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INTRODUCTION






Nutrition plays a key role for athletes at every level and at every age. As an athlete advances to ever higher levels of performance, diet becomes even more important. In fact, nutrition deserves to be on equal par with training.


It is no secret that food is our “fuel” for performance; the body derives energy from what we eat. Imagine pouring cheap gas into a Porsche. The car will run, but it will not fully demonstrate the capabilities of its engine. It might even make some odd noises. If, however, we filled it with the highest-octane fuel, its performance will be completely different. It’s the same with our body. We can be born with great natural talent, have ideal training and support, and have the will to train, but if we fill ourselves with a poor-quality fuel, we won’t be at our best.


Diet has other benefits, too. The right nutrition is the best and easiest method of recovery for your body after training, regardless of your age, your sport, and whether you’re a weekend warrior or a world champion. Other recovery techniques like massage and hot tubs or ice baths will not affect the regeneration of damaged muscles as quickly as food and hydration can because the latter are delivered directly to the blood. But despite nutrition’s important role in sports, it is still neglected by many coaches, trainers, and athletes—even those at the highest level of competition.


The field of sports nutrition science is rapidly changing. But the body’s biochemical and physiological processes—such as how we obtain energy from food—don’t change, and they are the foundation of the craft of both dietitians and trainers. Sports Nutrition Handbook presents a modern approach to sports nutrition while staying rooted in the principles of physiology and biochemistry. In writing this book, we wanted to present our knowledge and the rich experience we have gained working with leading athletes in such disciplines as team sports, bodybuilding, swimming, martial arts, tennis, and endurance sports. We support all the information presented here with the latest scientific research. However, we did not want this to be another book laden with theory and the fine points of chemistry, but the most practical book for you to learn from. We want you to be able to understand the concepts of nutrition so that you can make concrete, smart choices in your training and nutrition—every day. That is why we include stories of real people whom we have encountered in our many years of work. We also give advice and suggestions that sometimes differ from common recommendations, but as you know, practice and theory are often two different things. There are many myths and unsupported theories in the world of nutrition and training, which we will try to refute based on the latest scientific research and definitive physiological and biochemical science.


We hope this book will be useful for anyone interested in sports and nutrition, especially students, athletes, trainers, dietitians, and nutrition enthusiasts.


Enjoy!
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POWERING THE ATHLETE









Every physical effort that we make, whether it’s sweeping the floor, walking up stairs, swimming, or running, requires energy. We acquire energy, measured in calories, from food, and more precisely, from four energy substrates:




       [image: image]  Carbohydrates (1 gram provides 4.1 calories)


       [image: image]  Fats (1 gram provides 9.1 calories)


       [image: image]  Proteins (1 gram provides 4.1 calories)


       [image: image]  Alcohol (1 gram provides 7 calories)


The body creates energy from these substrates by converting them to the chemical compound adenosine triphosphate (ATP). This process occurs in a cell’s mitochondria, considered the “factories” of muscle cells.


How these substrates are used to create ATP depends on what physical activity you undertake, how long it lasts, and with what intensity. You will draw energy from different chemical processes during a 100-meter sprint compared to a wrestling match, and different processes again during a football game, triathlon, or marathon.


Our body stores only about 80–100 grams of ATP at any given moment. This amount lasts for just a few seconds of maximum intensity—when we’re generating top-end power in a short time, such as a 100-meter sprint. The amount of ATP that your muscles will store is determined by your genes, so although everyone would like to have as much ATP as possible, there is no way to increase the amount available.


ATP Regeneration


We might only have 100 grams of ATP in our body at one moment, but that doesn’t mean we use only 100 grams throughout the day. Over 24 hours, an average person uses as much ATP as is equal to at least 70 percent of their body mass, while someone riding a bicycle or running for three to four hours uses slightly more than that just during exercise.


To supply that much ATP throughout the day and during exercise, the body rebuilds ATP in a process called ATP resynthesis. As the body produces ATP constantly, it needs a consistent supply of energy substrates, which come from the food you eat. Depending on the type and intensity of the effort, ATP can be created through four methods:




       1.  The transfer of a high-energy phosphate group from phosphocreatine (PCr) to adenosine diphosphate (ADP), resulting in the release of ATP. This mechanism is used primarily during short, intense efforts.


       2.  Anaerobic glycolysis. Energy is obtained from glucose in the anaerobic process during short and intense efforts, without the use of oxygen.


       3.  Oxygen transformations (glycolytic and lipolytic reactions). Carbohydrates, fat, and amino acids are combined with oxygen to produce ATP.


       4.  A reaction catalyzed by the enzyme myokinase. One ATP molecule is produced out of two ADP molecules. This process, however, provides small amounts of ATP.


All-Out Efforts Lasting Up to 10 Seconds


In very short but intense efforts, in which it is necessary to create maximum power, fuel is obtained primarily from ATP and phosphocreatine (the phosphagen system) accumulated in the muscles. These efforts spike the heart rate to 95–100 percent of its maximum. In these moments, oxygen is not necessary for the body to power the effort. In fact, some of the best sprinters run their 100-meter races without taking a breath.


When you watch runners in a 100-meter sprint, you might notice that at around 60 or 70 meters, some runners get weak, while others maintain intensity. Runners slow down because they have exhausted their stored ATP resources. They finish the race nevertheless, because the body begins to automatically draw energy from another source: phosphocreatine.


Hard Efforts Lasting 100 to 120 Seconds


While training in the gym, swimming a fast 50 meters, or performing high-intensity interval training (HIIT), an athlete is performing an anaerobic effort, but this time through anaerobic glycolysis. This energy system is used in efforts that bring the heart rate to 80–95 percent of maximum. This process begins when the supply of ATP and phosphocreatine is exhausted, after approximately 17–20 seconds. Muscle glycogen and glucose accumulated in the blood are converted to lactate and ATP. Anaerobic glycolysis provides energy quickly, but it is slower and less efficient than the phosphagen system used during sprints.


[image: image]


Medium Efforts Lasting Up to 20 Minutes


When an athlete performs a medium-intensity effort that lasts a few minutes (for example, running 2 miles), where the heart rate reaches 60–80 percent of its maximum, the body will begin to use ATP and phosphocreatine accumulated in the muscles. Some energy will also come from glycolysis, but at the same time, the body will look for other sources and will slowly transition from anaerobic to aerobic processes, where fuels are oxidized, or burned, in the mitochondria of muscle cells: Carbohydrates, fatty acids, and amino acids must be combined with oxygen (hence “oxidation”) to produce ATP. This process begins after 150–200 seconds, and the longer the effort lasts, the more these oxidative reactions become the predominant source of energy. In the next few minutes of medium-intensity effort, less lactate accumulates in the muscles because it is being burned by the oxidative processes. Table 1.1 shows the relationship between exercise intensity and which substrates the body uses as fuel.


[image: image]


Moderate or Easy Efforts Lasting 20 Minutes or Longer


Efforts lasting several hours include bike rides, triathlon training, and long runs. They are long, but their intensity is much lower compared to the efforts of short durations or distances. Heart rates will reach up to 60 percent of maximum (with some spikes above that threshold, of course). Here, energy derived from ATP and phosphocreatine accumulated in muscles, or generated as a result of glycolysis, is negligible. In these long efforts, the body generates most of its energy by breaking down fats—mainly from free fatty acids and glycerol.


The glycogen resources stored in the muscles still play a vital role in this kind of effort. They provide enormous amounts of energy while fats are also being burned, but when glycogen resources are exhausted, athletes are able to continue the effort thanks to the more plentiful supply of fatty acids. Because energy derived from fat is generated more slowly, athletes can become tired faster and might have to reduce their intensity. If they don’t reduce their pace, once their glycogen supplies are emptied they will not be able to continue. This is the moment an athlete “hits the wall,” as the phenomenon is known in running (see Chapter 2).








INTERVALS ARE ANAEROBIC EXERCISES


Because interval-based workouts are very intense, they use the anaerobic system to power the body. When athletes rest between sets, there still may not be enough time to lower their heart rate to aerobic levels.


Let’s say someone is running 400-meter sprints with one minute of walking after each sprint. During the sprint, she reaches her maximum heart rate of 190 beats per minute. During the rest period, her heart rate starts to fall by an average of 40–50 beats per minute (in this case, from 190 to about 140). But what if the athlete’s aerobic threshold heart rate (the highest heart rate before leaving aerobic energy production and going anaerobic) is 127 beats per minute? During that short rest, the heart rate hasn’t fallen low enough to enter an aerobic state; instead, the body remains in an anaerobic phase. The runner isn’t at a level of effort that would call upon oxygen to burn fat. We’ll discuss how intervals do relate to fat and weight loss in the question, “Can HIIT help me burn more fat?” (p. 8).


Intervals are valuable—especially for endurance athletes doing lots of long, slow runs or bike rides—because they offer a new physical stimulus, keeping the training fresh and interesting. Such variety helps your body continue to adapt to training. In fact, adding variety to both your diet and your training is essential—whether it’s for your body or your mental well-being. Interval training is also helpful because it is extremely effective in increasing body efficiency, although this is not synonymous with the reduction of body fat.









Body Fat


Fat cells (adipocytes) are naturally occurring structures in the body. Their quantity increases during the fetal period and up until puberty. After that time, the number of these cells is essentially unchanged throughout one’s life span.


Because the number of fat cells eventually becomes fixed, weight gain does not actually mean a greater abundance of fat cells; instead, weight gain happens when the volume of a fat cell—and many others simultaneously—increases. It is as though you had empty balloons and began to fill them with air.


When fats from food are digested in the small intestine, lipoproteins called chylomicrons are formed, which are filled with triglycerides and cholesterol esters. Chylomicrons are eventually distributed to the capillaries located near fat and muscle tissues. Here, at an area known as the vascular endothelium, a special enzyme—lipoprotein lipase—is created. This enzyme converts triglycerides into polyunsaturated fatty acids (PUFAs) and glycerol. PUFAs and glycerol are transported to the interior of the fat cells, where the triglycerides (fats) are recreated. The adipocyte is now more full of fats and growing in size.








[image: image][image: image] How does the body burn fat?









To effectively burn fat, your body needs to be prompted to rapidly release fat from adipocytes into the bloodstream (this is called lipolysis) while simultaneously limiting their deposition (lipogenesis) into fat cells. If the PUFAs get into our organs (including muscle tissue) through blood circulation, they will be used there as a source of energy, so fat is being burned off. Fats, however, are a not direct energy source. They are a substrate that is transformed into energy after being converted to acetyl coenzyme A. So technically speaking, we don’t burn fat; we burn acetyl coenzyme A. In any case, the result of this process is a reduction of body fat. And we can accelerate this process by performing physical activity—in particular, an oxygen-dependent (aerobic) level of effort where fat is oxidized.


Calories and Weight Loss: What Fuel Did Your Body Burn?


Have you ever come home after a hard, heart-pounding workout and felt really hungry? And did you not have that huge appetite after an easy workout where you stayed in an aerobic zone? It is often suggested that hard or all-out intervals will help reduce body fat. This theory assumes that by making an effort more intense, more calories are burned and thus more fat. As we’ve explained, it is not quite like that. Let’s look at it from the perspective of where the calories come from. By doing, for example, a one-hour exercise with an intensity of 80 percent of maximum heart rate, we burn 700 calories, but fats are providing about 120 calories, while the vast majority of calories come from glycogen. However, when running at 65 percent intensity for 45 minutes, we may burn fewer calories overall, about 500, but 300 calories will come from fat (or even more, depending on genetics and the activity of oxidative enzymes). Feeling hungry after higher-intensity workouts is certainly a valid assessment, but it’s the result of burning carbohydrates, not fat.








[image: image][image: image] Can HIIT help me burn more fat?









Some theories assert that high-intensity interval training (HIIT) increases metabolism after the workout and therefore helps you burn more calories during nonexercise hours. This concept, called excess post-exercise oxygen consumption (EPOC), assumes that it is not important from where we get energy during the training, but that after exercise, when we are resting, our basal metabolic rate (BMR) remains elevated. (BMR is the amount of energy utilized while resting to maintain body functions and processes. It doesn’t include the calories needed to fuel physical activity.) With heightened metabolism, the theory concludes, we burn more energy at rest after intense workouts than after aerobic training.


Researchers have shown that weight training, so far quite neglected in the field of weight loss, raises BMR by 5–23 percent for roughly 24 hours after completing the exercise. However, after finishing aerobic training, BMR is also lifted, as runners of nearly any distance can attest.


EPOC happens over a period of a few and possibly several hours after training (but after several hours, the increase in metabolism is minimal). To get this effect, very intense exercise is recommended (80–90 percent of maximum heart rate); you’ll usually reach this heart rate zone during intervals or HIIT workouts.








[image: image][image: image] If I sweat a lot, does that mean I’ll lose weight?









Many people complain that they exercise often, putting themselves through the ringer and finishing each workout in a puddle of sweat, but their weight doesn’t budge at all. This is because they rely too heavily on the expectation that if they sweat it out, they’ll surely see the pounds fall away. Remember that fat loss depends on not only the right type of exercise, but also the right intensity. The sweat-inducing workouts these exercisers undertake to no avail might encourage EPOC, but you can’t use the amount of sweat as a measure of what’s going on in your body.


Balanced Workouts, Balanced Diets


As you might have begun to notice, good arguments exist for all kinds of exercises and intensities being a way to burn fat. But there are differences, and we’re still learning new things about weight loss and exercise.


In 2017 researchers examined the impact of low- and high-intensity exercise and HIIT on weight loss among adolescents aged 15–17. It was shown that every form of training caused a reduction in body fat, but the greatest change was seen in the group performing low-intensity training: body fat content decreased by about 9 pounds, while those who did high-intensity training lost 6 pounds of fat, and with HIIT, 5 pounds.


Regardless of which training method you choose, remember that while trying to lose weight, training is only half of the equation. The other is adequate nutrition. Only the combination of physical activity and a balanced diet will bring the results you hope for.






CASE STUDY A Volleyball Player Matches Fueling with His Training Intensity


Connor, a professional volleyball player, complained about the deterioration of his performance in training and in games, problems with concentration, and chronic fatigue. His doctors performed physiological tests on him but did not detect the reason for the decline.


When asked about his diet, he explained: “I’m an experienced athlete. I know about nutrition and have been eating healthy for years. I eat five meals daily, roughly every three hours. I eat whole-wheat bread and vegetables, and I avoid sweets.” But the details of his workouts and eating patterns revealed the problem. His schedule looked like this:


[image: image]


Connor ate similar meals every day. He did not take into account the fact that he trains differently each day, and therefore his caloric demand would change each day. On Monday, when he didn’t train, he ate the same as on Tuesday, when he would have almost four hours of training. This meant that on Monday he consumed much more than his body needed, making him sluggish, and on Tuesday he ate too little, which is why he lacked energy in the second training session. His brain, another organ that needs appropriate nutrition, suffered from these low fuel reserves in the afternoon, too, which explained his problems with concentration.


THE FIX: Although Connor had been eating healthy meals, they were not balanced according to his energy needs. He adjusted his daily menus to properly fuel the hard days and provide less on lighter days and rest days.


RESULTS: After about two weeks of using a more balanced diet, Connor no longer felt lethargic or weak, and he stopped having problems concentrating. On the contrary, he gained an extra boost of energy and motivation, especially on the days when he had two workouts. This quickly translated into new successes for both him and his team. [image: image]








[image: image][image: image] Why do my muscles get so sore?









The answer depends on one important factor: when you feel sore. Waking up with aches and pains from the previous day’s workout, many attribute the soreness to lactate lingering in their muscles. In fact, this pain has little to do with lactate or what was erroneously identified as lactic acid. Instead, it stems from the following factors:




       [image: image]  Microinjuries, or microtears, of muscle fiber resulting from the hard effort


       [image: image]  Accumulated hydrogen ions


       [image: image]  Warmer temperatures in the muscles


This phenomenon is called delayed onset muscle soreness (DOMS) and, interestingly, it was first described in 1902 by American physician Theodore Hough. The DOMS symptoms and the microtears should resolve within one to three days.


So where—or more accurately, when—does lactate fit into the sore-muscle story? Lactate is produced by the body at all times. Even at rest, when you are not training, there is about 1 millimole per liter in your body. (Millimoles are a measure of the amount of a substance.) Its amount increases sharply when you perform anaerobic exercises. If the intensity is high (the higher intensity, the worse the effect), the level of lactate will increase rapidly until you have to stop the effort with stiff, burning, sore muscles. This is because the increasing level of lactate (usually up to 15–20 millimoles per liter) must be oxidized—broken down. In this process, hydrogen ions (H+) are produced, making the blood more acidic, which in turn becomes problematic for the body.


Lactate is formed by incomplete burning of glucose, which happens when there is too little oxygen available for energy production. After about 30 minutes of exercise, the blood will move the lactate from the muscles to the liver, where in the process of gluconeogenesis, it will be transformed into glucose. Any soreness after this short period is therefore not related to lactate because there is now much less of it in the body.


Interestingly, in 2017 some scientific studies showed that the microinjuries that cause DOMS appear to a similar extent during short and intensive HIIT interval efforts as well as during longer workouts (such as 20 minutes, with an intensity of 60 percent of maximum heart rate). Both types of training induced a mild muscular pain lasting up to 24 hours after training.








[image: image][image: image] How do I avoid mid-workout lactate buildup and the pain associated with it?









If anaerobic energy production builds up lactate in the muscles, then avoiding such intense efforts would prevent it. To do so, keep your effort at a controlled, lower intensity and stay below your anaerobic threshold. When you run, control your breathing (so that you can talk freely with your training partner, for example). If you feel that you are running too fast (your breath is accelerated and irregular), slow down or walk for 30–40 seconds and breathe deeply. This way, the muscles will receive more oxygen, which will enable faster oxidation of lactate. So while lactate will linger because of your previous, harder effort, thanks to the cooldown period and deep breathing, it will oxidize, remaining at a slightly elevated but innocuous level.








ANAEROBIC THRESHOLD heart rates or other metrics are unique to every athlete. If you want the most accurate performance data, have it tested in a lab.









Another effective way to reduce the risk of acidification is the use of baking soda and beta-alanine (see more in Chapter 8, “Nutritional Supplements”), as well as drinking mineral water with a sufficiently high concentration of carbonates. Stretching is also recommended immediately after your workout; foam rolling is very helpful, too.






CASE STUDY Improper Caloric Restriction Can’t Fuel an Active Body


Anna, 24, works 12-hour shifts, exercises five to six days per week, and is 40 pounds overweight. She is constantly tired, and she has noticed her skin turning more pale over time; her hair has grown dull and damaged, as well. Anna runs 6 miles three times per week on an empty stomach, performs strength training every other day, and was under the care of a specialist who had developed her diet and nutrition plan.


The goal of Anna’s training and diet was to quickly reduce body fat. After eight months, her weight hadn’t changed, and in fact, her fat composition increased while her muscle mass declined. She was feeling worse than before starting her exercise plan.


The most serious problem was Anna’s caloric intake: Her diet was limited to 700 calories per day, while her daily demand was around 2,100 calories. The diet, with its unreasonably low caloric intake, also didn’t account for changes in her activity level each day—whether she was running, doing strength training, or taking a rest day.


Anna’s coach had justified the nutrition plan by believing that, with the intake consistent each day, changes in her body would be more measurable and would therefore help them monitor her progress. The coach recommended that once a week, preferably on a Sunday, Anna could forego the strict diet and eat anything she wanted, even fast food, sweets, juices, and soda. This cheat day was intended to compensate for the week of sacrifice, as he claimed that if someone is on a “healthy diet” for six days out of seven, this one day would not cause any negative consequences. Despite Anna’s great commitment to diet and training, the results she hoped for never came.


THE FIX: After a detailed nutrition review and several physical tests, it turned out that Anna had hypothyroidism. The lack of this diagnosis earlier, combined with an extremely low-calorie and monotonous diet and improper training, worsened the condition and gave her no chance of improving her weight and fitness. Anna changed her diet completely: She gradually increased her caloric intake and added greater variety to the foods she chose. The more diverse diet drastically improved the supply of vitamins and macronutrients. Her training was also changed, forgoing the habit of training and running on an empty stomach.


RESULTS: After four months of using the new diet and training recommendations, Anna lost 25 pounds, and her mood, fitness, and physique improved. She discovered that her body needs a proper level of fuel and nutrition to support her active lifestyle and busy work schedule. [image: image]






Nutrition Roundup






Aerobic efforts are a type of physical activity during which the body uses primarily oxygen. This is the case when you never get out of breath during training, when you perform low-intensity exercise (such as an easy spin on the bike). Lactate will not accumulate in excess, so you do not feel the muscle burn associated with it. An added benefit of performing these lower-intensity, aerobic efforts is that they are the most effective way of reducing body fat.


Anaerobic efforts are powered by fuels other than oxygen; you will have difficulty breathing (for example, during a sprint workout). However, this “hard effort” is a subjective feeling. For every athlete, whether they can hold a casual conversation or consider their breathing “hard” will be different. Therefore, it’s best to determine your levels of intensity—via your heart rate ranges—specific to your body.


In anaerobic efforts, due to the faster breathing and lack of oxygen supply to the muscles, the amount of lactate increases. The higher the intensity, the faster the level of lactate will increase. In these efforts, you get energy from ATP, phosphocreatine, and glucose.


Anaerobic threshold is an individually determined heart rate (sometimes equated to a particular level of effort such as a specific minute-per-mile running pace), after which lactate begins to accumulate, and at the same time, less fat is burned. This threshold can be determined precisely only through fitness tests that measure the level of lactate after an athlete performs an effort essentially to exhaustion. A widely cited alternative method is to use the formula 220 – age = threshold HR (or some variation of that calculation), but this is fraught with errors and is inaccurate. Another generic guideline that claims a heart rate of 120–130 is best for reducing body fat is also unreliable. The anaerobic threshold depends on many factors such as age, muscle fiber composition, body composition, fitness level, and possible heart or hormonal problems. Therefore, everyone’s heart rate ranges for anaerobic and aerobic exercises will be different.


ATP resynthesis (reconstruction) occurs in an anaerobic process involving phosphocreatine, glucose in blood, or muscle glycogen. To continue your effort (and to continue ATP resynthesis) for more than a few minutes, the energy must be supplied through oxidative metabolism, the components of which are mainly carbohydrates and fats.


Phosphocreatine (PCr) is a reserve fuel. The body reaches for PCr first when rebuilding ATP. It is of key importance in anaerobic efforts and together with ATP forms a phosphagen system.


Glycolysis is the process of converting glucose (glycogen) into ATP. It takes place under anaerobic conditions. It plays an important role when the ATP and phosphocreatine supplies in the muscles are exhausted—after about 20 seconds of intense effort.


Glycogen is the glucose accumulated in the muscles and liver. It is estimated that the average person stores 400–450 grams of it; about 100–110 grams is in the liver, and 300–340 grams is stored in the muscles. With low-intensity efforts, these resources can suffice for up to a two- to three-hour run, but when the run is intense, this will only be enough for about 40–50 minutes.
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CARBOHYDRATES









Carbs: adored by many, feared by some. With excessive consumption, carbs contribute to the development of obesity in both children and adults. On the other end of the spectrum, some nutrition trends urge people to eliminate carbs from their diets, which is definitely not conducive to the proper functioning of the body, especially in athletics.


So, what is the truth about carbohydrates? What are they, who needs them, and how much of them should we eat?


Carbohydrates, otherwise known as saccharides, or sugars, are organic compounds consisting of carbon, hydrogen, and oxygen. They are found in all plants, including cereals, tubers, legumes, and fruits, and also in meat. Carbohydrates are an energy source crucial to many functions in the body:




       [image: image]  They are the primary, cheapest, and most readily available source of energy, and they are necessary to maintain a constant body temperature, support the functioning of internal organs, and perform physical work.


       [image: image]  Indirectly, they help in the regrowth of muscle mass (due to the regeneration of muscle glycogen).


       [image: image]  Glucose is the exclusive source of energy for the brain and muscles.


       [image: image]  They improve the functioning of the immune system.


       [image: image]  They take part in the construction of cell membranes.


       [image: image]  They constitute a building material of structural elements in cells or biologically active substances.


       [image: image]  Some carbohydrates are important in regulating movement in the intestines (gastrointestinal peristalsis).


The carbohydrates contained in food usually provide 40–70 percent of all daily energy: Recommendations typically range between 50 percent and 55 percent for people who are not physically active and 55 percent or more for athletes. Some athletes (road cyclists, ultramarathon runners, and triathletes) might occasionally receive even more than 70 percent of their fuel from carbohydrates during heavy training.


[image: image]


Glycogen: Power Supply for the Muscles


Glycogen plays an extremely important role in the athlete’s body. As the supply of carbohydrates accumulated in the muscles and liver, glycogen is used as a source of fuel for most sports, especially those requiring medium or high intensity, such as soccer, tennis, and swimming, but also running—both short distances (except for 100-meter sprints) and long distances.
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Table 1.1 Fats and carbohydrates fuel the body at different physical efforts

Intensity of Running Contribution from Contribution
(% maximum heart rate) Carbohydrates (%) from Fats (%)
65-70 > 40 60
70-75 > 50 50
75-80 > 65 55
80-85 > 80 20
85-90 > 90 10
90-95 > 95 5

100 > 100 0
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