71.4 per cent of the obese boys had    Maaza weekly once whereas Coco-cola and Pepsi were consumed monthly once by 50 per cent and 46.4 per cent respectively. About 42.9 per cent of the boys had Fanta weekly once while 35.7 per cent consumed Soda occasionally. Miranda was consumed by 32.1 per cent of the obese boys monthly once and 21.4 per cent had sprite occasionally. 

Rangan et al., (2007) reported that all children (99.8%) consumed at least one extra food and the most commonly consumed foods were margarine, sugar-sweetened soft drinks, cordials and sugar. Extra foods contributed 41 per cent of the daily energy intake and they included fried potatoes (4.2%), sugar sweetened soft drinks (3.3%), ice cream (3.1%) and cordials (2.7%). Extra foods also contributed 19 per cent protein, 47 per cent total fat, 47 per cent saturated fat, 54 per cent sugar and approximately 20-25 per cent of selected micronutrients to the diet.  Male and older children generally consumed more and different types of extra foods than females and younger children.

4. Place of consumption of snacks 

Most of the obese boys namely 70 per cent consumed snacks at home, while 30 per cent had snacks outside. About 25 per cent of them reported that they consumed snacks both outside and at home. 

Gable and Lutz (2000) reported that children tend to eat high sugar, high fat and junk foods if they are available in the home. There is significant association between the foods available to children at home and the amount of non-nutritious foods eaten. Specifically parents who reported a greater availability of sweets in the home also indicated that their children ate more fats, sugars and junk foods. Additionally the availability of chips and salty snacks was positively associated with children’s junk food intake. 

5. Amount of money obtained from parents 

About 22 per cent (9 boys) did not get pocket money from parents while 78 per cent (31 boys) got pocket money. About 29 per cent of the obese boys got less than Rs.50 as pocket money while 16 per cent got Rs.50 – 100 weekly once. More than Rs.100 was got by 23 per cent of the boys monthly once. 

6. Money spent on snacks and soft drinks 

The survey findings revealed that 42.5 per cent of obese boys spent less than Rs.50 for snacks weekly once and 20 per cent of boys spent Rs.50-100 on a monthly basis while 15 per cent of the boys spent more than Rs.100 per month towards snacks. 

It is observed that a majority 68 per cent of obese boys spent less than Rs.50 while 14 per cent spent Rs.50-100 per month for soft drinks. None of them spent more than Rs.100 on soft drinks. 

7. Selection of snacks and soft drinks

Information collected on snack consumption revealed that 50 per cent of obese children consumed snacks because their parents bought snacks and made them available at home. Another 40 per cent gave the reason that they were influenced by the advertisements in television and selected such snacks and soft drinks. Nearly 15 per cent of obese boys had snacks because of peer group influence while only 12.5 per cent thought that some snacks are nutritious and bought them. 

Parent’s adiposity and fat intake are in many ways associated with their children’s adiposity and fat intake which suggests that familial similarities in food composition may partially explain familial patterns of adiposity. Parents are responsible for food availability and accessibility in the home. Parent’s encouragement to eat promotes fat gain among their children (Klesges et al., 1991). 

According to Lobstein and Dibb (2005), advertising of foods on television influenced food choices of children and encourage unhealthy diets. Swinburn and Egger (2002) stated that fast foods are one of the most advertised products on television and children are often the targeted market 

8. Food likes and dislikes 

Food likes indicated that ice cream was liked by all obese boys (40) followed by chocolates (37), sweets (36) and fried foods (32). The foods disliked by obese boys included greens (28), vegetables (20), steamed foods (19), pulses (12) and fruits (5). The findings revealed that many of the nutritious foods are being disliked by the selected obese boys. 

9. Hours of television viewing 

Television is a complex phenomenon and contributes to obesity through multiple mechanisms: children are physically idle, cognitively under the influence of television advertising, and have less opportunity to engage in extra curricular activities (Robinson, 1999). 

It is observed from the survey that 52.5 per cent of obese boys saw television programmes for one hour whereas 37.5, 7.5 and 2.5 per cent of obese boys saw television for 2,3 and 4 hours per day respectively. 

Campbell et al., (2006) revealed that increased time of TV viewing was associated with increased index of energy intake, increased sweet, snack and high energy drink consumption, and decreased vegetable intake. Many and Aarthi (2006) observed that the frequency of watching television was much higher for overweight and obese children than their counter parts. 

 10. Types of food consumed while watching television

Majority of the obese boys (87.5%) ate snacks while watching television, whereas 12.5 per cent did not eat anything during that time. About 80 per cent of obese boys ate fried foods while watching television followed by sweets (66%), chat items (49%) and bakery items (54.3%). 

Gable and Lutz (2000) observed the relationship between children’s intake of sugars, fats, and junk foods and their participation in active play, extra curricular activities and television viewing. The results showed that children who ate more sugars and junk foods also watched more television. 

d. Physical activity pattern of selected children 

1. Type and duration of physical activity 

Physical inactivity makes an extremely important contribution to the development and persistence of childhood obesity. In the present study, indoor games like chess and carrom were played by a majority of 28 to 34 per cent of obese boys for more than one hour. Computer games were played by 66 per cent of children for one hour and some, even played for more than two hours. 

Among outdoor games, cricket was played by 34 per cent of the obese boys for one hour. About 14 per cent and 17 per cent of boys played badminton and foot ball respectively. Among the boys 14 per cent did not play any of these outdoor games. The present study revealed that only limited percentage of children had active physical activity. Livingstone et al., (2003) reported that lack of physical activity is considered as a significant contributing factor in childhood obesity.
Li et al., (2007) reported that overweight children spent less time on house hold work and active transport and also performed less total moderate/vigorous activities, but they spent longer time on low intensity activities, including leisure time reading, computer use, video games, study and inactive transport. On an average, overweight children spent 2-3 hours per week, more on low-intensity activities and less than half an hour in moderate/vigorous activities than their counterparts with normal weight. 

2. Type and duration of exercise 

Inactivity is closely correlated with obesity. Exercise contributes significantly to weight loss. In the present study majority of the obese boys (67%) did not do any exercise. Cycling was practiced by 42 per cent of them for half an hour daily and 29 per cent performed for one hour daily. Skipping was done by 33 per cent of obese boys half an hour daily whereas 25 per cent were engaged in yoga for half an hour and 1½ hours daily. No one was involved in running and aerobic exercise. 

Cale and Almond (1992) reported that neither primary school aged nor secondary school aged was very active. Children did not take sufficient exercise to enhance their health status. 

E. Nutritional and health profile of selected   children
1. Mean food intake of the selected obese boys 

Table XII and Figure 4 presents the mean food intake of the selected obese boys. 

Table - xii

Mean food intake of the selected obese boys

	Food 

Items (g)
	Rda icmr (2000)
	Group I
	Group II
	Group III
	Control 

	
	
	AI
	PD/PE
	AI
	PD/PE
	AI
	PD/PE
	AI
	PD/PE

	Cereals
	330
	250
	-24
	280
	-15
	262
	-21
	282
	-15

	Pulses
	30
	25
	-17
	29
	-3
	28
	-7
	26
	-13

	Green leafy vegetables
	100
	55
	-45
	60
	-40
	65
	-35
	65
	-35

	Roots and tubers
	100
	60
	-40
	73
	-27
	72
	-28
	70
	-30

	Other vegetables
	100
	50
	-50
	67
	-33
	70
	-30
	53
	-47

	Fruits
	100
	80
	-20
	72
	-28
	68
	-32
	70
	-30

	Milk and milk products
	500
	320
	-36
	335
	-33
	300
	-40
	290
	-42

	Fats and oils
	25
	28
	+12
	30
	+20
	31
	+24
	29
	+16

	Fleshy foods
	50
	56
	+12
	60
	+20
	61
	+22
	58
	+16

	Sugar and jaggery
	35
	40
	+14
	42
	+20
	44
	+26
	42
	+20


                    AI - Actual intake   PD - Percent deficit   PE - Percent Excess 

The mean food intake of the selected boys indicated deficiency in all the food items except for fats and oils, fish and fleshy foods and sugar and jaggery. The findings revealed that the cereal and pulse intake was highly deficit with values of 24 per cent and 17 per cent  respectively  among  experimental group I. The percent deficit of 
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green leafy vegetables, roots and tubers and other vegetables was  45, 40 and 50 respectively among experimental group I compared to other groups. The intake of fruits was very low (32% deficit) in experimental group III and the intake of milk and milk products was very low in control group (42% deficit). The per cent excess intake of food items such as fats and oils, fish and fleshy foods and sugar and jaggery were in the range of 12-24, 12-22 and 14-26 respectively. Increased intake of these food items was found among experimental group III compared to other groups.

Hydrie et al., (2004) reported that Pakistani school children had unsatisfactory intakes of milk, fruits and vegetables and higher intakes of fat. Li et al., (2007) revealed that overweight children in china consumed less cereal grains and vegetables and more fruits, meat, cooking oil, egg, fish, milk and legumes. World Health Organization (1998) reported that the percentage of fat intake in the diet is increasing. Tucker et al., (1997) found a positive relationship between fat intake and adiposity in children. 

2. Mean nutrient intake of the selected obese boys 

Mean nutrient intake of the selected obese boys is presented in Table XIII and Figure 5.

Table - xiII

Mean nutrient intake of the selected obese boys

	Nutrients 
	Rda icmr (2004)
	Group I
	Group II
	Group III
	Control

	
	
	AI
	PD/PE
	AI
	PD/PE
	AI
	PD/PE
	AI
	PD/PE

	Energy (kcals)
	2190
	1829
	-17
	1948
	-11
	1980
	-10
	1975
	-10

	Protein (g)
	54
	46
	-15
	48
	-11
	47
	-13
	45
	-17

	Fat (g)
	22
	30
	+36
	31
	+41
	32
	+46
	31
	+41

	Calcium (mg)
	600
	403
	-33
	379
	-37
	382
	-37
	407
	-32

	Iron (mg)
	34
	24
	-29
	25
	-27
	28
	-18
	27
	-21

	β-Carotene (µg)
	2400
	2180
	-9
	2112
	-12
	2240
	-7
	2170
	-10

	Thiamine (mg)
	1.1
	1.3
	+18
	1.2
	+9
	1.2
	+9
	1.4
	+27

	Riboflavin (mg)
	1.3
	1.2
	-8
	1.2
	-8
	1.1
	-15.4
	0.9
	-31

	Niacin (mg)
	15
	12
	-20
	13.5
	-10
	14
	-7
	13
	-13

	Ascorbic acid(mg)
	40
	38
	-5
	36
	-10
	39
	-3
	38
	-5

	Folic acid(µg)
	70
	66
	-6
	63
	-10
	67
	-4
	65
	-7


AI - Actual intake 
 PD - Percent deficit   PE - Percent Excess

It is revealed from the table that the mean nutrient intake of obese boys was lower than the recommended dietary allowances except for fat and thiamine. The energy deficit was high in experimental group I (17%).Deficiency in energy and protein intake by the obese boys ranged from 10-17 per cent and 11-17 per cent respectively.               In the case of calcium and iron, it ranged from 32-37 per cent and              18 -29 per cent respectively. The excess fat intake ranged from                    36-46 per cent and it was high in experimental Group III. Beta carotene, riboflavin, niacin,   ascorbic   acid and folic acid intake showed an intake in deficit when compared with RDA in both experimental and control groups. 
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The prevalence of childhood obesity is growing, even though surveys on food intake have failed to show progressively higher energy intake in children (Livingstone, 2000).

3. Clinical assessment of selected obese boys 

The clinical examination revealed that 53 per cent of obese boys were healthy and free from deficiency symptoms, 20 per cent showed symptoms of mild anaemia while 43 per cent of them had dental caries. The other clinical symptoms like nutritional oedema, xerosis of the cornea, angular stomatits and hyperkeratosis were not observed among them.

4. Mean skin fold thickness of selected obese boys 

The mean skin fold thickness of selected obese boys is presented in Table XIV.

Table - xiv

Mean skin fold thickness of selected obese boys

	Age in years
	Standard (mm)*
	Mean ± SD
	Difference

	10+
	12
	14.8 ± 1.2
	+2.8

	11+
	13
	15.3 ± 0.9
	+2.3

	12+
	14
	15.8 ± 0.4
	+1.8


         *NCHS (2002)

The mean skin fold thickness values of the obese boys were more than the standard values. The difference was greater among obese boys of 10 years (2.8) compared to a lesser difference of 1.8 among 12 year obese boys.

5. Common illness experienced by the selected obese boys 

Table XV presents the details on the common illness experienced by the selected obese boys.

Table - xv

Common illness experienced by the selected 
obese boys

	Conditions
	Frequently
	Occasionally

	
	No
	%
	No
	%

	Loss of immunity 
	
	
	
	

	Cold 
	17
	42.5
	22
	55.0

	Fever 
	8
	20.0
	21
	52.5

	Respiratory problems 
	
	
	
	

	Wheezing 
	3
	7.5
	3
	7.5

	Sleep disorders 
	3
	7.5
	8
	20.0

	Orthopaedic problems
	
	
	
	

	Leg pain 
	10
	25.0
	8
	20.0

	Joint pain 
	-
	-
	7
	17.5

	Tiredness 
	8
	20.0
	13
	32.5

	No illness 
	-
	-
	-
	-


Majority of the selected obese boys suffered from fever and cold only occasionally. About 42.5 per cent of obese boys suffered from cold frequently whereas only 20 per cent of them suffered from fever frequently. 

Among the boys 7.5 per cent suffered from wheezing frequently, 20 per cent experienced sleep disorders occasionally whereas 25 per cent of the boys suffered from leg pain frequently. About 17.5 per cent of obese boys suffered from joint pain, 32.5 per cent each had joint pain and experienced tiredness occasionally. Joint pains are most common among obese individuals.  

6. Family history of illness 

Illness experienced by the family members of the obese boys is presented in Table XVI.

Table - xvi

Family history of illness

	Conditions
	Relationship to the boys

	
	Parents
	Grand parents 

	
	No
	%
	No
	%

	Diabetes Mellitus 
	8
	20.0
	4
	10.0

	High blood pressure
	2
	5.0
	4
	10.0

	High Cholesterol 
	3
	7.5
	-
	-

	Obesity 
	19
	47.5
	2
	5.0

	Heart Disease 
	-
	-
	2
	5.0

	Arthritis
	2
	5.0
	1
	2.5

	No family history of illness 
	17
	42.5
	17
	42.5


It is observed from the table that 42.5 per cent of the families of the obese boys had no family history of illness whereas 47.5 per cent of the boys had obese parents and 5 per cent of them had obese grand parents. About 20 per cent of parents and 10 per cent of grandparents were suffering from diabetes mellitus. It is also evident that obese boys had family history of high blood pressure, high cholesterol, heart disease and arthritis. 

Maffeis et al., (1994) reported that family history of obesity, and diabetes mellitus are the significantly associated factors with obesity in children. 

Family history of diabetes, an indicator of genetic predisposition, was also very high and 84 per cent of the school children had first degree (Parents, siblings) or second degree (aunts, uncles, grandparents) relatives with diabetes mellitus (Hydrie et al., 2004). 

7. Mean bmI of parents of obese children 



The mean BMI of the children were correlated with their parents and given in Table XVII. 

Table -XVII

CORRELATION OF CHILDREN’S BMI WITH THEIR PARENTS

	Groups
	Mean BMI of children
	Mean BMI of

Father
	Correlation
	Mean BMI of

Mother
	Correlat
ion

	I
	23.54(1.59
	26.71(2.05
	-0.005NS
	26.35(2.94
	-0.68*

	Ii
	25.68(2.63
	27.18(3.07
	0.395NS
	26.27(3.02
	0.403 NS

	Iii
	24.55(1.7
	27.12(2.87
	0.058 NS
	25.94(3.03
	-0.456 NS

	Control 
	24.79(1.83
	27.07(2.51
	0.68*
	27.43(2.44
	-0.157 NS


NS -Not Significant  

  * Significant at five per cent level

The correlation between the BMI values of Group I compared with their father was 0.05 and mother was 0.68. Mother’s BMI was significantly correlated with their children at 5 per cent level. There is negative correlation found among them. The correlation between the mean BMI values of Group II with their father and mother was 0.395 and 0.403 respectively and it is positively correlated. The selected boys of the Group III showed a positive correlation (0.058) with their father and negative correlation (-0.456) with their mother. Group II and Group III showed no significant correlation between the BMI of children and parents. The same result was observed among control group, positive (0.68) with their father and negative (-0.157) with their mother.               There was significant positive correlation at 5 per cent level with their mother’s BMI. 

Maffeis (2000) reported that parent’s obesity is the most important risk factor for childhood obesity. Twin, adoption, and family studies indicated that inheritance is able to account for 25 per cent to 40 per cent of inter-individual difference in adiposity. 

Whitaker et al., (1997) reported that children with overweight or obese parents had a higher risk of obesity. He observed that 79 per cent of 10-14 year old children with at least one obese parent were obese - regardless of whether the parental obesity is of genetic or environmental origin. 

f. Acceptability, cost and nutrient content of the supplements  

1. Acceptability 

Acceptability testing of supplements I and II was conducted among a group of taste panel members and the scores are given in Table XVIII.

Table - xviiI

Acceptability scores of the formulated supplements
                                                                 (Maximum Scores=25) 

	No of panel numbers 
	SCORES 

	
	Supplement-1

Flavoured milk
	Supplement-2

Varagu and oats laddu

	
	F1
	F2
	F3
	L1
	L2
	L3

	1
	16
	21
	22
	24
	19
	18

	2
	18
	19
	21
	23
	18
	16

	3
	19
	20
	24
	24
	19
	17

	4
	15
	18
	23
	22
	17
	19

	5
	15
	22
	22
	21
	21
	18

	6
	17
	20
	22
	20
	20
	17

	7
	19
	19
	23
	23
	19
	18

	8
	16
	21
	20
	22
	21
	18

	9
	20
	20
	22
	20
	18
	17

	10
	15
	18
	20
	21
	19
	19

	Total 
	171
	198
	219
	220
	191
	177

	Mean  (SD 
	17       

 ( 1.9
	19.8           ( 1.3
	21.9          ( 1.3
	22         ( 1.5
	19.1 
( 1.3
	17.7
 ( 0.9

	Highest score  
	
	
	21.9
	22
	
	

	Selected combination 
	
	
	F3
	L1
	
	


Among the three variations of flavoured milk, F3 had a highest mean score of 21.9 out of 25 and L1 had a highest mean score of 22 among the three variations of varagu and oats laddu. Hence F3 and L1 were selected as supplement 1 and 2 for supplementation study, since they had the highest acceptability scores. Supplement 3 comprised of whole gram sundal without any additions.
2. Cost of the supplements 

Cost of the supplements is given in Table XIX.

Table -xix

Cost of the supplements

	S.No
	Supplements
	Cost/100g

(Rs)
	Cost/serving 

(Rs) 

	1.
	Flavoured milk
	12.5
	3.75

	2.
	Varagu and oats laddu
	4.60
	2.30

	3.
	Horse gram sundal
	1.90
	0.85

	
	Bengal gram sundal
	4.40
	1.90


The cost of 100g of supplement-1 (F3) was Rs.12.5, whereas per serving it was Rs.3.75.The cost of supplement-2 (L1) per 100g and per serving were Rs. 4.60 and Rs. 2.30 respectively. Supplement-3, Horse gram sundal costed Rs.0.85 per serving and 1.90 per 100g. Bengal gram sundal costed Rs.4.40 per 100g and Rs. 1.90 per serving. Among the three, flavoured milk costed more and sundal costed less.
3. Nutrients present in the supplements 

The nutrient content of the selected supplements are calculated and given in Table XX.

Table - XX

Nutrient content of the selected supplements
	S.No
	Nutrients
	Supplement -1 Flavoured milk
	Supplement - 2 Laddu
	Supplement - 3

Whole gram sundal

	
	
	
	
	Horse gram
	Bengal gram

	
	
	Per serving

(200ml)
	Per serving

(50g)
	Per serving

(40g)
	Per serving

(40g)

	1
	Energy (kcal)
	139
	142
	128
	144

	2
	Carbohydrate(g)
	16.1
	21.5
	22.9
	24.4

	3
	Protein(g)
	11.4
	3.7
	8.8
	6.8

	4
	Fat(g)
	0.03
	0.4
	0.2
	2.1

	5
	Fibre(g)
	-
	3.6
	2.1
	1.6

	6
	Calcium(mg)
	412
	18.4
	114.8
	80.8

	7
	Iron(mg)
	0.4
	0.8
	2.7
	1.8


With regard to energy content Bengal gram sundal (supplement-3) ranked first with an energy value of 144kcal, followed by varagu and oats laddu 142kcal, flavoured milk 139kcal and horse gram 128kcal per serving. The calorie content of all the supplements per serving was found to range from 128 to 144 kcal. 

Bengal gram sundal had slightly high carbohydrate content of 24.4g followed by horse gram with 22.9g, varagu and oats laddu with 21.5g, and flavoured milk with 16.1g per serving respectively. 

Varagu and oats laddu contained a very low protein of 3.7g/serving, whereas the other supplements flavoured milk, horse gram and bengal gram sundal had 11.4g, 8.8g and 6.8g of protein respectively. 
Fat content was found to be maximum in Bengal gram sundal 2.1g and negligible in flavoured milk 0.03g. The fat content of Laddu and horse gram sundal was 0.4g and 0.2g respectively. Low fat content is more appropriate for weight reduction. 

Varagu and oats laddu had high fibre content (3.6g), followed by horse gram sundal (2.1g) and Bengal gram sundal (1.6g) respectively. 

The calcium content of flavoured milk was 412 mg, being the highest among all, Bengal gram and horse gram sundal contained about 80.8mg and 114.8mg respectively. There are few studies to support that calcium intake helps in treating obesity along with fibre.

The iron content was found to be maximum in horse gram sundal (2.7mg) and bengal gram sundal (1.8mg). Laddu and flavoured milk contained about 0.8mg and 0.4mg of iron per serving respectively. 

g. EFFECT OF supplementation on selected children
The effect of supplementation was studied in terms of anthropometric measurements and biochemical profile. 

1. Changes in Anthropometric profile 



The changes in the anthropometric profile of the selected children after supplementation are given in Table XXI and Figure 6.
Table-XXI

Mean anthropometric measurements before 

and after supplementation

	Details
	Mean ( SD
	Mean difference (SD
	t - value
	F-value

	
	BS
	AS
	
	
	

	Height (cm)

	Group I
	140.3(5.19
	141.9(5.59
	1.6(0.92
	5.16**
	5.86**

	Group II
	152.1(7.82
	153.8(7.64
	1.7(0.9
	5.67**
	

	Group III
	142.8(4.76
	144.2(5.12
	1.4(1.02
	4.12**
	

	Control
	149.0(7.8
	150.4(8.09
	1.4(0.8
	5.19**
	

	Weight (kg)

	Group I
	46.55(6.25
	46.25(6.42
	0.3(1.05
	0.87NS
	10.05**

	Group II
	59.45(7.14
	58.45(7.37
	1.0(0.67
	4.47**
	

	Group III
	50.15(5.65
	49.5(5.63
	0.65(0.87
	2.24NS
	

	Control
	55.35(8.65
	57(9.03
	1.65(1.87
	2.65*
	

	Body Mass Index (BMI)

	Group I
	23.54(1.59
	22.88(1.68
	0.67(0.65
	3.08*
	3.32*

	Group II
	25.68(2.63
	24.72(2.77
	0.97(0.39
	7.55**
	

	Group III
	24.55(1.7
	23.79(1.71
	0.77(0.6
	3.85**
	

	Control
	24.79(1.83
	25.07(2.03
	0.28(0.31
	2.72*
	


BS -Before supplementation 

AS -After supplementation

** Significant at one per cent level 
* Significant at five per cent level 

NS -Not Significant 

Group I- supplemented with flavoured milk

Group II- supplemented with laddu

Group III- supplemented with whole gram sundal

a. Height



Height measurements indicated a maximum increase in groups I and II between the initial and final values.  The mean values for height were found to be significant at one per cent level when compared with the initial and final values for all the groups. The height increments 
 
revealed by F-test was at one per cent level of significance between the groups. 

b. Weight 



Among the experimental groups, Group II supplemented with laddu showed a highly significant difference between initial and final weight measurements whereas other experimental groups (Group I, Group III) did not exhibit any significant change in weight. The weight change was at 5 per cent level of significance in control group due to the gain in weight. The changes in weight between the groups as revealed by F-test were at one per cent level of significance. 

Glenny et al., (1997) revealed that even small weight losses would be very beneficial because childhood is a period of growth. 

Jensen et al., (2001) examined both weight and bone mineral changes in obese women during energy restriction and found no significant differences in weight change over a 3 month period between a high-calcium supplemented group and a lower calcium control group. In contrast, Zemel et al., (2002) found a significantly greater weight loss among high-calcium supplemented group than control group. The period of the study was 24 weeks. The contradictory conclusions of these two studies may be due to the difference in the period of supplementation.  

C. Body Mass Index 



The mean reduction in BMI of group I and mean increment in control group showed significance at one per cent level. Among the groups II and III the mean difference in BMI between initial and final values showed a five per cent level of significance. F-test also exhibited that there was 5 per cent level of significance between experimental groups and control group. 
Schrager (2005) revealed that calcium does not seem to be effective unless a calorie restriction is already in place. Moore et al., (2003) reported that children who consumed the fewest dairy servings per day had statistically greater gains in BMI and body fat than those who consumed more dairy from childhood to early adolescence. Kain et al., (2004) found that over weight and obese children had a lower reduction in BMI z-score in the intervention group than in over weight controls. 

Castano et al., (2004) reported that majority of the treatments available for infant-juvenile obesity had achieved only modest results and are barely maintainable over long periods of time. 

2. Changes in Lipid Profile 

The changes in the mean lipid profile of selected children before and after supplementation are given in Table XXII and Figure 7.
Table – XXII                         

Mean lipid profile of selected children before 

and after supplementation

	Lipid profile (mg/dl)
	Mean ( SD
	Mean difference
( SD
	t - value
	F-value

	
	BS
	AS
	
	
	

	Serum Cholesterol

	Group I
	159.78(14.61
	147.78(27.19
	-12.01(18.73
	1.92NS
	4.24**

	Group II
	175.57(38.8
	162.3(44.86
	-13.27(13.66
	2.91*
	

	Group III
	167.25(19.39
	165.47(18.11
	-1.78(9.26
	0.58NS
	

	Control
	147.8(13.12
	151.26(12.64
	+3.46(2.94
	3.53**
	

	Serum Triglycerides

	Group I
	92.56(28.47
	75.6(21.83
	-16.96(20.49
	2.48*
	6.33**

	Group II
	123.4(41.3
	77.78(24.35
	-45.62(38.02
	3.60**
	

	Group III
	88.5(20.58
	87.1(21.78
	-1.75(15.6
	0.34NS
	

	Control
	97.43(37.48
	103.72(34.49
	+6.29(5.56
	3.40**
	

	HDL Cholesterol

	Group I
	43.94(12.34
	40.4(5.37
	-3.54(10.11
	1.05NS
	1.11NS

	Group II
	40.65(6.36
	43.25(5.6
	+2.6(2.08
	1.87**
	

	Group III
	41.68(4.09
	43.06(3.23
	+1.39(3.88
	1.07NS
	

	Control
	44.28(17.82
	42.49(17.49
	-1.79(2.87
	1.83NS
	

	LDL Cholesterol

	Group I
	100.65(13.45
	92.25(17.92
	-8.4(9.44
	2.67*
	0.63NS

	Group II
	110.25(34.69
	100.59(27.94
	-9.66(13.44
	2.16NS
	

	Group III
	107.81(18.81
	104.97(16.20
	-2.84(8.53
	0.79NS
	

	Control
	79.77(22.15
	90.86(26
	+11.09(9.74
	3.42**
	

	VLDL Cholesterol

	Group I
	18.69(5.48
	15.13(4.27
	-3.57(4.23
	2.53*
	4.24**

	Group II
	24.67(7.86
	15.58(5.03
	-9.09(7.42
	3.67**
	

	Group III
	17.01(4.15
	17.43(4.83
	+0.42(3.56
	0.36NS
	

	Control 
	19.5(8.09
	22.3(9.22
	+2.8(2.63
	3.29**
	


 
a. Serum Cholesterol 

The mean increment in serum cholesterol was significant at one per cent level for control group and mean reduction in serum cholesterol levels showed five per cent level of significance for group II. The F-test revealed that there was one per cent significant difference in the reduction in serum cholesterol levels between the groups. A study revealed that high fibre supplement (100g/day) showed lower total cholesterol by about 20 per cent and reduced LDL cholesterol by about 30 per cent (www.medindia.net, 2006). 
b. Serum Triglycerides

The mean reductions were at five per cent significant for Group I, one per cent significant for Group II and mean increment showed one per cent level of significance for control group. Group III did not exhibit any significant difference between the initial and final values. The difference in serum triglycerides levels between different types of treatment showed a significant difference at one per cent level between the groups. 

c. HDL Cholesterol

Group II exhibited a significant difference in initial and final values at one per cent level. The other groups did not show any significant differences. The F-test also revealed that there is no significant difference between the groups. 

d. LDL Cholesterol 
Group I showed a significant reduction between initial and final values at five per cent level and the other groups did not exhibit any significant differences. The mean increment in LDL cholesterol level showed one per cent significance in control group. The F-test also revealed that there was no significant difference between the groups. 

e. VLDL Cholesterol 

The mean reduction in VLDL cholesterol levels in group II and mean increment in control group showed one per cent level of significance. Group I exhibited a five per cent level of significance in mean reduction. The F-value exhibited a significant difference between groups at one per cent level.  

The changes in weight of the selected children revealed that there was significant reduction in weight among Group II supplemented with varagu and oats laddu, compared to the other two groups. Group II supplemented with varagu & oats laddu and and Group III with whole gram sundal showed significant changes in BMI, followed by Group I supplemented with flavoured milk. The mean lipid profile of the children revealed significant reduction in serum cholesterol, serum triglycerides, and VLDL cholesterol among Group II. But Group I supplemented with flavoured milk showed an effective reduction in LDL cholesterol compared to other supplements.                  The findings revealed that fibre rich snack (Varagu and oats laddu) was found to be very effective in weight management of obese boys compared to the other two supplements. 
v. Summary and conclusion

Obesity is a fast emerging problem among children and effective prevention of adult obesity requires prevention and management of childhood obesity. The present study was aimed at developing calcium and fibre rich snacks and evaluating the impact of supplementation on selected obese boys. 

The area selected for the study included four schools of Coimbatore city. Seven hundred and forty five children in the age group of 10 - 12 years were screened for obesity based on their BMI values. Among the children, 40 boys were selected for the supplementation study by purposive sampling method. A well structured questionnaire was formulated and details regarding socio economic status, dietary pattern, physical activity pattern and hereditary diseases were collected. 

Anthropometric measurements like height, weight, skin fold thickness and clinical examinations were carried out for all the children in order to assess their nutritional status. A three day dietary recall was conducted to assess the food and nutrient intake of the children. Blood lipid profile comprising of total cholesterol, triglycerides, HDL, LDL and VLDL cholesterol was estimated. 

Three different food items were developed to test the effect of supplementation of calcium and fibre on childhood obesity. Among the different variations, preparations with highest acceptability scores were selected for the supplementation study. Forty obese boys were divided into four groups, three experimental groups and one control group consisting of 10 in each group. Flavoured milk (calcium rich) for experimental group I, varagu and oats Laddu (fibre rich) for experimental group II and whole gram sundal (calcium and fibre rich) for experimental group III were supplemented for three months. Effect of the supplementation was evaluated through anthropometric measurements and blood lipid profile. 

The salient findings of the present study are summarized as follows. 

· The prevalence of obesity among boys of 10, 11 and 12 years was 10.9, 13.4, and 8 per cent and among girls was 10.7, 9.5, and 20 per cent respectively. The prevalence of obesity was more among boys whereas overweight was more among girls. 

· A majority of the families of obese children adopted small family norms and were of nuclear family. Ninety per cent of selected children were Hindus. 

· Most of the families (60 per cent) had a monthly income of more than Rs.7500 and none of the families earned less than Rs.2101 based on HUDCO classification. 

· Fifty per cent of the obese boys belonged to families which had two children and 37.5 per cent were single child in their family. 

· Adults were the predominating population (68.9%) in the families of selected children with 62.7 per cent of males and 76.4 per cent of females. 

· A higher percentage of 33.1 of family members had completed upto graduation and 25.6 per cent had studied upto higher secondary education. 

· A majority (60%) of the selected obese boys were the first child in their family. About 37.5 per cent of the obese boys had a birth weight of 2.5 - 3 kg, whereas 30 per cent had a weight of                     3.1 - 3.5kg. Less than 2.5kg and above 3.5kg birth weight was observed among 17.5 and 15 per cent of the boys respectively.  

· Majority of the head of the families were doing business (35.6%) followed by professional jobs (20%), and clerical work (13.3%). Among women a majority of 66 per cent were house wives, while 10.6 and 8.5 per cent were working as clerks and as professionals respectively.

· Food expenditure pattern revealed that 32.5 per cent of the families spent Rs.1501 - 3000 on food, 30 per cent spent Rs.3001 - 4500, 27.5 per cent of families spent Rs.4501- 6000 and very few families (10%) spent less than Rs.1500 on food per month. 

· Dietary pattern of selected children revealed that most of them were non vegetarians and consumed three meals a day. Majority of the children skipped their breakfast. 

· About 52.5 per cent of the children had snacks once a day whereas 2.5 per cent ate snacks more than three times a day.

· About 30 per cent of obese boys never consumed soft drinks while 52.5 per cent had occasionally. 

· Frequency of consumption of snacks revealed that 80 and 50 per cent of children had sweets and chocolates daily. Chat items, fried foods, desserts and bakery items were consumed by 40, 32.5, 55 and 45 per cent of obese boys twice a week respectively.

· A majority of 71.4 per cent of children consumed maaza and 42.9 per cent had Fanta weekly once. Coco-Cola, Pepsi and Miranda were consumed once in a month.

· Seventy per cent of boys consumed snacks at home while 30 per cent had snacks outside. About 25 per cent of them consumed at both places.

· A majority of 78 per cent of obese boys got pocket money from parents and about 29 per cent of them got less than Rs.50 as pocket money weekly once.

· About 42.5 per cent of obese boys spent less than Rs.50 for snacks weekly once and 68 per cent of them spent the same for soft drinks once in a month. 

· Most of the children (50%) consumed snacks and soft drinks because their parents bought and made them available at home. About 40 per cent of boys were influenced by the advertisements in television and selected the snacks and soft drinks. 

·  Food likes and dislikes revealed that obese boys liked junk foods and disliked greens and vegetables. 

· About 52.5 per cent of obese boys saw television programmes for one hour where as 37.5, 7.5, and 2.5 per cent of children saw              TV for 2, 3 and 4 hours per day respectively.

· A majority of 87.5 per cent of boys ate snacks while watching television while 12.5 per cent did not eat anything during that time. Fried foods were consumed by most of them while watching television. 

· Physical activity pattern revealed that indoor games like chess, carrom and computer games were played by most of the children. Among outdoor games, majority of them played cricket followed by badminton and foot ball. About 14 per cent of them did not play any of these games.

· Majority of the children (67%) did not do any exercise. About 42 per cent of them did cycling and 33 per cent performed skipping for half an hour daily. No one was involved in running and aerobic exercise. 

· The mean food intake of the boys showed deficiency in all food items except for fats and oils, fleshy foods and sugar and jaggery. 

· The mean nutrient intake of the selected children revealed lower intake than the recommended dietary allowances except fat and thiamine. 

· Clinical assessment revealed symptoms of anaemia and dental caries. Most of them were healthy and free from deficiency symptoms. 

· The mean skin fold thickness values of the obese boys were more than the standard values. 

· Majority of the selected children suffered from fever and cold occasionally. About 7.5 per cent suffered from wheezing frequently and 20 per cent experienced sleep disorders occasionally. Around 25 and 20 per cent suffered from leg pain and tiredness frequently. Joint pain was experienced by 17.5 per cent of them occasionally. 

· Majority of the obese boys had obese parents and grandparents. They also had family history of high blood pressure, diabetes mellitus, high cholesterol, heart disease and arthritis. 

· The correlation analysis between the children’s BMI and father’s BMI revealed a positive correlation in the case of group II, III and control group. Group I showed a negative correlation and control group showed a significant correlation at 0.01 level. Mother’s BMI showed a negative correlation for group I, III and control group and positive correlation for group II whereas group I showed a significant correlation at 0.01 level. 

· Cost of the supplements per serving ranged from Rs.0.85 - 3.75.
· The calorie content of all the supplements was found to range from 128 to 144 kcal per serving. Except varagu and oats Laddu               with 3.7g of protein, all other supplements had 6.8 to 11.4g                 of protein and the fibre content of the supplements ranged from 1.6-3.6g per serving. All the supplements had negligible amount of fat content. Calcium content was high in flavoured milk and very low in varagu and oats laddu. 

· Changes in anthropometric profile due to supplementation revealed that 

a. There was significant difference between initial and final values in height at one per cent level. 

b. There was significant difference in weight at one per cent level in group II supplemented with varagu and oats laddu. 

c. Group II and group III showed a significant reduction in BMI at one per cent level. Group I showed a five per cent level of significance in BMI values. 

d. The F-value revealed one per cent level of significance in height and weight and five per cent level of significance in BMI between the groups. 

· Changes in blood lipid profile due to supplementation revealed that 

a. Group II showed a significant difference at five per cent level in serum cholesterol. 

b. Serum triglyceride levels showed significant difference at five per cent level for group I and one per cent level for group II. 

c. Group II exhibited a significant difference in mean increase in HDL cholesterol at one per cent level. 

d.  Reduction in LDL cholesterol level showed five per cent level of significance in group I. 

e. There was one per cent and five per cent level of significance in mean reduction of VLDL cholesterol among group II and group I respectively. 

f. The F-value revealed that the changes in serum cholesterol and triglycerides showed five per cent level of significance between the groups. There was no significant difference between the groups in terms of HDL, LDL and VLDL cholesterol levels. 

The findings revealed that fibre rich snack (Varagu and Oats Laddu) was found to be very effective in weight management of obese boys compared to the other two supplements.
Recommendations 

From the findings of the study the following recommendations are made

· Long term supplementation could be carried out for better weight reduction. 

· Effect of supplementation with physical activity and nutrition education could be studied. 

· Effect of meal replacement with high fibre and high calcium foods could be studied.

· Calcium and fibre rich food products from different sources could be developed. 
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Appendix – I 

Socio-economic and Dietary Survey of School Children (10-12 years) of Coimbatore City
A. Socio economic profile: 

1.  Name of the student

:

2.  Standard and section
:

3.  Name of the school

:

4.  Date of birth and age 
:

5.  Residential address

:

6.  Birth order of the student (Circle) 
: 
1 
2 
3 
4 
5         

7.  Birth weight of the student (Kg):
<2.5     2.5 – 3.0    3 – 3.5  
  >4.0 
8.  Type of family 

: 
Nuclear            Joint    
9.  Religion


:  
Hindu  
Christian  
Muslim  
10.   Background information of the family 

	S.No.
	Name of the family member
	Relationship with the student
	Age

(yrs)
	Education
	Occupation
	Income

	
	 
	 
	 
	 
	 
	 


11.    Total monthly income of the family: Rs

  12.
Money spent by the family per month on food: Rs.

B. Dietary Pattern of the Student (Please tick the answer)

1. Are you a 

a. vegetarian     
       b. Non vegetarian               c. Ova vegetarian    
2. How many meals do you eat in a day?

a) 2  

 

b) 3  
 

c) 4  
3. Indicate the meal that you generally skip in a day

 
a) Break fast          

b) Lunch           
c) Dinner    
4.  Do you eat snacks? 

 
a)   Yes  
 
b)  No    

5.  If yes, how many times a day?

 
a) Once  
    b) twice  
 c) thrice     d) more than three times   

6.   Do you consume soft drinks? 

a) Yes   

b) No      
7.   If yes, please tick

a) Daily    

b) weekly    

c) Occasionally     
8.  Type of junk foods eaten (please tick) 

	Type of junk foods
	At home
	Outside

	
	Daily
	Twice a week
	Weekly
	Monthly
	Occasionally
	Daily
	Twice a week
	Weekly
	Monthly
	Occasionally 

	   Snacks

1) Sweets 

2) Bhel puri

3) Pani puri

4) Cakes

5) Puffs

6) Potato chips

7) Murukku

8) French fries

9) Chocolate

10) Ice creams

11) Pizza

Soft drinks

1)Soda

2)Pepsi

3)Coca cola

4)Fanta

5)Miranda

6)Sprite

7)Maaza
	
	
	
	
	
	
	
	
	
	


9.  Do you get pocket money from your parents? 

                   a) Yes 
 
b) No   
If yes, please tick

	Amount
	Daily
	Weekly
	Monthly

	<Rs.50

Rs.50 – 100

>Rs.100
	
	
	


10.  How much money do you spend in a week on

	Amount
	Snacks
	Soft drinks

	
	Daily
	Weekly
	Monthly
	Daily
	Weekly
	Monthly

	<Rs.50

Rs.50 - 100

>Rs.100
	
	
	
	
	
	


11. List 5 foods you like the most in order of preference

1)

   

2)

  

3)

     

4)




5)

12. List 5 foods which you dislike the most in order of Preference

1)

   

2)

  

3)

     

4)




5)

13. On what basis do you select the snacks and soft drinks? (Please tick)

a) They are nutritious


b) Advertised on T.V.


c) Your friends eat them 

d) Your parents buy them 


e) Your school sells them


14.  How many hours do you watch T.V.? (Please circle)

	Morning :  7:30am - 8:30am
	

	Evening :  3:30pm - 4:30pm

4:30pm - 5:30pm

5:30pm - 6:30pm
	Night :  7:00pm  - 8:00pm

8:00pm  -  9:00pm

9:00pm  - 10:00pm


15.  Do you eat while watching T.V.? 

a)  Yes   

b)  No  
16.If yes, list 5 foods that you usually eat? 

1)

2)

3)

4)

5)

17.  Do you play?

a)  Yes   

b)  No  
18. If yes, answer the following 

	Sports and

Games
	Hours of play per day

	
	1/2an hour
	1 hour
	2 hours
	More than

2 hours

	 1) Chess 

2) Carom

3) Computer games

4) Cricket

5) Badminton

6) Running

7) Tennis

8) Foot ball
	 
	 
	 
	 


19.  Do you exercise?

       a)  Yes   

b) No 

  If yes, answer the following.                      

	Type of exercise
	Duration of exercise per day

	
	1/2 an hour
	1 hour
	1 1/2 hour

	1)  Running 

2)  Walking

3)  Swimming

4)  Cycling

5)  Aerobics

6)  Yoga

7)  Skipping
	 
	 
	 


20. Do you suffer from any of the following? 

	Conditions
	Frequently
	Occasionally

	1)   Cold 

2)   Fever
3)   Diarrhea
4)   Asthma
5)   Wheezing
6)   Sleep disorders
7)   Leg pain
8)  Joint pain
9)  Tiredness
	 
	 


Family History of Disease          
 21. Does any member of your family suffer from the following? 

	Conditions
	Relationship with the student
	Age

	1) Diabetes mellitus 

2) High blood pressure
3) High cholesterol
4) Obesity
5) Heart disease
6) Arthritis
	 
	 


Anthropometric Measurement s of the Parents

	Parent
	Age
	Height (cm)
	Weight (Kg)

	Father 

Mother
	
	
	


Appendix - ii 
MEAL PATTERN FOR THREE CONSECUTIVE DAYS

Name

:

Class

:

	
	1st Day
	2nd Day
	3rd Day

	Early Morning
	
	
	

	Breakfast
	
	
	

	Mid Morning
	
	
	

	Lunch
	
	
	

	Evening
	
	
	

	Dinner
	
	
	

	Bed Time
	
	
	


Appendix – iii

SCHEDULE FOR CLINICAL ASSESSMENT

Name


:

Age


:

Height (in cm)
:
Sibs:
 

Boys
:

Girls:

Weight (in kg)
:






CLINICAL ASSESSMENT

(Tick wherever relevant)

	I
	Healthy and free from any deficiency symptoms

	II
	a) Poor musculature

b) Deficient subcutaneous fat

c) Mild anaemia

d) Lack of interest in surrounding

e) Mild sings of not more than one of the specific nutritional disorders or deficiencies mentioned under (3) of III
	

	III
(1)
	a) Nutritional oedema

b) Gross muscular wasting

c) Marked anaemia

d) Xerosis of the cornea   


	

	
(2)
	a) Tenderness of the calf

b) Red and/or Raw tongue/Glazed tongue

c) Angular stomatitis

d) Bleeding gums

e) Angular conjunctiva 


	

	       
(3)
	a) Xerosis or pigmentation of conjunctiva

b) Bitot’s spots

c) Dental Caries

d) Dry/or rough skin

e) Crazy pavement skin

f) Hyperkeratosis


	


Special Remarks:

Date:






Signature of the Examiner

Appendix – iv

Score card for flavoured milk

Name: 







Date:

Evaluate the samples according to descriptions 

	S.No
	Criteria
	Scores
	F1
	F2
	F3

	
	
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	2.
	Colour
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	3.
	Flavour 
	
	
	
	

	
	Highly acceptable 
	5
	
	
	

	
	Fairly acceptable 
	4
	
	
	

	
	Acceptable 
	3
	
	
	

	
	Poorly acceptable 
	2
	
	
	

	
	Unacceptable 
	1
	
	
	

	4.
	Taste
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	5.
	Texture 
	
	
	
	

	
	Uniform 
	5
	
	
	

	
	Slightly thick 
	4
	
	
	

	
	Very thick 
	3
	
	
	

	
	Grainy 
	2
	
	
	

	
	Too watery 
	1
	
	
	

	
	Total
	
	
	
	


Appendix – v

Score card for varagu & oats laddu 

Name: 







Date:

Evaluate the samples according to descriptions 

	S.No
	Criteria
	Scores
	L1
	L2
	L3

	1.
	Appearance 
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	2.
	Colour
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	3.
	Flavour 
	
	
	
	

	
	Highly acceptable 
	5
	
	
	

	
	Fairly acceptable 
	4
	
	
	

	
	Acceptable 
	3
	
	
	

	
	Poorly acceptable 
	2
	
	
	

	
	Unacceptable 
	1
	
	
	

	4.
	Taste
	
	
	
	

	
	Excellent 
	5
	
	
	

	
	Very good 
	4
	
	
	

	
	Good
	3
	
	
	

	
	Fair
	2
	
	
	

	
	Poor 
	1
	
	
	

	5.
	texture
	
	
	
	

	
	Very soft 
	5
	
	
	

	
	Soft 
	4
	
	
	

	
	Medium 
	3
	
	
	

	
	Coarse 
	2
	
	
	

	
	Very coarse 
	1
	
	
	

	
	Total
	
	
	
	


MASTER of philosophy in food science and nutrition








  Weight in (Kg)


  Height in (m)2









