FLUID CONSUMPTION PATTERN 

AMONG ATHLETES AND NON ATHLETES 

(17-23YEARS)
By

BHAVADHARINI BALAJI

(08PN04)
A thesis SUBMITTED TO 

AVINASHILINGAM DEEMED UNIVERSITY FOR WOMEN

COIMBATORE - 641 043.

In partial fulfillment of the requirement for the degree of 

Master of SCIENCE in 

Food Science and Nutrition

april 2010

[image: image1.jpg]FLUID CONSUMPTION PATTERN
AMONG ATHLETES AND NON ATHLETES
(17-23YEARS)

By
BHAVADHARINI BALAJI
(08PNO4)

BMITT
UNIVERSITY FOR WOMEN
COIMBATORE - 641 043.

In partial fulfillment of the requirement for-the degree of
MASTER OF SCIENCE IN
FOOD SCIENCE AND NUTRITION

APRIL 2010
Certified as a Bonafide Research Work.

Signature of the Signature of the Guide
Head of the Department




Acknowledgement

The investigator expresses her reverential gratitude to Dr.T.S.Avinashilingam, Founder and First Chancellor of Avinashilingam Deemed University for Women, Coimbatore, for providing this temple of learning and Dr.(Tmt).Rajammal P.Devadas, Former Chancellor, Avinashilingam Deemed University for Women, Coimbatore for being a source of inspiration for this research work.
The investigator wishes to record her gratitude to Thiru.T.K.Shanmuganandam, B.A., B.L., Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for providing the opportunity to conduct the research in this esteemed University. 

The investigator owes her heartfelt thanks to Dr.(Tmt).Saroja Prabhakaran, M.A., Dip.Ed. (Madras) Ph.D. (Mother Terasa),               Vice Chancellor, Avinashilingam Deemed University for Women, Coimbatore for the amenities provided for the successful completion of the study.

The investigator extends her sincere thanks to Dr.(Tmt).Gowri Ramakrishnan, M.Sc. (Madras), M.Phil, Ph.D. (Avinashilingam), Registrar,  Avinashilingam Deemed University for Women, Coimbatore, for providing all facilities to carry out the study. 

She expresses her respectful regards and sincere thanks to                   Dr.(Tmt).G.Krishna Bai, M.Sc., Dip.Ed., M.Phil., Ph.D., Dean, Faculty of Home Science, Avinashilingam Deemed University for Women, Coimbatore, for her encouragement towards the research. 

The investigator expresses her profound sense of gratitude to Dr.(Tmt).S.Premakumari, M.Sc., Dip.Ed., M.Phil., Ph.D. (Madras), Professor and Head, Department of Food Science and Nutrition, Avinashilingam Deemed University for Women, Coimbatore, for her inspiration, encouragement and support. 

The investigator expresses her deep sense of gratitude and whole hearted thanks to Dr.(Tmt.) M. Sylvia Subapriya, M.Sc., M.Phil B.Ed, Ph.D., Associate Professor, Department of Food Science and Nutrition, Avinashilingam Deemed University  for Women, Coimbatore for her inspiring, ceaseless and dynamic guidance, supportive wisdom, continued motivation and enduring support for the completion of the study.
The investigator is deeply thankful and happy to record her gratitude to the students of Avinashilingam Deemed University for Women and members of Rotary Club, Coimbatore for their participation and co-operation throughout the study.

The investigator is thankful to her beloved parents, husband, family members and friends, Dr. Malini Chandrashekaran, Mr. Murali Menon, Mr. S.S Easwar for their moral support, prayers and help rendered for the completion of the study. 

Above all, the investigator expresses her humble gratitude to the Lotus Feet of Sri Sathya Sai Baba for His showering blessings to complete the study successfully.

Contents 

	Chapter No.
	List of contents
	Page No

	
	List of tables
	

	
	List of figures
	

	
	list of plates
	

	
	list of appendices
	

	I
	Introduction
	1

	II
	Review of literature
	

	
	A. Water – The Elixir of Life
	6

	
	B. Dehydration and Sports Performance
	7

	
	C. Fluid Intake and Performance
	8

	
	D. Choice for Hydration
	9

	III
	METHODOLOGY
	

	
	A. Selection of Area, Athletes and Non athletes                   
	11

	
	B. Development of Tools for Data Collection
	11

	
	C. Assessment of Nutritional Status
	12

	
	D. Testing Popular Fluids for Microbial Safety
	18

	
	E. Development of Nutrition Education Materials
	19

	
	F. Imparting Nutrition Education and Evaluating its Effect
	20

	IV.
	RESULTS AND DISCUSSION
	

	
	A. Socio economic Background of Athletes and Non athletes
	24

	
	B. Nutritional status of Athletes and Non athletes
	26

	
	C. Fluid Consumption Pattern and Microbial Safety of Popular Fluids
	62

	
	D. Physical Fitness Levels of Athletes
	65

	
	E. Effect of Nutrition Education on Nutritional Knowledge
	69

	V
	summary and conclusion 
	72

	
	bibliography
	

	
	appendices 
	


List of tables 

	TABLE NO.
	TITLE
	PAGE NO.

	I
	BACKGROUND INFORMATION ON THE ATHLETES AND NON ATHLETES
	24

	II
	mean Height, Weight, Arm circumference and chest circumference
	27

	III
	COMPARISON OF BMI, BLOOD PRESSURE, HAEMOGLOBIN AND BLOOD GLUCOSE OF ATHLETES AND NON ATHLETES
	31

	IV
	MEAN BMI OF ATHLETES AND NON ATHLETES 
	33

	V
	DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO BLOOD PRESSURE (mm Hg) 
	35

	VI
	DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO HAEMOGLOBIN LEVELS AND CATEGORY OF ANAEMIA                                                                           
	39

	VII
	DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO random glucose level (mg/dl)
	41

	VIII
	CLINICAL SIGNS AND SYMPTOMS
	42

	IX
	DETAILS ON DIETARY PATTERn
	44

	X
	FOOD FREQUENCY AMONG MALE ATHLETES
	46

	XI
	FOOD FREQUENCY AMONG MALE NON ATHLETES
	48

	XII
	FOOD FREQUENCY AMONG FEMALE ATHLETES
	50

	XIII
	FOOD FREQUENCY AMONG FEMALE NON ATHLETES
	52

	XIV
	MEAN FOOD INTAKE OF MALE ATHLETES AND NON ATHLETES 
	55

	XV
	MEAN FOOD INTAKE OF FEMALE ATHLETES AND NON ATHLETES
	56

	XVI
	MEAN NUTRIENT INTAKE OF ATHLETES
	58

	XVII
	MEAN NUTRIENT INTAKE OF NON ATHLETES
	    59

	XVIII
	MEAN FLUID INTAKE (litres/Day)
	62

	XIX
	DISTRIBUTION ACCORDING TO AVERAGE                                                                 FLUID CONSUMPTION (litres/day)
	63

	XX
	PHYSICAL FITNESS OF ATHELETES – I
	65

	XXI
	PHYSICAL FITNESS OF ATHLETES – II
	68

	XXII
	EFFECT OF NUTRITION EDUCATION ON KNOWLEDGE PERTAINING TO SPORTS NUTRITION
	69

	XXIII
	EFFECT OF NUTRITION EDUCATION ON KNOWLEDGE PERTAINING TO HYDRATION
	69

	XXIV
	EFFECT OF NUTRITION EDUCATION ON OVERALL NUTRITIONAL KNOWLEDGE
	70


List of FIGURES 

	Figure No.
	title
	Page          No.

	1.
	RESEARCH DESIGN OF THE STUDY
	21

	2.
	mean height of athletes and non athletes
	29

	3.
	mean weight of athletes and non athletes
	29

	4.
	Mean  muac of athletes and non athletes
	30

	5.
	Mean chest circumference of athletes and non athletes
	30

	6.
	EXCESS/ DEFICIT (%) OF FOOD INTAKE OVER SUGGESTED ALLOWANCE
	61

	7.
	PERCENTAGE EXCESS/DEFICIT OF NUTRIENT INTAKE OVER RDA
	61

	8.
	MEAN FLUID INTAKE  (litres/day)
	64

	9.
	DISTRIBUTION ACCORDING TO AVERAGE FLUID CONSUMPTION
	64

	10.
	PERCENTAGE DISTRIBUTION ACCORDING TO PHYSICAL FITNESS - I
	67

	11.
	PERCENTAGE DISTRIBUTION ACCORDING TO PHYSICAL FITNESS - II
	67

	12.
	PERCENTAGE DISTRIBUTION ACCORDING TO PHYSICAL FITNESS– III
	68

	13.
	KNOWLEDGE ON SPORTS NUTRITION
	71

	14.
	KNOWLEDGE ON HYDRATION
	71

	15.
	OVERALL NUTRITION KNOWLEDGE
	71


List of plates

	plate 

no.
	title
	page

 no.

	I
	MEASUREMENT OF HEIGHT
	22

	II
	COLLECTING BLOOD SAMPLES
	22

	III
	SIT AND REACH TEST
	22

	IV
	ILLINOIS AGILITY TEST
	23

	V
	MEDICINE BALL THROW
	23

	VI
	ATHLETES RECEIVING NUTRITION EDUCATION
	23


List of annexures
	annexure No.
	title

	I
	PROFORMA TO ELICIT SOCIO – ECONOMIC BACKGROUND INFORMATION ON THE ATHLETES

	II
	NUTRITION EDUCATION QUESTIONNAIRE


I. INTRODUCTION

Sports is a socio cultural phenomenon which enjoys an enormous prestige and plays an essential role in the peaceful development of human society. It is a fundamental activity which should involve every human being. It offers the best antidote to stress and practiced in moderation, increases life expectancy. Sports and health are closely linked and physical exercise is as important to the mind as it is to the body. Sport is a noble emulation, stimulating continuous self improvement and striving for the best performance of the competing athletes. The fundamental principle of ideal sport is excellence i.e the athlete has to excel over others and over his own previous performance. 

Athletics and sport are receiving increasing global attention today. Unfortunately much of the information on sports nutrition and on the diets of professional, recreational and part time athletes is a mixture of susperstition, tradition and fact. In the Indian context, it is yet to be recognized as an important component of training and is greatly neglected. Proper attention should be given to identify the nutritional needs of athletes based on scientific evidence to bridge the gap so as to enhance performance levels of Indian athletes to match international standards.

 Sports nutrition is a burgeoning science and a specialization within the field of nutrition that partners closely with the study of the human body and exercise science (kinesiology). It is defined as the application of nutrition knowledge to practical daily eating plan to provide the fuel for physical activity, facilitate repair and rebuilding processes following hard physical work in order to optimize athletic performance in competitive events, thereby promoting overall health and wellness. Other than training, what the athlete eats is the most important determinant of success in sports.

There are about 45 essential nutrients that need to be obtained through diet which include glucose, essential fatty acids, amino acids, vitamins, minerals and water. The simple classification categories are carbohydrates, fats, proteins, vitamins, minerals and water (Venkataramana, 2009). 

Water is the sixth category of nutrient vital to every cell. It is often referred to as the “silent nutrient”, reflecting the extent to which its presence and availability are taken for granted. As with all nutrients, however, a regular intake of water is required for the body to maintain health and both deficiency and overdosage symptoms can be observed. Water is the largest single component of the normal human body, accounting for about 50–60 per cent of total body mass. Lean body tissues contain a constant fraction about 75 per cent of water by mass, whereas adipose tissue has little water content (Burke et al, 2006). 

Although many athletes carefully regulate their diet, they may pay little attention to their body's fluid needs. They often misunderstand and, as a result, underplay the importance of water to good nutrition. It is hard to attend a sporting event without seeing containers of sports drinks on the sidelines, or watch a game on television without seeing a plethora of sports drink commercials gracing the screen. While this is overt advertising, it does drive home the importance of adequate hydration in athletes. (http://www.lifemojo.com/lifestyle/importance-of-hydration-for-an-athlete-1183593#ixzz0i2IeXOmA).
Water is needed by the body because it regulates the processes and chemical reactions of every living cell, transports protein, amino acids, carbohydrates, vitamins, minerals, and oxygen to cells, it is a part of the structure of the chemical compounds in the body, aids in the digestion and absorption of nutrients and in the repair and replacement of old tissues. It helps to flush the system of toxic wastes, helps to maintain constant body temperatures by providing perspiration for cooling and blood circulation for warming, lubricates and cushions the joints and tissues of the body. If each cell is to complete the reactions demanded for performance at optimal speed, movement, and endurance, the body must have adequate access to fluid. 

Through normal perspiration, respiration, and urination, the body can lose up to half a gallon of water a day. Actively training athletes can lose even more. In addition, because young athletes are not as efficient at body temperature regulation as adults are, they risk overheating and the consequent onset of heat-related illnesses. It is imperative that young athletes drink enough fluids to perform at their best and to reduce the dangerous risks of dehydration during prolonged physical activity (http://www.aces.edu/pubs/docs/H/HE-0749/). 

Dehydration is a net loss of water and fluids from the body, caused by an imbalance in the body's supply and demand. It is defined as loss of body mass greater than or equal to one per cent due to fluid loss (Kleiner, 1999). The first symptom of dehydration is fatigue. Other early symptoms of dehydration include, thirst, headache, dry mouth, dizziness or lightheadedness, weakness, rapid heartbeat, dry, flushed skin, muscle cramps.

During physical activity, body heat rises very quickly due to the working muscles. One of the major functions of fluids is to maintain core body temperatures, so that, as body heat rises, the body compensates by sweating. As the sweat evaporates, the skin and the blood (which is traveling through vessels near the surface of the skin) are cooled. This cooled blood then flows back to the body's core, thereby decreasing internal body temperature (Robert, 2005).

The body cannot properly cool itself when dehydration occurs. Serious heat-related injuries or illnesses, such as heat exhaustion and heat stroke, can result when excessive fluid is lost and not replaced during exercise and the body temperature increases. Symptoms of heat exhaustion include dizziness, weakness, rapid pulse, low blood pressure, headache, and elevated body temperature. Symptoms of heat stroke can include sudden cessation of sweating, clumsiness or stumbling, disorientation, vomiting, and loss of consciousness.                  (Wyndham et al, 2007)
Body water volume is tightly controlled and, under normal conditions, fluctuates by less than one per cent per day. Dehydration resulting in loss of body mass of two per cent or more can result in impaired cognitive function (Ritz and Berrut, 2005), reduced physical performance headaches and symptoms of fatigue. In experiments using fluid restriction to induce dehydration, it has been shown that loss of body mass of about one per cent can be seen after 13 hours, about two per cent after 24 hours and nearly three per cent after 37 hours when no fluids and only relatively dry foods are consumed. 

Athletes undertaking large amounts of physical activity, hydration should start at least four hours beforehand, consuming beverages slowly so that urine output is not increased during activity. Consuming beverages with sodium, or having small amounts of salty foods, can help to stimulate thirst and to retain the fluid consumed (Sawka et al, 2005). Fluids can also be consumed during physical activity to prevent excessive dehydration. The amount needed will depend on the individual’s sweat loss for a given activity, and calculations of fluid requirements can be made by measuring changes in body mass and estimating sweat rates (Maughan and Shirreffs, 2008). The composition of the fluids consumed is important and for prolonged physical activity in hot weather, fluids containing carbohydrate and electrolytes such as sodium provide more effective hydration than pure water. 

Sodium in fluids helps to replace that lost in sweat and stimulates thirst, while carbohydrate provides some energy (Murray, 2007). After physical activity, enough fluid should be consumed to replace that lost during activity. It is recommended that, for rapid rehydration, 1.5 litres of fluid is consumed for each kilogram of body mass lost during exercise, the additional 0.5 litres of fluid compensating for increased urine production (Maughan and Shirreffs,  2008). It is also important to replace sodium losses after activity, which can be achieved by drinking beverages or eating foods containing small amounts of sodium. 

Experts say that people should drink eight glasses of water a day and  athletes need to drink more than this for optimal sports hydration. But every person is different, so there is no magical number for the right amount of water to drink to prevent dehydration. What is true for everyone is that the benefits of drinking water are universal. Drinking enough water regularly helps the body function properly, optimizing physical performance and bodily functions. (http://sportsinjuries.suite101.com/article.cfm/dehydration_and_athletic_performance_the_link). 
While water is the ideal drink, sports drinks can be helpful especially to athletes who are exercising at a high intensity for 60-90 minutes or more. It is necessary to replace losses of sodium, potassium and other electrolytes during exercise.  A hypotonic drink is more dilute than body fluids (i.e. there are fewer particles such as sugars and electrolytes), which means that the drink can be absorbed faster than plain water itself. These drinks are best used for rapid hydration. Most are lacking in electrolytes, and are therefore not optimum for exclusive use during long sessions of exercise.  Isotonic drink is that the fluid is at the same concentration (i.e. the same number of particles per volume) as body fluids. It is therefore absorbed as fast as or faster than water. These drinks work well for longer exercise sessions, replenishing fluids, electrolytes and carbohydrates. Most commercially available sports drinks are isotonic. Hypertonic drinks are more concentrated than body fluids, and will be absorbed more slowly than plain water. Hypertonic drinks slow down the rate at which the stomach empties and therefore reduce the speed of fluid replacement. These are better post-exercise drinks that offer a higher dose of energy with the fluid. ( http://www.lifemojo.com/lifestyle/importance-of-hydration-for-an-athlete-1183593#ixzz0i2IeXOmA). 
Thus, while adequate hydration is immensely important in sports, data on intakes of fluids by population groups per se and particularly by sports persons is lacking in the Indian context. Hence this study was planned to assess the fluid consumption pattern among athletes and non athletes with the following objectives:

1. Assess the nutritional status and dietary pattern of the selected  athletes    

       and non athletes.

2. Assess the fluid intake among athletes and non athletes.
3. Analyse the safety of popular fluids consumed by athletes and non                         
      athletes.
4. Develop nutrition education materials 
5. Study the effect of nutrition education on knowledge pertaining to 
      sports nutrition and hydration. 
II. REVIEW OF LITERATURE

The literature pertaining to the study on the “Fluid Consumption Pattern Among Athletes and Non athletes (17-23years)” is discussed under the following headings:

A. Water – The Elixir of Life

B. Dehydration and Sports Performance

C. Fluid Intake and Performance

D. Choice for Hydration
A. WATER – THE ELIXIR OF LIFE:

Water is the most important and abundant compound in the body with unique physicochemical characteristics. Water Balance is defined as the balance between water input and output (Mudge et al, 2004). Water intake is the sum of water in food and beverages plus metabolic water. Water output is the sum of water losses by the lung, skin, intestine and kidney. Total body water is tightly controlled with sensitive mechanisms that respond to changes in consumption and losses. Water homeostasis is regulated by a multiple-loop feedback system capable of sensing a one to two per cent change in tonicity (Singer et al, 2004). The most important loop includes the hypothalamus, the hypophysis and the kidney. In the hypothalamus and hypophysis plasma tonicity modulates the secretion of vasopressin.  In the hypothalamus and hypophysis plasma tonicity modulates the secretion of vasopressin. Plasma vasopressin activates the concentrating mechanisms of the kidney and therefore, plays a dominant role in the adjustment of plasma tonicity (Singer et al, 2004).
Total fluid volume fluctuates by less than one per cent and variation of one to two per cent can be fatal. Other than loop feedback mechanism, water homeostasis is also controlled by both input and output mechanisms            (Iggulden, 2005). Fluid intake is usually controlled by thirst, which signals the body to drink. Fluid output, as urine, controlled by the kidneys, which concentrate or dilute the urine giving osmolalities that vary from 50mmol/kg to 1200mmol/kg, near the value for sea water (Garrow and James, 2005). Other losses include insensible losses through the skin, lungs and gastrointestinal tract (Thomas, 2009). Balance is also achieved when adequate water is consumed to match losses, allowing the metabolic processes of the body to function correctly. Too little water leads to dehydration, altering blood biochemistry and leading to a range of symptoms including headaches, dizziness and confusion                                         (Lavizzo-Mourey et al, 2005). 
Acute changes in the hydration status are commonly designated as dehydration or rehydration. Differences in the steady-state hydration status are called hypo hydration, euhydration or hyper hydration. However, there are no universally accepted definitions or laboratory methods to characterise the different forms of hydration status (Shirreffs, 2000). 

B. DEHYDRATION AND SPORTS PERFORMANCE:

Dehydration produced by diuresis induces physiological intolerance to heat and exercise, resulting from a reduction in plasma volume (Claremont et al, 2003). Likewise, exercise and thermal dehydration induce similar reductions in plasma volume (Costill and Fink, 2005) as well as increased plasma osmolality (Costill et al, 2005) and the magnitude of plasma volume and plasma osmolality changes is related to exercise intensity and duration (Costill and Fink, 2007). Total body fluid losses during exercise in the heat result from relative shifts in the distribution of fluids from both the intra-cellular and extra-cellular compartments (Costill et al, 2002). Moreover, plasma water and muscle water decreases during exercise and thermal dehydration are related to percentage decreases in body weight          (Costill et al, 2004).

Cumulative dehydration develops insidiously over several days and is typically observed during practice sessions or in tournament competition. Even though a small decrease in body weight (less than 1%) may not have a detrimental effect on the individual, the cumulative effect of a one per cent fluid loss per day occurring over several days will create increased risk for heat illness and a decrease in performance (Wyndham et al, 2007). During intense exercise in the heat, sweat rates can be one to 2.5 litres per hour or more, resulting in dehydration. Unfortunately, the volume of fluid that most athletes drink voluntarily during exercise, replaces only about 50 per cent of body fluid losses. Ideally, rehydration involves drinking at a rate sufficient to replace all the water lost through sweating and urination (Murray 2004). 

Plasma electrolyte concentrations remain unchanged or become elevated during dehydration states, while intracellular concentration of some electrolytes increase in proportion to the severity of dehydration (Costill et al, 2004). However, while human perspiration may be considered as a filtrate of plasma (Costill, 2004), the precise composition of which may vary according to whether produced by exercise or thermal factors (Pilardeau et al, 2003), the physiological significance of electrolyte losses in perspiration during exercise may be considered of secondary importance to body water losses (Costill, 2004).

Small losses of body water can decrease the capacity for exercise, and dehydration resulting from sweat loss, and the consequent thermoregulatory problems, may be the primary cause of fatigue even in moderate climatic conditions (Griffin et al, 2009). Adequate hydration before exercise is essential for optimum performance. During prolonged exercise the ingestion of appropriate fluids will improve performance, not just of the elite athlete but of all people involved in sport and physical activity. The composition of drinks to be taken will thus be influenced by the relative importance of the need to supply fuel and water; this in turn depends on the intensity and duration of the exercise task, on the ambient temperature and humidity, and on the physiological and biochemical characteristics of the individual athlete.

C. FLUID INTAKE AND PERFORMANCE:
A study conducted by MacLeod et al. (2009) assessed the sweat loss and hydration practices of elite female field hockey players during consecutive international matches. Sweat loss was assessed from changes in body mass after correction for the volume of fluid consumed and any urine loss. There were large inter individual differences in sweat loss and drinking habits in players, ranging from levels of dehydration reaching  two per cent body mass loss to net body mass gains of 2.4 per cent. Fluid loss was moderate, and players were aware of the impact that dehydration has on performance. With regular substitutions, moderate conditions, and a sound knowledge of correct hydration practice, hydration status was well maintained despite playing consecutive matches.

Sweating, inadequate fluid intake, vomiting, diarrhoea, certain medications (Adner et al, 2004) and alcohol (Brechue et al, 2005) or caffeine (Desruelle et al, 2004) use can lead to fluid deficit. Body weight change is the preferred method to monitor for dehydration in the field, but a clinical refractometer is another accurate method. Dehydration can also be identified by monitoring urine color or body weight changes before, during and after a practice or an event and across successive days (Amstrong, 2004).  The signs and symptoms of dehydration are thirst, general discomfort, flushed skin, weariness, cramps, apathy, dizziness, headache, vomiting, nausea, heat sensations on the head or neck, chills, decreased performance and dyspnea (Chung et al, 2005). Water loss that is not regained by the next practice increases the risk of heat illness (Hayward et al, 2006).  

Under resting conditions, fluid balance is well maintained in the body; however, during exercise water loss is accelerated. Sweat rates can reach two to three litre per hour during demanding exercise in hot conditions                      (Noakes et al, 2003). The resulting dehydration leads to a decrease in plasma volume with concomitant increases in heart rate and core temperature, and ultimately a decrease in performance. This decline in endurance performance is noticeable with dehydration as little as one to three per cent decrease in body weight. Furthermore, an athlete is at increased risk for thermal injury when dehydrated. 

	


D. CHOICE FOR HYDRATION:

The natural choice for hydration is water. It hydrates better than any other liquid, both before and during exercise. Water tends to be less expensive and more available than any other drink. Four to six ounces of water for every 15-20 minutes of exercise is suggested. Caffeine containing beverages are considered to be sources of fluid and some players rely on energy drinks containing caffeine primarily for the stimulant effect of caffeine. However, some of these beverages are very concentrated in carbohydrate, and take long time to empty from the gut. These beverages are also low in sodium, so they are not the best choice for salty sweaters, who would benefit more from a sports drink that contains sodium. In addition, the caffeine content of beverages can vary from 30mg in some carbonated beverages to over 500mg in some energy drinks.  Moreover, caffeine is a central nervous system stimulant, which can result in an increased heart rate, transient increases in blood pressure, jitteriness and nervousness. In addition, some players may experience insomnia or even gastric distress after caffeine consumption. Consuming 200-300mg of caffeine before exercise may improve focus and reaction time. A highly caffeinated drink may help a player feel “pumped” and energised but may not always translate to optimal performance on the field.  We cannot always prevent professional athletes from consuming alcohol, but they need to know that alcohol can be a diuretic, especially in a hypohydrated athlete. Alcohol consumption post – exercise may delay recovery from exercise as it may displace carbohydrate. This would delay muscle glycogen resynthesis          (Hoffman, 2010). 
Louise et al, 2005 conducted a study to investigate the effects of low doses of caffeine on 100m swimming performance. The study failed to detect an improvement in swimming sprint performance following supplementation with low levels of caffeine. The effect of caffeine intake on post-race sleep requires further investigation, and is an important consideration in sports in which an athlete must compete over several days to determine the winner of an event. 

Sports drinks are a combination of water, carbohydrates and electrolytes such as sodium and potassium. The best sports drinks are the ones that are non carbonated, non caffeinated and flavourful. They contain a small amount of sodium and between six to eight per cent of carbohydrates. The type of carbohydrates used is a combination of sucrose, glucose and fructose, which are absorbed by the small intestine as quickly as plain water. These drinks offer advantages to high performance athletes who exercise for 60 to 90 minutes at a time. The carbohydrates found in them provide energy. The electrolytes speed absorption and reduce urine output (Dee Murphy 2005).

III. METHODOLOGY


The methodology followed in the present study titled “Fluid Consumption Pattern Among Athletes and Non athletes (17-23years)”, comprises the following steps:

A) Selection of Area, Athletes and Non athletes 

B) Development of Tools for Data Collection
C) Assessment of Nutritional Status

D) Testing Popular Fluids for Microbial Safety 
E) Development of Nutrition Education Materials
F) Imparting Nutrition Education and Evaluating its Effect
A. SELECTION OF AREA AND SAMPLE:

The area selected for the study was Coimbatore city. The athletes and non athletes, in the age group of 17-23 years of age were selected (since this age group was more predominant among college students) from Avinashilingam Deemed University for Women and Rotary Club of Coimbatore owing to the proximity and easy accessibility of these institutions. The excellent co-operation rendered by the students, teachers and concerned authorities of Institutions formed the basis for the selection. Moreover these institutions are well known for their ideal service and ethical standards. 
Twenty five each of female athletes and non athletes pursuing Bachelors degree in Physical Education and other courses respectively from Avinashilingam Deemed University for Women and twenty five each of male athletes and non athletes from Karate Association and Rotary Club of Coimbatore respectively were selected.

B. DEVELOPMENT OF TOOLS FOR DATA COLLECTION:
A questionnaire (Appendix-I) was formulated and divided into three parts. Part A consisted of questions to assess the socio economic background of the selected subjects: details on aspects such as income, type, size of the family etc were collected. Part B contained questions regarding dietary pattern, types and kinds of foods consumed and the frequency of food consumption. Part C included details on the daily intake of fluids. The athletes and non athletes were asked to record accurately, the type and quantity of fluids consumed by them for a period of seven days. Details of dietary intake were assessed using 24 hour food recall method. The nutritional status was assessed for all the athletes and non athletes. A schedule was formulated to collect the details on anthropometric measurements, biochemical status, clinical status and dietary pattern.

C. Assessment of nutritional status


Nutritional status of an individual reflects the degree to which physiological needs for nutrients are being met (Hammond, 2000). Nutritional status of a person is assessed by anthropometric measurements, biochemical measurements of nutrients, clinical examination and by dietary analysis (Wardlaw, 1999).

a. Anthropometry Measurement: 

Anthropometry has been accepted as an important tool for the assessment of nutritional status, particularly of children. Of the various parameters, weight for age, weight for height, arm circumference and height for age, either singly or in combination are extensively used for the purpose. (Vijayaraghavan, 2007). 


Nutritional anthropometry is the measurement of human body at various ages and levels of nutritional status. It is based on the concept that an appropriate measurement should reflect any morphological variation occurring due to a significant functional physiological change (Rao et al, 1998; Bamji, et.al, 2009). 
In this study, height, weight, mid upper arm, waist and hip circumference were recorded. Body Mass Index was calculated from weight and height measurements and Waist Hip ratio were calculated from the waist and hip circumferences.
(i) Height


The height of an individual is influenced by both genetic and environmental factors. The maximum growth potential of an individual is decided by hereditary factors, while the environmental factors, the most important being nutrition and morbidity, determine the extent of exploitation of that genetic potential. Inadequate dietary intake or reduced nutrient availability at cellular level results in growth retardation (Bamji, et.al, 2009).
The subject was made to stand straight on a levelled surface, without shoes, with heels together and toes apart. The anthropometer rod wasplaced behind the subject at the centre of the heels, perpendicular to the ground. The investigator held the chin of the subject with left hand and the occiput of the subject with right little finger in the Frankfurt horizontal plane. The moving head piece of the anthropometer was placed in the sagital plane over the head of the subject applying a slight pressure to reduce the thickness of hair. The reading was taken when the anthropometer rod was still in position (Plate I).  An average of three measurements was taken as the final measurement (Bamji, et.al, 2009).

(ii) Weight


Body weight is the most widely used and the simplest reproducible anthropometric measurement for the evaluation of nutritional status (Bamji, et.al, 2004). It indicates the body mass and is a composite of all body constituents like water, minerals, fat, protein, bone etc. 
Weight of the subjects was taken in the mid morning with ordinary light clothes and after removing their footwear. The weight was taken using the human weighing balance to the nearest 0.01kg. 

 (iii) Body Mass Index (bmi)


BMI is considered as one of the most appropriate measure for the indirect assessment of muscle fat mass in the body. It provides a reasonable indication  of  the  nutritional  status  and is used  as  an  indicator of  health  risk (Bamji, et.al, 2009). From the recorded heights and weights, BMI was calculated using the formula (Bamji, et.al, 2009): 

    
Weight (kg)

   
Height (m2)                   
The subjects were then categorized using the standard classification as normal, overweight and obese and chronically energy deficient (James et al, 1988).

b) Biochemical Estimation

Biochemical tests 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).

Blood samples (0.02ml) were collected using finger prick method from all the 100 subjects and analysed for their haemoglobin contents using cyanmethaemoglobin method (Raman and Sharma, 1996). In this method, blood sample was mixed with Drabkin’s solution. The ferricyanide present in the solution oxidises iron in the haemoglobin, thereby changing haemoglobin to methemoglobin. Methemoglobin then unites with cyanide to form cyanmethemoglobin, which produces a color which is measured in a colorimeter. The color relates to the concentration of haemoglobin in blood. Random Blood Glucose levels were also measured which helped to diagnose for low sugar level. GOD POD (Hill and Kessler, 1961) method was the test used to estimate blood glucose level. Ten microlitre of venous blood samples (Plate II) from all the subjects was mixed with 1ml of glucose reagent and mixed well. The solution was incubated at room temperature for ten minutes. After the incubation period, the glucose level was estimated at 540nm (green filter) using a colorimeter. 

c) Biophysical test:

Blood Pressure is a measure of the lateral blood pressure in the circulatory system, which changes constantly during the course of the cardiac cycle. Blood pressure readings report two values. The higher reading (systolic pressure) shows the highest pressure in the arteries occurring when the heart contracts. The lower reading (diastolic pressure) shows the lowest pressure in the arteries, which occurs right before the heart contracts. Blood pressure readings are written with the highest value first, then the lowest value. Readings of 120/80 are considered to be normal (European Society of Hypertension, 2007) with high blood pressure being defined as a systolic pressure which is 140mmHg or more at rest and a diastolic pressure which is 90mmHg or more at rest. (Advanced Applied Science, Nuffield Foundation, 2008). 
Digital Blood Pressure Monitor was used to determine the blood pressure of all the athletes and non athletes. 

Measuring blood pressure:

1. The subject was asked to relax and remain still for five to ten minutes before blood pressure measurement and during blood pressure measurement.

2. Any clothing on the upper arm was removed to place the cuff directly on the skin. Constriction of the upper arm by clothing or a rolled-up sleeve may cause an inaccurate reading.

3. The subject was made to sit down in a chair with back support and made sure his both feet were on the floor.

4. The arm from which the blood pressure was measured was extended to the front or side. The subject was asked to rest his hand, palm-up. 

5. The cuff was pulled snugly around the arm and secure with the Velcro fastener.

6. The ON/OFF button on the digital blood pressure monitor was pressed. All LCD symbols appeared momentarily.

7. After "0" was displayed, the cuff was pressurized by squeezing the bulb until he pressure value displayed is 50mmHg above the usual systolic pressure.

8. The cuff will automatically deflate after pressurizing the cuff was stopped.

9. The systolic pressure, diastolic pressure, and pulse were displayed and recorded. The device will completely deflate when measurement is finished. 
d) Clinical Assessment


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 examination was conducted for all the athletes and non athletes by the investigator, using the ICMR (1989) clinical assessment proforma and the deficiency signs and symptoms were recorded.
e) Dietary Survey

24 Hour food recall method was carried out for all the athletes and non athletes to assess their food and nutrient intake. The foods consumed by the individuals were quantified using  standardized cups (Bamji, 2009) and  nutrient  intake  was  calculated using the Nutritive Value of Indian foods (ICMR, 2008). The intake of food and nutrients were compared with the suggested food allowances (ICMR, 2005) and Recommended Dietary Allowances (ICMR, 2009) respectively. 

f) Fluid intake:

Using the questionnaire, details regarding the fluid intake of each subject were recorded. The subjects were shown quantified cups, and each were asked to use quantified water bottles and cups for the intake of fluids. Diary method was followed, where in the athletes and non athletes had to record the amount of fluids and water consumed, from the beginning of day till the end of the day. This diary was maintained for over one week period. From these records, the average daily consumption of fluid by every individual was calculated. 

b. Fitness test

Fitness testing, often referred to as fitness evaluation or fitness assessment, includes a series of measurements and was used to determine the health status and physical fitness of the athletes. There are a number of possible tests and measurements to determine an individual's baseline fitness level. These tests are often the starting point for designing an appropriate exercise program. The specific tests used in an assessment depend on the health and fitness goals of the individual, the trainer's experience and the type of workout routines being performed.
COMPONENTS OF FITNESS TESTING:

1. CARDIOVASCULAR FITNESS:

The Harvard Step Test (Brouha et al., 1943) is an aerobic fitness test, developed in the Harvard Fatigue Laboratories during World War II (WWII). 

The Harvard Step Test was conducted as follows. 

1. The subject was made to step up on to a standard gym bench once every                    two seconds for five minutes (150 steps).

2. Pulse rate was recorded one minute (bpm)- Pulse 1, two minutes (bpm) - Pulse 2 and three minutes (bpm) - Pulse 3, after finishing the test. The calculator below was used to determine the level of fitness.

Analysis

It is expected that, with appropriate training between each test, the analysis would indicate an improvement. Using the three pulse rate the level of fitness was determined using the formula:  Result = 30000 ÷ (pulse1 + pulse2 + pulse3) (Brouha et al., 1943). 

2. FLEXIBILITY TEST:
The Sit and Reach Test (Wells and Dillon, 1952) is a common measure of flexibility, and specifically measures the flexibility of the lower back and hamstring muscles. 

 Procedure: This test involved sitting on the floor with legs stretched out straight ahead. The soles of the feet were placed flat against the box. Both knees were locked and pressed flat to the floor. With the palms facing downwards, and the hands on top of each other or side by side, the subject reached forward along the measuring line as far as possible. It was ensured that the hands remained at the same level, not one reaching further forward than the other. After some practice reaches, the subject reached out and held that position for at one-two seconds while the distance was recorded (Plate III).

3. AGILITY TEST:
Agility is an important component of many team sports, though it is not always tested, and is often difficult to interpret results. The Illinois Agility Test                 (Davis et al, 2000) is a commonly used test of agility in sports.

Procedure: The length of the course was 10 meters and the width (distance between the start and finish points) was five meters. Four cones were used to mark the start, finish and the two turning points. Another four cones were placed down the centre an equal distance apart. Each cone in the centre is spaced 3.3 meters apart. Subjects were made to lie on their front (head to the start line) and hands by their shoulders. On the 'Go' command the stopwatch was started, and the athlete got up as quickly as possible and ran around the course in the direction indicated, without knocking the cones over, to the finish line, at which the timing was stopped (Davis et al, 2000) (Plate IV).
4. SPEED AND POWER:

Speed and explosive power are important components of fitness for many sports. The two tests to examine the speed and power of the athletes carried out by the investigator were, Standing Long Jump and Medicine Ball Javelin Throw Quadrathlon. 

a.  Standing Long Jump:

The Standing long jump, also called the Broad Jump, is a common and easy to    administer test of explosive leg power. 
Procedure: The athlete stood behind a line marked on the ground with feet slightly apart. A two foot take-off and landing was used, with swinging of the arms and bending of the knees to provide forward drive. The subject attempted to jump as far as possible, landing on both feet without falling backwards. 
b.  Medicine Ball Javelin Throw Quadrathlon:
This test measures upper and lower body strength and explosive power, particularly with a twisting action.

Procedure: The subject was made to stand at a line with the feet slightly apart, and facing the direction to which the ball was to be thrown. The ball was held with the hands just under the ball, the arms extended in front of the body. The ball was then swung back behind the body, twisting the hips and torso, and then swung back vigorously to throw the ball out as far as possible (Plate V).
D. TESTING POPULAR FLUIDS FOR MICROBIAL SAFETY:
Two popular fluids (orange juice and lemon juice) available in the market that were consumed by the target groups and sample of water consumed by the target groups were collected (3ml each) and tested for microbial safety.

Total Plate Count Test was carried out to determine the microbial count present in the fluid sample. The plate count method relied on bacteria growing a colony on a nutrient medium so the colony became visible to naked eye and the number of colonies on a plate was counted. The procedure involved making of serial dilutions of the sample (1:10, 1:100, 1:1000 etc.) in sterile water and cultivating these on a nutrient agar dish that was sealed and incubated. One set of plate was incubated at 22 degree Celsius for 24 hours and a second set at 37 degree Celsius for 24 hours. The composition of the nutrient included reagent that resisted the growth of non-target organisms and made the target organisms easily identifiable, often by colour change. At the end of the incubation period the colony was counted by eye without the use of a microscope (http://en.wikipedia.org/wiki/Bacteriological_water_analysis).
E. DevelopMENT of nutrition education materials:
 An education programme was developed to educate the athletes and non athletes on the importance of fluid consumption. All over the world today, computers have become a prominent mode of communication and tool for education. With this point in view and the involvement of computers in the field of nutrition too, Microsoft Power Point was used as a tool in imparting knowledge related to fluid intake. 


The education programme was planned to include details regarding general nutrition, sports nutrition, fluid intake relationship to performance, signs and symptoms of dehydration, causes and types of heat illness, type and timing of fluid ingestion, need for rehydration, ideal rehydration solution and need to exclude caffeine and alcohol.  


Microsoft power point presentation was used to create 27 slides and used for presentation.  A knowledge assessment questionnaire was developed to assess their knowledge before and after the education programme. This questionnaire contained 12 questions on sports nutrition and fluid intake. The power point slides were enhanced with audio and video clips. The narration for the entire slide show was recorded and then inserted in the slides, in such a way, that narration explained the points in each slide. Sports nutrition video for two minutes was inserted in the beginning of the presentation, and the slideshow ends with two minutes of expert’s comments on need for fluid and hydration for athletes as well as non athletes. A twenty page booklet was designed using Microsoft power point. The booklet contained detailed information about sports nutrition, hydration which were explained as points in the nutrition education slides. 

F. imparting nutrition education and evaluating its   

           effect:


Fifty athletes (male and female) and fifty non athletes (male and female) were given nutrition education. LCD projector was used to focus the slides and educate them. The time taken for one presentation was 25 minutes and time was allotted for discussion and feedback (Plate VI). 
A specially designed questionnaire consisting of 12 questions was formulated for assessing the knowledge on fluid intake on the selected athletes and non athletes. The questions mainly focused on pre game meal, fluid intake, ideal fluid replacement drink, dehydration, heat illness, percentage of weight loss due to fluid loss and their effects and harmful effects of caffeine and alcohol.  

The research design of the study is presented in Figure 1. 

iv. results and Discussion 

The results of the present study titled “Fluid Consumption Pattern Among Athletes and Non athletes (17-23years)” is presented and discussed under the following headings:

A. Socio economic Background of Athletes and Non athletes

B. Nutritional status of Athletes and Non athletes

C. Fluid Consumption Pattern and Microbial Safety of Popular Fluids

D. Physical Fitness Levels of Athletes

E. Effect of Nutrition Education on Nutritional Knowledge
A. Socio economic background of athletes and non athletes:
Background information regarding the athletes and non athletes are presented in Table I.
TABLE I

BACKGROUND INFORMATION ON THE ATHLETES AND NON ATHLETES                                        


                                                                                                           [N=100]

	Variables
	Criteria


	Men
	Women

	
	
	Athletes
	Non Athletes
	Athletes
	Non Athletes

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

	Type 
	Joint
	1
	4
	0
	-
	0
	-
	1
	4

	
	Nuclear
	24
	96
	25
	100
	25
	100
	24
	96

	Size 
	Small (<4)
	22
	88
	22
	88
	25
	100
	18
	72

	
	Large (>4)
	3
	12
	3
	12
	0
	0
	7
	24

	Monthly Income (Rs.)
	<20000
	4
	16
	8
	32
	15
	60
	7
	28

	
	20000 –30000
	16
	64
	13
	52
	7
	28
	12
	48

	
	30000 – 40000
	1
	4
	3
	12
	1
	4
	1
	20

	
	>40000
	4
	16
	1
	4
	2
	8
	4
	4

	Educational Status
	   Graduate
	1
	4
	4
	16
	25
	100
	7
	28

	
	 Post Graduate
	24
	96
	21
	84
	-
	-
	18
	72


Ninety six per cent each of male athletes and female non athletes belonged to nuclear and the remaining four per cent belonged to joint families. All the male non athletes and female athletes were from nuclear type families. This is on par with the fact that a majority of the families in India nowadays are nuclear. However, the figure reported in this study is much higher than those recorded by the Ministry of Statistics and Programme Implementation, Government of India (2002), which found that in Uttar Pradesh alone, 73 per cent households were nuclear. 

Family size is one of the factors that affects nutritional status of any population. Fortunately, a majority of the families (88% each of male athletes and male non athlete) had one to four members highlighting the preponderance of small family norms. The remaining twelve per cent of the families had more than four members. The families of all the female athletes had less than four members. Seventy two per cent of female non athletes had less and the remaining 24 per cent had more than four members. This probably shows the greater awareness among people about the benefits of small family norms. The National Family Health Survey (2007) indicates that the household size in Tamil Nadu is three.

Sixteen per cent each of the families of male athletes earned less than Rs.20,000 per month and more than Rs. 40,000 per month respectively. A majority of the male athletes (64%) were from families with a monthly income of Rs.20,000 to Rs.30,000. The families of four per cent of male athletes earned between Rs.30,000 and Rs.40,000 per month. Among male non athletes 32 per cent were from families who earned less than Rs.20,000 per month and 52 per cent were from families with a monthly income of Rs.20,000 to Rs.30,000. Another 12 per cent of the families earned between Rs.30,000 to Rs.40,000 per month, and the remaining four per cent earned more than Rs.40,000. 

Among female athletes, 60 per cent of the families earned less than 20,000 per month while 28 per cent earned between Rs.20,000 to Rs.30,000 per month. Four per cent and eight per cent of families earned Rs.30,000 to Rs.40,000 and more than Rs.40,000 per month respectively. In the case of the female non athlete families 28 per cent earned less than Rs.20,000 per month, 48 per cent earned between Rs. 20,000 to Rs. 30000 per month while 20 per cent earned between   Rs. 30,000 to Rs. 40,000 per month while the remaining four per cent earned above Rs.40,000 per month.

The Planning Commission, Government of India (2003) and              Devasia (2003) indicate that nearly 14 per cent of the families in ten districts from seven states in India had an annual income of Rs. 40,001 to Rs. 50,000 and the percentage of families with earnings of above Rs. 50,000 was nearly 23 percent.  

Four per cent of male athletes were graduates and 96 per cent of them were post graduates. Sixteen per cent of male non athletes were graduates and 84 per cent were post graduates. All the female athletes were graduates. Twenty eight per cent of female non athletes were in their undergraduate courses and 72 per cent were post graduates.
A study conducted by Prakash et al (2008) indicated that during the year 2005-2006, females enrolled for graduation in India was 41.9 per cent and those for post graduation was 33.6 per cent. However, Selection Education Statistics (UGC, 2008) indicated that the ratio of male to female graduates was 1.51:1 at the Bachelor’s level and 1.42:1 at the Master’s level. 

B. Nutritional status of the athletes and non athletes

1. Anthropometric measurements

a) Body weight and height:

The mean body weight, height, mid upper arm circumference (MUAC) and chest circumference of athletes and non athletes are                             presented in Table II and Figures 2 to 5. 

TABLE II

mean Height, Weight, Arm circumference and chest circumference

                                  [N=100]

	Parameters
	Men
	Women

	
	Standard
	Mean
	Difference 
	‘t’ value
	Standard
	Mean
	Difference 
	‘t’ value

	Height (cm)

    Athlete 
	174∞
	158.56
	11.75
	8.019** (A vs NA)
	163.8∞
	158.22
	3.86
	2.258*(A vs NA)

	
	
	
	15.44
	15.187**(A vs Std)
	
	
	5.58
	4.699**(A vs Std)

	    Non Athlete
	170₤
	170.31
	0.31
	  0.374 NS (NA vs Std)
	160₤
	154.36
	5.64
	4.585**(NA vs Std)

	Weight  (kg)

    Athlete
	70∞
	58.92
	3.33
	1.733NS (A vs NA)
	56.7∞
	53.64
	2.26
	1.289NS(A vs NA)

	
	
	
	11.08
	15.035**(A vs Std)
	
	
	3.06
	2.166*(A vs Std)

	   Non Athlete
	60₤
	62.25
	2.25
	1.170NS(NA vs Std)
	50₤
	55.9
	5.9
	5.615**(NA vs Std)

	Mid Upper Arm Circumference (cm)

    Athlete
	40∞


	35.52
	9.52
	8.252**(A vs NA)
	30∞
	24.13
	2.76
	4.498**(A vs NA)

	
	
	
	4.48
	4.290**(A vs Std)
	
	
	5.86
	18.217**(A vs Std)

	   Non Athlete
	30 π

29.3 ≠ 
	26
	4
	10.265**(NA vs Std)
	25π

28.5≠
	26.9
	1.9
	3.630**(NA vs Std)

	Chest Circumference (cm)

    Athlete
	90∞
	89.56
	23.19
	10.646**(A vs NA)
	80∞
	83
	32
	23.361**(A vs NA)

	
	
	
	0.44
	0.302NS (A vs Std)
	
	
	3
	4.346**(A vs Std)

	   Non Athlete
	70 π
	66.37
	3.63
	0.979NS (NA vs Std)
	60 π
	51
	9
	7.576**(NA vs Std)


          *: Significant at five per cent level; **: Significant at one per cent level; NS: Not Significant; ₤ ICMR (2004); π Vlaming et al (2001);  ∞Prajakta (2005) ; ≠Jelliffe (1966)

Male athletes were significantly (p<0.01) shorter (158.56cm) than their non athletic counter parts (170.31cm) and the respective standards (174cm). They were significantly (p<0.01) lighter (58.92kg) than standard (70kg) but were comparable to male non athletes (62.25kg). The height (170.31cm) and weight (62.25kg) of male non athletes were not significantly different from those of standard (170cm and 60kg). Male athletes had significantly (p<0.01) higher mid upper arm circumference (35.5cm) than non athletes (26cm). Both male athletes and non athletes had significantly (p<0.01) less arm circumference when compared to those reported by Prajaktha (2005) (40cm) and                 Vlaming et al, (2001) (30cm) respectively. Chest circumference of male athletes (89.56cm) and non athletes (66.36cm) were not significantly different from the values of 90cm and 70cm as reported by those investigators respectively. However, the chest circumference of male athletes was significantly (p<0.01) higher (83cm) than that of non athletes (66cm). 

Female athletes were significantly (p<0.05) taller (158.22cm) than their non athletic counter parts (154.36cm). Mean weight of female athlete (53.64kg) was not significantly different from the weight of non athletes (55.9kg). Both female athletes and non athletes were found to be significantly shorter (p<0.01) than their standards (163cm and 160cm) respectively. Female athletes were significantly (p<0.05) lighter (53.64kg) than the standard weight (56.7kg) while female non athletes were significantly (p<0.01) heavier (55.9kg) than the standard weight (50kg). Mid upper arm circumference of female               athletes (24.13cm) was significantly (p<0.01) less than non athletes (26.9cm) and their respective standard (30cm), while non athletes MUAC was significantly (p<0.01) higher than their respective standard (25cm).

Bhatnagar et al (2000) revealed that the height, weight, arm and chest circumference of male athletes in rural Punjab was found to be 169cm, 61kg, 26cm and 90cm respectively.

Table III shows the comparison of BMI, blood pressure, haemoglobin and blood glucose of athletes and non athletes. 

TABLE III

COMPARISON OF BMI, BLOOD PRESSURE, HAEMOGLOBIN AND BLOOD GLUCOSE OF ATHLETES AND NON ATHLETES

 [N=100]

	Classification
	Men
	Women

	
	Mean
	‘t’ value
	Mean
	‘t’ value

	BMI @  (18.5-23)

Normal

       Athletes
	21.5


	3.354**(A vs NA)
	22.4


	3.924**(A vs NA)

	
	
	22.6279-24.6361*       (A vs Std)
	
	20.2633-21.6191*        (A vs Std)

	      Non athletes
	22
	20.215 – 22.3205*  (NA vs Std)
	21.2
	22.3688- 24.7912*    (NA vs Std)

	Blood Pressure $
Normal Systolic        (120-129) mm Hg
        Athletes
	120


	0.493NS                                            (A vs NA)
	0
	0.280NS                                                                               (A vs NA)

	
	
	113.0651-126.2949*                       (A vs Std)
	
	112.0613-118.8987*            (A vs Std)

	       Non athletes
	120
	115.6168-120.3832*                    (NA vs Std)
	0
	110.2766-119.1634*        (NA vs Std)

	Normal Diastolic        (80-84) mm Hg 

        Athletes
	80
	0.826NS                                          (A vs NA)
	80
	3.233**                           (A vs NA)

	
	
	86.7133-95.4467*                          (A vs Std)
	
	70.1985-76.1215*             (A vs Std)

	       Non athletes
	80
	88.8725 – 98.4875*                     (NA vs Std)
	0
	77.4496-88.4704*           (NA vs Std)

	Haemoglobin π
Normal (>14.5g/dl) 

       Athletes
	11
	3.48** (A vs NA)
	12.9
	0.55NS (A vs NA)

	
	
	4.89** (A vs Std)
	
	6.90** (A vs Std)

	      Non athletes
	13.7
	5.66** (NA vs Std)
	12.4
	9.08** (NA vs Std)

	Blood Glucose ∞
Normal  (70-199) mg/dl 

     Athletes
	91.4
	4.424**(A vs NA)
	96.7
	3.051**(A vs NA)

	
	
	89.1207-102.7273*           (A vs Std)
	
	91.2151-102.7369* (A vs Std)

	    Non athletes
	80.9
	74.2381-82.9619*  (NA vs Std)
	87.2
	84.0129-90.4391* (NA vs Std)


*Significant at five per cent level; **: Significant at one per cent level; @ ICMR (2009);

$ European Society of Hypertension (2007);  π Chatterjee (2006);  ∞ Bamji (2009)

Mean BMI of male athletes was slightly but significantly (p<0.01) less (21.5cm) than that of non athletes (22cm). Mean BMI of female athletes (22.4) was significantly (p<0.01) higher than that of non athletes (21.2). BMI of athletes and non athletes were significantly (p<0.05) different from their respective standard BMI (18.5-23).

Mean systolic and diastolic pressures of male athletes were not significantly different from non athletes (120mm Hg systolic, 80mm Hg diastolic). There was significant difference (p<0.05) in mean systolic and diastolic pressure of male athletes and male non athlete with their corresponding standards (120-129 mm Hg and 80-84mm Hg). In case of women, the systolic pressure of athletes were not significantly different from non athletes, but diastolic pressure of athletes was significantly different from that of non athletes at one per cent (p<0.01). The systolic and diastolic pressure of athletes and non athletes were significantly different (p<0.05) from their respective standards. 

The mean haemoglobin level of male athletes (11g/dl) was                significantly (p<0.01) less than that of non athletes (13.7g/dl). The haemoglobin levels of both male athletes and non athletes were significantly (p<0.01) different from the normal value of 14.5g/dl (Chatterjee, 2006).  The mean haemoglobin levels of female athletes (12.9g/dl) was not significantly different from non athletes (12.4g/dl), while both athletes and non athletes were significantly (p<0.01) different from the normal haemoglobin level (>14.5g/dl).
Mean random glucose level of male athletes (91.4mg/dl) and female athletes (96.7mg/dl) was significantly (p<0.01) greater than that of male non athletes (80.9mg/dl) and female non athletes (87.2mg/dl) respectively. In both men and women, there was significant difference (p<0.05) in glucose level of athletes and non athletes with their respective standards of 70-199mg/dl  (Bamji, 2009).

b) Body Mass Index (BMI)
Table IV shows the distribution of the athletes and non athletes according to BMI.

TABLE IV

MEAN BMI OF ATHLETES AND NON ATHLETES 

[N=100]

	Classification*
	Men
	Women

	
	Mean
	No.
	%
	Mean
	No. 
	      %

	CED (<18.5)

    Athletes
	-
	0
	0
	17.7
	3
	12

	   Non Athletes
	18.5
	4
	16
	16
	2
	8

	Normal     (18.5-23)

     Athletes
	  21.5
	11
	44
	22.4
	20
	80

	   Non Athletes
	22
	     17
	68
	21.2
	8
	32

	Overweight (23-27)

   Athletes
	 24.5
	11
	44
	25.4
	2
	8

	   Non Athletes
	23
	4
	16
	23.2
	14
	56

	Obese (>27)

     Athletes
	28.5
	3
	12
	0
	0
	0

	   Non Athletes
	0
	0
	0
	28.6
	1
	4


*ICMR (2009) 

Classification of athletes and non athletes according to categorisation of BMI, ICMR (2009) showed that among men, none of the athletes and 16 per cent of non athletes had BMI less than 18.5. Forty four and sixty eight per cent of athletes and non athletes respectively were in the normal BMI range of 18.5-23 (with mean BMI of 21.5 and 22 respectively). Forty four and 16 per cent of the men had mean BMI values of 24.5 (athletes) and 23 (non athletes), which were in the overweight category of (23-27). Twelve per cent of athletes (BMI 28.5) and none of the non athletes were in the obese category of BMI (>27). 

Similarly comparison (with ICMR classification, 2009) among women showed that 12 per cent and eight per cent of athletes and non athletes respectively had BMI less than 18.5, while 80 (mean BMI 22.4) and 32 per cent (mean BMI 21.2) had normal BMI (18.5-23). Eight (25.4) and 56 per cent (23.2) had overweight BMI of 23-27 and none and four per cent of athletes and non athletes (28.6) respectively had BMI of more than 27. 

Nudri et al (2009) in their study on BMI and body fat status of male athletes showed their BMI to be in normal range (22.6), as compared to that of non athletes whose BMI was 24.3. Ismail et al (2009) indicated in their study that 73 per cent of rural women athletes in Malaysia had normal BMI of 19. Joshua et al (2007) in National College Health Risk Behavior Survey, USA, reported the average BMI of 4800 male and female students enrolled in the survey to be 25. 

2. Blood Pressure Values:
 The distribution of athletes and non athletes based on mean blood pressure levels according to the reference values of the European Society of Hypertension (2007) is presented in Table V.
TABLE V

DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO BLOOD PRESSURE (mm Hg) 

[N=100] 

	Classification*
	Men
	Women

	
	Athlete
	Non athlete
	Athlete
	Non athlete

	
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No
	%

	Optimal

    Systolic 

    (<120)
	110
	15
	60
	110
	21
	84
	102
	20
	80
	114
	22
	88

	    Diastolic

    (<80)
	76
	3
	12
	79
	6
	24
	71
	23
	92
	73
	14
	56

	Normal

     Systolic

     (120-129)
	120
	9
	36
	120
	2
	8
	0
	-
	-
	0
	-
	-

	     Diastolic

     (80-84)
	80
	3
	12
	80
	1
	4
	80
	1
	4
	0
	-
	-

	High normal

     Systolic

     (130-139)
	0
	-
	-
	130
	1
	4
	132
	5
	20
	130
	2
	8

	     Diastolic

     (85-89)
	130
	7
	28
	86
	2
	8
	87
	1
	4
	87
	2
	8


	Hypertension

Grade 1 (mild)

      Systolic 

      (140-159)
	     0


	-
	-
	140
	1
	4
	0
	-
	-
	140
	1
	4

	      Diastolic 

      (90-99)
	90
	8
	32
	90
	8
	32
	0
	-
	-
	92
	5
	20

	Grade 2 (moderate)

       Systolic 

       (150-179)
	-
	-
	-
	0
	-
	-
	0
	-
	-
	0
	-
	-

	       Diastolic 

       (100-109)
	100
	1
	4
	100
	4
	16
	     0
	-
	-
	-
	-
	-

	Grade 3 (severe)

        Systolic 

        (≥ 180)
	180
	1
	4
	0
	-
	-
	0
	-
	-
	-
	-
	-

	        Diastolic 

        (≥ 110)
	110
	3
	12
	110
	6
	28
	     0
	-
	-
	-
	-
	-


                                               *European Society of Hypertension (2007)

Distribution of athletes and non athletes on the basis of classification of blood pressure according to European Society of Hypertension (2007), showed that among men, 60 per cent (mean systolic pressure 110mm Hg) and 12 per cent (mean diastolic pressure 76mm Hg) of athletes had optimal systolic pressure (<120mm Hg) and optimal diastolic pressure (<80mm Hg) respectively. Eighty four per cent (mean systolic pressure 110mm Hg) and 24 per cent (mean diastolic pressure 79mm Hg) of non athletes had optimal systolic pressure and optimal diastolic pressure respectively.  Thirty six per cent (mean systolic 120mm Hg) and 12 per cent (mean diastolic 80mm Hg) of athletes and eight per cent (mean systolic 120mm Hg) and four cent (mean diastolic 80mm Hg) of the non athletes had normal systolic pressure of 120-124mm Hg and normal diastolic pressure of 80-84mm Hg respectively. None of the athletes had high normal systolic pressure while 28 per cent had high normal diastolic pressure of 85-89mm Hg with mean of 130mm Hg. Four per cent and eight per cent of non athletes had high normal systolic pressure (mean 130mm Hg) of 130-139mm Hg and high normal diastolic pressure (mean 86mm Hg) of 85-89mm Hg respectively. None of the athletes had mildly hypertensive systolic pressure, 32 per cent of athletes had mildly hypertensive diastolic pressure (mean 90mm Hg) of 90-99mm Hg. Four per cent (mean systolic pressure 140mm Hg) and 32 per cent (mean diastolic pressure 90mm Hg) of non athletes had mild Grade I hypertension. None of the athletes and non athletes had moderate systolic pressure, four per cent of athletes (mean 100mm Hg) and 16 per cent of non athletes (mean 100mm Hg) had moderate diastolic pressure of 100-109mm Hg. Four per cent of athletes with mean systolic pressure 180mm Hg and 12 per cent with mean diastolic pressure of 110mm Hg were categorised under Grade III Hypertension (systolic pressure ≥ 180mm Hg and diastolic pressure ≥ 110mm Hg). None of the non athletes had severe systolic pressure more than or equal to 180mm Hg, but 28 per cent of them had severe diastolic pressure with mean of 110mm Hg.

Similarly among women, 80 per cent (mean systolic pressure 102mm Hg) and 92 per cent (mean diastolic pressure 71mm Hg) of athletes had optimal systolic and diastolic pressure of less than 120mm Hg and less than 80mm Hg respectively. Eighty eight per cent (mean systolic pressure 114mm Hg) and 56 per cent of non athletes (mean diastolic pressure 73mm Hg) had optimal systolic and diastolic pressure. None of the athletes had normal systolic pressure of 120-129mm Hg, while four per cent had normal diastolic pressure (mean 80mm Hg) between 80-84mm Hg. None of the non athletes had normal systolic or diastolic pressure. Twenty per cent (mean systolic 132mm Hg) and four per cent of athletes (mean diastolic 87mm Hg) and eight per cent each of non athletes (mean systolic 130mm Hg and mean diastolic 87mm Hg) had high normal systolic pressure and diastolic pressure. None of the athletes had mild systolic (140-159mm Hg) or diastolic pressure (90-99mm Hg), while four per cent (mean systolic pressure 140mm Hg) and 20 per cent (mean diastolic pressure 92mm Hg) of non athletes were categorised under Grade I hypertension. None of the other athletes and non athletes were classified under Grade II or Grade III hypertension. 

In a study conducted by Tucker et al (2007)  on 1,959  male athletes who participated in a study called CARDIA (Coronary Artery Risk Development in Young Adults), it was reported that  13.8 percent of players had high blood pressure and 64.5 percent had prehypertension or borderline high blood pressure, compared to 5.5 percent and 24.2 percent of other men, respectively.

3. Haemoglobin Levels:
The blood haemoglobin levels and the category of anaemia of athletes and non athletes based on reference values (Chatterjee, 2006) are presented in Table VI. 

TABLE - VI

DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO                                                                                             haemoglobin levels AND CATEGORY OF ANAEMIA 

                                                                                                                                                                              [N =100]
	*Category of Anaemia and Haemoglobin Level
	Men
	Women

	
	Athlete
	Non Athlete
	Athlete
	Non Athlete

	
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No.
	%

	Mild    (10-10.9 g/dl)
	10.4
	4
	16
	10
	2
	12
	10.3
	3
	12
	10.5
	3
	12

	Normal (>11g/dl)
	11
	21
	84
	13.7
	22
	88
	12.9
	22
	88
	12.4
	22
	88

	              Total
	
	25
	100
	
	25
	100
	
	25
	100
	
	25
	100



                         *Chatterjee (2006) 

Classification on the basis of anaemia and haemoglobin level   (Chatterjee, 2006) showed that, among men, none of the athletes and non athletes had moderate anaemia (8-9.9g/dl). Sixteen per cent of athletes (mean 10.4g/dl) and 12 per cent of non athletes (mean 10g/dl) had mild anaemia (10-14.5g/dl). Eighty four per cent of athletes (mean 15g/dl) and 88 per cent of non athletes (mean 14.7g/dl) had normal level of haemoglobin. Similarly among women, none of the athletes and non athletes had moderate anaemia (8-9.9 g/dl). Twelve per cent each of athletes and non athletes with mean haemoglobin level of     10.3 g/dl and 10.5 g/dl respectively had mild anaemia (10-10.9 g/dl). Eighty eight per cent each of athletes and non athletes with mean haemoglobin level of 14.9 g/dl and 15g/dl respectively had normal level of            haemoglobin (>14.5g/dl).

A cohort study from 2001 to 2005 of elite female rowers indicated that 1.6 per cent had hemoglobin above 6.01g/dl, corresponding to a hematocrit above 47 per cent and 3.9 per cent of the males had a blood hemoglobin above 6.5 g/dl, equalling a hematocrit of 51 per cent. 
4. Random Glucose Level:

The random blood glucose levels of athletes and non athletes based on reference values are presented in Table VII. 

TABLE - VII

      DISTRIBUTION OF ATHLETES AND NON ATHLETES ACCORDING TO random glucose level (mg/dl)
                                                                      [N = 100]
	 Blood Glucose Level
	Men
	Women

	
	Athlete
	Non athlete
	Athlete
	Non athlete

	
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No.
	%
	Mean
	No.
	%

	Hypoglycemia(<70)
	-
	   -
	-
	66.5
	4
	16
	-
	-
	-
	-
	-
	-

	Normal (70-199)
	91.4
	25
	100
	80.9
	21
	84
	96.7
	24
	96
	87.2
	25
	100

	Hyperglycemia (>199)
	-
	-
	-
	-
	-
	-
	200
	1
	4
	-
	-
	-

	              Total
	
	25
	100
	
	25
	100
	
	25
	100
	
	25
	100


                         *Bamji (2009)

Classification on basis of blood glucose levels, according to         Chatterjee (2006) showed that among men, none of the athletes and 16 per cent of non athletes (mean 66.5mg/dl) were hypoglycaemic (<70mg/dl). All the athletes (mean 91.4mg/dl) and 84 per cent of the non athletes had normal glucose level (mean 80.9mg/dl) of 70-199mg/dl. None of the athletes and non athletes were hyperglycaemic (>199mg/dl). Similarly in women, none of the athletes and non athletes were hypoglycaemic. Ninety six per cent of athletes (mean 96.7mg/dl) and all the non athletes (mean 87.2mg/dl) had normal blood glucose level of 70-199mg/dl. Four per cent of athletes (mean 200mg/dl) and none of the non athletes were hyperglycaemic (>199mg/dl).

Schneider et al (1997) suggest that an exercise programme can produce a significant decrease in glycosylated haemoglobin levels in Type 2 diabetic males probably due to the cumulative effect of transient improvements in glucose tolerance which follows each individual period of exercise.

5. Clinical examination:

Clinical symptoms found among athletes and non athletes on basis of the proforma for clinical assessment (ICMR, 1989) is given in Table VIII.
TABLE VIII

CLINICAL SIGNS AND SYMPTOMS

                                                                                                        [N=100]

	Parameters*
	Men
	Women

	
	Athlete
	Non athlete
	Athlete
	Non athlete

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

	Pale Face
	2
	8
	4
	16
	3
	12
	6
	24

	Easily pluck able hair
	2
	8
	1
	4
	2
	8
	4
	16

	Thin sparse hair
	-
	-
	4
	16
	-
	-
	2
	8

	Dental Caries
	6
	24
	12
	48
	7
	28
	8
	32

	Bleeding gum
	4
	16
	2
	8
	3
	12
	6
	24

	Angular stomatitis
	4
	16
	2
	8
	-
	-
	5
	20

	Pale tongue
	3
	12
	2
	8
	5
	20
	4
	16

	Mild anaemia
	4
	16
	4
	16
	5
	20
	6
	24

	Total
	25
	100
	25
	100
	25
	100
	25
	100


*ICMR, 1989 

Among male athletes, pale face and easy pluck able hair were found among eight per cent each. None of them had thin sparse hair and 24 per cent had dental caries. Bleedings gums, angular stomatitis and mild anaemia were noted each among 16 per cent each of male athletes. Twelve per cent of them had pale tongue. Among male non athletes, 16 per cent each of athletes had pale face, thin sparse hair and mild anaemia and four per cent had easy pluck able hair. Forty eight per cent of them had dental caries, eight per cent each had bleeding gums, angular stomatitis and pale tongue and sixteen per cent of them had mild anaemia. 

 Among female athletes, 12 per cent each, had pale face and bleeding gums. None of the athletes suffered from thin sparse hair and angular stomatitis. Eight per cent of them had easy pluck able hair and 28 per cent of them had dental caries. Twenty per cent each of athletes, had pale tongue and mild anaemia. Among female non athletes, 24 per cent each of the non athletes had pale face, bleeding gums and mild anaemia. Eight per cent of them had thin sparse hair, 16 per cent each had easy pluck able hair and pale tongue and 32 per cent had dental caries. 

These results revealed that some form of vitamin and mineral deficiency was noted among few athletes and non athletes whereas majority of them were found to be clinically sound. 

  In a study by James et al (2008) to understand the sensitivity and specificity of clinical signs for assessing the dehydration in endurance athletes, five parameters (decreased skin turgor, sensation of thirst, sunken eyes, inability to spit and dry mucous membranes) tested did not precisely identify marathon runners with total weight loss of more than three per cent at the end of a marathon.

6. Dietary Pattern:

The details on type of diet and information regarding meal pattern of athletes and non athletes are given in Table IX.

TABLE IX

DETAILS ON DIETARY PATTERN

[N=100]

	Variables
	Men
	Women

	
	Athlete
	Non athlete
	Athlete
	Non athlete

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

	Type of Diet
Vegetarian
	10
	40
	5
	20
	15
	60
	20
	80

	Ovo – vegetarian
	-
	-
	-
	-
	-
	-
	3
	12

	Non-vegetarian
	15
	60
	20
	80
	10
	40
	2
	8

	Skip Meals
   Yes
	-
	-
	14
	56
	-
	-
	4
	16

	   No
	25
	100
	11
	44
	25
	100
	21
	84

	Eating between meals
   Yes
	-
	-
	2
	8
	-
	-
	5
	20

	   No
	25
	100
	23
	92
	25
	100
	20
	80

	Supplements
   Yes
	-
	-
	-
	-
	-
	-
	1
	4

	   No 
	25
	100
	25
	100
	25
	100
	24
	96


Among male athletes, 40 per cent were vegetarians and 60 per cent were non-vegetarians. None of the athletes skipped meals, ate anything in between meals or consumed any supplements. Among male non athletes, 40 per cent were vegetarians and 80 per cent were non vegetarians. Fifty six per cent of them skipped meals, while 44 per cent did not skip meals. Eight per cent of them ate in between meals and 92 per cent of them did not eat anything in between meals. None of the non athletes consumed any supplements. 

Among female athletes, 60 per cent were vegetarians compared to non vegetarians who were 40 per cent. None of them skipped meals, ate anything in between meals or consumed any supplements. Eighty per cent of female athletes were vegetarians, 12 per cent were ovo-vegetarians and only eight per cent were non vegetarians. Sixteen per cent skipped meals, while 84 per cent did not skip meals. Twenty per cent ate in between meals while other 80 per cent did not eat anything between meals. Four per cent consumed supplements while 96 per cent of them, did not consume supplements.
Linseisen et al (2000) studied the dietary habits and serum lipids of a group of German amateur bodybuilders and found that the subjects consumed protein supplements in their diet, which contributed 13 per cent to the total protein intake and due to the high consumption of supplement preparations, total daily intake of most of the selected minerals and vitamins, particularly of B group vitamins increased far above recommended dietary intake. 

Table X – XIII present the food frequency among male athletes and non athletes and female athletes and non athletes respectively.
TABLE X

FOOD FREQUENCY AMONG MALE ATHLETES

                                                                                                                                                                         [N=25]

	Sno.
	Food Item
	                                   FREQUENCY





	
	
	Daily
	Once/week
	Twice/Week
	Thrice/Week
	Fortnight
	Monthly
	Occassionally
	Never

	1
	Rice
	100
	-
	-
	-
	-
	-
	-
	-

	2
	Wheat
	-
	36
	-
	32
	-
	32
	-
	-

	3
	Ragi
	-
	80
	-
	4
	-
	8
	48
	8

	4
	Black gram
	-
	48
	12
	12
	-
	28
	-
	-

	5
	Red gram
	100
	-
	-
	-
	-
	-
	-
	-

	6
	Bengal gram
	-
	36
	12
	12
	20
	-
	-
	-

	7
	Green gram
	-
	24
	-
	8
	0
	4
	84
	-

	8
	Drumstick leaves
	-
	24
	-
	-
	8
	60
	8
	-

	9
	Spinach
	-
	20
	-
	12
	-
	36
	32
	-

	10
	Cabbage
	8
	-
	26
	8
	-
	-
	44
	4

	11
	Beetroot
	-
	12
	-
	-
	20
	32
	32
	4

	12
	Carrot
	-
	36
	8
	4
	4
	16
	32
	16

	13
	Onion
	100
	-
	-
	-
	-
	-
	-
	-

	14
	Potato
	-
	32
	-
	-
	4
	16
	48
	-

	15
	Radish
	-
	32
	-
	-
	4
	16
	48
	-

	16
	Brinjal
	-
	-
	-
	-
	-
	24
	72
	4

	17
	Cauliflower
	-
	-
	-
	-
	-
	24
	72
	4

	18
	Beans
	-
	32
	-
	4
	4
	20
	40
	-

	19
	Snakeguard
	-
	4
	8
	-
	-
	-
	84
	-

	20
	Apple
	-
	-
	-
	-
	80
	-
	16
	-

	21
	Banana
	-
	-
	-
	-
	4
	80
	-
	16

	22
	Dates
	-
	-
	-
	4
	-
	40
	56
	-

	23
	Grapes
	-
	-
	-
	-
	60
	-
	40
	-

	24
	Lemon
	-
	40
	-
	60
	-
	-
	-
	-

	25
	Orange
	-
	-
	-
	-
	44
	-
	56
	-

	26
	Tomato
	100
	-
	-
	-
	-
	-
	-
	-

	27
	Fish 
	-
	-
	-
	-
	20
	4
	60
	16

	28
	Mutton
	-
	-
	-
	-
	4
	40
	-
	16

	29
	Egg
	-
	4
	-
	-
	40
	-
	-
	16

	30
	Milk
	100
	-
	-
	-
	-
	-
	-
	-

	31
	Buttermilk
	44
	8
	-
	-
	-
	-
	4
	-

	32
	Curd
	100
	-
	-
	-
	-
	-
	-
	-


TABLE XI

FOOD FREQUENCY AMONG MALE NON ATHLETES

                                                                                                                                           [N=25]

	Sno
	Food Item
	FREQUENCY





	
	
	Daily
	Once/week
	Twice/Week
	Thrice/Week
	Fortnight
	Monthly
	Occassionally
	Never

	1
	Rice
	100
	-
	-
	-
	-
	-
	-
	-

	2
	Wheat
	-
	20
	40
	32
	-
	-
	-
	8

	3
	Ragi
	-
	8
	28
	-
	-
	8
	48
	8

	4
	Black gram
	8
	-
	36
	8
	-
	-
	44
	4

	5
	Red gram
	100
	-
	-
	-
	-
	-
	-
	-

	6
	Bengal gram
	-
	28
	60
	-
	-
	12
	-
	-

	7
	Green gram
	-
	20
	-
	12
	-
	36
	32
	-

	8
	Drumstick leaves
	-
	12
	-
	-
	20
	32
	32
	4

	9
	Spinach
	-
	-
	-
	-
	-
	8
	92
	-

	10
	Cabbage
	-
	36
	-
	32
	-
	32
	-
	-

	11
	Beetroot
	-
	4
	-
	8
	-
	4
	84
	-

	12
	Carrot
	-
	80
	-
	4
	-
	-
	16
	-

	13
	Onion
	100
	-
	-
	-
	-
	-
	-
	-

	14
	Potato
	-
	44
	4
	28
	-
	-
	24
	-

	15
	Radish
	-
	24
	-
	-
	8
	60
	8
	-

	16
	Brinjal
	-
	24
	-
	4
	4
	20
	40
	-

	17
	Cauliflower
	-
	36
	8
	4
	4
	16
	32
	-

	18
	Beans
	-
	32
	-
	4
	16
	48
	4
	-

	19
	Snakeguard
	-
	4
	8
	-
	-
	24
	72
	4

	20
	Apple
	-
	52
	36
	-
	-
	-
	4
	-

	21
	Banana
	44
	48
	8
	-
	-
	-
	-
	-

	22
	Dates
	-
	-
	-
	68
	-
	-
	28
	4

	23
	Grapes
	-
	-
	-
	-
	-
	8
	84
	4

	24
	Lemon
	-
	24
	60
	-
	-
	-
	16
	-

	25
	Orange
	-
	-
	4
	8
	-
	-
	84
	-

	26
	Tomato
	100
	-
	-
	-
	-
	-
	-
	-

	27
	Fish 
	-
	16
	-
	16
	-
	12
	32
	24

	28
	Mutton
	-
	-
	-
	-
	8
	8
	52
	28

	29
	Egg
	-
	88
	24
	-
	-
	-
	-
	8

	30
	Milk
	100
	-
	-
	-
	-
	-
	-
	-

	31
	Buttermilk
	92
	-
	-
	-
	-
	-
	-
	8

	32
	Curd
	100
	-
	-
	-
	-
	-
	-
	-


TABLE XII

FOOD FREQUENCY AMONG FEMALE ATHLETES

[N=25]

	Sno
	Food Item
	FREQUENCY





	
	
	Daily
	Once/week
	Twice/week
	Thrice/ week
	Fortnight
	Monthly
	Occassionally
	Never

	1
	Rice
	100
	-
	-
	-
	-
	-
	-
	-

	2
	Wheat
	-
	48
	12
	12
	-
	28
	-
	-

	3
	Ragi
	-
	80
	-
	4
	-
	8
	48
	8

	4
	Black gram
	28
	24
	32
	8
	-
	8
	-
	-

	5
	Red gram
	100
	-
	-
	-
	-
	-
	-
	-

	6
	Bengal gram
	-
	36
	-
	48
	-
	48
	-
	-

	7
	Green gram
	-
	24
	-
	8
	24
	8
	36
	-

	8
	Drumstick leaves
	-
	-
	24
	-
	-
	8
	60
	8

	9
	Spinach
	4
	16
	28
	8
	-
	36
	8
	-

	10
	Cabbage
	36
	12
	12
	20
	-
	-
	20
	-

	11
	Beetroot
	-
	12
	8
	-
	20
	28
	28
	4

	12
	Carrot
	-
	12
	-
	8
	24
	16
	40
	16

	13
	Onion
	100
	-
	-
	-
	-
	-
	-
	-

	14
	Potato
	-
	24
	8
	8
	20
	20
	16
	4

	15
	Radish
	-
	32
	-
	-
	4
	16
	48
	-

	16
	Brinjal
	-
	8
	-
	-
	20
	20
	44
	8

	17
	Cauliflower
	-
	8
	-
	-
	20
	20
	44
	8

	18
	Beans
	4
	16
	8
	16
	8
	24
	24
	-

	19
	Snakeguard
	-
	12
	-
	-
	32
	8
	48
	-

	20
	Apple
	-
	-
	-
	-
	80
	-
	16
	-

	21
	Banana
	-
	-
	-
	-
	8
	80
	4
	8

	22
	Dates
	-
	-
	-
	40
	-
	-
	60
	-

	23
	Grapes
	-
	84
	-
	-
	16
	-
	-
	-

	24
	Lemon
	-
	-
	40
	-
	-
	-
	60
	-

	25
	Orange
	-
	-
	-
	-
	40
	20
	40
	-

	26
	Tomato
	100
	-
	-
	-
	-
	-
	-
	-

	27
	Fish 
	-
	-
	-
	-
	40
	56
	-
	4

	28
	Mutton
	-
	-
	-
	-
	8
	40
	4
	8

	29
	Egg
	-
	4
	-
	-
	60
	16
	-
	24

	30
	Milk
	100
	-
	-
	-
	-
	-
	-
	-

	31
	Buttermilk
	40
	-
	20
	-
	-
	-
	4
	-

	32
	Curd
	100
	-
	-
	-
	-
	-
	-
	-


TABLE XIII

FOOD FREQUENCY AMONG FEMALE NON ATHLETES

[N=25]

	Sno
	Food Item
	FREQUENCY

	
	
	Daily
	Once/week
	Twice/Week
	Thrice/Week
	Fortnight
	Monthly
	Occassionally
	Never

	1
	Rice
	100
	-
	-
	-
	-
	-
	-
	-

	2
	Wheat
	8
	16
	48
	28
	-
	-
	-
	-

	3
	Ragi
	-
	16
	20
	-
	-
	12
	32
	20

	4
	Black gram
	36
	12
	12
	20
	-
	-
	20
	-

	5
	Red gram
	100
	-
	-
	-
	-
	-
	-
	-

	6
	Bengal gram
	28
	24
	48
	8
	-
	8
	-
	-

	7
	Green gram
	4
	16
	28
	8
	-
	36
	8
	-

	8
	Drumstick leaves
	-
	12
	8
	-
	20
	28
	28
	4

	9
	Spinach
	-
	12
	4
	-
	8
	12
	54
	-

	10
	Cabbage
	-
	48
	12
	12
	-
	28
	-
	-

	11
	Beetroot
	-
	24
	-
	8
	24
	8
	36
	-

	12
	Carrot
	-
	56
	8
	12
	8
	-
	16
	-

	13
	Onion
	100
	-
	-
	-
	-
	-
	-
	-

	14
	Potato
	8
	40
	16
	16
	-
	12
	8
	-

	15
	Radish
	-
	12
	24
	-
	-
	12
	44
	8

	16
	Brinjal
	4
	16
	8
	16
	8
	24
	24
	-

	17
	Cauliflower
	-
	12
	-
	8
	24
	24
	16
	40

	18
	Beans
	-
	24
	8
	8
	20
	20
	16
	-

	19
	Snakeguard
	-
	8
	-
	-
	20
	20
	44
	8

	20
	Apple
	25
	-
	5
	-
	15
	-
	-
	-

	21
	Banana
	28
	12
	48
	-
	4
	-
	8
	-

	22
	Dates
	-
	-
	-
	20
	20
	4
	52
	4

	23
	Grapes
	-
	-
	-
	-
	4
	4
	76
	4

	24
	Lemon
	16
	20
	28
	4
	-
	-
	28
	-

	25
	Orange
	16
	12
	-
	-
	

16
	8
	48
	-

	26
	Tomato
	100
	-
	-
	-
	-
	-
	-
	-

	27
	Fish 
	-
	28
	-
	-
	-
	4
	28
	40

	28
	Mutton
	-
	12
	-
	-
	-
	4
	36
	48

	29
	Egg
	-
	44
	24
	-
	4
	-
	-
	28

	30
	Milk
	100
	-
	-
	-
	-
	-
	-
	-

	31
	Buttermilk
	84
	-
	-
	12
	-
	-
	-
	-

	32
	Curd
	100
	-
	-
	-
	-
	-
	-
	-


All the male athletes consumed par boiled rice, onion, red gram dhal, tomato, milk and curd daily. They consumed wheat (36%), ragi (80%), pulses (24- 48%),  green leafy vegetables (20-25%), roots and tubers (12-37%) twice a week, fruits like apple and banana fortnightly and other fruits like dates, guava occasionally.  

Linseisen et al (2000) studied the dietary habits and serum lipids of a group of German amateur bodybuilders and found breads and cereals and milk and dairy products to be the most important food group that was common.

All the male non athletes consumed par boiled rice, onion, red gram dhal, tomato, milk and curd daily. They consumed wheat (20%), ragi (8%), pulses (24- 48%), roots and tubers (4-80%) once a week, forty four per cent of them consumed banana daily while 52 per cent consumed apple once a week. Other fruits like dates, guava were consumed occasionally.

All the female athletes consumed par boiled rice, onion, red gram dhal, tomato, milk and curd daily, wheat (48%), ragi (80%), pulses (24- 48%), roots and tubers (12-35%) once a week, four per cent of them consumed spinach daily and fruits like apple, banana and other fruits like dates, guava were consumed occasionally. 

Kym et al (1998) studied the nutritional knowledge, attitudes, and food practices among female competitive athletes, recreational athletes and non-participants in Korea. Competitive athletes consumed significantly more numbers of servings of fats/oils/sweets, than recreational athletes, while the recreational athletes consumed significantly more than non-participants (p<0.01).
All the female non athletes consumed par boiled rice, onion, red gram dhal, green gram dhal, bengal gram, black gram, tomato, milk and curd daily. Once a week they consumed ragi (16%), roots and tubers (12-56%). Twenty eight per cent of them consumed banana daily. Twenty five per cent of them consume apple daily. Other fruits like dates, guava were consumed occasionally.

It could be inferred from the above tables, the frequency of consumption of foods among male and female athlete and non athletes varied. Male athletes consume wheat, ragi, pulses, green leafy vegetables and roots and tubers twice a week. While male non athletes consume wheat, ragi, pulses and roots and tubers once week, and so do the female athletes. The female non athletes consume ragi and roots and tubers once a week. It was also observed that athletes, both male and female consumed fruits like apple, banana, guava etc only occasionally. On the other hand, non athletes, both male and female consumed fruits daily.

7. Food Intake

Table XIV present the mean food intake of male athletes and non athletes and Figure 6.

TABLE XIV

MEAN FOOD INTAKE OF MALE ATHLETES AND NON ATHLETES 






                       
[N=25/group]

	Food 
	Suggested Allowance
	Actual Intake
	   Per Cent Excess/Deficit

	
	A@
	NA*
	A
	NA
	A
	NA

	Cereals and Millets
	550
	420
	400
	423.5
	-27.2
	+0.83

	Vegetables
	350
	400
	350
	397.8
	0
	-0.55

	Fruits
	150
	100
	90
	87.5
	-40
	-12.5

	Milk and milk products
	750
	300
	250
	250
	-66.6
	-16.6

	Pulses
	40
	60
	45
	60
	+12.5
	0

	Fats/Oils
	50
	20
	13
	20
	-74
	0

	Sugar
	80
	25
	18
	25.5
	-77.5
	+2


   @ Suggested Dietary Allowance: Satyanarayana et al (1985);    *ICMR (2005)
Comparison of the mean food intake of the male athletes and non athletes with their respective standard allowances indicated that athletes consumed diets deficient in cereals and millets than suggested allowances, Satyanarayana et al (1985) by as much as 27.2 per cent while non athletes consumed 0.83 per cent more of cereals and millets than suggested allowances (ICMR, 2005). Athletes consumed proper portions of vegetables and non athletes consumed 0.55 per cent less than the suggested allowance. Fruits was deficient in athlete’s and non athlete’s diet by 40 per cent and 12.5 per cent respectively. Athletes consumed 66.6 per cent less milk and milk products and non athletes consumed 16.6 per cent less milk and milk products in their diets. Athletes consumed pulses in excess of 12.5 per cent and fat 74 per cent less than the suggested allowance. Non athletes consumed proper proportions of pulses and fats in their diet. Athletes consumed 77.5 per cent less sugar in their diet and non athletes consumed only two per cent excess of sugar in their diet than the suggested allowance.

Table XV present the mean food intake of female athletes and non athletes.

TABLE XV

MEAN FOOD INTAKE OF FEMALE ATHLETES AND NON ATHLETES 





                       
[N=25/group]

	Food 
	Suggested Allowance
	Actual Intake
	Per Cent Excess/Deficit

	
	A@
	NA*
	A
	NA
	A
	NA

	Cereals and Millets
	550
	300
	254
	284.7
	-53.8
	-5.1

	Vegetables
	350
	300
	232
	286.3
	-33.7
	-4.5

	Fruits
	150
	100
	92
	91.24
	-38.6
	-8.76

	Milk and milk products
	750
	300
	275
	200
	-63.33
	-33.33

	Pulses
	40
	60
	50
	50
	+25
	-16.6

	Fats/Oils
	50
	20
	12
	23.5
	-76
	+17.5

	Sugar
	80
	20
	14
	23.5
	-82.5
	+17.5


     @ Suggested Dietary Allowance: Satyanarayana et al (1985); *ICMR (2005)

Comparison of the mean food intake of female athletes and non athletes with those of Satyanarayana et al (1985) and ICMR (2005) respectively indicated that athletes consumed diet deficient in cereals and millets compared to suggested allowances, by as much as 53.8 per cent and non athletes consumed diets deficient in cereals and millets, by as much as 5.1 per cent. Athletes consumed 33.7 per cent less vegetables and non athletes consumed 4.5 per cent less vegetables than the respective suggested allowances. Fruits was deficient both athlete and non athlete’s diet by 38.6 per cent, 8.76 per cent respectively. Consumption of milk and milk products by athlete was 63.33 per cent deficient and among non athletes was 33.33 per cent deficient. Athletes consumed 25 per cent excess and non athletes consumed 16.6 per cent less pulses in their diet. Athletes consumed 76 per cent less and non athletes consumed 17.5 per cent excess of fats than the suggested allowance. Athletes consumed 82.5 per cent less and non athletes consumed 17.5 per cent excess of sugar than the suggested allowance.

A study conducted by Asha et al (2009) on male athletes in Dharwad city showed that mean food intake of cereals by athletes was 80 per cent adequate when compared to the suggested allowance                               (Satyanarayana et al, 1985) and that of vegetables was less than the suggested allowance, by seven per cent. 

8.  Nutrient intake

The nutrient intake of athletes in comparison recommended allowances SAI (2001) are presented in Table XVI and Figure 7.

TABLE XVI

MEAN NUTRIENT INTAKE OF ATHLETES 

[N=50]

	Nutrient
	          RDA

         SAI*
	Actual intake
	Per cent 
Excess/deficit

	
	Male 
	Female
	Male 
	Female
	Male 
	Female

	Energy
	4750
	4000
	3036
	2440
	-36
	-39

	Protein
	164
	147
	99
	77
	-39
	-47

	Fat
	161
	145
	49
	43
	-69
	-70

	Calcium
	2000
	2000
	1046
	887
	-47
	-55.65

	Iron
	17
	21
	21
	20
	+23.5
	-4.7

	Carotene
	4800
	4800
	3959
	3975
	-17.5
	-17.1

	Riboflavin
	1.4
	1.1
	1.37
	1
	-2.1
	-9

	Thiamine
	1.2
	0.9
	1.2
	1
	0
	0

	Vitamin C
	50
	50
	45
	50
	-10
	-20


                                 *Sports Authority of India (2001)

Comparison of the mean nutrient intake of athletes with those of Sports Authority of India (2001) indicated that the diets of both male and female athletes were grossly deficient in the four vital nutrients namely energy, protein, fat and calcium by 36 to 70 per cent. Male athletes consumed energy deficient diets by as much as 36 per cent deficient and female athletes by 39 per cent. Protein, fat and calcium requirements were also inadequate in the diets of both male and female athletes by 39 per cent, 69 per cent, 47 per cent and 47 per cent, 70 per cent, 55 per cent respectively. Male athletes consumed 23.5 per cent excess of iron in their diet and female athletes consumed iron deficient diet as much as 4.7 per cent. Carotene consumption was found to be deficient in both athletes and non athletes by 17.5 per cent and 17.1 per cent respectively. Males consumed 2.1 per cent less riboflavin and females consumed 9 per cent deficient riboflavin diet. Thiamine consumption by both groups was equal to the recommended allowance. Vitamin C was deficient in both groups, 10 per cent deficient in men and 20 per cent deificient in women.

Asha et al (2009) report that energy intake of male athletes in Dharwad city was 3546 kcal, protein 95g and fat to be 140.83g. The study also showed that the per cent of total energy from fat were higher than the recommendations whereas, carbohydrates and protein were lower than the recommendations due to excess consumption of fats and oils by the athletes. 

The nutrient intake of non athletes in comparison with the ICMR (2009) recommended allowances are presented in Table XVII.

TABLE XVII 

MEAN NUTRIENT INTAKE OF NON ATHLETES 

                                                                                            [N=50]

	Nutrient
	RDA*
	Actual Intake
	Per Cent Excess/Deficit

	
	Male 
	Female
	Male 
	Female
	Male 
	Female

	       Energy
	2138
	1899
	2152
	1669
	+0.65
	-12.1

	Protein
	60
	60
	60
	47
	0
	-21.6

	Fat
	15-20
	15-20
	16
	27
	0
	+35

	Calcium
	600
	600
	592
	674
	-1.3
	-12.3

	Iron
	17
	21
	16
	23
	-5.8
	-9.5

	Carotene
	4800
	4800
	3966
	2974
	-17
	-38

	Riboflavin
	1.4
	1.1
	1.42
	1.12
	+1.4
	+1.8

	Thiamine
	1.2
	0.9
	1.2
	0.92
	0
	+2.2

	Vitamin C
	50
	50
	35
	30
	-30
	-40


                               *Recommended Dietary Allowance for Indians (ICMR 2009)

Comparison of the mean energy intake of the non athletes with those of ICMR (2009) indicated that male non athletes consumed 0.65 per cent of energy more and female non athletes consumed diet deficient in energy, by as much as 12.1 per cent than recommended allowances. Protein, fat and thiamine requirements were adequately met in the diets of male non athletes and there was no excess or deficit. Calcium, iron, beta carotene and vitamin C were deficient by 1.3 per cent, 5.8 per cent, 17 per cent and 30 per cent respectively among males. Female non athletes consumed diets which were 21.6 per cent, 12.3 per cent, 9.5 per cent, 38 per cent and 40 per cent deficient in protein, calcium, iron, beta carotene and vitamin C respectively. Fat consumption by females was 35 per cent higher than recommended allowances. Riboflavin consumption was 1.4 per cent excess by males and 1.8 per cent excess by females than RDA and thiamine 2.2 per cent in excess over RDA. 

C. FLUID CONSUMPTION PATTERN AND MICROBIAL SAFETY       
           OF POPULAR FLUIDS
The mean fluid consumption of athletes and non athletes is presented in Table XVIII and Figure 8.

TABLE XVIII

MEAN FLUID INTAKE (litres/Day)

[N=100]

	Category
	Suggested Intake

(litres/day)
	Men
	Women

	
	
	Mean
	Diff.
	‘t’     value
	Mean
	Diff.
	‘t’ value

	Athlete
	    8.0π
	3.5
	1.8
	4.784**               (A vs NA)
	   4.6
	3.1
	8.022**                                                (A vs NA)

	
	
	
	  4.5
	   14.485**       (A vs Std)
	
	3.4
	11.478**                                               (A vs Std)

	 Non athlete
	    3.0₤
	1.7
	1.3
	10.367**           (NA vs Std)
	1.5
	1.5
	14.304**                                   (NA vs Std)


** Significant at one per cent level;  ₤ National Academy of Sciences(2003);  π Venkataramana (2009)
Mean daily fluid intakes of male (3.5l) and female athletes (4.6l) was significantly (p<0.01) higher than those of their respective non athletic counter parts (1.7l and 1.5l) respectively. However mean fluid intakes of both male and female athletes as well as non athletes were significantly (p<0.01) very much less than the suggested intakes of eight and three litres respectively. 

Total Plate count Test was carried out to determine the microbial safety of popular fluids and the test revealed that both water and fruit juices (orange and lemon) popular among the athletes were totally devoid of contaminating microbes.

The average fluid consumption of athletes and non athletes is presented in Table XIX and Figure 9.

TABLE XIX

DISTRIBUTION ACCORDING TO AVERAGE                                                                  FLUID CONSUMPTION (litres/day)

                                                                                      [N=100]

	Fluid Intake
(Litres)
	Men
	Women

	
	Athlete
	Non athlete
	Athlete
	Non athlete

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

	<1.5
	4
	16
	12
	48
	2
	8
	13
	52

	1.5 – 2.5
	5
	20
	10
	40
	2
	8
	11
	44

	2.5 – 3.5
	16
	65
	3
	12
	21
	84
	1
	4

	Total
	25
	100
	25
	100
	25
	100
	25
	100


            Suggested water intake of non athletes: 2.5 -3.0l/day, National Academy of Sciences (2003)

                Suggested water intake for athletes: 8l/day, Venkataramana (2009)

Among men, 16 per cent of athletes and 48 per cent of non athletes consumed fluids less than 1.5l/day. Twenty per cent of athletes and 40 per cent of non athletes consumed fluids of 1.5-2.5l/day. Sixty five per cent of athletes and 12 per cent of non athletes consumed 2.5-3.5l of fluids per day. Among women, eight per cent and 52 per cent of athletes and non athletes respectively consumed less than 1.5l of fluids per day. Eight per cent of athletes and 44 per cent of non athletes consumed 1.5-2.5l/day, while 84 per cent of athletes and four per cent of non athletes consumed 2.5-3.5 litres of fluids per day.

D. PHYSICAL FITNESS LEVELS OF ATHELETES
Distribution of athletes according to cardiovascular fitness/ aerobic endurance is given in Table XX and Figure 10 and 12.
	Fitness Test
	Poor
	Below Average
	Average
	Above average
	Excellent

	
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female

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

	Cardiovascular
	-
	-
	-
	-
	1
	4
	1
	4
	  7
	28
	5
	20
	10
	40
	8
	32
	7
	28
	11
	44

	Flexibility
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	4
	16
	6
	24
	21
	84
	19
	76

	Agility
	-
	-
	-
	-
	3
	12
	8
	32
	10
	40
	16
	64
	10
	40
	1
	4
	2
	8
	-
	-

	Strength
	4
	16
	10
	40
	6
	24
	6
	24
	10
	40
	8
	32
	5
	20
	1
	4
	-
	-
	-
	-


TABLE XX

PHYSICAL FITNESS OF ATHLETES - I

[N=50]
Categorisation of athletes according to cardiovascular fitness and aerobic endurance according to Mc Ardle et al (2000) showed that only four per cent of the male athletes were below average in their performance, an equal percentage (28% each) came under excellent and average category and  majority of the male athletes were above average in cardiovascular endurance test (40%). Four per cent of female athletes showed below average, 20 per cent were average, 32 per cent of them above average and 44 per cent of them were excellent.  

While 16 per cent of male athletes and 24 per cent of female athletes were above average in flexibility test, 84 per cent of male athlete showed excellent performance and 76 per cent of female athletes were excellent. 

Twelve per cent of male athletes came under below average category in agility test, while 32 per cent of female athletes showed below average performance. Forty per cent of male athletes showed average performance in agility test, while 64 per cent of female athletes were average. While 40 per cent of male athletes were above average, only four per cent female athletes came under above average category. Eight per cent of male athletes showed excellent performance while, none of the female athletes were in this category. 

Strength level of 16 per cent of male athletes and 40 per cent of female athletes was poor. Twenty four per cent each of both male and female athletes had below average strength, while 40 per cent of male athletes and 32 per cent of female athletes had average strength. Strength level of 20 per cent of male athletes and four per cent of female athletes was above average.

The distribution according to Physical Fitness (II) by Medicine Ball Throw is presented in Table XXI and Figure 12.

TABLE XXI

                               PHYSICAL FITNESS OF ATHLETES - II
                  



                        [N=50]

	Points
	Athlete
	Percentage

	
	Male (25)
	Female (25)
	Male
	Female

	2
	2
	1
	8
	4

	3
	2
	5
	8
	20

	4
	11
	13
	44
	52

	5 
	10
	6
	40
	24

	Total
	25
	25
	100
	100


Highest point of five was scored by 40 per cent of male athletes and 24 per cent of female athletes, while 44 per cent of male athletes and 52 per cent of female athletes scored four points. Three points was scored by eight per cent of male athletes and 20 per cent of female athletes. Eight per cent of male athletes and four per cent of female athletes scored the lowest of two points. 
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E. EFFECT OF NUTRITION EDUCATION ON NUTRITIONAL KNOWLEDGE:

Mean Scores obtained by athletes and non athletes before and after nutrition education is presented in Table XXII – XXIV and                Figures 13 to 15.

TABLE XXII

EFFECT OF NUTRITION EDUCATION ON KNOWLEDGE PERTAINING TO SPORTS NUTRITION

 [N=100]

	Group
	Initial
Mean ± SD
	Final
Mean ± SD
	Difference
	‘t’ value

	Athlete Male
	2.96±0.61
	5.6±0.57
	+2.64
	14.54**

	Athlete Female
	2.92±0.70
	5.44±0.71
	+2.52
	12.05**

	Non athlete Male
	2.84±0.74
	5.2±1.19
	+2.36
	8.73**

	Non athlete Female
	3.0±0.86
	5.24±0.92
	+2.24
	8.65**


   ** Significant at one per cent level.

With regard to sports nutrition, the initial mean score obtained by male athletes was 2.96 and the final mean score was 5.6. The initial mean score obtained by female athletes was 2.92 and their final mean score was 5.44. The initial mean scores obtained by male and female non athletes were 2.84 and 3.0 respectively, which increased to 5.2 and 5.24 after nutrition education. All these improvements in nutritional knowledge were significant at one per cent level.

TABLE XXIII

EFFECT OF NUTRITION EDUCATION ON KNOWLEDGE PERTAINING TO HYDRATION

[N=100]

	Group
	Initial
Mean ± SD
	Final
Mean ± SD
	Difference
	‘t’ value

	Athlete Male
	2.84±0.74
	5.84±0.37
	+3.0
	17.32**

	Athlete Female
	3.08±0.86
	5.68±0.69
	+2.6
	13.57**

	Non athlete Male
	2.96±0.61
	5.72±0.54
	+2.76
	15.69**

	Non athlete Female
	2.92±0.70
	5.80±0.50
	+2.88
	15.528**


   ** Significant at one per cent level.

The initial mean score pertaining to hydration obtained by male athletes was 2.84 and after nutrition education, the mean score increased to 5.84. The initial mean score obtained by female athletes was 3.08 and their final mean score was 5.68. The mean scores obtained by male and female non athletes were 2.96 and 2.92 respectively, which increased to 5.72 and 5.80 after nutrition education. All these improvements in nutritional knowledge were significant at one per cent level.

Table XXIV

EFFECT OF NUTRITION EDUCATION ON OVERALL NUTRITIONAL KNOWLEDGE

 [N=100]

	Group
	Initial
Mean ± SD
	Final
Mean ± SD
	Difference
	‘t’ value

	Athlete Male
	4.56±1.47
	11.24±0.92
	+6.68
	18.13**

	Athlete Female
	5.4±2.08
	11.56±0.82
	+6.16
	13.37**

	Non athlete Male
	5.32±1.57
	11.48±0.77
	+6.16
	17.38**

	Non athlete Female
	4.64±1.41
	11.32±0.80
	+6.68
	19.09**



   ** Significant at one per cent level.

 The initial overall mean score obtained by male athletes was 4.56 and after nutrition education, the mean scores were found to have increased to 11.24. The initial mean scores obtained by female athletes were 5.4 and their final mean score was 11.56. The mean scores obtained by male and female non athletes were 5.32 and 4.64 respectively, which increased to 11.48 and 11.32 after nutrition education. All these improvements in nutritional knowledge were significant at one per cent level.
V. SUMMARY AND CONCLUSION

Hydration is the process by which water is ingested and absorbed into the body. Sports nutrition has played a significant role in the advancement of the knowledge available to the athletic community concerning the importance of hydration. Hydration is of special importance as a part of the preparation, participation, and recovery of every athlete from the stresses of training or competition. It is well understood in modern athletic training that water is the key to athletic comfort and performance. 

Twenty five each of female athletes and non athletes pursuing Bachelors’ degree in Physical Education and other courses respectively from Avinashilingam University for Women and twenty five each of male athletes and non athletes from Karate Association and Rotary Club of Coimbatore respectively were selected.

Nutritional status was evaluated through anthropometric measurements, biochemical tests, clinical examination and dietary survey. Food and nutrient intakes were assessed by the 24 hour Food recall method for all the athletes and non athletes. Fluid intakes were recorded for a period of one week using diary method. The daily average fluid intake of every individual was then calculated. Total plate count test was carried out to determine the microbial safety of popular fluids (water and fruit juice). Fitness tests for cardiovascular endurance, flexibility, agility and strength were carried out for athletes. 

Computer assisted nutrition education materials and a booklet was developed (using Microsoft Power Point) and the athletes and non athletes were educated on the importance of sports nutrition and hydration. 

The results obtained from the study are summarized below:

· Ninety six per cent each of male athletes and female non athletes belonged to nuclear and the remaining four per cent belonged to joint families. All the male non athletes and female athletes were from nuclear type families. 
· A majority of the families (88% each of male athletes and male non athlete) had one to four members highlighting the preponderance of small family norms. The remaining twelve per cent of the families had more than four members. The families of all the female athletes had less than four members. Seventy two per cent of female non athletes had less and the remaining 24 per cent had more than four members.
· Sixteen per cent each of the families of male athletes earned less than Rs.20,000 per month and more than Rs. 40,000 per month respectively. A majority of the male athletes (64%) were from families with a monthly income of Rs.20,000 to Rs.30,000. The families of four per cent of male athletes earned between Rs.30,000 and Rs.40,000 per month. Among male non athletes 32 per cent were from families who earned less than Rs.20,000 per month and 52 per cent were from families with a monthly income of Rs.20,000 to Rs.30,000. Another 12 per cent of the families earned between Rs.30,000 and Rs.40,000 per month, and the remaining four per cent earned more than Rs.40,000. 

· Among female athletes, 60 per cent of the families earned less than           Rs.200,00 per month while 28 per cent earned between Rs.20,000 and Rs.30,000 per month. Four per cent and eight per cent of families earned Rs.30,000 to Rs.40,000 and more than Rs.40,000 per month respectively. In the case of the families of female non athlete 28 per cent earned less than Rs.20,000 per month, 48 per cent earned between Rs. 20,000 and Rs. 30,000 per month while 20 per cent earned between   Rs. 30,000 and Rs. 40,000 per month while the remaining four per cent earned above Rs.40000 per month.

· Male athletes were shorter (158.56cm) than their non athletic counter parts (170.31cm) and their respective reference counterparts (174cm). They were lighter (58.92kg) than standard (70kg) but were comparable with  male non athletes (62.25kg). The height (170.31cm) and weight (62.25kg) of male non athletes were not significantly different from those of standard (170cm and 60kg). Male athletes had higher mid upper arm circumference (35.5cm) than non athletes (26cm). Both male athletes and non athletes had less arm circumference when compared to the standard values of 40cm and 30cm respectively. Chest circumference of male athletes (89.56cm) and non athletes (66.36cm) were not different from the standard values of 90cm and 70cm. The chest circumference of male athletes was higher (83cm) than that of non athletes (66cm). 
· Female athletes were taller (158.22cm) than their non athletic counter parts (154.36cm). Mean weight of female athlete (53.64kg) was not different from the weight of non athletes (55.9kg). Both female athletes and non athletes were shorter than their standards (163cm and 160cm) respectively. Female athletes were lighter (53.6kg) than the standard weight (56.7kg) while female non athletes were heavier (55.9kg) than the standard weight (50kg). Mid upper arm circumference of female athletes (24.1cm) was less than non athletes (26.9cm) and their respective standard (30cm), while among non athletes MUAC was higher than their respective standard (25cm).

· Classification of athletes and non athletes according to categorisation of BMI (ICMR, 2009) showed that among men, none of the athletes and 16 per cent of non athletes had BMI less than 18.5. Forty four and sixty eight per cent of athletes and non athletes respectively were in the normal BMI range of 18.5-23 (with mean BMI of 21.5 and 22 respectively). Forty four and 16 per cent of the men had mean BMI values of 24.5 (athletes) and 23 (non athletes), which were in the overweight category of (23-27). Twelve per cent of athletes (BMI 28.5) and none of the non athletes were in the obese category of BMI (>27). 

· Comparison of BMI (with ICMR classification, 2009) among women showed that 12 per cent and eight per cent of athletes and non athletes respectively had BMI less than 18.5, while 80 (mean BMI 22.4) and 32 per cent (mean BMI 21.2) had normal BMI (18.5-23). Eight (25.4) and 56 per cent (23.2) had overweight BMI of 23-27 and none and four per cent of athletes and non athletes (28.6) respectively had BMI of more than 27. 

· Distribution of athletes and non athletes on the basis of classification of blood pressure according to European Society of Hypertension (2007), showed that among men, 60 per cent athletes had optimal systolic pressure (<120mm Hg) and 12 per cent had optimal diastolic pressure (<80mm Hg) respectively. Eighty four per cent (mean systolic pressure 110mm Hg) and 24 per cent (mean diastolic pressure 79mm Hg) of non athletes had optimal systolic pressure and optimal diastolic pressure respectively. Thirty six per cent and 12 per cent of athletes and eight per cent (mean systolic 120mm Hg) and four cent (mean diastolic 80mm Hg) of the non athletes had normal systolic pressure of 120-124mm Hg and normal diastolic pressure of 80-84mm Hg respectively.  None of the athletes had high normal systolic pressure while 28 per cent had high normal diastolic pressure of 85-89mm Hg. Four per cent and eight per cent of non athletes had high normal systolic pressure of 130-139mm Hg and high normal diastolic pressure of 85-89mm Hg. None of the athletes had mildly systolic pressure while 32 per cent of athletes had mildly diastolic pressure of 90-99mm Hg. Four per cent and 32 per cent of non athletes had mild Grade I hypertension. None of the athletes and non athletes had moderate systolic pressure, four per cent of athletes and 16 per cent of non athletes had moderate diastolic pressure of 100-109mm Hg. Four per cent of athletes were categorised under Grade III Hypertension (systolic pressure ≥ 180mm Hg and diastolic pressure ≥ 110mm Hg). None of the non athletes had severe systolic pressure more than or equal to 180mm Hg, but 28 per cent of them had severe diastolic pressure with mean of 110mm Hg.

· Similarly among women, 80 per cent of athletes had optimal systolic pressure and 92 per cent of them had optimal diastolic pressure of less than 120mm Hg and less than 80mm Hg respectively. Eighty eight per cent 56 per cent of non athletes had optimal systolic and diastolic pressure. Eighty eight per cent (mean systolic pressure 114mm Hg) and 56 per cent of non athletes (mean diastolic pressure 73mm Hg) had optimal systolic and diastolic pressure. None of the athletes had normal systolic pressure of 120-129mm Hg, while four per cent had normal diastolic pressure (mean 80mm Hg) between 80-84mm Hg. None of the non athletes had normal systolic or diastolic pressure. Twenty per cent (mean systolic 132mm Hg) and four per cent of athletes (mean diastolic 87mm Hg) and eight per cent each of non athletes (mean systolic 130mm Hg and mean diastolic 87mm Hg) had high normal systolic pressure and diastolic pressure. None of the athletes had mild systolic (140-159mm Hg) or diastolic pressure (90-99mm Hg), while four per cent (systolic 140-159mm Hg) and 20 per cent (diastolic 90-99mm Hg) of non athletes were categorised under Grade I hypertension. None of the other athletes and non athletes were classified under Grade II or Grade III hypertension. 

· Classification of anaemia and haemoglobin level according to Chatterjee (2006) showed that, among men, none of the athletes and non athletes had moderate anaemia (8-9.9g/dl). Sixteen per cent of athletes and 12 per cent of non athletes had mild anaemia (10-14.5g/dl). Eighty four per cent of athletes and 88 per cent of non athletes had normal level of haemoglobin. Similarly among women, none of the athletes and non athletes had moderate anaemia (8-9.9 g/dl). Twelve per cent each of athletes and non athletes had mild anaemia (10-10.9 g/dl). Eighty eight per cent each of athletes and non athletes had normal level of haemoglobin (>14.5g/dl).

· Classification of blood glucose level according to Bamji (2009) that among men, none of the athletes and 16 per cent of non athletes were hypoglycaemic (<70mg/dl). All the athletes and 84 per cent of the non athletes had normal glucose level of 70-199mg/dl. None of the athletes and non athletes were hyperglycaemic (>199mg/dl). Similarly in women, none of the athletes and non athletes were hypoglycaemic. Ninety six per cent of athletes and all the non athletes had normal blood glucose level of 70-199mg/dl. Four per cent of athletes and none of the non athletes were hyperglycaemic (>199mg/dl).

· With regard to clinical signs and symptoms, among male athletes, pale face and easy pluck able hair were found among eight per cent each. None of them had thin sparse hair and 24 per cent had dental caries. Bleedings gums, angular stomatitis and mild anaemia were noted each among 16 per cent each of male athletes. Twelve per cent of them had pale tongue. Among male non athletes, 16 per cent each of athletes had pale face, thin sparse hair and mild anaemia and four per cent had easy pluck able hair. Forty eight per cent of them had dental caries, eight per cent each had bleeding gums, angular stomatitis and pale tongue and sixteen per cent of them had mild anaemia. 

· Similarly Among female athletes, 12 per cent each, had pale face and bleeding gums. None of the athletes suffered from thin sparse hair and angular stomatitis. Eight per cent of them had easy pluck able hair and 28 per cent of them had dental caries. Twenty per cent each of athletes, had pale tongue and mild anaemia. Among female non athletes, 24 per cent each of the non athletes had pale face, bleeding gums and mild anaemia. Eight per cent of them had thin sparse hair, 16 per cent each had easy pluck able hair and pale tongue and 32 per cent had dental caries. 

· Forty per cent of male athletes were vegetarians and 60 per cent were non-vegetarians. None of the athletes skipped meals, ate anything in between meals or consumed any supplements. Among male non athletes, 40 per cent were vegetarians and 80 per cent were non vegetarians. Fifty six per cent of them skipped meals, while 44 per cent did not skip meals. Eight per cent of them ate in between meals and 92 per cent of them did not eat anything in between meals. None of the non athletes consumed any supplements. 

· Among female athletes, 60 per cent were vegetarians compared to non vegetarians who were 40 per cent. None of them skipped meals, ate anything in between meals or consumed any supplements. Eighty per cent of female athletes were vegetarians, 12 per cent were ovo-vegetarians and only eight per cent were non vegetarians. Sixteen per cent skipped meals, while 84 per cent did not skip meals. Twenty per cent ate in between meals while other 80 per cent did not eat anything between meals. Four per cent consumed supplements while 96 per cent of them, did not consume supplements.

· The frequency of consumption of foods among male and female athlete and non athletes varied. Male athletes consumed wheat (36%), ragi (80%), pulses (24- 48%), green leafy vegetables (20-25%), roots and tubers (12-37%) twice a week, fruits like apple and banana fortnightly and other fruits like dates, guava occasionally. While male non athletes consumed consumed wheat (20%), ragi (8%), pulses (24- 48%), roots and tubers (4-80%) once a week, forty four per cent of them consumed banana daily while 52 per cent consumed apple once a week. Female athletes consumed par boiled rice, onion, red gram dhal, tomato, milk and curd daily, wheat (48%), ragi (80%), pulses (24- 48%), roots and tubers (12-35%) once a week, four per cent of them consumed spinach daily and fruits like apple, banana, dates, guava were consumed occasionally. Female non athletes consume ragi (16%), roots and tubers (12-56%) once a week. Twenty eight per cent of them consumed banana daily and 25 per cent of them consumed apple daily.

· Comparison of the mean food intake of the male athletes and non athletes with Satyanarayana et al (1985) and (ICMR, 2005) respectively indicated that athletes consumed diets deficient in cereals and millets than suggested allowances, by 27.2 per cent while non athletes consumed 0.83 per cent more of cereals and millets than suggested allowances. Athletes consumed proper portions of vegetables and non athletes consumed 0.55 per cent less than the suggested allowance. Fruits were deficient in athlete’s and non athlete’s diet by 40 per cent and 12.5 per cent respectively. Athletes consumed 66.6 per cent less milk and milk products and non athletes consumed 16.6 per cent less milk and milk products in their diets. Athletes consumed pulses in excess of 12.5 per cent and fat 74 per cent less than the suggested allowance. Non athletes consumed proper proportions of pulses and fats in their diet. Athletes consumed 77.5 per cent less sugar in their diet and non athletes consumed only two per cent excess of sugar in their diet than the suggested allowance.

· Comparison of the mean food intake of female athletes and non athletes with those of Satyanarayana et al (1985) and ICMR (2005) respectively, indicated that athletes and non athletes consumed diet deficient in cereals and millets compared to suggested allowances, by 53.8 per cent and 5.1 per cent respectively. Athletes consumed 33.7 per cent less vegetables and non athletes consumed 4.5 per cent less vegetables than the respective suggested allowances. Fruits were deficient both athlete and non athlete’s diet by     38.6 per cent, 8.76 per cent respectively. Consumption of milk and milk products by athlete was 63.33 per cent deficient and among non athletes was 33.33 per cent deficient. Athletes consumed 25 per cent excess of pulses and non athletes consumed 16.6 per cent less pulses in their diet. Athletes consumed 76 per cent less fats and non athletes consumed 17.5 per cent excess of fats than the suggested allowance. Athletes consumed 82.5 per cent less sugar and non athletes consumed 17.5 per cent excess of sugar than the suggested allowance.

· Comparison of nutrient intake by athletes with those of Sports Authority of India (2001) showed that, diets of both male and female athletes were grossly deficient in the four vital nutrients namely energy, protein, fat and calcium by 36 to 70 per cent. Male athletes consumed energy deficient diets by 36 per cent deficient and female athletes by 39 per cent. Protein, fat and calcium requirements were also inadequate in the diets of both male by 39 per cent, 69 per cent and 47 per cent and in female athletes by 47 per cent, 70 per cent and 55 per cent respectively. Male athletes consumed 23.5 per cent excess of iron in their diet and female athletes consumed iron deficient diet as much as 4.7 per cent. Carotene consumption was found to be excess in both athletes and non athletes by 17.5 per cent and 17.1 per cent respectively. Males consumed 2.1 per cent less riboflavin and females consumed riboflavin nine per cent less than RDA. Thiamine consumption by both groups was equal to the recommended allowance. Vitamin C was deficient in both groups, 10 per cent deficient in men and 20 per cent deificient in women.

· Comparison of the mean energy intake of the non athletes with those of ICMR (2009) indicated that male non athletes consumed 0.65 per cent of energy more and female non athletes consumed diet deficient in energy, by 12.1 per cent than recommended allowances. Protein, fat and thiamine requirements were adequately met in the diet of male non athletes and there was no excess or deficit. Calcium, iron, beta carotene and vitamin C were deficient by 1.3 per cent, 5.8 per cent, 17 per cent and 30 per cent respectively among males. Female non athletes consumed diets which were 21.6 per cent, 12.3 per cent, 9.5 per cent, 38 per cent and 40 per cent deficient in protein, calcium, iron, beta carotene and vitamin C respectively. Also fat consumption by females was 35 per cent higher than recommended allowances, riboflavin 1.8 per cent excess than RDA and thiamine 2.2 per cent in excess over RDA. 

· Average fluid consumption of athletes and non athletes compared with the respective suggested allowance by Venkataramana (2009) and National Academy of Sciences (2003). It showed that among men, 16 per cent of athletes and 48 per cent of non athletes consumed fluids less than 1.5l/day. Twenty per cent of athletes and 40 per cent of non athletes consumed fluids of 1.5-2.5l/day. Sixty five per cent of athletes and 12 per cent of non athletes consumed 2.5-3.5l of fluids per day. Among women, eight per cent and 52 per cent of athletes and non athletes respectively consumed less than 1.5l of fluids per day. Eight per cent of athletes and 44 per cent of non athletes consumed 1.5-2.5l/day, while 84 per cent of athletes and four per cent of non athletes consumed 2.5-3.5 litres of fluids per day.

· It was encouraging to observe that both water and fruit juices (orange and lemon) popular among the athletes were totally devoid of contaminating microbes.

· Categorisation of athletes according to cardiovascular fitness and aerobic endurance according to Mc Ardle et al (2000) showed that only four per cent of the male athletes were below average in their performance, an equal percentage (28% each) came under excellent and average category and  majority of the male athletes were above average in cardiovascular endurance test (40%). Four per cent of female athletes showed below average, 20 per cent were average, 32 per cent of them above average and 44 per cent of them were excellent.  

· Results from flexibility test indicated 16 per cent of male athletes and 24 per cent of female athletes in above average category, 84 per cent of male athlete 76 per cent of female athletes in excellent category. 

· In agility test, 12 per cent of male athletes came under below average category, while 32 per cent of female athletes showed below average performance. Forty per cent of male athletes showed average performance, while 60 per cent of female athletes were average. Forty per cent of male athletes and four per cent of female athletes were above average. Eight per cent of male athletes showed excellent performance while, none of the female athletes were in this category. 

· Strength level of 16 per cent of male athletes and 40 per cent of female athletes was poor. Twenty four per cent each of both male and female athletes had below average strength, while 40 per cent of male athletes and 32 per cent of female athletes had average strength. Strength level of 20 per cent of male athletes and four per cent of female athletes was above average.

· In Medicine Ball throw, the highest point of five was scored by 40 per cent of male athletes and 24 per cent of female athletes, while 44 per cent of male athletes and 52 per cent of female athletes scored four points. Three points was scored by eight per cent of male athletes and 20 per cent of female athletes. Eight per cent of male athletes and four per cent of female athletes scored the lowest of two points.

· Knowledge pertaining to sports nutrition, initially was 2.96 among male athletes and the final mean score was 5.6. The initial mean score obtained by female athletes was 2.92 and their final mean score was 5.44. The initial mean scores obtained by male and female non athletes were 2.84 and 3.0 respectively, which increased to 5.2 and 5.24 after nutrition education. 

· The initial mean score pertaining to hydration obtained by male athletes was 2.84 and after nutrition education, the mean score increased to 5.84. The initial mean score obtained by female athletes was 3.08 and their final mean score was 5.68. The mean scores obtained by male and female non athletes were 2.96 and 2.92 respectively, which increased to 5.72 and 5.80 after nutrition education.

· The initial overall mean score obtained by male athletes was 4.56 and after nutrition education, the mean scores were found to have increased to 11.24. The initial mean scores obtained by female athletes were 5.4 and their final mean score was 11.56. The mean scores obtained by male and female non athletes were 5.32 and 4.64 respectively, which increased to 11.48 and 11.32 after nutrition education. All these improvements in nutritional knowledge were significant at one per cent level.

The findings of the study indicated that majority of athletes and non athletes were in a state of optimum health with respect to anthropometry, biochemical and biophysical tests. Majority of male athletes and non athletes and female athletes had normal BMI while most female non athletes were overweight. However, clinical symptoms of nutritional deficiencies such as dental caries, mild anaemia, bleeding gums, pale tongue, angular stomatitis etc, were seen among all of them. Diet of athletes also lacked in major foods and nutrients and non athletes was high in fats and sugar. None of the athletes and non athletes consumed suggested quantity of fluids per day. Commonly consumed fluids among all subjects were water, milk, orange juice and lemon juice. Total plate count test indicated that there were no contaminating microbes present in the fluids consumed by the subjects. Majority of athletes showed average to excellent performance in all four physical fitness tests. Knowledge pertaining to sports nutrition and hydration was very low before nutrition education (4.56-5.4). Education on sports nutrition and hydration imparted to the athletes and non athletes showed an appreciable increase in the knowledge scores (11.24-11.56).
Recommendation:

Based on the findings of the present study, the following recommendations can be made for future research to help athletes and non athletes keep track of their health and hydration status for better all round performance. Future research should focus on:

1. Develop a fluid intake plan for athletes
2. Monitor fluid balance to ensure that the athletes meet fluid replacement goals
3. Compare the effect of sports drinks and water on performance
4. Analyse the feasibility and availability of such sports drinks
5. Assess the effect of nutrition and hydration on physical fitness of athletes to help Indian athletes match international standards.
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ANNEXURE I 

A. PROFORMA TO ELICIT SOCIO – ECONOMIC BACKGROUND INFORMATION ON THE ATHLETES

1. Name

: 

2. Age                  : 
3 .Address
            :

4. Caste, Religion        :

5. Place of ethnic origin:

6. No. of siblings          :

7. Educational status
:

8. Type of family          :  
  Joint family
Nuclear family

 9. Family Details

	S. No


	Name
	Relationship of the family members
	Age
	Sex
	Educational 

Qualification 
	Occupation
	Income

	
	
	
	
	
	
	
	


8. Other Source of Income:

Land

:

Business
:

House rent
:

Others   
:

Total income per month (in Rupees):
B. NUTRITIONAL ANTHROPOMETRY:

1. Name

2. Age

3. Sex

4. Address

5. Height

6. Weight

7. Mid Upper Arm circumference

8. Chest circumference

C. DIETARY PATTERN:

1. How would you describe your apetite?

a. Hearty

b. Moderate

c. Poor

2. Opinion about food:

3. Do  you skip meals? Yes / No

4. Do you eat anything in between meals?

5. Have you had any problems with your body weight? Yes/ No. If yes, what?

6. Are you taking any vitamins or mineral supplements? Yes/ No. If yes, what, how often?

7. Opinion about the meal provided? 

8. Special foods included and avoided:

a. Before Exercise:

	Food or Drink included
	Reasons
	Food or Drink avoided
	Reasons

	
	
	
	


b. After Exercise:

	Food or Drink included
	Reasons
	Food or Drink avoided
	Reasons

	
	
	
	


9. FREQUENCY OF CONSUMPTION OF FOOD ITEMS

	Food items
	Daily
	Frequency  per week
	Fortnight
	Monthly
	Occasional
	Not at all

	
	
	 One
	 Twice 
	   Thrice      
	
	
	
	

	A)CEREALS

 Rice

Wheat

Ragi

Others-specify 

B) PULSES:   

Black gram dhal

Red gram dhal

Green gram dhal

Bengal gram dhal

Cowpea 

Roasted Bengal gram 

Others-specify
C)LEAFY

VEGETABLE
 Drumstick leaves

Agathi 

Amaranth 

Spinach

Cabbage 

D)ROOT& TUBERS 

Beet root 

Carrot 

Onion 

Potato

Radish 

E) OTHER VEGETABLE

Brinjal

Cauliflower

Beans

Ladies finger

Snake gourd

Drumsticks

G)FRUITS

Apple

Banana

Dates

Grapes

Guava

Lemon

Orange

Tomato

H)FLESH FOODS

Fish

Mutton

I)EGG

J)Milk

K) Butter Milk

L) Curd
	
	
	
	
	
	
	
	


D. FLUID CONSUMPTION PATTERN:

	Time
	Name of the Fluid
	Amount (ml)

	
	
	


 E. CLINICAL EXAMINATION

	SNo.
	SYMPTOMS
	PRESENCE

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

	2.


	Skinny 

Loss of appetite 

Sunken or hollow cheeks 
	Yes (   )    No (   )

Yes (   )    No (   )

Yes (   )    No (   )

	3.
	Easily plucked hair 

Dry, brittle hair 
	Yes (   )    No (   )

Yes (   )    No (   )

	4.
	Glossitis 

Bleeding gums 

Cheilosis

Loss of tooth enamel

Angular Stomatitis
	Yes (   )    No (   )

Yes (   )    No (   )

Yes (   )    No (   )

Yes (   )    No (   )

Yes (   )    No (   )

	5.
	Pallor of skin 

Rough and dry skin 
	Yes (   )    No (   )

Yes (   )    No (   )

	6.
	Spooning of nails
	Yes (   )    No (   )

	7.
	Goiter 
	Yes (   )    No (   )

	8.
	Distension 

Ascites 
	Yes (   )    No (   )

Yes (   )    No (   )

	9.
	Edema 

Bone tenderness 

Bone ache 
	Yes (   )    No (   )

Yes (   )    No (   )

Yes (   )    No (   )

	10.
	Poor concentration 

Lethargy 
	Yes (   )    No (   )

Yes (   )    No (   )

	11.
	Mild Anaemia
	Yes (   )    No (   ) 

	12.
	Dental Caries
	Yes (   )    No (   )


F. EXERCISE LOG

Complete the exercise log for each day of the week. Type of ACTIVITY, DURATION in minutes, and INTENSITY level of exercise. For eg. Running, 75 minutes, light.

	WEEK
	Sunday
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday

	
	Activity
	
	
	
	
	
	
	

	1
	Duration
	
	
	
	
	
	
	

	
	Intensity
	
	
	
	
	
	
	

	
	Activity
	
	
	
	
	
	
	

	2
	Duration
	
	
	
	
	
	
	

	
	Intensity
	
	
	
	
	
	
	

	
	Activity
	
	
	
	
	
	
	

	3
	Duration
	
	
	
	
	
	
	

	
	Intensity
	
	
	
	
	
	
	

	
	Activity
	
	
	
	
	
	
	

	4
	Duration
	
	
	
	
	
	
	

	
	Intensity
	
	
	
	
	
	
	


ANNEXURE – II
NUTRITION EDUCATION QUESTIONNAIRE

1. What is the general recommendation of carbohydrate for athletes?

a. 70% - 80%  

b.  30%- 40%  

c.  55%-65% 

2. Pregame meal should be non greasy and readily digestible. 

a. True 

b. False

3. During exercise, one must choose drinks containing carbohydrate concentration between ____ to ___ percentage. 

a. 4%-5%

b. 2-4%

c. 6%-8%

d. 10%-11%

4. Mention the EAT Guidelines

5. Athletes should limit the consumption of saturated fats and must include unsaturated fats instead. 

a. True b. False

6. Mention any one symptom of dehydration

7. 1% to 2% weight loss due to fluid loss during exercise will cause __________

A. Increase core body temperature

B. Decrease strength anaerobic power

C. Muscle cramps

D. Susceptible to heat stroke

8. Mention any one symptom of Heat Exhaustion

9. Thirst is not a good indicator for water intake

a. True 

b. False

10. How much water to drink 1 to 2 hours and 30 minutes before exercise

a. 2 cups

b. 3 cups

c. 4 cups

d. 1 cup

11. Ideal Fluid Replacement drink should taste good and promote rapid fluid absorption.

a. True

b. False

12. Caffeine and alcohol should be consumed during exercise. 

a. True 

b. False
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