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Reading #9
Sports Nutrition: Nutritional Considerations for Intense Training and Sports Competition

Introduction
This lecture discusses different aspects of sports nutrition. The use of foods, supplements and other aids to enhance performance have taken on added importance with the disclosure of the widespread use of different by Olympic and professional athletes. 
Aside from the need to maintain optimal nutrient intake to sustain the energy and tissue-building requirements of regular exercise, certain situations require unique dietary modifications to facilitate heavy training and competition.

The Precompetition Meal 

Athletes often compete in the morning following the overnight fast. A significant depletion occurs in carbohydrate reserves over an 8- to 12-hour period without eating, even if the person normally follows appropriate dietary recommendations. Consequently, precompetition nutrition takes on considerable importance. The precompetition meal provides adequate carbohydrate energy and ensures optimal hydration. Within this framework, fasting before competition or intense training makes no sense physiologically because it rapidly depletes liver and muscle glycogen, which subsequently impairs exercise performance. In individualizing the precompetition meal plan, consider the following three factors: 

1. Food preference of the person

2. "Psychological set'' of the competition

3. Digestibility of the foods 

As a general rule, eliminate foods high in lipid and protein content on the day of competition because these foods digest slowly and remain in the digestive tract longer than carbohydrate foods of similar energy content. Timing of the precompetition meal also deserves consideration. The increased stress and tension that usually accompany competition decrease blood flow to the digestive tract causing depressed intestinal absorption.  Three hours provides sufficient time to digest and absorb a carbohydrate-rich, precompetition meal. 

Protein or Carbohydrate?

Many athletes become psychologically accustomed to and even depend on the classic "steak and eggs" precompetition meal. Although such a meal may satisfy the athlete, coach, and restaurateur, it provides no benefit to exercise performance. In fact, a meal of this type, with its low carbohydrate content, can hinder optimal performance.

Several reasons exist for modifying or even abolishing the high-protein precompetition meal in favor of one high in carbohydrates:

· Dietary carbohydrates replenish the significant liver and muscle glycogen depletion that occurs from the overnight fast.

· Carbohydrates become digested and absorbed more rapidly than either proteins or lipids. Thus, carbohydrates provide energy faster and reduce the feeling of fullness following a meal.

· A high-protein meal elevates resting metabolism considerably more than a high-carbohydrate meal owing to greater energy requirements for digestion, absorption, and assimilation. This additional metabolic heat could potentially strain the body's heat-dissipating mechanisms and impair hot weather exercise performance.

· Protein breakdown for energy facilitates dehydration during exercise because the byproducts of amino acid breakdown require water for urinary excretion. For example, approximately 50 mL of water "accompanies" excretion of each gram of urea in the urine.

· Carbohydrate serves as the main energy nutrient for short-term anaerobic activity as well as for prolonged high-intensity aerobic exercise. 

Make It Carbohydrate Rich


The ideal precompetition meal maximizes muscle and liver glycogen storage, and provides glucose for intestinal absorption during exercise.  The meal should:

· Contain 150 to 300 g of carbohydrate (3 to 5 g per kg of body mass in either solid or liquid form)

· Be consumed within 3 to 4 hours before exercising.

· Contain relatively little fat and fiber to facilitate gastric emptying and minimize gastrointestinal distress.

The real significance of precompetition feeding occurs only if the person maintains a nutritionally sound diet throughout training. Pre-exercise feedings cannot correct existing nutritional deficiencies or inadequate nutrient intake during the weeks before competition. Chapter 11 discusses how endurance athletes can augment precompetition glycogen storage in conjunction with the specific exercise/diet modifications of carbohydrate loading.

Liquid and Prepackaged Bars, Powders, and Meals
Commercially prepared nutrition bars, powders, and liquid meals offer an alternative approach in precompetition feeding or as supplemental feedings during periods competition. These nutrient supplements also serve effectively to enhance energy and nutrient intake in training, particularly if energy output exceeds food intake because of lack of interest or mismanagement of feedings.

Liquid Meals 

Liquid meals provide a high carbohydrate content but contain enough lipid and protein to contribute to satiety. Because they exist in liquid form they also supply the person with fluid. The liquid meal digests rapidly, leaving essentially no residue in the intestinal tract. Liquid meals prove particularly effective during daylong swimming and track meets, or during tennis, soccer, and basketball tournaments. In these situations, the person usually has little time for (or interest in) food. Liquid meals provide a practical approach to supplementing caloric intake during the high energy output phase of training. Athletes can also use liquid nutrition if they have difficulty maintaining a relatively large body mass, and as a ready source of calories to gain weight.

Nutrition Bars 

Nutrition bars (also called “energy bars,” “protein bars,” and “diet bars”) have a relatively high protein content that ranges between 10 and 30 g per bar. The typical 60-g bar contains 25 g (100 kCal) of carbohydrate (equal amounts of starch and sugar), 15 g (60 kCal) of protein, and 5 g (45 kCal) of lipid (3 g [27 kCal] saturated fat), with the remaining weight as water. On a percentage basis this represents about 49% of the bar’s total 205 calories from carbohydrates, 29% from protein, and 22% from lipid. The bars often include vitamins and minerals while some also contain dietary supplements such as ephedra and hydroxymethyl butyrate (HMB). These bars must be labeled as dietary supplements, rather than as foods.

Nutrient composition of nutrition bars generally varies with their purpose. For example, so called “energy bars” contain a greater proportion of carbohydrates while “diet” or “weight loss” bars are lower in carbohydrate content and higher in protein. The “meal-replacement bars” contain the largest energy content (240 to 310 kCal) with proportionately more of the three macronutrients. “Protein bars” simply contain a larger amount of protein. While nutrition bars provide a relatively easy way to obtain important nutrients, they should not serve as a total substitute for normal food intake as they lack the broad array of plant fibers and phytochemicals found in food and contain a relatively high level of saturated fatty acids. As an added warning, because these bars are generally sold as dietary supplements, there is no independent assessment by the FDA or other federal or state agency as to the validity of labeling claims for macronutrient content.

Nutrition Powders and Drinks

A high protein content, ranging between 10 and 50 g per serving, represents a unique aspect of nutrition powders and drinks, in addition to added vitamins, minerals and other dietary supplement ingredients. The powders come in canisters or packets that readily mix with water (or other liquid) while the drinks come premixed in cans. These products are often viewed as an alternative to nutrition bars, and marketed as meal replacements, dieting aids, energy boosters, or as concentrated protein sources.

Nutrient composition of powders and drinks often varies considerably from nutrition bars. For one thing, nutrition bars contain at least 15 g of carbohydrates to provide texture and taste, whereas powders and drinks do not. This accounts for the high protein content of powders and drinks. Nutrition powders and drinks contain less kCals per serving than bars, but this varies for powders depending on the liquid used for mixing.

The recommended serving of a powder averages about 45 g, the same amount as a nutrition bar (minus its water content), although wide variation exists in this recommendation. A typical serving of a high-protein powder mix contains about 10 g carbohydrate (two-thirds as sugar), 30 g of protein, and 2 g of lipid. This amounts to a total of 178 kCal or about 23% of calories from carbohydrate, 67% from protein, and 10% from lipid. Thus, when mixed in water, these powdered nutrient supplements far exceed the recommended protein intake and fall below recommended lipid and carbohydrate percentages. The nutrient composition of a drink typically contains slightly more carbohydrate and less protein than for a powder.

Do not use powders and drinks as a total substitute for regular food intake because of their relatively high protein content and their lack of the broad array of plant fibers and phytochemicals found in a well balanced diet. 

Table 1 provides the macronutrient composition for different commercially packaged products. Prudent use of some of these supplements provides a way to replenish glycogen reserves before and after high-intensity exercise and competition, especially because athlete’s appetite for “normal” food wanes.
	Table 1. Composition of Commercial Carbohydrate supplements in Liquid and Solid Form. 

	Product
	kCal per 8 oz
	CHO, g
	Lipid, g
	Protein, g

	GatorPro Sports
	360
	58 (65%)
	7 (17%)
	16 (18%)

	SportShake
	310
	45 (58%)
	10 (29%)
	11 (13%)

	Ensure
	254
	35 (54%)
	9 (32%)
	9 (14%)

	Muscle Pep
	261
	45 (69%)
	1 (3%)
	18 (28%)

	GatorLode (maltodextrin), 12 oz
	12
	5.9 (20%)
	
	

	Carboplex (maltodextrin), 12 oz
	
	7.1 (34%)
	
	

	Ultra Fuel (maltodextrin), 16 oz
	
	6.24 (23%)
	
	

	Power Bar, 2.25 oz
	225
	42 (75%)
	10 (17%)
	2 (8%)

	Exceed Sports Bar, 2.9 oz
	280
	53 (76%)
	12 (17%)
	2 (7%)

	Ultra Fuel, 4.87 oz
	290
	100 (82%)
	15 (12%)
	3 (6%)

	Gator Bar, 2.25 oz
	220
	48 (87%)
	3 (5%)
	2 (8%)

	PR Bar, 1.6 oz
	190
	19 (40%)
	14 (30%)
	6 (30%)


Carbohydrate Feedings Before, During, and Following Intense Exercise

The "vulnerability" of the body's glycogen stores during intense, prolonged exercise has focused considerable research concerning potential benefits of carbohydrate feedings immediately before and during exercise. Scientists have also researched ways to optimize carbohydrate replenishment in the postexercise recovery period.
Carbohydrate Feedings Before Exercise

Confusion exists about potential endurance benefits of pre-exercise ingestion of simple sugars. Some in exercise nutrition have argued that consuming high-glycemic rapidly absorbed carbohydrates within 1 hour before exercising negatively affects endurance performance by:

Inducing an overshoot in insulin from the rapid rise in blood sugar. Insulin excess causes a relative hypoglycemia (rebound hypoglycemia). Blood sugar reduction impairs central nervous system function during exercise.

Facilitating glucose influx into muscle (through large insulin release) to increase carbohydrate catabolism for energy in exercise. At the same time, high insulin levels inhibit lipolysis, which reduces free fatty acid mobilization from adipose tissue. Both augmented carbohydrate breakdown and depressed fat mobilization contribute to premature glycogen depletion and early fatigue.

Research in the late 1970s indicated that drinking a highly concentrated sugar solution 30 minutes before exercise precipitated early fatigue in endurance activities. For example, endurance on a bicycle ergometer declined 19% when subjects consumed a 300-mL solution containing 75 g of glucose 30 minutes before exercise compared riding time preceded by the same volume of plain water or a liquid meal of protein, lipid, and carbohydrate. Paradoxically, consuming the concentrated pre-event sugar drink (in contrast to drinking plain water) prematurely depleted muscle glycogen reserves. This occurred because the dramatic rise in blood sugar within 5 to 10 minutes after ingestion caused an overshoot in insulin release from the pancreas (accentuated hyperinsulinemia) followed by a rapid decline in blood sugar (rebound hypoglycemia) as glucose moved rapidly into muscle. At the same time, insulin inhibited fat mobilization for energy, an effect that can last for several hours after ingesting a concentrated sugar solution. During exercise, therefore, intramuscular carbohydrate became catabolized to a much greater degree than in normal conditions. This increased the rate of glycogen depletion.

Although these negative research findings seem impressive, and their explanation reasonable, they have not been replicated in subsequent investigations in either healthy subjects, or for patients with type 1 diabetes. In fact, pre-exercise glucose ingestion increased muscle glucose uptake but reduced liver glucose output during exercise, which would conserve liver glycogen reserves. The discrepancy among research has no clear explanation. However, one way to eliminate any potential for negative effects of pre-exercise simple sugars requires their ingestion at least 60 minutes before exercising. This provides sufficient time to reestablished hormonal balance before exercise begins.

Pre-Exercise Fructose: Not a Good Alternative

Fructose absorbs more slowly from the gut than either glucose or sucrose, causing only minimal insulin response with essentially no decline in blood glucose. These observations have stimulated debate about the possible benefits of fructose as an immediate pre-exercise exogenous carbohydrate fuel source for prolonged exercise. Although the theoretical rationale for fructose use appears plausible, its exercise benefits remain inconclusive. From a practical standpoint, consuming a high-fructose beverage often produces significant gastrointestinal distress (vomiting and diarrhea), which itself negatively impacts exercise performance. Once absorbed by the small intestine, fructose must first be transported to the liver for conversion to glucose. This further limits how quickly fructose becomes available for use by the body as an energy source.

Carbohydrate Feedings During Exercise

High-intensity aerobic exercise for 1 hour decreases liver glycogen by about 55%, whereas a 2-hour strenuous workout almost depletes the glycogen content of the liver and specifically exercised muscles (muscle fibers). Even maximal, repetitive 1- to 5-minute bouts of exercise interspersed with periods of lower-intensity exercise — as occurs in soccer, ice hockey, field hockey, European handball, and tennis — dramatically lowers liver and muscle glycogen reserves. Physical and mental performance under such conditions improves with carbohydrate supplementation during exercise. Carbohydrate feedings during high-intensity prolonged exercise also enables individuals to exercise at greater exercise intensity despite the fact that their perception of effort remained no different than a group receiving a placebo.
Consuming about 60 g of liquid or solid carbohydrates each hour benefits high-intensity, long-duration ((1 h) aerobic exercise and repetitive short bouts of near-maximal effort. As discussed in Chapter 5, sustained exercise at or below 50% of maximum intensity relies primarily on energy from fat oxidation with relatively small demand on carbohydrate breakdown. This level of exercise does not tax glycogen reserves to a degree that would limit endurance. On the other hand, glucose feedings provide supplementary carbohydrate during high-intensity exercise when glycogen demand for energy greatly increases. Exogenous carbohydrate intake during exercise: 

Spares muscle glycogen, particularly in the type I, slow-twitch muscle fibers, because ingested glucose powers exercise.

Maintains a more optimal level of blood glucose, which lowers the rating of perceived exertion, elevates plasma insulin levels and lowers cortisol and growth hormone levels, and prevents headache, lightheadedness, nausea, and other symptoms of central nervous system distress. 
Blood glucose maintenance also supplies muscles with glucose when glycogen reserves become depleted in the later stages of prolonged exercise.
A Distinct Ergogenic Advantage In Intense Aerobic Exercise. 

Carbohydrate feeding during exercise at 60 to 80% of aerobic capacity postpones fatigue by 15 to 30 minutes with performance improvements generally ranging between 15 and 35%.This effect, potentially significant in marathon running, occurs because for well-nourished individuals fatigue usually becomes noticeable within 2 hours of intense exercise. The person can ward off fatigue and extend endurance by taking a single concentrated carbohydrate feeding approximately 30 minutes before anticipated fatigue. Figure 1 shows that a feeding later in exercise restores the level of blood glucose, which then provides for the energy needs of the active muscles.
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Endurance benefits from carbohydrate feedings become most apparent during exercise at about 75% of aerobic capacity. When exercise initially exceeds this intensity, an individual must reduce exercise intensity to about the 75% level during the final stages to maintain the benefits from exogenous carbohydrate intake. Repeated feedings of solid carbohydrate (43 g sucrose with 400 mL water) at the beginning and at 1, 2, and 3 hours during exercise maintains blood glucose and slows glycogen depletion during 4 hours of cycling. Maintaining blood glucose and glycogen reserves also enhances high-intensity exercise performance to exhaustion at the end of the activity. The winner in a marathon run is often the athlete who can sustain high-intensity aerobic effort and sprint to the finish.

Replenishing Glycogen Reserves: Refueling for the Next Intense Bout of Training or Competition

All carbohydrates do not digest and absorb at the same rate. Plant starch composed primarily of amylose, a long straight chain of glucose units, represents a resistant carbohydrate because of its relatively slow rate of hydrolysis. Conversely, starch with relatively high content of amylopectin, a branched glucose polymer, is digested and absorbed more rapidly.

The Glycemic Index

The glycemic index (figure 2) provides a relative (qualitative) indicaton of a carbohydrate’s ability to raise blood glucose levels. Blood sugar increase — termed the glycemic response — is determined after ingesting a food containing 50g of a carbohydrate and comparing it over a 2-hour period to a “standard” for carbohydrate (usually white bread or glucose) with an assigned value of 100. The glycemic index expresses the percentage of total area under the blood glucose response curve for a specific food compared to glucose. Thus, a food with a glycemic index of 45 indicates that ingesting 50g of the food raises blood glucose concentrations to levels that reach 45% compared to 50 g of glucose. The glycemic index provides a more useful physiologic concept than simply classifying a carbohydrate based on its chemical configuration as simple or complex, as sugars or starches, or as available or unavailable. The most recent international listing of glycemic index values contains nearly 1300 data entries representing values of more than 750 different food types. Differences in values exist within the literature depending on the laboratory and exact food type evaluated (e.g., slight variations in type of white bread, rice, and potatoes). Also, a high glycemic index rating does not necessarily indicate poor nutritional quality as carrots, brown rice, and corn, with their rich quantities of health-protective micronutrients, phytochemicals, and dietary fiber, have relatively high indices.
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The revised glycemic index listing also includes the glycemic load associated with the consumption of specified serving sizes of different foods. Whereas the glycemic index compares equal quantities of a carbohydrate-containing food, the glycemic load quantifies the overall glycemic effect of a typical portion of food. This represents the product of the amount of available carbohydrate in that serving and the glycemic index of the food. A high glycemic load reflects a greater expected elevation in blood glucose and a greater insulin release to that food. Chronic consumption of a diet with a high glycemic load associates with an increased risk for type 2 diabetes and coronary heart disease. 

Not All Carbohydrates Are Equal

Figure 2 lists the glycemic index for common items in various food groupings. For easy identification, the foods are placed into high, medium, and low categories. Interestingly, a food's index rating does not depend simply on its classification as a "simple" (mono and disaccharides) or "complex" (starch and fiber) carbohydrate, since the plant starch in white rice and potatoes has a higher glycemic index than the simple sugars (particularly fructose) in apples and peaches. Because a food's fiber content slows digestion rate, many vegetables (e.g., peas, beans, and other legumes) have a low glycemic index. Furthermore, ingesting lipids and proteins tends to slow the passage of food into the small intestine, reducing the glycemic index of the meal’s accompanying carbohydrate content. Clearly, the most rapid method to replenish carbohydrate after exercise requires consuming foods with moderate to high glycemic indices rather than foods rated low, even if the replenishment meal contains a small amount of lipid and protein. In addition, during the first 2 hours of recovery when muscle glycogen content is at its lowest level, consumption of a solution containing glucose polymers (low osmolality) restores muscle glycogen at a faster rate than an energy equivalent solution of monomers with high osmolality. This beneficial effect of the low osmolality solution on glycogen replenishment probably results from (1) a more rapid gastric emptying and glucose delivery to the intestine and (2) an augmented post-exercise stimulated non-insulin-dependent glucose uptake by the muscles.
The need for glycogen in previously active muscle significantly affects glycogen resynthesis in the postexercise period. When food becomes available after exercising.
To speed glycogen replenishment after a hard bout of training or competition, one should consume as soon as possible high-glycemic carbohydrate-rich foods.

To put theory into practice and rapidly restore depleted glycogen reserves, one should eat 50 to 75 g (2 to 3 oz or 1.0 to 1.5 g per kg body mass) of high- to moderate-glycemic carbohydrates every two hours until reaching 500 to 700g g (7 to 10 g per kg of body mass), or until eating a large high-carbohydrate meal. If it is impractical to immediately ingest carbohydrate after exercise, an alternative strategy involves eating meals containing 2.5 g of high-glycemic carbohydrate per kg body mass at 2, 4, 6, 8, and 22 hours post-exercise. This replenishes glycogen to similar levels compared to the same protocol begun immediately post-exercise.

Effect of Protein Ingestion in Recovery: Does It Augment Glycogen Replenishment?
Consuming an amino acid-protein mixture of wheat protein hydrolysate with free leucine and phenylalanine (0.4g/kg/h) in a carbohydrate-containing beverage (0.8g/kg/h) facilitates greater muscle glycogen storage without gastrointestinal discomfort compared to ingesting a carbohydrate-only beverage of the same concentration. This benefit appears to relate to the insulintropic effect of an increased level of plasma amino acids. However, this beneficial effect of added protein and/or amino acids (and the associated increased insulin release) on glycogen replenishment appears no greater than simply adding additional carbohydrate to the recovery supplement. For example, trained athletes attained glycogen synthesis rates equivalent to those with a glucose plus protein supplement with a carbohydrate-only intake of 1.2 g/kg/h. Supplements were given at 30-minute intervals over a 5-hour recovery period. This protocol for carbohydrate replenishment was adequate for maximal glycogen resynthesis. Additional intake of protein or amino acids, while increasing the insulin response does not increase the rate of glycogen synthesis.
No One Optimal Approach

Research has addressed the following question: Is it better to consume large meals or more frequent snacks of high-glycemic carbohydrates to optimize glycogen replenishment? One study compared 24-hour carbohydrate replenishment with two patterns of consuming an energy-equivalent meal of high-glycemic carbohydrates: (1) "gorging" of a single large meal, with its greater incremental glucose and insulin response versus (2) "nibbling" of frequent smaller snacks, which results in a more stable glucose and insulin response. The two styles of eating produced no difference in final glycogen levels. The authors recommended that athletes eat high-glycemic carbohydrates following heavy exercise; the frequency of the meals and snacks should dovetail with an athlete's appetite and the availability of food after exercising.

Glycogen Replenishment Takes Time 

Avoid legumes, fructose, and milk products when rapidly replenishing glycogen reserves because of their slow rates of intestinal absorption. More rapid glycogen resynthesis takes place if the person remains inactive during recovery. With optimal carbohydrate intake, glycogen stores replenish at a rate of about 5 to 7% per hour. Thus, even under the best of circumstances, it takes at least 20 hours to reestablish glycogen stores following a glycogen-depleting exercise bout.

Optimal glycogen replenishment benefits individuals involved in (1) regular heavy training, (2) tournament competition with qualifying rounds, or (3) events scheduled with only one or two days for recuperation. Competitive wrestlers who lose considerable glycogen (and water) using food and fluid restriction prior to the weigh-in to "make weight" also benefit from a proper strategy of glycogen replenishment. For collegiate wrestlers, acute weight loss through energy restriction without dehydration significantly impaired anaerobic exercise capacity. When these athletes then consumed meals (21 kCal per kg body mass) containing 75% carbohydrate over the next 5 hours anaerobic performance recovered to near-baseline values. No improvement occurred if the refeeding diet contained only 45% carbohydrate. Even without full glycogen replenishment, some replenishment in recovery proves beneficial to endurance in the next bout of exercise. For example, replenishing carbohydrate after only a 4-hour recovery period from glycogen-depleting exercise improves endurance in subsequent exercise compared to a similar scenario with no carbohydrate eaten in recovery. 

The Glycemic Index and Pre-Exercise Feedings

Use the glycemic index to formulate the immediate pre-exercise feeding. The ideal meal immediately before exercising should provide a source of glucose to maintain blood sugar and sustain muscle metabolism, with a minimal increase in insulin release. A relatively normal plasma insulin level should theoretically preserve blood glucose availability, optimize fat mobilization and catabolism, while at the same time spare glycogen reserves. As mentioned previously, consuming simple sugars (concentrated high-glycemic carbohydrates) immediately before exercising causes blood sugar to rise rapidly, which may trigger an excessive insulin release.  The resulting rebound hypoglycemia, depressed fat catabolism, and possible early depletion of glycogen reserves would negatively impact exercise performance.

In contrast, consuming low-glycemic index foods (starch with high amylose content) immediately before exercise provides a relatively slow rate of glucose absorption into the blood. This eliminates the insulin surge, while a steady supply of "slow-release" glucose becomes available from the digestive tract as exercise progresses. This effect should theoretically prove beneficial during long-term, high-intensity exercise, particularly in unusual events such as ocean swimming where it often becomes impractical to consume carbohydrate during exercise.

Several studies support the wisdom of consuming low-glycemic carbohydrates prior to exercise. They compared pre-exercise, low-glycemic versus high-glycemic carbohydrate ingestion on endurance performance and blood glucose levels during exercise. In one study of trained cyclists who performed high-intensity aerobic exercise, a pre-exercise low-glycemic meal of lentils significantly extended endurance compared to feedings of either glucose or a high-glycemic meal of potatoes of equivalent carbohydrate content. Higher blood glucose levels near the end stages of exercise accompanied low-glycemic, pre-exercise feedings. Despite inducing potentially favorable alterations in blood glucose and fat catabolism, all research has not observed ergogenic benefits from low-glycemic pre-exercise carbohydrates. Further study of the topic seems warranted.
Glucose, Electrolytes, and Water Uptake

Fluid ingestion before and during exercise attenuates the detrimental effects of dehydration on cardiovascular dynamics, temperature regulation, and exercise performance. Adding carbohydrate to the oral rehydration solution provides additional glucose energy for exercise as the body's glycogen reserves deplete. Adding electrolytes to the rehydration beverage helps to maintain the thirst mechanism and reduces risk of hyponatremia. Determining the optimal fluid/carbohydrate mixture and volume becomes important when minimizing fatigue and preventing dehydration become objectives. Particular concern centers on the dual observations that a large fluid volume intake impairs carbohydrate uptake, while a concentrated sugar/electrolyte solution impairs fluid replacement.

Important Considerations

Stomach emptying rate greatly affects fluid and nutrient absorption by the small intestine. Little negative effect of exercise on gastric emptying occurs up to an intensity of about 75% of maximum, after which emptying rate slows. Gastric volume, however, greatly influences gastric emptying, with emptying rate decreasing exponentially as fluid volume decreases. A major factor to speed gastric emptying, and actually compensate for any inhibitory effects of the beverage's carbohydrate content, involves maintaining a relatively large stomach fluid volume 
Practical Recommendations

Consuming 400 to 600 mL of fluid 20 minutes before exercise optimizes the beneficial effect of an increased stomach volume on fluid and nutrient passage into the small intestine. Regularly ingesting 150 to 250 mL of fluid (at 15-minute intervals) throughout exercise continually replenishes fluid passed into the intestine; this maintains a relatively large and constant gastric volume. Such a protocol delivers about one L of fluid per hour to the small intestine, a volume sufficient to meet the needs of most endurance athletes. Although prior research indicated that colder fluid emptied from the stomach more rapidly than fluid at room temperature, fluid temperature does not play a major role during exercise. Beverages containing alcohol or caffeine induce a diuretic effect (alcohol most pronounced), which facilitates water loss from the body. Both are contraindicated for fluid replacement.

Consider Fluid Concentration

Concern exists about the potential negative effect of sugar drinks on water absorption from the digestive tract. Gastric emptying slows when ingested fluids contain increased concentrations of particles in solution (osmolality), or possess high caloric content. Rehydration beverages hypertonic to plasma (greater than 280 m0sm/kg) retard net fluid uptake by the intestine. This negatively impacts prolonged exercise in hot weather, when adequate fluid intake and absorption play prime roles in the participant's health and safety. The negative effect of concentrated sugar molecules on gastric emptying becomes diminished (and plasma volume maintained) if the drink contains a glucose polymer (maltodextrin) rather than simple sugars. Short-chain polymers (3 to 20 glucose units) derived from cornstarch breakdown reduce the number of particles in solution. Fewer particles facilitate water movement from the stomach to the intestine for absorption. 

Adding a small amount of glucose and sodium (glucose being the more important factor) to the oral rehydration solution causes little negative effect on gastric emptying. It also facilitates fluid uptake by the intestinal lumen because rapid active cotransport of glucose-sodium across the intestinal mucosa stimulates water's passive uptake by osmotic action. Water not only replenishes effectively, but the additional glucose uptake contributes to blood glucose maintenance. This glucose then spares muscle and liver glycogen, and/or provides for blood glucose should glycogen reserves fall during the later stage of exercise. 

Rehydration solutions that combine two different transportable carbohydrate substrates (glucose, fructose, sucrose, or maltodextrins) produce greater water uptake at a particular intestinal lumen osmolality than solutions containing only one substrate owing to enhanced solute flux (and thus water flux) from the intestine. To optimize water and carbohydrate absorption, the researchers recommended a 6% carbohydrate-electrolyte solution containing a combination of fructose and sucrose, each transported by separate noncompetitive pathways.
Potential Benefit of Sodium

Adding moderate amounts of sodium (the most abundant ion in the extracellular space) to the ingested fluid minimally affects glucose absorption, or the contribution of ingested glucose to the total energy yield in prolonged exercise. The extra sodium (0.5 to 0.7 g per L) does, however, contribute to maintaining plasma sodium concentrations. This benefits the ultraendurance athlete at risk for hyponatremia, which occurs from a large sweat-sodium loss coupled with drinking copious amounts of plain water. Maintaining plasma osmolality with added sodium in the rehydration beverage also reduces urine output and sustains the sodium-dependent osmotic drive to drink. These factors promote continued fluid intake and fluid retention during recovery. 

Recommended Oral Rehydration Solution: Evaluating the Sports Drinks

A 5 to 8% carbohydrate-electrolyte beverage consumed during exercise in the heat contributes to temperature regulation and fluid balance as effectively as plain water. As an added bonus, this drink aids in maintaining glucose metabolism (providing an intestinal delivery rate of 5.0 kCal/min) and glycogen reserves in prolonged exercise. In addition, consuming such a solution in recovery from prolonged exercise in a warm environment improves endurance capacity for subsequent exercise.

For Your Information

The Ideal Oral Rehydration Beverage 


Tastes good

Absorbs rapidly


Causes little or no gastrointestinal distress


Maintains extracellular fluid volume and osmolality


Offers the potential to enhance exercise performance
To determine the percentage carbohydrate in a drink, divide carbohydrate content (in g) by fluid volume (in mL) and multiply by 100. For example, 80 g of carbohydrate in 1L (1000 mL) of water represents an 8% solution. Various environmental and exercise conditions interact to influence the optimal composition of the rehydration solution. Fluid replenishment becomes of importance to health and safety when intense aerobic effort performed in hot-humid weather lasts between 30-60 minutes. Under these conditions, a more dilute carbohydrate-electrolyte solution (less than 5% carbohydrates) should be used. In cooler weather, where dehydration is not a factor, a more concentrated beverage of 15% carbohydrates suffices. Little difference exists among liquid glucose, sucrose, or starch as the ingested carbohydrate fuel source during exercise.

Optimal carbohydrate replenishment ranges between 30 to 60 g (about 1 to 2 oz) per hour. Table 2 compares the carbohydrate and mineral contents and osmolality of popular fluid replacement beverages. Although a trade-off exists between carbohydrate ingestion and gastric emptying, the stomach empties up to 1700 mL of water per hour, even when drinking an 8% carbohydrate solution. However, 1000 mL (about 1 quart) of fluid consumed per hour probably represents the optimal volume to offset dehydration as larger fluid intakes often produce gastrointestinal discomfort. 

	Table 2. Comparisons of various beverages.

	Beverage
	CHO Source
	CHO conc %
	Sodium, mg
	Potassium, mg
	Other Minerals

	Gatorade
	Sucrose/glucose
	6
	110
	25
	Chloride, phosphorus

	Exceed
	Glucose polymers/fructose
	7.2
	50
	45
	

	Quickick
	Fructose/sucrose
	4.7
	116
	23
	Cl, Ca, Mg. Ph

	Sqwincher
	Glucose/fructose
	6.8
	60
	36
	Ca, Cl, Ph

	10-K
	Sucrose/glucose/fructorse
	6.3
	52
	26
	

	Coca-Cola
	High fructose corn syrup/sucrose
	10.7-11.3
	9.2
	Trace
	Cl, Ph

	Orange juice
	Fructose/sucrose/glucose
	11.8
	2.7
	510
	

	PowerAde
	High fructose corn syrup/Maltodextrin
	8
	73
	33
	Ph, Ca, Vit C & A; Nicacin, Iron

	Everlast
	Sucrose/fructose
	6
	100
	20
	

	SportaLYTE
	Matodextrin/fructose/glucose
	7.5
	100
	60
	


For Your Information

Practical Recommendations for Fluid and Carbohydrate Replacement During Exercise 

· Monitor dehydration rate from changes in body weight.

· Require urination before postexercise body weight determination.

· Each pound of weight loss corresponds to 450 mL (15 fluid oz) of dehydration.

· Drink fluids at the same rate as the estimated depletion (or at least drink at a rate close to 80% of the sweating rate) during prolonged exercise with cardiovascular stress, high metabolic heat, and dehydration.

· The endurance athlete can meet both carbohydrate (30 to 60 g per hour) and fluid requirements by drinking during each hour between 625 to 1250 mL (average about 250 mL each 15 minutes) of a beverage containing 4 to 8% carbohydrate.
High-Fat Versus Low-Fat Diets for Endurance Training and Performance
Debate concerns the wisdom of maintaining a high-fat diet (or even fasting) during training or prior to endurance competition. Adaptations to high-fat diets consistently show a shift in substrate use toward higher fat oxidation in exercise. Proponents of high-fat diets argue that a chronic increase in dietary fat stimulates fat-burning by augmenting the capacity to mobilize and catabolize this energy nutrient. Any fat-burning enhancement should conserve glycogen reserves and/or contribute to improved endurance capacity under low glycogen conditions. To investigate possible benefits, research compared endurance capacity in two groups of 10 young men matched for aerobic capacity and fed either a high-carbohydrate diet (65% kCal from carbohydrate) or high-fat diet (62% kCal from lipid) for seven weeks. Each group trained for 60 to 70 minutes at 50 to 85% of aerobic capacity, 3 days a week during weeks 1-3, and 4 days a week during weeks 4-7. Following 7 weeks of training, the group consuming the high-fat diet switched to the high-carbohydrate diet. Figure 3 displays the exercise performance for both groups. The results for endurance were clear: the group consuming the high-carbohydrate diet performed significantly better after 7 weeks of training than the group consuming the high- fat diet (102.4 minutes versus 65.2 minutes). When the high-fat diet group switched to the high-carbohydrate diet during week 8, only a small additional improvement in endurance of 11.5 minutes occurred. Consequently, total overall improvement in endurance over the 8-week period reached 115% for the high-fat diet group, whereas endurance for the group on the high-carbohydrate diet improved by 194%. The inset table shows daily energy and nutrient intakes prior to the experimental treatment (habitual diet) and during the 7-week experimental diet. The high-fat diet produced suboptimal adaptations in endurance performance, which were not fully remedied by switching to a high-carbohydrate diet. 

Subsequent research from the same laboratory failed to demonstrate any endurance-enhancing effect of a high-fat diet containing only moderate carbohydrate (15% total calories) in rats, regardless of their training status. For sedentary humans, maintaining either a low or high dietary fat intake for 4 weeks did not affect maximal or submaximal aerobic exercise performance. Similarly, a 6-day exposure to a high-fat, low-carbohydrate diet, followed by 1 day of carbohydrate restoration with a high-carbohydrate diet increased fat oxidation during prolonged submaximal exercise. Despite this carbohydrate-sparing effect, no benefit emerged for performance on a 1-hour time trial undertaken after 4 hours of continuous cycling.
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Figure 3.14. Effects of a high-carbohydrate (CHO) v fat diet on endurance performance.
The group consuming the high-fat diet for 7 weeks switched to the high CHO diet during week 8. Th
endurance test consisted of pedaling a bicycle ergometer at the desired rate. The inset table compare:
the average daily energy and nutrient intake during the habitual and experimental diets. P/S ratio, poly-
unsaturated-to-saturated fatty acid ratio. (From Helge JW, et al. Interaction of training and diet on
metabolism and endurance during exercise in man. J Physiol 1996:492:293.)
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Figure 3.

While a high-fat diet stimulates adaptive responses that augment fat catabolism, reliable research has yet to demonstrate consistent exercise or training benefits from this dietary modification. In addition, a compromised training capacity as well as symptoms of lethargy, increased fatigue, and higher ratings of perceived exertion usually accompany exercise under conditions of a high-fat diet. One must carefully consider the potential detrimental health risks when recommending a diet with 60% of total calories from lipid. This concern may prove unwarranted for athletes with high levels of daily energy expenditure. For example, increasing the diet’s percentage of lipid calories to 50% for physically active individuals who maintain a stable body weight does not adversely affect heart disease risk factors, including plasma lipoprotein profiles. Overall, available research does not support the popular notion that reducing carbohydrate while increasing fat intake above a 30% level optimizes the metabolic "zone" for endurance performance. Conversely, a significant restriction of dietary fat intake below recommended levels also impairs endurance exercise performance.














































Figure 2. The Glycemic Index.





Figure 1. Effects of glucose ingestion during exercise.








