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Introduction 
 

Welcome and Purpose  

Hello and welcome to the first of the Breakaway eBook series. I would like to start by 

saying thank you for using a Breakaway training plan and contributing to our mission. We 

are aiming to show you how to navigate your training while balancing a busy life and 

getting fitter without experiencing burnout or injures. This means with Breakaway you can 

hit the local group workouts or the mountains when you’re out exploring and feel great in 

the process (unless you’re doing intervals!). We want to support your athletic adventure 

every step of the way.  

 

To ensure this we offer unlimited email support with all are services and even a free video 

chat with every training plan your buy with us. In addition to this you are provided with this 

eBook series which also includes a nutrition, strength training and heat acclimatisation 

eBook. Following the Breakaway process we have found are athletes notice progress in 

87% of the weeks they train with Breakaway and feel fresh (not fatigued) in 77% of the 

weeks with us, with an injury and illness rate of less than 10% (far lower than typical rates 

– which can be over 50%).  

 

 

How to Use This eBook 

This eBook is designed so it is easy to read and follow with lots of bullet points, so you 

don’t need to spend hours searching through paragraphs to find what you need. At the 

end of each section, you will also see a key points and take-home messages. Meaning if 

you just want the summary or highlights you can scroll to the end of the section. You also 

do not need to read this eBook in the order it has been written, although that would be 

idea, you can jump to the Chapter that interests you most and start there.  

 

 



About the Founder: 
 

Endurance sports can be analysed from three main perspectives: the athlete, the coach, 

and the researcher. I have experience in all three of these domains. I began my journey in 

endurance sports as a cyclist, aspiring to become a professional rider. My training was 

demanding, and while it led me to national races and a semi-professional race team, it 

also burned me out. 

 

As a result, I decided to study sports science at university, where I delved into the 

principles of endurance sports. After four years of education, I obtained my BSc in Sports 

and Exercise Science and a master’s degree in Sports and Health Sciences from the 

University of Exeter. 

 

Eager to apply what I had learned as both an athlete and a student, I founded BCA. My 

goal in starting BCA was to ensure that athletes continually improve without burning out 

or sustaining injuries, as I did. However, I wanted to further develop my knowledge and 

skill set, so I embarked on a Ph.D., researching recreational marathon runners. During my 

Ph.D., I have written articles for The Conversation, presented at workshops and 

conferences, and been done interviews for the BBC. 

 

These combined experiences allow me to view your training through the eyes of an 

athlete, a coach, and a researcher. This comprehensive perspective enables me to 

thoroughly analyse your training needs and optimise your performance. 

 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 1: Energy Systems and 
Nutrient Needs in Endurance Sports 
 

 

Introduction 
When you run, cycle, or swim for extended periods, your body relies on a complex 
interplay of energy systems and nutrients to keep going. Understanding how these 
systems work is essential to optimizing your performance and ensuring you have the right 
fuel for the job. In this chapter, we’ll dive into the science behind how your body generates 
energy during endurance activities and how different nutrients—carbohydrates, fats, and 
proteins—play a role in that process. 

 
 
The Three Energy Systems: A Quick Overview 
 
Your body uses three main energy systems to fuel your muscles during exercise: 
 

1. ATP-PC System (Phosphagen System) 
o Used For: Short bursts of high-intensity effort (like sprinting for 10-15 

seconds). 
o How It Works: The ATP-PC system uses stored ATP (adenosine 

triphosphate) and creatine phosphate to provide immediate energy 
without the need for oxygen. 

o Key Nutrients: This system doesn’t rely on dietary nutrients during activity 
because it draws on already-stored ATP and creatine in your muscles. 

 
Take-Home Message: While the ATP-PC system powers explosive movements, it plays a 
minor role in endurance sports where sustained energy is needed. 
 

2. Anaerobic Glycolysis (Lactic Acid System) 
o Used For: Moderate to high-intensity efforts lasting up to 2 minutes (like a 

sprint to the finish line or a steep climb). 
o How It Works: This system breaks down glucose (carbohydrate) without 

oxygen, producing energy and lactate as a byproduct. 
o Key Nutrients: Carbohydrates are the main fuel here, broken down into 

glucose for quick energy. This is why fuelling with carbs during high-
intensity phases is crucial. 

 
Take-Home Message: The anaerobic system is your go-to when you need short, intense 
bursts of energy, but it’s not sustainable for long durations due to the build-up of lactate 
and fatigue. 
 



3. Aerobic System (Oxidative System) 
o Used For: Endurance activities lasting longer than 2-3 minutes (like 

marathon running, long-distance cycling, or triathlons). 
o How It Works: The aerobic system uses oxygen to generate energy from 

carbohydrates and fats (and, to a lesser extent, proteins). This system is 
slow but highly efficient, making it the primary energy source for endurance 
athletes. 

o Key Nutrients: 
▪ Carbohydrates: Provide a quick, efficient source of energy. 
▪ Fats: Provide a slower, more sustained source of energy, 

particularly important during long, low-intensity activities. 
▪ Proteins: Typically play a minimal role in energy production but can 

be used when carbohydrate stores are depleted (though this is not 
ideal). 

 
Take-Home Message: The aerobic system is your endurance engine, relying primarily on 
carbohydrates and fats. Training your body to efficiently use both fuels is key for long-
lasting performance. 
 



Carbohydrates: The Primary Fuel for Endurance 
 
Carbohydrates are the most important nutrient for endurance athletes. They are stored 
in your muscles and liver as glycogen and can be quickly converted into glucose to fuel 
your workouts. 
 

• Why Carbohydrates Matter: 
o Glycogen stores are limited, so you need to replenish them regularly to 

sustain energy levels. 
o Carbohydrates are the body’s preferred fuel for high-intensity efforts within 

endurance events, like a sprint or a hill climb. 
• When to Use Carbohydrates: 

o Before exercise: Consuming a carbohydrate-rich meal 2-4 hours before 
activity helps maximize glycogen stores. 

o During exercise: For events longer than 90 minutes, consuming 30-60 
grams of carbohydrates per hour (in the form of sports drinks, gels, or bars) 
can help maintain energy levels and delay fatigue. 

o After exercise: Eating carbs within 30 minutes to 2 hours post-exercise 
helps replenish glycogen stores and kick-start recovery. 

 
Take-Home Message: Carbohydrates are your body’s go-to fuel for endurance activities. 
Consuming the right amount at the right time is crucial for maintaining performance and 
avoiding the dreaded “bonk.” 
 
Fats: The Long-Distance Fuel 
 
While carbohydrates are essential for endurance sports, fats play a key role, especially 
during long, steady efforts. The aerobic system allows the body to break down fat into 
energy, making it an important source during prolonged exercise. 
 

• Why Fats Matter: 
o Fat provides a more sustainable energy source for long, moderate-

intensity exercise. 
o Fat metabolism is slower than carbohydrate metabolism but offers more 

energy per gram (9 calories per gram of fat vs. 4 calories per gram of 
carbohydrates). 

• Training Your Body to Use Fats: 
o Fat Adaptation: With endurance training, your body becomes more 

efficient at using fat as a fuel source. This helps spare glycogen stores for 
when you need quick energy later in the race. 

 
Take-Home Message: Fats are crucial for long-distance endurance. Train your body to 
efficiently use fat by incorporating longer, low-intensity sessions into your training 
routine. 
 
 
 



Graph provided by Loughborough University 
(https://www.lboro.ac.uk/sport/news/2020/july/fuelutilisationarticle/)  
 
 
Proteins: The Recovery and Repair Nutrient 
 
Though proteins aren’t a primary energy source during endurance activities, they play a 
crucial role in recovery and muscle repair. 
 

• Why Proteins Matter: 
o Endurance exercise causes small amounts of muscle damage. Proteins 

help repair this damage and build stronger muscles over time. 
o Protein also aids in the recovery process, especially when consumed 

alongside carbohydrates after exercise. 
• How Much Protein Do You Need? 

o Daily: Aim for 1.2-1.6 grams of protein per kilogram of body weight each 
day to support muscle repair and recovery. 

o After exercise: Consuming 20-30 grams of protein within 30 minutes 
post-exercise promotes muscle repair and helps replenish glycogen when 
combined with carbohydrates. 

 
Take-Home Message: While protein isn’t a primary fuel during exercise, it’s critical for 
recovery and muscle repair. Don’t neglect protein intake, especially after training or 
competition. 
 
 
 
 

https://www.lboro.ac.uk/sport/news/2020/july/fuelutilisationarticle/


Fuelling for Different Intensities and Durations 
 
The fuel your body uses depends on the intensity and duration of your activity. 
 

• Short, Intense Efforts (Less than 1 hour): 
o Carbohydrates are the primary fuel source. Fat and protein contribute 

minimally. 
• Moderate Efforts (1-3 hours): 

o Carbohydrates are still dominant, but fat begins to play a larger role as 
intensity decreases. 

• Long-Distance Events (Over 3 hours): 
o The body relies heavily on fat, with carbohydrates used sparingly to 

maintain intensity during key moments. 
 
Take-Home Message: Tailor your fuelling strategy to the duration and intensity of your 
exercise. Carbs dominate during shorter efforts, while fats play a bigger role during longer 
events. 
 
 
Conclusion: Balancing Your Fuel Sources 
 
Understanding how your body uses different fuels during exercise is essential for 
optimizing performance. Carbohydrates provide quick energy for higher intensity, while 
fats fuel you over the long haul. Protein helps repair and recover after the effort is done. 
By fuelling smart and balancing these nutrients, you can go the distance without hitting 
the wall. 
 
Key Points Summary: 

• Your body uses three energy systems: ATP-PC, Anaerobic Glycolysis, and Aerobic 
(Oxidative) System. 

• Carbohydrates are the primary fuel source for endurance activities, especially at 
higher intensities. 

• Fats provide a slow-burning, sustainable energy source for long-duration 
activities. 

• Protein supports recovery and muscle repair, though it’s not a significant energy 
source during exercise. 

• Tailor your nutrition strategy to the duration and intensity of your workouts or 
races. 

 
 
 
 
 
 
 
 
 



Chapter 2: Hydration and Electrolyte 
Balance 
 

Introduction 
 
Hydration is often overlooked in endurance sports, but it’s a crucial factor in maintaining 
performance and preventing fatigue. Whether you're running a marathon, cycling long 
distances, or competing in a triathlon, your body needs the right amount of water and 
electrolytes to function at its best. This chapter will dive into the science of hydration and 
electrolyte balance, explain how to calculate your individual fluid needs, and give you 
practical strategies for staying properly hydrated before, during, and after your workouts. 
 
 
The Importance of Hydration for Endurance Athletes 
 
Water makes up about 60% of your body weight, and during endurance activities, you can 
lose significant amounts of it through sweat. Even a small loss in body fluids can affect 
your performance, leaving you feeling sluggish, tired, and more prone to overheating. 
 

• Why Hydration Matters: 
o Water helps regulate your body temperature through sweating. 
o It aids in transporting nutrients to your muscles and removing waste 

products. 
o It plays a critical role in maintaining blood volume, which is essential for 

delivering oxygen to your muscles. 
• Dehydration and Its Effects: 

o Losing as little as 2% of your body weight through sweat can impair your 
endurance performance. 

o Dehydration symptoms: Dry mouth, dizziness, increased heart rate, and 
muscle cramps. 

o Severe dehydration can lead to heatstroke, a serious condition that 
requires medical attention. 

 
Take-Home Message: Proper hydration is essential for endurance athletes. Even mild 
dehydration can impair your performance, while severe dehydration is dangerous. 

 
 
Sweat Rate: How Much Fluid Do You Lose? 
 
The amount of fluid you lose during exercise is individual and depends on factors like 
temperature, humidity, intensity, and your fitness level. Understanding your sweat rate is 
the key to crafting a personal hydration plan. 
 



How to Calculate Your Sweat Rate: 
 

1. Weigh yourself before a workout (with minimal clothing and after using the 
bathroom). 

2. Complete the training planned for that day. 
3. Weigh yourself again after the workout. 
4. Subtract your post-workout weight from your pre-workout weight. This difference 

is your fluid loss in kilograms (1 kg = 1 litre of sweat lost). 
5. Add any fluids consumed during the workout to the total weight loss. 
• Example Calculation: 

o Pre-workout weight: 70 kg 
o Workout for 1 hour 
o Post-workout weight: 69.5 kg 
o Fluid consumed: 500 ml 
o Total sweat loss = (70 - 69.5) + 0.5 L = 1 litre/hour 

 
Electrolytes: More Than Just Salt 
 
Electrolytes are minerals—mainly sodium, potassium, magnesium, and calcium—that 
are essential for maintaining fluid balance, muscle function, and nerve signalling. When 
you sweat, you don’t just lose water; you lose electrolytes too, particularly sodium. 
Failing to replace these can lead to electrolyte imbalances, which cause cramps, 
fatigue, and in severe cases, hyponatremia (dangerously low sodium levels).  
 
 

Electrolytes Description  Electrolyte Loss in Sweat 
Sodium Helps maintain fluid balance and 

prevent cramping. 
800-2,000 mg/L of sweat 

Potassium Regulates muscle contractions and 
heart function 

200-600 mg/L of sweat 

Magnesium Supports muscle and nerve function. 
 

10-30 mg/L of sweat 

Calcium Crucial for muscle contractions and 
bone health. 

20-100 mg/L of sweat 

 
 
Signs of Electrolyte Imbalance: 

• Muscle cramps 
• Headaches 
• Fatigue 
• Nausea 

 
Take-Home Message: Electrolytes play a vital role in maintaining muscle function and 
hydration balance during endurance activities. Replacing them, especially sodium, is 
essential to avoid cramps and fatigue. 
 
 



Hydration and Electrolyte Strategy for Different Activities 
 
Your hydration and electrolyte needs vary depending on the type, duration, and intensity 
of your activity. Here’s how to approach hydration for different endurance sports:  
 
Short-Duration Activities (Less than 1 Hour) 

• Hydration: For activities lasting less than 60 minutes, water is usually sufficient, 
especially if temperatures are mild. 

• Electrolytes: Typically, electrolyte replacement isn’t necessary for shorter 
sessions unless you’re sweating heavily in hot conditions. 

Moderate-Duration Activities (1-3 Hours) 
• Hydration: Drink 500-750 ml of water per hour. If you know your sweat rate, aim 

to replace about 75-100% of the fluids lost. 
• Electrolytes: Start incorporating electrolytes, especially sodium (300-600 

mg/hour), through sports drinks or electrolyte tablets. 
Long-Duration Activities (Over 3 Hours) 

• Hydration: Plan to drink 750-1,000 ml of fluid per hour, depending on your sweat 
rate and environmental conditions. 

• Electrolytes: Ensure you’re consuming 600-1,000 mg of sodium per hour, along 
with other key electrolytes like potassium and magnesium, through sports 
drinks, gels, or salt tablets. 

 
Take-Home Message: Tailor your hydration strategy to the length of your activity. For 
longer sessions, be sure to include electrolytes in your hydration plan. 
 
 
The Danger of Overhydration: Hyponatremia 
 
While dehydration is a common concern, overhydration (or drinking too much water) 
can be just as dangerous. Drinking excessive amounts of water without replacing 
electrolytes can dilute the sodium levels in your blood, leading to a condition 
called hyponatremia. 
 

• What Is Hyponatremia? 
o A condition where sodium levels in the blood drop too low, often caused 

by over drinking water during endurance events. 
o Symptoms include nausea, headaches, confusion, and in severe cases, 

seizures or coma. 
• How to Avoid Overhydration: 

o Follow your sweat rate to avoid drinking more than necessary. 
o Choose sports drinks that contain sodium during long events instead of 

plain water. 
o Avoid “drinking to a schedule” if you’re not thirsty. Listen to your body.  

 
 
 
 



Hydration Strategies for Different Weather Conditions 
 
Weather conditions can dramatically affect your hydration needs. Hot, humid conditions 
increase your sweat rate, while cold weather can reduce your thirst response, making it 
harder to stay hydrated. 
 
Hot and Humid Conditions 

• Increased Sweat Rate: Heat and humidity make you sweat more, leading to 
quicker fluid and electrolyte losses. 

• Hydration Strategy: Drink 750-1,000 ml/hour and ensure you’re consuming 
enough electrolytes (600-1,000 mg sodium/hour). 

• Cooling Strategies: Consider wearing lighter clothing, using ice packs, or drinking 
cold fluids to help regulate body temperature. 

Cold Conditions 
• Reduced Sweat Rate: You sweat less in the cold, but don’t neglect hydration. 

Cold weather can suppress your thirst, making it easy to become dehydrated 
without realizing it. 

• Hydration Strategy: Drink 500-750 ml/hour, even if you don’t feel thirsty. 
• Electrolytes: You’ll still lose electrolytes in the cold, so include some in your 

drinks or snacks. 
 
Practical Tips for Hydration and Electrolyte Balance 

1. Start Hydrated: Drink 500-600 ml of water or a sports drink 2-3 hours before your 
workout or race to ensure you’re well-hydrated. 

2. Drink Regularly: Don’t wait until you’re thirsty. Aim to drink small amounts 
consistently throughout your workout or race. 

3. Carry Electrolytes: For longer workouts, carry electrolyte tablets, salt capsules, 
or choose a sports drink with added electrolytes. 

4. Post-Exercise Rehydration: After your workout, weigh yourself and drink 1.5 litres 
of fluid for every kilogram of weight lost to fully rehydrate. 

5. Monitor Your Urine: Light-coloured urine generally indicates good hydration, 
while dark-coloured urine can signal dehydration. 

 
Conclusion: Personalizing Your Hydration and Electrolyte Strategy 
 
Hydration and electrolyte balance are highly individualized. By understanding your sweat 
rate, electrolyte needs, and the demands of your specific activity, you can create a 
personalized strategy that keeps you performing at your best, no matter the conditions. 
 
Key Points Summary: 

• Dehydration impairs performance, while overhydration can lead to dangerous 
conditions like hyponatremia. 

• Calculate your sweat rate to determine your fluid replacement needs. 
• Electrolytes, especially sodium, are essential for maintaining muscle function and 

preventing cramps. 
• Adjust your hydration strategy based on the intensity, duration, and environmental 

conditions. 



Chapter 3: Macronutrient Breakdown 
for Endurance Athletes 
 

Introduction 
 
Endurance sports like running, cycling, and triathlon demand a precise balance of 
macronutrients—carbohydrates, fats, and proteins. These nutrients provide the energy 
needed to power through long distances, fuel recovery, and optimize performance. In this 
chapter, we’ll explore how each macronutrient plays a unique role in your training and 
how to adjust your intake based on your goals and events. 
 
Carbohydrates: The Primary Energy Source 
 
Carbohydrates are the body’s preferred fuel source during endurance activities, 
especially when you need quick bursts of energy or are competing at moderate to high 
intensities. Stored in your muscles and liver as glycogen, carbohydrates can be rapidly 
converted into glucose, the fuel your muscles need to keep moving. 
 

• Why Carbohydrates Matter: 
o Glycogen is the most accessible fuel during prolonged, intense exercise.  
o Low glycogen stores can lead to fatigue, known as “hitting the wall” or 

“bonking.” 
o Carbs also support brain function, helping you stay mentally sharp during 

long races. 
 
How Much Carbohydrate Do You Need? 

• Daily Intake: Endurance athletes should aim for 5-7 grams of carbohydrates per 
kilogram of body weight per day for general training. During more intense training 
blocks or events, increase this to 7-10 grams/kg/day. 

o Example: A 70 kg athlete needs 350-490 grams of carbs daily during 
regular training. 

 
Carbohydrate Timing 

• Before Exercise: Eat a carb-rich meal (200-300 grams) 3-4 hours before your 
workout or race to top off glycogen stores. 

• During Exercise: For activities lasting longer than 90 minutes, aim for 30-60 grams 
of carbohydrates per hour, which can come from sports drinks, gels, or easily 
digestible foods. 

• After Exercise: Replenish glycogen stores by consuming 1-1.2 grams of 
carbohydrates per kilogram of body weight within 30 minutes post-exercise. 

 
 
 



Fats: The Long-Distance Fuel 
 
While carbohydrates dominate high-intensity efforts, fat takes over as a primary fuel 
source during lower-intensity, longer-duration activities. Fat offers a highly efficient and 
sustained energy source, helping to conserve your glycogen stores and support 
endurance performance. 
 

• Why Fats Matter: 
o Fat provides 9 calories per gram, more than twice the energy of 

carbohydrates and proteins (4 calories/gram). 
o During long-duration exercise, fat oxidation increases, allowing the body to 

tap into its vast energy reserves. 
o Fat oxidation spares glycogen, delaying fatigue in events like marathons, 

triathlons, and ultra-endurance races. 
 
How Much Fat Do You Need? 

• Daily Intake: Aim for 1-1.5 grams of fat per kilogram of body weight each day, 
which should make up about 25-30% of your total daily calories. Focus on healthy 
fats, such as: 

o Monounsaturated fats (e.g., olive oil, avocado) 
o Polyunsaturated fats (e.g., nuts, seeds, fatty fish) 
o Omega-3s (e.g., flaxseeds, chia seeds, salmon) 

 
Training Fat Adaptation 

• What is Fat Adaptation? Over time, endurance athletes can train their bodies to 
become more efficient at using fat for fuel, especially during low- to moderate-
intensity exercise. This process helps spare precious glycogen stores for higher-
intensity efforts later in the race. 

• How to Train It: 
o Include long, low-intensity workouts where you rely more on fat than 

carbs. 
o Occasionally do fasted training sessions, where you train on an empty 

stomach to encourage your body to burn fat. 
o Be cautious—your performance may suffer during high-intensity efforts if 

you rely too heavily on fat, so a balanced approach is key. 
 
Take-Home Message: Fat is an important fuel source during long, steady endurance 
events. By training your body to use fat efficiently, you can preserve glycogen stores and 
maintain energy over time. 
 
 
 
 
 
 
 
 



Proteins: The Recovery and Repair Nutrient 
 
Protein is often thought of as the bodybuilder’s nutrient, but it plays a crucial role in 
endurance sports as well. While proteins don’t serve as a primary fuel source during 
exercise, they are essential for repairing muscle tissue, promoting recovery, and 
supporting lean muscle mass, which is critical for sustained endurance. 
 

• Why Proteins Matter: 
o Endurance training causes muscle damage. Protein helps repair and 

rebuild these muscles stronger. 
o Protein supports the immune system, which can be weakened by intense 

or prolonged exercise. 
o During prolonged exercise when glycogen stores are depleted, the body 

may break down protein to produce glucose, though this is not ideal.  
 
How Much Protein Do You Need? 

• Daily Intake: Endurance athletes should aim for 1.2-1.6 grams of protein per 
kilogram of body weight each day to support muscle repair and recovery. 

o Example: A 70 kg athlete needs 84-112 grams of protein per day. 
 
Protein Timing 

• Before Exercise: Include a small amount of protein (15-20 grams) in your pre-
workout meal to support muscle repair. 

• During Exercise: Protein is not typically needed during exercise unless you’re 
doing ultra-endurance events. 

• After Exercise: Consume 20-30 grams of protein within 30 minutes after exercise 
to kick-start muscle repair and recovery. Pairing protein with carbohydrates 
enhances glycogen replenishment. 

 
Best Protein Sources 

• Lean animal proteins: Chicken, turkey, eggs, fish, lean beef 
• Plant-based proteins: Lentils, beans, tofu, quinoa, tempeh 
• Protein supplements: Whey protein, casein protein, or plant-based powders 

 
 
Macronutrient Ratios for Endurance Athletes 
 
How you balance carbohydrates, fats, and proteins in your diet depends on your training 
intensity, duration, and personal goals. Below are general guidelines for macronutrient 
breakdowns for endurance athletes: 
 

• Carbohydrates: 50-65% of total daily calories 
• Fats: 20-30% of total daily calories 
• Proteins: 15-20% of total daily calories 

 
Sample Macronutrient Breakdown for a 2,500-calorie diet: 

• Carbohydrates: 1,250-1,625 calories (312-406 grams) 



• Fats: 500-750 calories (55-83 grams) 
• Proteins: 375-500 calories (94-125 grams) 

 
 
Adapting Macronutrient Needs Based on Training Phases 
 
Your macronutrient needs will fluctuate throughout your training cycle. Here’s how to 
adjust your intake based on your training phase: 
 
Base Training (Low Intensity, High Volume) 

• Carbohydrates: Moderate intake (5-6 g/kg) to fuel endurance sessions without 
overloading glycogen stores. 

• Fats: Higher intake to support longer, steady-state efforts. 
• Proteins: Moderate intake to aid muscle repair and adaptation. 

Peak Training (High Intensity, High Volume) 
• Carbohydrates: High intake (7-10 g/kg) to support glycogen replenishment during 

intense sessions. 
• Fats: Moderate intake to balance energy needs. 
• Proteins: Higher intake to recover from increased muscle breakdown. 

Tapering (Low Intensity, Low Volume) 
• Carbohydrates: High intake to ensure glycogen stores are fully replenished before 

race day. 
• Fats: Lower intake as training volume decreases. 
• Proteins: Maintain intake to support muscle recovery and maintenance. 

Take-Home Message: Adjust your macronutrient intake based on your training phase to 
match energy demands, prevent fatigue, and optimize recovery. 
 
 
Conclusion: Tailoring Your Macronutrient Strategy 
 
Understanding how to balance carbohydrates, fats, and proteins is essential for 
endurance athletes. Carbohydrates provide the fuel for intense and long-duration efforts, 
fats support endurance, and proteins are critical for recovery. By adjusting your 
macronutrient intake based on your training demands, you can optimize performance 
and keep your body fuelled for success. 
 
Key Points Summary: 

• Carbohydrates are the primary fuel for endurance athletes, especially during 
moderate to high-intensity efforts. 

• Fats provide sustained energy for long-duration, low-intensity exercise, helping to 
spare 

 
 
 
 
 
 



Chapter 4: Carbohydrate Loading and 
Fuelling 
 

Introduction 
 
Carbohydrates are the most important source of fuel for endurance athletes. Whether 
you’re gearing up for a marathon, a triathlon, or a long cycling event, proper carbohydrate 
loading and fuelling strategies can make the difference between hitting a personal best 
and hitting the wall. In this chapter, we’ll break down what carbohydrate loading is, how 
to do it effectively, and how to fuel your body during endurance events to maintain energy 
and performance. 
 
What is Carbohydrate Loading? 
 
Carbohydrate loading, or carbo-loading, is a strategy used by endurance athletes to 
maximize the amount of glycogen stored in the muscles and liver before a race. Since 
glycogen is your body’s most easily accessible energy source, having full stores is critical 
for maintaining performance during prolonged activities. 
 

• Why Carbohydrate Loading Matters: 
o Your body can store only a limited amount of glycogen—about 90 minutes' 

worth for intense activity. 
o Once glycogen stores are depleted, fatigue sets in, and you risk "hitting the 

wall" or experiencing a significant drop in performance. 
o By loading your body with carbs, you maximize glycogen stores and delay 

fatigue. 
 
The Science Behind Carbohydrate Loading 
 

• Glycogen: Glycogen is the stored form of glucose, found in muscles and the liver. 
During exercise, it’s broken down into glucose and used as fuel. 

• Glycogen Capacity: Muscle glycogen stores are limited (typically around 400-600 
grams), and once depleted, your body relies on slower fat metabolism, reducing 
your ability to maintain intensity. 

 
Take-Home Message: Carbohydrate loading is a strategy to boost glycogen stores, 
providing your muscles with the fuel they need to perform at their peak during long 
endurance events. 
 
 
 
 
 



How to Carbohydrate Load Effectively 
 
Carbo-loading is not as simple as eating pasta the night before a race. To maximize its 
benefits, you need to follow a structured approach over several days leading up to your 
event. 
 
Step 1: Taper Your Training 

• Reduce Exercise Volume: In the final 3-4 days before the event, reduce your 
training volume to give your muscles time to rest and fully replenish glycogen 
stores. 

• Maintain Intensity: Keep some short, high-intensity efforts to stimulate glycogen 
storage, but cut back on the duration of your workouts. 

 
Step 2: Increase Carbohydrate Intake 

• 3-4 Days Before the Race: Start consuming 8-10 grams of carbohydrates per 
kilogram of body weight each day. This is roughly double your regular intake and 
will ensure your muscles are storing as much glycogen as possible. 

o Example: A 70 kg athlete should consume 560-700 grams of 
carbohydrates per day. 

 
• Carbohydrate-Rich Foods: 

o Whole grains (pasta, rice, oats) 
o Potatoes, sweet potatoes 
o Bread, bagels 
o Fruit (bananas, apples, berries) 
o Sports drinks and carb-rich snacks like energy bars 

 
Sample Carbohydrate-Loading Day: 

• Breakfast: Oatmeal with fruit and honey (75g carbs) 
• Snack: Banana and yogurt (40g carbs) 
• Lunch: Large portion of rice with chicken and vegetables (120g carbs) 
• Snack: Bagel with peanut butter (60g carbs) 
• Dinner: Pasta with tomato sauce and a side of bread (150g carbs) 
• Evening Snack: Fruit smoothie with added oats (70g carbs) 

 
Take-Home Message: Effective carbohydrate loading involves tapering your training and 
significantly increasing your carbohydrate intake for 3-4 days before your event. 
 
The Day Before the Race: Final Preparations 
On the day before the race, it’s important to continue your carbo-loading strategy without 
overdoing it. Stick to foods you’re familiar with to avoid any digestive issues and focus on 
hydration. 
 
Tips for the Day Before the Race: 

• Stick to Simple Carbs: opt for foods that are easy to digest, like white bread, plain 
pasta, or rice, rather than high-fibre options that could cause stomach upset. 



• Avoid High-Fat and High-Fiber Foods: These can slow down digestion and lead 
to discomfort during the race. 

• Stay Hydrated: Drink plenty of water and consider including a sports drink with 
electrolytes to ensure you’re well-hydrated going into the race. 

Take-Home Message: Keep your diet simple and carb-focused the day before the race. 
Avoid high-fat and high-fibre foods that may upset your stomach. 
 
 
Carbohydrate Fuelling During the Race 
 
Carbo-loading sets the stage for a successful race, but during the event, you’ll need to 
continue fuelling to maintain energy levels and prevent glycogen depletion. The goal is to 
provide a steady stream of glucose to your muscles while keeping hydration in check. 
 
How Much Carbohydrate Do You Need During the Race? 

• Events Lasting 1-2 Hours: Aim for 30-60 grams of carbohydrates per hour. This 
could come from a combination of sports drinks, gels, or energy bars. 

• Events Lasting Over 2 Hours: For longer events, increase your intake to 60-90 
grams of carbohydrates per hour. Consuming multiple forms of carbohydrates, 
such as glucose and fructose, can help improve absorption rates and reduce 
stomach discomfort. 

 
Sources of Carbohydrates During the Race: 

• Sports Drinks: Contain easily digestible carbohydrates and electrolytes to help 
with hydration. 

• Energy Gels: Convenient and easy to consume, gels typically provide around 20-
30 grams of carbs per packet. 

• Energy Bars and Chews: Solid foods may be preferable for longer events where 
hunger becomes a factor. 

• Real Food: Some athletes prefer more natural sources like bananas, dates, or rice 
cakes for longer endurance events. 

 
Carbohydrate Timing During the Race: 

• Start fuelling 30-45 minutes into the race and continue consuming carbohydrates 
regularly (every 15-20 minutes) to maintain energy levels. 

• Avoid Overloading: Stick to easily digestible sources and avoid consuming large 
amounts at once to prevent gastrointestinal distress. 

 
Take-Home Message: During the race, aim to consume 30-90 grams of carbohydrates 
per hour, depending on the duration and intensity of the event. Use a mix of sports drinks, 
gels, and other carb-rich snacks to stay energized. 
 
 
 
 
 
 



Common Mistakes and How to Avoid Them 
 
Mistake 1: Starting Too Late 

• Solution: Carbohydrate loading isn’t effective if you start the night before the race. 
Begin your loading phase at least 3-4 days before the event to allow time for 
glycogen stores to fully replenish. 

Mistake 2: Overeating the Night Before 
• Solution: Don’t overstuff yourself the night before the race. Stick to smaller, easily 

digestible meals that won’t leave you feeling bloated on race day. 
Mistake 3: Neglecting Hydration 

• Solution: Carbohydrates require water to be stored as glycogen, so be sure to stay 
well-hydrated during the carbo-loading phase. Drink regularly and consider using 
sports drinks to replace electrolytes. 

Mistake 4: Relying on Unfamiliar Foods or Products 
• Solution: Always practice your carbohydrate fuelling strategy during training. 

Never introduce new foods, gels, or drinks on race day that you haven’t tested 
before. 

 
Take-Home Message: Avoid common mistakes by starting your carb-loading early, 
eating familiar foods, and staying hydrated. Practice your fuelling strategy in training to 
ensure it works on race day. 
 
 
Conclusion: Carbohydrate Loading and Fuelling for Success 
 
Carbohydrate loading and fuelling are essential components of an endurance athlete’s 
strategy. By properly managing your glycogen stores and maintaining a steady supply of 
carbohydrates during the race, you can delay fatigue and sustain your performance over 
long distances. Start early, fuel wisely, and avoid common pitfalls to make the most of 
your endurance events. 
 
Key Points Summary: 

• Carbohydrate loading increases glycogen stores, delaying fatigue and improving 
performance in endurance events. 

• Begin carbo-loading 3-4 days before the race and aim for 8-10 grams of 
carbohydrates per kilogram of body weight. 

• During the race, consume 30-90 grams of carbohydrates per hour to maintain 
energy levels. 

• Practice your fuelling strategy in training to avoid gastrointestinal issues on race 
day. 

 
 
 
 
 
 
 



Chapter 5: Carbohydrate Periodization 
 
 

Introduction 
 
Carbohydrate periodization is a strategy used by endurance athletes to optimize energy 
availability, enhance fat metabolism, and boost endurance performance. Unlike 
traditional methods where carbohydrate intake remains constant, periodization involves 
strategically adjusting your carbohydrate consumption based on your training load and 
goals. This approach allows you to train your body to become more metabolically flexible, 
enabling it to use both fats and carbohydrates efficiently during exercise. In this chapter, 
we’ll explain the science behind carbohydrate periodization, explore its benefits, and 
outline how to implement it effectively into your training routine.  
 
What is Carbohydrate Periodization? 
 
Carbohydrate periodization refers to the practice of manipulating carbohydrate intake to 
align with the intensity and duration of your training sessions. By varying the amount of 
carbohydrates, you consume before, during, and after workouts, you can train your body 
to better utilize both carbohydrates and fats as fuel sources, depending on the demands 
of your workout. 
 

• Why Carbohydrate Periodization Matters: 
o Teaches the body to burn fat more efficiently during low-intensity sessions. 
o Spares glycogen for when you need it most—during high-intensity efforts. 
o Enhances metabolic flexibility, allowing you to switch between fuel 

sources depending on exercise intensity. 
o Improves long-term endurance performance by adapting the body to 

perform in both carbohydrate-depleted and carbohydrate-fed states. 
 
 
The Science Behind Carbohydrate Periodization 
Your body relies on two main fuel sources during exercise: carbohydrates (glycogen and 
glucose) and fats. The fuel your body uses depends on the intensity and duration of your 
workout: 
 

• Low-Intensity Exercise: Your body primarily relies on fat for energy. 
• Moderate to High-Intensity Exercise: Your body shifts to using carbohydrates 

because they provide a quicker source of energy. 
 
Carbohydrate periodization allows you to train both energy systems by adjusting your 
carbohydrate intake to match your training. For example, consuming fewer 
carbohydrates before a low-intensity session forces your body to rely on fat for energy, 
improving your fat oxidation capacity. On the other hand, consuming more carbohydrates 



before a high-intensity session ensures you have the glycogen reserves needed to 
perform at your best. 
 
Key Concepts: 

• Training Low: Exercising with low glycogen stores to stimulate fat metabolism and 
mitochondrial adaptation. 

• Training High: Exercising with high glycogen stores to maximize performance and 
ensure high-quality training sessions. 

• Train Low, Compete High: The idea that you can train your body to burn fat more 
effectively by training in a carbohydrate-depleted state, but when it comes to race 
day, you load up on carbohydrates to perform at your peak. 

 
 
How to Implement Carbohydrate Periodization 
 
Carbohydrate periodization can be broken down into different strategies, each designed 
to achieve specific training goals. Here’s a guide on how to structure your carbohydrate 
intake around your training. 
 
1. Training Low 

• What It Is: Training with low muscle glycogen or low carbohydrate availability to 
improve fat metabolism and increase mitochondrial efficiency. 

• How to Do It: 
o Morning Fasted Sessions: Train first thing in the morning after an overnight 

fast when glycogen stores are low. These sessions are typically low to 
moderate intensity. 

o Two-a-Day Workouts: Complete a high-intensity workout earlier in the day 
to deplete glycogen stores, then perform a second workout (low intensity) 
later without replenishing carbohydrates. 

• Benefits: 
o Increases the body’s ability to oxidize fat during exercise. 
o Enhances mitochondrial biogenesis (creation of new mitochondria), which 

improves endurance performance. 
• Drawbacks: 

o Decreased ability to perform high-intensity efforts. 
o Risk of increased fatigue or illness if overused. 

 
2. Training High 

• What It Is: Training with high muscle glycogen or carbohydrate availability to 
optimize performance during high-intensity sessions. 

• How to Do It: 
o Carbohydrate-Rich Pre-Workout Meal: Consume a high-carbohydrate 

meal (1-2 grams per kilogram of body weight) 3-4 hours before your 
workout. 

o Carbohydrate During Training: For sessions lasting longer than 90 
minutes, aim to consume 30-60 grams of carbohydrates per hour to 
maintain energy levels. 



• Benefits: 
o Maximizes performance during key workouts. 
o Ensures that glycogen stores are replenished after high intensity training 

sessions, preventing overtraining and excessive fatigue. 
• Drawbacks: 

o Does not stimulate fat oxidation as effectively as "train low" strategies. 
 
 
Combining “Train Low” and “Train High” Strategies 
 
To get the best of both worlds, you can combine low and high carbohydrate availability 
throughout your training week. The key is to plan and align your carbohydrate intake with 
the demands of each workout. 
 

Day Workout Description  
Monday Low-Intensity Aerobic 

Session 
 

o Train fasted or with minimal 
carbohydrates. 

o Focus on long, steady-state efforts to 
improve fat oxidation. 

Tuesday High-Intensity Interval 
Session 

o High carbohydrate intake before and 
during the session. 

o Ensure glycogen stores are topped up to 
perform at your peak. 

Wednesday Rest Day o Lower carbohydrate intake, focusing on 
fat metabolism and recovery. 

Thursday Tempo (Moderate 
Intensity) 

o Moderate carbohydrate intake pre-
workout to balance endurance and fat 
metabolism. 

Friday Strength Training o Train with moderate carbohydrate 
intake. Strength workouts don’t require 
as many carbs, but still benefit from 
some pre-workout fuel. 

Saturday Rest Day o Lower carbohydrate intake, focusing on 
fat metabolism and recovery. 

Sunday Long Run or Ride o Begin the session with low glycogen to 
stimulate fat oxidation for the first half, 
then switch to carbohydrate intake for 
the second half to prevent fatigue. 

 
 
Take-Home Message: Combine “train low” and “train high” strategies throughout your 
week to optimize both fat oxidation and carbohydrate-fuelled performance. 
 
 
 
 
 



Benefits of Carbohydrate Periodization 
 
Implementing carbohydrate periodization into your training plan can offer a variety of 
benefits, especially for endurance athletes looking to maximize both fat metabolism and 
performance during intense efforts. 
 
Key Benefits: 

• Improved Fat Oxidation: By training in a low-carb state, your body becomes 
more efficient at burning fat, which helps during long endurance events. 

• Increased Metabolic Flexibility: You’ll train your body to use both 
carbohydrates and fats effectively, depending on the intensity and duration of the 
exercise. 

• Enhanced Mitochondrial Function: "Training low" boosts the number and 
function of your mitochondria, the powerhouses of your cells, which is crucial for 
endurance performance. 

• Glycogen Sparing: Using fat as a primary fuel source during low-intensity 
exercise allows you to save glycogen for high-intensity efforts, delaying fatigue in 
longer events. 

 
 
Challenges and Risks of Carbohydrate Periodization 
 
While carbohydrate periodization offers many benefits, it’s important to be aware of the 
challenges and potential risks associated with this approach. 
 
Challenges: 

• Training Low May Impact Performance: Training in a glycogen-depleted state 
can reduce your ability to perform high-intensity efforts. This can be frustrating if 
you’re used to pushing hard in every session. 

• Increased Fatigue: If you overuse the "train low" approach, you might 
experience greater fatigue or even risk overtraining. 

• Risk of Illness: Training with low carbohydrate availability can compromise your 
immune system, making you more susceptible to illness, particularly during 
heavy training blocks. 

 
 
Conclusion: Optimizing Your Training with Carbohydrate Periodization 
 
Carbohydrate periodization is an advanced nutritional strategy that allows you to 
optimize both fat metabolism and carbohydrate utilization, leading to improved 
endurance performance. By strategically adjusting your carbohydrate intake to match the 
intensity and demands of your workouts, you can train your body to be more 
metabolically flexible and better equipped to handle the demands of your sport. 
Remember to practice a balanced approach, combining "train low" and "train high" 
sessions throughout your training week to maximize the benefits without risking fatigue 
or illness. 
 



Key Points Summary: 
• Carbohydrate periodization trains your body to use both fats and carbohydrates 

efficiently by adjusting your intake based on the intensity of your workouts. 
• "Train low" strategies improve fat oxidation and mitochondrial function, while 

"train high" sessions maximize glycogen availability for high-intensity efforts. 
• Combining both strategies within your weekly training plan can lead to improved 

endurance and performance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6: Carbohydrate Needs for 
Different Events 
 

Introduction 
 
Every endurance event places unique demands on your body. Whether you're tackling a 
5K run, a marathon, or an ultra-endurance challenge, getting your carbohydrate intake 
right is essential to maximizing performance. The amount of carbohydrates you need—
and when to consume them—varies depending on the event's length, intensity, and your 
body’s requirements. In this chapter, we’ll break down the carbohydrate needs for 
different endurance events, from short-distance races to ultra-endurance feats, and offer 
practical advice on fuelling strategies. 
 
 

Short-Distance Events (5K to Half-Marathon) 
 
Short-distance races, such as 5Ks, 10Ks, and half-marathons, are all about intensity. 
These events are typically completed at a high pace, meaning your body relies heavily on 
carbohydrates to sustain speed and energy. 
 

• Why Carbohydrates Matter in Short-Distance Events: 
o Carbohydrates are the primary fuel for high-intensity efforts, supplying 

quick energy to your muscles. 
o Glycogen depletion is less of a concern because the event duration is 

relatively short (30 minutes to 2 hours). 
 
Carbohydrate Requirements for Short-Distance Events 
 

• Before the Race: 
o Pre-race meal (2-4 hours before): Aim for 1-2 grams of carbohydrates per 

kilogram of body weight. This meal should be low in fat and fibre to avoid 
gastrointestinal issues. 

o Example: A 70 kg runner should eat 70-140 grams of carbohydrates in their 
pre-race meal. 

o Carb Sources: Oatmeal with fruit, a bagel with jam, or a banana and toast 
are ideal choices. 

• During the Race: 
o 5K and 10K: You likely won’t need to consume carbohydrates during these 

shorter races as your glycogen stores are typically sufficient to carry you 
through. Focus on staying hydrated instead. 



o Half-Marathon: For races lasting more than 90 minutes, consider 
consuming 30-60 grams of carbohydrates per hour, starting after the first 
30-45 minutes. 

o Carb Sources: Sports drinks, energy gels, or chews provide easily 
digestible carbohydrates. 

 
Fuelling Strategy for a Half-Marathon: 

• 30 minutes before the race: Consume a small snack, such as a banana (20-30 
grams of carbs). 

• During the race: Drink a sports drink every 15-20 minutes or take an energy gel 
every 45 minutes. 

 
Take-Home Message: For short-distance events, focus on a carbohydrate-rich meal 
before the race and light fuelling (if necessary) during the event to maintain energy levels. 
 
 

Marathons 
 
The marathon is the classic endurance challenge. With a distance of 26.2 miles (42.2 
kilometres), your body’s glycogen stores will likely be depleted before the finish line 
unless you fuel correctly. 
 

• Why Carbohydrates Matter in Marathons: 
o The intensity of a marathon is typically moderate, but the long duration 

makes carbohydrate replenishment crucial. 
o Without proper fuelling, glycogen stores can run out around the 20-mile 

mark, causing the dreaded “bonk” or “hitting the wall.” 
 
Carbohydrate Requirements for Marathons 
 

• Before the Race: 
o Carbohydrate Loading: Begin carbo-loading 2-3 days before the race by 

consuming 8-10 grams of carbohydrates per kilogram of body weight per 
day. 

o Example: A 70 kg marathoner should aim for 560-700 grams of 
carbohydrates daily during this period. 

• Race Day Fuelling: 
o During the Race: Aim to consume 30-60 grams of carbohydrates per hour, 

depending on your pace and tolerance. Spread out the intake over the 
course of the race. 

o Carb Sources: Sports drinks, energy gels, and bars are all good options, 
but practice your fuelling strategy during training to avoid digestive issues. 

 
Fuelling Strategy for a Marathon: 
 



• Pre-race breakfast (2-3 hours before): A balanced meal with around 150-200 
grams of carbohydrates (e.g., a bagel with honey, oatmeal with fruit, and a sports 
drink). 

• During the race: Start consuming carbohydrates 45 minutes in, then continue 
every 30-45 minutes. Try to combine gels with water for easier digestion. 

 
 

Triathlons (Sprint to Ironman) 
 
Triathlons add complexity to fuelling, as you need to manage carbohydrate intake across 
multiple disciplines: swimming, cycling, and running. The longer the event, the more 
critical it becomes to get your fuelling strategy right. 
 

• Why Carbohydrates Matter in Triathlons: 
o Triathlons combine both high-intensity and endurance efforts, meaning 

your body will need carbohydrates throughout. 
o The longer events (Olympic, Half-Ironman, Ironman) can take anywhere 

from 2-17 hours, requiring continuous fuelling to maintain energy and 
performance. 

 
Carbohydrate Requirements for Triathlons 
 

• Sprint and Olympic Triathlons: 
o Before the Race: A carbohydrate-rich meal (2-3 grams per kilogram of 

body weight) 2-3 hours before the race. 
o During the Race: For sprint triathlons (lasting under 90 minutes), you may 

not need additional carbohydrates during the event. For Olympic 
triathlons, aim for 30-60 grams of carbohydrates per hour. 

• Half-Ironman and Ironman Triathlons: 
o Before the Race: Carbo-load for 2-3 days leading up to the race, with 8-10 

grams of carbohydrates per kilogram of body weight daily. 
o During the Race: Aim for 60-90 grams of carbohydrates per hour across 

the bike and run stages. The bike leg is an ideal time to take in solid food, 
while gels and liquids are better for the run. 

 
Fuelling Strategy for a Half-Ironman: 

• Bike Leg: Consume 60-80 grams of carbohydrates per hour from bars, drinks, and 
gels. A more solid breakfast, like a bar or sandwich, works well here. 

• Run Leg: Switch to easily digestible carbohydrates such as gels and sports drinks, 
aiming for 30-60 grams per hour. 

 
Fuelling Strategy for an Ironman: 

• Bike Leg: The bike stage is where you should focus on getting in the bulk of your 
carbohydrates (80-90 grams per hour) through solid foods, bars, and energy 
drinks. 



• Run Leg: Switch to gels, energy chews, and drinks, aiming for 40-60 grams of 
carbohydrates per hour. Don’t rely solely on solid food at this stage to avoid 
gastrointestinal distress. 

 
 

Ultra-Endurance Events (Ultra-Marathons, Ultra-Cycling, 
Multi-Day Events) 
 
Ultra-endurance events, which can last anywhere from 6 hours to multiple days, place 
extreme demands on your body’s energy systems. Proper carbohydrate fuelling is 
essential to prevent fatigue and maintain performance over the long haul.  
 

• Why Carbohydrates Matter in Ultra-Endurance Events: 
o Fat becomes a major fuel source in ultra-endurance events, but 

carbohydrates are still necessary to maintain intensity and focus. 
o Without consistent carbohydrate intake, even well-trained athletes will 

struggle to maintain performance. 
 
Carbohydrate Requirements for Ultra-Endurance Events 

• Before the Event: Carbohydrate loading is critical, but you’ll also want to increase 
fat intake to ensure you have plenty of energy stores. 

o Carbo-Load: Start 2-3 days before the event with 8-10 grams of 
carbohydrates per kilogram of body weight per day. 

• During the Event: 
o Aim to consume 60-90 grams of carbohydrates per hour but be flexible. 

You may need to adjust based on how your body feels during such long 
events. 

o Focus on a mix of solid foods, liquids, and gels. Early in the event, you can 
consume solid foods like sandwiches, rice cakes, and energy bars. Later, 
switch to easier-to-digest options like gels and energy drinks. 

 
Fuelling Strategy for an Ultra-Endurance Event: 

• Early Stages (First 4-6 hours): Consume 60-90 grams of carbohydrates per hour 
through solid foods like sandwiches, energy bars, and rice cakes. 

• Later Stages: Switch to a mix of gels, chews, and energy drinks, focusing on easily 
digestible carbohydrates. Keep hydration and electrolyte levels in check. 

 
Take-Home Message: Ultra-endurance events require constant carbohydrate fuelling, 
mixing solid foods, gels, and drinks to maintain energy and performance over many hours 
or days. 
 
Conclusion: Matching Carbohydrate Needs to Your Event 
Understanding the carbohydrate needs for your specific event is critical for maintaining 
performance, avoiding fatigue, and achieving your goals. Whether you’re racing a 5K, 
marathon, or ultra-endurance event, tailoring your carbohydrate strategy to the demands 



of the race will ensure you have the energy to perform at your best. Practice your fuelling 
strategy during training to ensure it works for you on race day. 
 
Key Points Summary: 

• Short races (5K-10K) require minimal during-race fuelling but benefit from a 
carbohydrate-rich pre-race meal. 

• Marathons and longer events require consistent carbohydrate fuelling during the 
race to avoid hitting the wall. 

• Triathlons demand a well-planned carbohydrate intake across multiple 
disciplines, with the bike leg being key for longer events. 

• Ultra-endurance events require a mix of solid and liquid carbohydrates, with 
flexible fuelling strategies to maintain energy over many hours or days. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 7: Fat Adaptation and 
Metabolic Flexibility 
 
 

Introduction 
 
Endurance athletes are often told that carbohydrates are their primary fuel source, but 
the reality is more complex. While carbs are crucial for high-intensity efforts, your body 
can also tap into fat stores for long-lasting energy. Learning to utilize fat as a fuel source, 
a process known as fat adaptation, can increase your endurance and help spare 
glycogen for when you need it most. In this chapter, we’ll dive into the science behind fat 
adaptation, how to train your body to become more metabolically flexible, and how this 
strategy can benefit your performance in endurance events. 
 
What is Fat Adaptation? 
Fat adaptation refers to the body’s increased ability to use fat as a primary energy source 
during exercise, especially at lower intensities. This is a natural adaptation that occurs 
with consistent endurance training and can be enhanced through dietary strategies, such 
as carbohydrate periodization and lower-carb training sessions. 
 

• Why Fat Adaptation Matters: 
o Fat provides a nearly unlimited source of energy, as even lean athletes have 

thousands of calories stored in fat compared to limited glycogen stores. 
o Tapping into fat as fuel helps spare glycogen, which is essential for high-

intensity efforts like sprinting or surges during a race. 
o Relying more on fat can delay the onset of fatigue, allowing you to maintain 

performance over long distances. 
 
The Science Behind Fat as Fuel 

• Carbohydrates: Your body’s go-to fuel for high-intensity efforts, offering quick 
energy but with limited storage capacity (around 1,500-2,000 calories worth of 
glycogen). 

• Fats: The slow-burning energy source that can be oxidized for fuel, especially 
during long, steady-state activities. A well-trained athlete has access to 
over 100,000 calories of energy from fat stores. 

 
Take-Home Message: Fat adaptation is about teaching your body to rely more on fat for 
fuel during lower-intensity efforts, preserving glycogen for when you need bursts of high-
intensity energy. 
 
 
 
 



The Benefits of Fat Adaptation for Endurance Athletes 
 
Fat adaptation can have a significant impact on endurance athletes, particularly in 
events that last longer than 90 minutes. Here are some of the key benefits: 
 
1. Enhanced Endurance Performance 

• Why It Matters: In long-distance events like marathons, triathlons, and ultra-
endurance races, the ability to utilize fat as a fuel source can help maintain steady 
energy levels over time. 

• How It Helps: Fat adaptation allows your body to use fat stores for the majority of 
low-to-moderate intensity efforts, conserving glycogen for high-intensity 
segments, like the final sprint or hill climb. 

2. Glycogen Sparing 
• Why It Matters: Your body’s glycogen stores are limited, and once they’re 

depleted, your performance plummets (hence the "bonk" or "hitting the wall"). 
• How It Helps: By relying more on fat, your glycogen stores are preserved, which 

can be critical for maintaining performance during the later stages of a race. 
3. Improved Fat Oxidation 

• Why It Matters: Training your body to efficiently oxidize (burn) fat for fuel helps you 
utilize this vast energy reserve. It’s particularly beneficial in ultra-endurance 
events where low-intensity effort dominates. 

• How It Helps: Improved fat oxidation reduces reliance on frequent carbohydrate 
intake, making fuelling during long races less critical and more flexible. 

 
Take-Home Message: Fat adaptation improves your body’s ability to use fat for fuel, 
enhances endurance performance, spares glycogen for key moments, and helps 
maintain energy levels during long events. 
 
 
What is Metabolic Flexibility? 
 
Metabolic flexibility is the ability of your body to seamlessly switch between burning 
carbohydrates and fats as fuel, depending on the intensity of the exercise. A 
metabolically flexible athlete can use fat for energy during lower-intensity efforts and 
switch to carbohydrates when intensity ramps up. This adaptability allows for more 
efficient energy usage across a wide range of activities. 
 

• Why Metabolic Flexibility Matters: 
o It allows you to optimize energy use across different exercise intensities, 

ensuring that you have the right fuel source for the right effort.  
o It reduces your reliance on constant carbohydrate fuelling, as your body 

becomes more adept at using fats for fuel at lower intensities. 
o It helps prevent energy crashes by ensuring a smooth transition between 

burning fats and carbohydrates. 
 



Take-Home Message: Metabolic flexibility is about training your body to switch between 
fat and carbohydrate usage efficiently, allowing you to handle varying exercise intensities 
while optimizing energy utilization. 
 
 
Training for Fat Adaptation and Metabolic Flexibility 
 
To improve fat adaptation and metabolic flexibility, you need to strategically adjust your 
training and nutrition. Here are key strategies to train your body to use fat more efficiently 
and increase your metabolic flexibility. 
 
1. Low-Carbohydrate Training (Train Low) 

• What It Is: Training in a low-carb or glycogen-depleted state forces your body to 
rely on fat as its primary fuel source. 

• How to Do It: 
o Fasted Morning Runs: Perform low- to moderate-intensity workouts first 

thing in the morning after an overnight fast to deplete glycogen stores and 
stimulate fat oxidation. 

o Two-a-Day Workouts: Complete a high-intensity session in the morning to 
deplete glycogen stores, then follow up with a low-intensity workout later 
in the day without consuming significant carbohydrates between sessions. 

• Benefits: Increases fat oxidation and improves your body’s ability to use fat as a 
fuel source during long endurance events. 

 
2. Long, Slow Distance Training 

• What It Is: Incorporating long, low-intensity endurance sessions into your training 
plan encourages your body to burn fat rather than glycogen. 

• How to Do It: 
o Focus on low to moderate intensity (60-70% of your maximum heart rate) 

for extended durations (90 minutes or more) to stimulate fat metabolism. 
• Benefits: Trains your body to rely on fat for fuel during long-duration activities and 

improves metabolic flexibility. 
 
3. Carbohydrate Periodization 

• What It Is: Alternating between high and low carbohydrate intake based on your 
training intensity. This technique is explored in-depth in Chapter 5. 

• How to Do It: 
o On high-intensity training days, consume more carbohydrates to fuel 

performance. 
o On low-intensity or rest days, reduce carbohydrate intake to encourage 

fat oxidation. 
• Benefits: Allows you to improve fat adaptation while ensuring that you have 

adequate carbohydrates for performance during key workouts. 
 
4. Fasted or Reduced-Carbohydrate Long Runs 

• What It Is: Performing your long endurance runs or rides with reduced 
carbohydrate intake to train your body to burn fat for fuel. 



• How to Do It: 
o Start with a light breakfast (or none at all) and perform a long, steady 

workout at moderate intensity to encourage fat oxidation. 
o Ensure you don’t push into high-intensity efforts during these workouts, as 

this will shift your body back to burning carbohydrates. 
• Benefits: Helps build endurance while improving your body’s ability to rely on fat 

as a primary fuel source. 
 
Take-Home Message: You can improve fat adaptation and metabolic flexibility through 
low-carbohydrate training, long-distance endurance sessions, and strategic 
carbohydrate periodization. 
 
 
 
The Role of Diet in Fat Adaptation 
 
Your diet plays a critical role in the process of fat adaptation. While training stimulates 
your body to use fat more effectively, your dietary choices can either support or hinder 
this adaptation. 
 
1. Low-Carbohydrate, High-Fat (LCHF) Diets 

• What It Is: A diet that limits carbohydrate intake and focuses on fats as the 
primary energy source, encouraging your body to adapt to using fat for fuel. 

• How to Implement: 
o Limit daily carbohydrate intake to around 50-100 grams during low-

intensity training blocks. 
o Increase intake of healthy fats, such as avocados, nuts, seeds, olive oil, 

and fatty fish. 
• Benefits: Increases fat oxidation and enhances your body’s ability to burn fat 

during prolonged, low-intensity exercise. 
2. Targeted Carbohydrate Intake 

• What It Is: Rather than following a strict low-carb diet all the time, you can 
periodize your carbohydrate intake, consuming carbs around key workouts while 
keeping them low during less intense sessions. 

• How to Implement: 
o On high-intensity days, eat carbohydrate-rich meals to ensure glycogen 

stores are full. 
o On lower-intensity days or during recovery periods, reduce carbohydrate 

intake to further encourage fat oxidation. 
 
Take-Home Message: Your diet can significantly impact fat adaptation. Consider 
incorporating LCHF principles during low-intensity phases and strategically increasing 
carbohydrate intake for high-intensity sessions. 
 
Challenges and Risks of Fat Adaptation 
While fat adaptation offers clear benefits for endurance athletes, it’s not without its 
challenges and risks. Here are some potential pitfalls to be aware of: 



Challenges: 
• Reduced Performance During High-Intensity Workouts: Training in a low-

carbohydrate state can impair your ability to perform at high intensities, especially 
when sprinting or completing interval workouts. 

• Increased Fatigue: If overused, low-carbohydrate training can lead to fatigue and 
negatively impact your overall training load. 

• Digestive Issues: Some athletes may struggle to digest high-fat foods, especially 
during training sessions, leading to discomfort or gastrointestinal issues. 

Risks: 
• Over-reliance on Low-Carb Diets: Completely eliminating carbohydrates for 

long periods can lead to glycogen depletion, reduced muscle recovery, and poor 
performance during high-intensity efforts. 

• Decreased Immune Function: Prolonged low-carb intake can suppress your 
immune system, increasing the risk of illness or injury. 

Take-Home Message: Fat adaptation can improve endurance and metabolic flexibility, 
but it must be implemented carefully to avoid reduced performance during key high-
intensity workouts. 
 
 
Conclusion: The Power of Fat Adaptation and Metabolic Flexibility 
 
Fat adaptation and metabolic flexibility are key strategies for endurance athletes looking 
to optimize performance during long-distance events. By training your body to efficiently 
use fat as a fuel source, you can preserve glycogen for when it matters most and maintain 
steady energy levels over prolonged efforts. However, it’s essential to balance fat 
adaptation strategies with adequate carbohydrate intake for high-intensity workouts to 
avoid performance dips. 
 
Key Points Summary: 

• Fat adaptation improves your body’s ability to use fat as fuel, sparing glycogen for 
high-intensity efforts. 

• Metabolic flexibility allows you to switch between burning fat and carbohydrates, 
optimizing energy use for different exercise intensities. 

• Train your body for fat adaptation through low-carbohydrate sessions, long-
distance workouts, and carbohydrate periodization. 

• Balance low-carb strategies with high-intensity carbohydrate fuelling to avoid 
fatigue and performance decline. 

 
 
 
 
 
 
 
 
 
 



Chapter 8: Fuelling Long Events with Fat 
Introduction 
In long-distance endurance events like ultra-marathons, Ironman triathlons, and long 
cycling events, the body’s fuel demands shift dramatically. While carbohydrates provide 
quick energy for high-intensity efforts, they are limited in supply. Fat, on the other hand, 
offers a vast energy reserve that can be utilized over many hours of sustained activity. 
Learning how to fuel long events with fat—while balancing carbohydrate intake—can 
lead to improved performance, reduced risk of energy crashes, and enhanced 
endurance. 

 
Why Fuel with Fat During Long Events? 
Fuelling long events with fat allows your body to tap into a nearly unlimited energy 
supply. While carbohydrates are still important, especially for high-intensity surges, fat 
provides the steady, long-lasting energy needed to keep going during multi-hour events. 

• Why Fat as a Fuel Source Matters: 
o The body’s glycogen stores are limited (1,500-2,000 calories worth), but 

even lean athletes have over 100,000 calories of energy stored in fat. 
o Fat metabolism helps spare glycogen, delaying fatigue and the onset of 

“hitting the wall.” 
o Endurance events tend to involve lower-intensity, steady-state efforts, 

which are ideal for fat oxidation. 
Take-Home Message: Fueling with fat during long events taps into a large energy 
reserve, allowing you to sustain effort for extended periods while sparing glycogen for 
higher-intensity segments. 

 
How the Body Uses Fat During Endurance Events 
Fat is stored in adipose tissue and muscles as triglycerides. During endurance exercise, 
especially at moderate intensities, the body breaks down these triglycerides into free 
fatty acids, which are then transported to the muscles to be oxidized and used for 
energy. The rate at which your body burns fat depends on the intensity of your effort: 

• Low to Moderate Intensity: Fat is the primary fuel source, especially during the 
early stages of long events when the pace is steady. 

• High Intensity: As intensity increases, your body shifts back to using 
carbohydrates because they provide faster energy than fat. 

The Role of Fat in Long Events: 
• Marathons and Beyond: During marathons, ultra-marathons, and Ironman 

triathlons, athletes tend to operate at lower intensities for extended periods, 
making fat a crucial fuel source. 

• Energy Conservation: By using fat for energy during the lower-intensity parts of 
the event, athletes can preserve their glycogen stores for when they need it 
most—like during a final push or a steep climb. 

Take-Home Message: Fat plays a vital role in fueling long events, especially during the 
lower-intensity phases when the body can efficiently burn fat for energy.  

 
How to Train Your Body to Use Fat More Effectively 
Training your body to efficiently burn fat during endurance events requires a 
combination of specific training techniques and dietary adjustments. The goal is to 



enhance your body’s ability to tap into fat stores while sparing glycogen for when you 
need quick bursts of energy. 
1. Fasted Training 

• What It Is: Training on an empty stomach or after consuming very few 
carbohydrates to force your body to rely on fat for energy. 

• How to Do It: 
o Perform low to moderate-intensity workouts early in the morning before 

eating breakfast. 
o Start with shorter sessions (45-60 minutes) and gradually build up to 

longer sessions (90 minutes or more) as your body adapts. 
• Benefits: 

o Increases fat oxidation during exercise. 
o Trains your body to use fat as its primary fuel source during longer, steady-

state efforts. 
2. Long, Slow Distance Training 

• What It Is: Incorporating long, low-intensity endurance sessions into your 
training to stimulate fat metabolism. 

• How to Do It: 
o Focus on maintaining a steady pace at 60-70% of your maximum heart 

rate for 90 minutes to several hours. 
o Avoid high-intensity surges to keep the body in fat-burning mode. 

• Benefits: 
o Trains the body to rely on fat for energy during long events, which helps 

conserve glycogen for when it’s needed most. 
3. Low-Carbohydrate Training 

• What It Is: Reducing carbohydrate intake before or during certain training 
sessions to encourage fat utilization. 

• How to Do It: 
o Periodically reduce carbohydrate intake on days when you’re doing long, 

low-intensity sessions. 
o Consider following a low-carbohydrate, high-fat diet (LCHF) for a block of 

training to enhance fat adaptation (although this approach should be 
carefully managed). 

• Benefits: 
o Improves your body’s efficiency at using fat for fuel, especially during low 

to moderate-intensity exercise. 
 
 
Fuelling Strategies for Long Events Using Fat 
 
Fuelling long events with fat isn’t just about tapping into your body’s fat stores—it’s also 
about incorporating the right balance of fat-rich foods, carbohydrates, and hydration 
throughout the event. Here's how to effectively fuel using fat during long-distance races 
or rides. 
 
1. Pre-Event Nutrition 



• Carbohydrate-Focused Pre-Race Meal: While fat adaptation is important, 
starting a race with full glycogen stores is still crucial. The morning of the race, 
consume a high-carbohydrate meal (1-2 grams of carbohydrates per kilogram of 
body weight) to ensure your glycogen stores are topped up. 

• Fat and Protein Intake: Include moderate amounts of healthy fats and protein to 
provide slower-burning fuel and prevent hunger during the race. 

o Example: A balanced pre-race meal might include oatmeal with almond 
butter and a banana. 

2. During the Event 
• Long Events (4+ hours): For events that stretch beyond 4 hours, a mix of 

carbohydrates and fat-based fuel becomes essential to sustain energy levels 
without causing spikes and crashes. 

o Solid Foods: Include energy bars, nut butters, avocados, and trail mix for 
a steady source of fat and protein. 

o Carbohydrate Supplements: Incorporate sports drinks, gels, or energy 
chews for quicker energy when you need a boost. Aim for 30-60 grams of 
carbohydrates per hour to maintain glycogen stores. 

o Real Food: In ultra-endurance events, athletes often consume real food 
like peanut butter sandwiches, cheese wraps, or avocado toast for a 
combination of fats and carbs. 

3. The Balance Between Fat and Carbohydrates 
• Timing Matters: Early in the race, when the intensity is low, you can focus more 

on fat-based fuels like nut butters, trail mix, or energy bars. As you approach the 
middle and later stages, particularly during higher-intensity sections, you should 
shift to more carbohydrate-rich fuels like gels and sports drinks. 

• Fat-Rich Foods to Consider: 
o Nut butters: Peanut butter or almond butter packets provide a portable, 

fat-rich fuel source. 
o Avocado: Provides healthy fats, is easy to digest, and can be included in 

wraps or eaten alone. 
o Trail mix: A combination of nuts, seeds, and dried fruit offers both fats 

and carbohydrates for a sustained energy release. 
 
Take-Home Message: During long events, balance fat-based foods like nut butters and 
avocados with carbohydrate-rich supplements like gels and sports drinks. Use fat-
based fuels early in the race and switch to carbs during high-intensity segments. 
 
Combining Fat and Carbohydrate Fuelling 
 
While fat can fuel long, steady efforts, carbohydrates remain crucial for high-intensity 
efforts. Knowing when to switch between fat and carbohydrate fuelling during an event 
is key to maintaining performance. 
 
Fat for Endurance, Carbs for Intensity 

• Low-Intensity Periods: In the early stages of a long event, when your pace is 
steady and the intensity is low, rely more on fat-based fuels to provide slow-



burning energy. Fat takes longer to digest but provides a more sustainable energy 
source over time. 

• High-Intensity Surges: When the intensity ramps up, whether it’s due to a hill 
climb, a sprint, or the final stretch of a race, switch to carbohydrate-based 
fuelling. Carbohydrates provide quick energy that’s easier to access at high 
intensities. 

 
Take-Home Message: Combine fat and carbohydrate fuelling to optimize your energy 
use. Use fat during low-intensity periods and shift to carbohydrates during high-intensity 
efforts to maintain performance. 
 
Challenges and Risks of Fat-Fuelled Racing 
 
While fuelling with fat has clear advantages during long events, it also comes with 
potential challenges and risks that athletes should be aware of. 
 
Challenges: 

• Digestive Issues: Fat-rich foods can be harder to digest, especially during 
intense exercise, and may lead to stomach discomfort if not consumed carefully. 

• Training Adaptation: It can take time for your body to fully adapt to using fat as a 
primary fuel source, especially if you’re accustomed to relying mostly on 
carbohydrates. 

Risks: 
• Reduced Intensity: Training or racing with too little carbohydrate intake can 

reduce your ability to perform at higher intensities, which is essential for surges 
and the final push. 

• Fatigue and Bonking: If you rely too heavily on fat without replenishing glycogen 
stores, you could risk hitting the wall during high-intensity sections of the race. 

 
Take-Home Message: Fuelling long events with fat can be beneficial, but it’s important 
to find the right balance with carbohydrates to avoid digestive issues, fatigue, or 
reduced performance during high-intensity sections. 
 
 
Conclusion: Mastering Fat as a Fuel for Long Events 
 
Fuelling long endurance events with fat can be a game-changer for athletes looking to 
sustain energy over many hours. By training your body to efficiently burn fat and 
combining fat-based foods with carbohydrate-rich supplements, you can maintain 
steady energy levels and perform at your best during even the most gruelling events. 
Remember, the key is balance—using fat for long, steady efforts and carbs for high-
intensity segments. 
 
Key Points Summary: 

• Fat provides a long-lasting energy source for endurance events, helping to spare 
glycogen for high-intensity efforts. 



• Train your body to use fat through fasted sessions, long slow distance training, 
and low-carbohydrate sessions. 

• During long events, balance fat-rich foods with carbohydrate-based 
supplements to maintain energy and performance. 

• Fat fuelling is ideal for low-intensity segments, while carbohydrates are essential 
for high-intensity efforts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 9: The Role of Protein in 
Endurance Sports 
 

Introduction 
 
When we think of protein, images of bodybuilders and muscle gain often come to mind, 
but protein plays an equally important role for endurance athletes. Whether you're a 
runner, cyclist, or triathlete, protein is essential for repairing muscles, supporting 
recovery, and maintaining lean muscle mass during long training cycles. In this chapter, 
we’ll explore why protein is so important for endurance athletes, how it supports 
performance and recovery, and how to optimize your protein intake to fuel your training 
and races. 
 
Why Protein Matters in Endurance Sports 
 
Protein is often seen as the building block of muscles, but its importance extends far 
beyond muscle growth. For endurance athletes, protein is crucial for repairing the muscle 
damage caused by long and intense workouts, maintaining immune function, and even 
supporting energy production when carbohydrate stores run low. 
 

• Key Functions of Protein in Endurance Sports: 
o Muscle Repair and Recovery: Endurance training leads to muscle 

breakdown, and protein is essential for repairing this damage and making 
muscles stronger. 

o Immune System Support: Long, intense training sessions can weaken the 
immune system, and protein helps maintain immune function. 

o Energy Production: During long events, when glycogen stores are 
depleted, your body may break down protein to produce glucose (though 
this is not ideal and should be avoided by fuelling properly). 

 
The Science Behind Protein's Role 
 

• Amino Acids: Protein is made up of amino acids, which are the building blocks of 
muscle tissue. Some amino acids are classified as essential, meaning your body 
can’t produce them and they must come from your diet. 

• Muscle Protein Synthesis: After endurance exercise, your muscles undergo a 
process called muscle protein synthesis (MPS), where damaged muscle fibres are 
repaired and strengthened. Adequate protein intake is necessary to support this 
process. 

 
Take-Home Message: Protein is essential for muscle repair, immune function, and, in 
extreme cases, energy production. Without enough protein, endurance athletes may 
struggle with recovery, muscle maintenance, and overall performance. 



 
 
How Much Protein Do Endurance Athletes Need? 
 
Endurance athletes have slightly higher protein needs than the average person due to the 
constant stress placed on their muscles. While protein needs are typically associated 
with strength athletes, endurance athletes must also ensure they are consuming enough 
to support recovery and muscle repair. 
 
General Protein Requirements: 

• Endurance Athletes: 1.2-1.6 grams of protein per kilogram of body weight per day. 
o Example: A 70 kg endurance athlete should aim for 84-112 grams of 

protein daily. 
 
Factors Affecting Protein Needs: 

• Training Volume: The more you train, the more protein your body needs to repair 
damaged muscles. 

• Age: Older athletes may require more protein to prevent muscle loss. 
• Body Composition Goals: Athletes trying to maintain or gain muscle mass may 

need more protein to support lean muscle growth. 
 
Take-Home Message: Aim for 1.2-1.6 grams of protein per kilogram of body weight each 
day, adjusting your intake based on your training volume and personal goals. 
 
The Role of Protein in Recovery 
 
Recovery is just as important as training when it comes to improving performance. After 
a tough workout, your body needs the right nutrients to repair muscle damage, replenish 
energy stores, and reduce inflammation. Protein plays a key role in this recovery process 
by supporting muscle repair and reducing muscle soreness. 
 
1. Muscle Repair and Growth 

• Why It Matters: Every time you run, swim, or cycle, your muscles experience 
small amounts of damage. Protein helps repair this damage and builds stronger 
muscle fibres in preparation for the next session. 

• How It Works: Consuming protein after exercise boosts muscle protein synthesis, 
the process that repairs and rebuilds muscle tissue. 

o Leucine, an essential amino acid found in protein, plays a particularly 
important role in triggering muscle protein synthesis. 

2. Reducing Muscle Soreness 
• Why It Matters: Delayed-onset muscle soreness (DOMS) is common after long or 

intense workouts, especially in endurance events like marathons or triathlons. 
• How It Helps: Studies have shown that protein can help reduce muscle soreness 

by promoting faster recovery and minimizing muscle damage. 
3. Supporting Immune Function 



• Why It Matters: Long training sessions and intense races can weaken your 
immune system, making you more susceptible to illness. Protein is vital for 
producing the antibodies that keep your immune system functioning properly.  

 
 
 
Optimizing Protein Timing for Performance 
 
Getting enough protein throughout the day is important but timing your protein intake is 
key to maximizing its benefits for recovery and performance. Here’s how to time your 
protein intake around training and competition. 
 
1. Pre-Workout Protein 

• Why It Matters: While carbohydrates are the main focus before a workout, a small 
amount of protein can provide amino acids to support muscle function and 
reduce muscle breakdown during exercise. 

• How Much: Aim for 15-20 grams of protein in your pre-workout meal, combined 
with carbohydrates for energy. 

o Example: Greek yogurt with a banana, or a smoothie with protein powder 
and oats. 

2. Post-Workout Protein 
• Why It Matters: After a workout, your muscles are primed for recovery and repair. 

Consuming protein within 30 minutes to 2 hours post-exercise helps jumpstart 
muscle protein synthesis and replenish energy stores. 

• How Much: Aim for 20-30 grams of protein in your post-workout meal or snack. 
o Example: A protein shake, eggs on toast, or a chicken and quinoa salad. 

3. Spacing Protein Throughout the Day 
• Why It Matters: Consuming protein at regular intervals throughout the day keeps 

muscle protein synthesis elevated and supports ongoing recovery. 
• How Much: Spread your protein intake evenly, aiming for 20-30 grams of protein 

every 3-4 hours. 
o Example: Include protein-rich foods in every meal—breakfast, lunch, 

dinner, and snacks. 
 
 
Best Protein Sources for Endurance Athletes 
 
Not all proteins are created equal. For endurance athletes, it’s important to consume 
high-quality proteins that contain all nine essential amino acids, as these are the building 
blocks your body needs for muscle repair and recovery. 
 
Complete Proteins (Contain all essential amino acids): 

• Animal-Based Proteins: 
o Lean meats: Chicken, turkey, and lean beef 
o Fish: Salmon, tuna, mackerel (also rich in omega-3s) 
o Eggs: Whole eggs and egg whites 
o Dairy: Greek yogurt, cottage cheese, and milk 



o Protein supplements: Whey and casein protein powders 
• Plant-Based Proteins: 

o Soy products: Tofu, tempeh, soy milk 
o Quinoa: A complete plant-based protein 
o Plant-based protein powders: Pea protein, rice protein, and soy protein 

blends 
 
Incomplete Proteins (Lack some essential amino acids but can be combined): 
 

• Legumes: Lentils, beans, chickpeas 
• Nuts and seeds: Almonds, chia seeds, hemp seeds 
• Whole grains: Brown rice, oats, barley 

 
Take-Home Message: Focus on complete proteins to ensure you’re getting all the 
essential amino acids. If you’re plant-based, combine different protein sources (e.g., rice 
and beans) to form complete proteins. 
 
 
Protein Supplements: Do You Need Them? 
 
While it’s best to get your protein from whole foods, protein supplements can be a 
convenient way to meet your daily needs, especially when you’re on the go or don’t have 
time to prepare a full meal. Protein shakes and bars can help fill the gaps, particularly 
after workouts when you need a quick protein boost. 
 
Types of Protein Supplements: 

• Whey Protein: A fast-digesting protein that’s ideal for post-workout recovery. It’s 
high in leucine, which triggers muscle protein synthesis. 

• Casein Protein: A slow-digesting protein that provides a steady release of amino 
acids. It’s ideal for consuming before bed to support overnight recovery. 

• Plant-Based Protein: Ideal for vegan and vegetarian athletes, plant-based protein 
powders (e.g., pea or rice protein) offer a high-quality protein option that’s easy to 
digest. 

 
When to Use Protein Supplements: 

• Post-Workout: A protein shake immediately after training can help replenish 
muscles quickly. 

• On the Go: If you don’t have time to prepare a meal, protein bars or shakes can 
provide a quick, convenient source of protein. 

 
Conclusion: Protein for Performance and Recovery 
 
Protein is essential for endurance athletes, supporting muscle repair, recovery, and 
immune function. By consuming enough protein and timing it effectively around 
workouts, you can enhance your recovery, reduce muscle soreness, and maintain peak 
performance. Remember to focus on high-quality protein sources, and don’t overlook the 
importance of spacing your intake throughout the day. 



Key Points Summary: 
• Protein plays a key role in muscle repair, recovery, and immune function for 

endurance athletes. 
• Aim for 1.2-1.6 grams of protein per kilogram of body weight daily. 
• Time your protein intake around workouts, consuming protein before and after 

exercise for optimal recovery. 
• Focus on complete proteins from both animal and plant sources and use protein 

supplements as needed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 10: Protein-Rich Foods and 
Supplements 
 

Introduction 
 
Endurance athletes need to fuel their bodies with the right nutrients to recover, build lean 
muscle, and perform at their best. Protein plays a key role in this, helping repair muscles 
and maintain overall health. But not all protein sources are created equal, and 
understanding the difference between whole foods and supplements can help you 
optimize your diet for maximum benefit. In this chapter, we’ll explore various protein-rich 
foods, look at when supplements are useful, and provide guidance on how to incorporate 
them into your daily meals and snacks. 
 
Protein-Rich Foods: Whole Food Sources 
 
Whole foods should form the foundation of your diet, as they offer not only protein but 
also essential vitamins, minerals, fibre, and healthy fats. For endurance athletes, 
focusing on a variety of protein sources ensures you're getting all the amino acids your 
body needs to recover and perform well. 
 
1. Animal-Based Protein Sources 
 
Animal-based proteins are considered "complete" proteins, meaning they contain all 
nine essential amino acids. These proteins are highly bioavailable, meaning your body 
can easily digest and absorb them for muscle repair and recovery. 

• Lean Meats: 
o Chicken: A versatile protein source that's low in fat and high in protein 

(around 31 grams per 100 grams). 
o Turkey: Similar to chicken, turkey is rich in protein and provides important 

nutrients like iron and zinc. 
o Lean Beef: A good source of high-quality protein (26 grams per 100 grams) 

and rich in iron, which helps with oxygen transport during endurance 
activities. 

• Fish: 
o Salmon: Packed with protein (25 grams per 100 grams) and omega-3 fatty 

acids, which help reduce inflammation and support recovery. 
o Tuna: A low-fat, high-protein option (24 grams per 100 grams) that’s easy 

to add to salads or sandwiches. 
o Mackerel and Sardines: These oily fish provide not only protein but also 

heart-healthy omega-3 fats. 
• Eggs: 



o Whole Eggs: A highly bioavailable protein source (6 grams per egg), rich in 
essential amino acids. Eggs are also a great source of vitamin D and B12, 
which support muscle health. 

o Egg Whites: Pure protein (around 3.6 grams per egg white) with no fat, ideal 
for low-calorie, high-protein meals. 

• Dairy: 
o Greek Yogurt: A high-protein snack (around 10 grams per 100 grams) that 

also provides calcium and probiotics for gut health. 
o Cottage Cheese: Rich in casein protein, which digests slowly (11 grams 

per 100 grams), making it a great option for a bedtime snack to support 
overnight recovery. 

o Milk: Contains both whey and casein proteins (8 grams per cup), making it 
a complete and balanced source of protein. 

 
2. Plant-Based Protein Sources 
For vegetarian and vegan athletes, plant-based proteins can still offer complete nutrition 
when combined correctly. While most plant proteins are "incomplete" (missing some 
essential amino acids), combining different sources ensures you're getting a full amino 
acid profile. 
 

• Soy Products: 
o Tofu: A versatile plant-based protein (8 grams per 100 grams), great for stir-

fries, salads, or smoothies. It’s also a good source of calcium and iron.  
o Tempeh: Made from fermented soybeans, tempeh is a rich source of 

protein (19 grams per 100 grams) and has added probiotics for gut health. 
• Legumes: 

o Lentils: High in protein (18 grams per cup cooked) and fiber, making them 
ideal for hearty salads, soups, or curries. 

o Chickpeas and Beans: Both are excellent protein sources (around 15 
grams per cup cooked) and provide fiber, which helps with digestion and 
maintaining energy during long training sessions. 

• Whole Grains: 
o Quinoa: One of the few plant-based complete proteins (8 grams per cup 

cooked), containing all nine essential amino acids. It’s a versatile grain that 
can be used in salads, bowls, or as a side dish. 

o Brown Rice and Oats: While not complete proteins on their own, 
combining them with beans or legumes creates a complete protein profile. 

• Nuts and Seeds: 
o Almonds: A good source of protein (6 grams per ounce) and healthy fats, 

making them ideal for snacking or adding to meals. 
o Chia Seeds: While small, chia seeds pack a protein punch (4 grams per 

ounce) and are high in omega-3s and fibre, perfect for smoothies or 
oatmeal. 

 
Take-Home Message: A variety of protein-rich whole foods from both animal and plant 
sources should be the foundation of your diet. Combining plant-based proteins ensures 



you’re getting all essential amino acids, while animal-based proteins offer highly 
bioavailable complete proteins. 
 
 
Protein Supplements: When to Use Them 
 
While whole foods should be your primary source of protein, supplements can be a 
convenient and effective way to meet your protein needs—especially for athletes with 
high training volumes or busy schedules. Protein supplements provide a quick and easy 
source of high-quality protein to support recovery and muscle repair. 
 
Types of Protein Supplements 

• Whey Protein: 
o What It Is: Derived from milk, whey protein is a fast-digesting, complete 

protein, making it ideal for post-workout recovery. 
o Why It’s Beneficial: Whey is rich in leucine, an amino acid that plays a 

critical role in muscle protein synthesis. It digests quickly, making it perfect 
for a post-exercise protein boost. 

o When to Use It: Best consumed immediately after a workout or as a quick 
protein source when you’re short on time. 

• Casein Protein: 
o What It Is: Also derived from milk, casein is a slow-digesting protein, 

providing a steady release of amino acids over several hours. 
o Why It’s Beneficial: Ideal for overnight recovery, casein supports muscle 

repair while you sleep by supplying a slow, sustained protein release. 
o When to Use It: Best consumed before bed or between meals to keep 

protein synthesis elevated throughout the day. 
• Plant-Based Protein Powders: 

o What They Are: Made from sources like peas, rice, hemp, or soy, these 
proteins are perfect for vegan and lactose-intolerant athletes. 

o Why They’re Beneficial: They offer a complete amino acid profile when 
blended from multiple sources (e.g., pea and rice protein). 

o When to Use Them: Use after workouts or as a snack throughout the day, 
especially if you're plant-based or have dietary restrictions. 

• Protein Bars: 
o What They Are: Convenient, portable snacks that combine protein, carbs, 

and sometimes fats in one. 
o Why They’re Beneficial: Easy to carry and eat on the go, protein bars 

provide a quick hit of protein when you don’t have time for a meal. 
o When to Use Them: Ideal for snacking between meals, after workouts, or 

during long training sessions for sustained energy. 
 
How to Use Protein Supplements Effectively 

• Post-Workout: Consuming a fast-digesting protein, such as whey, within 30 
minutes to 2 hours after exercise can help jumpstart muscle repair and replenish 
lost nutrients. 



• Before Bed: Casein protein is best consumed before bed to support overnight 
recovery by providing a slow, steady release of amino acids. 

• Throughout the Day: If you struggle to hit your protein targets with whole foods, 
protein shakes or bars can be used as snacks between meals to ensure you’re 
getting enough protein. 

 
Take-Home Message: Protein supplements can be a convenient and effective way to 
meet your protein needs, especially around workouts or when whole food sources aren’t 
readily available. Whey protein is ideal for quick recovery, while casein is better suited for 
long-lasting protein support. 
 
Choosing the Right Protein for You 
Not all protein sources are equally suited for every athlete. Choosing the right protein 
source depends on factors like dietary preferences, allergies, training goals, and even the 
time of day. 
 
1. For Quick Recovery 

• Best Choice: Whey protein. It’s fast-absorbing and high in leucine, making it the 
best choice immediately after a workout to kickstart recovery. 

2. For Overnight Recovery 
• Best Choice: Casein protein. Its slow-digesting nature makes it perfect for a 

bedtime snack, ensuring a steady release of amino acids during sleep. 
3. For Vegan or Lactose-Intolerant Athletes 

• Best Choice: Plant-based protein powders. Blends of pea, rice, or hemp protein 
provide a complete amino acid profile without dairy or animal products. 

4. For Busy Athletes 
• Best Choice: Protein bars or shakes. These portable, ready-to-eat options are 

perfect for athletes with a packed schedule who need protein on the go.  
Take-Home Message: Choose your protein sources based on your individual needs, 
such as your training schedule, dietary restrictions, and personal preferences. Whey is 
great for quick recovery, while casein supports long-term muscle repair. 
 
Combining Protein with Other Nutrients 
 
Protein works best when combined with other nutrients like carbohydrates and fats. 
Endurance athletes should focus on balanced meals and snacks that provide a mix of 
macronutrients to support performance and recovery. 
1. Protein and Carbohydrates 

• Why It Works: Combining protein with carbohydrates after a workout helps 
replenish glycogen stores and promotes faster recovery. 

o Example: A post-run meal of grilled chicken with brown rice and 
vegetables provides both protein for muscle repair and carbohydrates for 
energy replenishment. 

2. Protein and Healthy Fats 
• Why It Works: Pairing protein with healthy fats like avocados, nuts, or olive oil 

helps maintain energy levels and supports recovery. 



o Example: A snack of Greek yogurt with almonds and a drizzle of honey 
offers a balanced mix of protein, fats, and carbohydrates. 

 
Take-Home Message: Pair protein with carbohydrates after workouts to optimize 
recovery and include healthy fats in your meals to support sustained energy and overall 
health. 
 
Conclusion: Building Your Protein Strategy 
 
Whether you're getting protein from whole foods, supplements, or a combination of both, 
it’s important to create a balanced protein strategy that supports your training and 
recovery needs. Focus on high-quality protein sources, and don’t forget to balance your 
meals with carbohydrates and healthy fats for overall performance. Use protein 
supplements, when necessary, but make whole foods the foundation of your diet. 
 
Key Points Summary: 

• Whole food sources like lean meats, fish, eggs, and legumes should form the core 
of your protein intake. 

• Protein supplements, such as whey and casein, can support recovery and muscle 
repair, especially post-workout or before bed. 

• Choose protein sources based on your dietary needs and training schedule—
whey for quick recovery, casein for long-term repair, and plant-based options for 
vegans. 

• Combine protein with carbohydrates and healthy fats for balanced meals and 
optimal recovery. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 18: Nutrition for Female 
Athletes 
 
 

Introduction 
 
 
Female athletes have unique nutritional needs that can greatly impact their performance, 
recovery, and overall well-being. From hormonal changes across the menstrual cycle to 
higher risks of nutrient deficiencies, women’s nutrition requires a strategic approach to 
meet the demands of training and competition. In this chapter, we’ll explore how female 
athletes can optimize their diet to support energy, strength, recovery, and hormonal 
balance. 
 
Why Female Athletes Have Unique Nutritional Needs 
 
While many general principles of sports nutrition apply to both men and women, female 
athletes face specific challenges related to energy availability, menstrual cycle 
fluctuations, and the risk of certain nutrient deficiencies. Addressing these factors is 
essential to ensure peak performance and long-term health. 

• Hormonal Fluctuations: The menstrual cycle, pregnancy, and menopause can all 
influence energy needs, muscle recovery, and nutrient absorption. 

• Energy Availability: Female athletes, especially those in endurance sports, are 
more likely to experience low energy availability (LEA), which can lead to fatigue, 
poor recovery, and menstrual irregularities. 

• Higher Nutrient Requirements: Women have higher needs for certain nutrients, 
like iron and calcium, to support bone health, oxygen transport, and energy 
production. 

Take-Home Message: Female athletes have distinct nutritional needs due to hormonal 
fluctuations and higher risks of nutrient deficiencies. Addressing these differences is key 
to maintaining performance and overall health. 
 
Energy Availability and the Risk of RED-S 
 
One of the biggest concerns for female athletes is ensuring they are consuming enough 
energy to meet the demands of their training. Low energy availability (LEA) occurs when 
the body doesn’t receive enough calories to cover both exercise and basic physiological 
functions. This can lead to Relative Energy Deficiency in Sport (RED-S), a condition 
that affects performance, recovery, and long-term health. 
 
What is RED-S? 



• Energy Deficiency: RED-S happens when the body is in a prolonged energy 
deficit, leading to reduced reproductive function, impaired bone health, and 
decreased immune function. 

• Causes: It often occurs when athletes restrict calories to lose weight, fail to eat 
enough to match their training demands, or unknowingly under-fuel. 

 
Signs of RED-S: 

• Irregular or absent menstrual periods (amenorrhea) 
• Fatigue and low energy levels 
• Frequent injuries, especially stress fractures 
• Reduced muscle strength and performance 
• Mood swings and difficulty concentrating 

 
How to Prevent RED-S: 

• Track Your Energy Intake: Ensure you're consuming enough calories to meet 
your basal metabolic needs plus the energy demands of training. Female 
athletes should aim to meet their daily energy expenditure with well-balanced 
meals. 

• Include Carbohydrates: Carbohydrates are essential for energy and should 
make up 50-60% of your daily intake, especially during heavy training. 

• Eat Regularly: Avoid skipping meals or severely restricting calories. Consistently 
fuelling your body throughout the day with regular meals and snacks can prevent 
energy deficits. 

 
Take-Home Message: Avoid low energy availability by consuming enough calories to 
meet both your training needs and physiological functions. This helps prevent RED-S 
and ensures optimal performance and health. 
 
 
The Menstrual Cycle and Nutrition 
 
The menstrual cycle is a key consideration for female athletes, as hormonal fluctuations 
can affect energy levels, metabolism, and nutrient needs. Understanding how to adjust 
nutrition around the phases of the menstrual cycle can help optimize performance and 
recovery. 
 
Phases of the Menstrual Cycle: 

• Follicular Phase (Days 1-14): This phase begins with menstruation and ends with 
ovulation. Estrogen levels rise, which can improve endurance and increase the 
body’s ability to use fat as fuel. 

• Luteal Phase (Days 15-28): After ovulation, progesterone levels increase, leading 
to changes in metabolism, including increased appetite and a greater reliance on 
carbohydrates for fuel. 

 
Nutrition Strategies for Each Phase: 



• Follicular Phase: During the early part of the cycle, energy levels tend to be higher, 
and the body is more efficient at using fat for fuel. This is an ideal time for 
endurance training. 

o Focus on Fats: Incorporate healthy fats like avocados, nuts, seeds, and 
oily fish into your diet. 

o Iron-Rich Foods: Since menstruation leads to blood loss, include iron-rich 
foods like spinach, red meat, and lentils to prevent iron deficiency. 

 
• Luteal Phase: As progesterone rises, metabolism speeds up, and the body relies 

more on carbohydrates for fuel. Appetite often increases, so it’s important to 
adjust your diet accordingly. 

o Increase Carbohydrate Intake: Include more whole grains, fruits, and 
starchy vegetables to meet the body’s increased carbohydrate needs. 

o Hydrate: The luteal phase can lead to fluid retention, so staying hydrated 
is essential to prevent bloating and maintain performance. 

 
Managing PMS Symptoms: 

• Magnesium: Magnesium-rich foods like leafy greens, nuts, and seeds can help 
reduce cramps and bloating. 

• Calcium and Vitamin D: Both nutrients support bone health and can help 
alleviate mood swings and PMS-related symptoms. 

 
Take-Home Message: Adjust your nutrition based on the menstrual cycle to optimize 
energy, performance, and recovery. Focus on fats and iron during the follicular phase and 
increase carbohydrates and hydration in the luteal phase. 
 
 
Nutrient Needs for Female Athletes 
 
Female athletes are at higher risk for certain nutrient deficiencies, particularly iron, 
calcium, and vitamin D. These nutrients are critical for maintaining bone health, energy 
levels, and muscle function. 
 
1. Iron: 

• Why It’s Important: Iron is essential for oxygen transport in the blood, making it 
crucial for endurance athletes. Women lose iron during menstruation, increasing 
the risk of deficiency. 

• Signs of Deficiency: Fatigue, shortness of breath, pale skin, and frequent illness 
can indicate iron deficiency anemia. 

• How to Prevent It: 
o Include iron-rich foods like red meat, spinach, lentils, and fortified cereals. 
o Pair plant-based iron sources with vitamin C-rich foods (such as oranges 

or peppers) to enhance absorption. 
2. Calcium: 

• Why It’s Important: Calcium is vital for bone health and muscle function. Female 
athletes, especially those at risk of RED-S or with irregular periods, need to ensure 
adequate calcium intake to prevent bone loss. 



• How to Get It: 
o Include dairy products like milk, yogurt, and cheese, or fortified non-dairy 

alternatives. 
o Leafy greens, tofu, and almonds are also good sources of calcium. 

3. Vitamin D: 
• Why It’s Important: Vitamin D helps with calcium absorption and supports bone 

health. It also plays a role in muscle function and immune health.  
• How to Get It: 

o Sunlight is the best source of vitamin D, but in winter months or cloudy 
regions, it’s important to get it from fortified foods (milk, cereal) or 
supplements. 

Take-Home Message: Female athletes should focus on key nutrients like iron, calcium, 
and vitamin D to maintain bone health, support energy levels, and enhance muscle 
recovery. 
 
 
Fuelling for Performance: Carbohydrates, Protein, and Fats 
 
While nutrient timing and micronutrient intake are important, female athletes also need 
to focus on macronutrients—carbohydrates, protein, and fats—to fuel their training and 
recovery. 
 
1. Carbohydrates: 

• Why It’s Important: Carbohydrates provide the primary fuel for endurance 
athletes, especially during high-intensity efforts and long-distance events. 
Female athletes should not shy away from carbs, as they are essential for 
maintaining energy levels and preventing fatigue. 

• How Much to Eat: 
o Aim for 5-7 grams of carbohydrates per kilogram of body weight during 

regular training and increase this to 7-10 grams per kilogram during 
intense training or competition. 

o Include whole grains, fruits, vegetables, and legumes in your diet. 
2. Protein: 

• Why It’s Important: Protein supports muscle repair and recovery after training, 
helping to maintain lean muscle mass and prevent injury. 

• How Much to Eat: 
o Aim for 1.2-1.6 grams of protein per kilogram of body weight each day, 

with slightly higher intake after intense training sessions. 
o Include high-quality protein sources like lean meats, fish, eggs, dairy, tofu, 

and legumes. 
3. Fats: 

• Why It’s Important: Healthy fats are essential for hormone production, especially 
estrogen, which plays a key role in reproductive health and bone density. 

• How Much to Eat: 
o Include healthy fats such as olive oil, avocados, nuts, seeds, and fatty fish 

in your diet. 



o Ensure that fats make up 20-30% of your total daily intake, focusing on 
unsaturated fats. 

 
Take-Home Message: Female athletes should prioritize carbohydrates for energy, 
protein for recovery, and healthy fats for hormone balance and overall health. Balance 
your macronutrient intake based on training intensity and duration. 
 
Special Considerations for Female Athletes 
 
In addition to general nutrition principles, female athletes may face unique challenges 
that require a personalized approach to their diet. 
1. Pregnancy and Nutrition: 

• Increased Energy Needs: Pregnant athletes require more calories to support 
both their training and the growing baby. 

• Key Nutrients: Focus on folic acid, iron, calcium, and omega-3 fatty acids to 
support fetal development and maintain maternal health. 

2. Menopause and Training: 
• Bone Health: Post-menopausal women are at higher risk for bone loss due to 

declining estrogen levels, making calcium and vitamin D intake even more 
important. 

• Adjusting Training and Diet: Female athletes going through menopause may 
need to adjust their training intensity and focus on maintaining lean muscle mass 
through strength training and adequate protein intake. 

 
Take-Home Message: Life stages like pregnancy and menopause bring unique 
challenges for female athletes. Adjust nutrition and training strategies to meet the 
changing needs of the body during these phases. 
 
Conclusion: Optimizing Nutrition for Female Athletes 
 
Female athletes have distinct nutritional needs that must be addressed to optimize 
performance, recovery, and long-term health. From managing energy availability and the 
menstrual cycle to ensuring adequate intake of key nutrients like iron, calcium, and 
vitamin D, female athletes can benefit from a strategic approach to nutrition. By focusing 
on balanced macronutrient intake, addressing specific nutrient needs, and tailoring 
nutrition strategies to life stages, female athletes can perform at their best while 
maintaining overall well-being. 
Key Points Summary: 

• Female athletes need to ensure proper energy availability to prevent RED-S and 
support performance. 

• Adjust nutrition around the menstrual cycle, focusing on iron and fats during the 
follicular phase and carbohydrates during the luteal phase. 

• Prioritize key nutrients like iron, calcium, and vitamin D to support bone health, 
oxygen transport, and energy levels. 

• Tailor nutrition strategies to life stages like pregnancy and menopause for optimal 
health and performance. 

 



Chapter 20: Vegan and Vegetarian 
Endurance Athletes 
 

Introduction 
 
Vegan and vegetarian athletes are redefining what it means to fuel performance through 
plant-based nutrition. Whether for ethical, environmental, or health reasons, many 
endurance athletes are embracing a plant-based diet. While vegan and vegetarian diets 
offer numerous health benefits, they also require careful planning to ensure adequate 
intake of key nutrients that support energy, muscle recovery, and long-term performance. 
In this chapter, we’ll explore how vegan and vegetarian endurance athletes can optimize 
their nutrition, avoid nutrient deficiencies, and perform at their best. 
 
Understanding Vegan and Vegetarian Diets 
 
Before diving into specific strategies, it’s important to understand the differences 
between vegan and vegetarian diets and how they impact nutrient intake.  

• Vegan Diet: Excludes all animal products, including meat, fish, dairy, eggs, and 
honey. This diet relies solely on plant-based foods like vegetables, fruits, grains, 
legumes, nuts, and seeds. 

• Vegetarian Diet: Excludes meat and fish but may include animal products like 
dairy and eggs, depending on the type (e.g., lacto-ovo vegetarians consume both 
dairy and eggs, while lacto-vegetarians consume dairy but avoid eggs). 

Both diets can support endurance athletes, but vegans need to be especially mindful of 
potential nutrient gaps that could affect performance. 
 
Take-Home Message: Vegan diets exclude all animal products, while vegetarian diets 
may include dairy and eggs. Both require careful planning to ensure all essential nutrients 
are consumed for optimal performance. 
 
Key Nutrients for Vegan and Vegetarian Athletes 
 
Plant-based athletes must pay particular attention to certain nutrients that are more 
readily available in animal-based foods. Without careful planning, deficiencies in these 
nutrients can negatively impact endurance, strength, and recovery. 
1. Protein: 

• Why It’s Important: Protein is essential for muscle repair and recovery after long 
endurance sessions. While plant-based foods provide protein, many are 
"incomplete," meaning they lack one or more essential amino acids. 

• How to Get Enough: Combine different plant proteins throughout the day to 
ensure you're getting all nine essential amino acids. 

o Complete Plant Proteins: Quinoa, soy (tofu, tempeh, edamame), 
buckwheat, and chia seeds. 



o Combining Incomplete Proteins: Mix beans and rice, or pair lentils with 
whole grains, to create a complete protein profile. 

 
Protein-Rich Plant Foods: 

• Lentils: 18 grams of protein per cup cooked 
• Chickpeas: 15 grams per cup cooked 
• Tofu: 10 grams per 100 grams 
• Quinoa: 8 grams per cup cooked 
• Peanut Butter: 8 grams per 2 tablespoons 

 
Take-Home Message: Vegan and vegetarian athletes can meet their protein needs by 
combining different plant-based proteins and including complete sources like soy and 
quinoa in their diet. 
 
2. Iron: 

• Why It’s Important: Iron is critical for transporting oxygen to muscles during 
exercise. Plant-based (non-heme) iron is less easily absorbed than the heme iron 
found in animal products, making it important for vegans and vegetarians to 
consume more iron and enhance absorption. 

• How to Get Enough: 
o Iron-Rich Plant Foods: Spinach, lentils, chickpeas, tofu, quinoa, and 

fortified cereals. 
o Enhance Absorption: Pair plant-based iron sources with vitamin C-rich 

foods (like citrus fruits, peppers, or broccoli) to increase absorption. Avoid 
drinking tea or coffee with meals, as they inhibit iron absorption.  

Signs of Iron Deficiency: 
• Fatigue 
• Shortness of breath during exercise 
• Pale skin 
• Weakness 

 
Take-Home Message: Vegans and vegetarians need to focus on iron-rich plant foods and 
enhance absorption by pairing them with vitamin C. This helps prevent fatigue and 
improves oxygen delivery to muscles. 
 
3. Vitamin B12: 

• Why It’s Important: Vitamin B12 is crucial for red blood cell production and 
nerve function, but it’s only found naturally in animal products. Vegan athletes 
are particularly at risk of deficiency, which can lead to anemia and nerve 
damage. 

• How to Get Enough: 
o Fortified Foods: Many plant-based milks, cereals, and nutritional yeast 

are fortified with vitamin B12. 
o Supplements: Vegans should take a B12 supplement (2.4 mcg per day) to 

meet their daily needs, as it’s difficult to get enough from fortified foods 
alone. 

Signs of B12 Deficiency: 



• Fatigue and weakness 
• Numbness or tingling in hands and feet 
• Memory problems 

Take-Home Message: Vegans should take a B12 supplement or consume fortified 
foods to avoid deficiency, as plant-based diets lack natural sources of this vitamin. 
 
4. Calcium: 

• Why It’s Important: Calcium is essential for bone health, muscle function, and 
nerve signaling. While dairy is a primary source of calcium, vegans can get 
calcium from fortified plant foods and leafy greens. 

• How to Get Enough: 
o Calcium-Rich Plant Foods: Fortified plant milks (almond, soy, or oat 

milk), tofu, almonds, chia seeds, and dark leafy greens like kale and 
broccoli. 

Signs of Calcium Deficiency: 
• Increased risk of stress fractures 
• Muscle cramps and weakness 
• Poor bone density 

 
Take-Home Message: Vegans and vegetarians should include calcium-rich foods like 
fortified plant milks, tofu, and leafy greens to support bone health and muscle function.  
 
5. Omega-3 Fatty Acids: 

• Why It’s Important: Omega-3 fatty acids reduce inflammation, support heart 
health, and aid in recovery. They are primarily found in fish, so vegans and 
vegetarians must turn to plant-based sources of omega-3s. 

• How to Get Enough: 
o Plant-Based Omega-3 Sources: Flaxseeds, chia seeds, hemp seeds, and 

walnuts provide alpha-linolenic acid (ALA), a plant form of omega-3. 
o Supplements: Consider an algae-based omega-3 supplement to ensure 

adequate intake of DHA and EPA, the active forms of omega-3s found in 
fish. 

 
Take-Home Message: Vegans and vegetarians should include plant-based omega-3 
sources like flaxseeds and chia seeds and consider algae-based supplements for DHA 
and EPA. 
 
Meeting Energy Needs for Endurance 
 
Endurance athletes require high energy intake to fuel their long training sessions. Vegan 
and vegetarian athletes, who often consume high-fiber diets, may find it challenging to 
eat enough calories because plant-based foods are less energy-dense than animal 
products. 
 
How to Ensure Adequate Caloric Intake: 



• Eat Energy-Dense Foods: Include calorie-dense foods like nuts, seeds, 
avocado, coconut, and dried fruit to boost your energy intake without feeling 
overly full. 

• Snack Frequently: Incorporate small, frequent meals and snacks throughout 
the day to meet your energy needs. 

o Examples: Nut butter on toast, hummus and whole-grain crackers, or 
energy bars made with oats and dried fruit. 

 
Balancing Macronutrients: 

• Carbohydrates: Carbohydrates should make up 50-60% of your diet to fuel 
endurance efforts. Focus on whole grains like oats, quinoa, and brown rice, as 
well as starchy vegetables like sweet potatoes. 

• Protein: Aim for 1.2-1.6 grams of protein per kilogram of body weight each day, 
focusing on plant-based sources like beans, lentils, tofu, and quinoa. 

• Fats: Include healthy fats from sources like nuts, seeds, avocados, and olive oil 
to provide long-lasting energy and support recovery. 

 
Take-Home Message: Vegan and vegetarian athletes need to focus on energy-dense 
plant-based foods and eat regularly to ensure adequate caloric intake for endurance 
training. 
 
Fuelling and Recovery for Vegan and Vegetarian Athletes 
 
Just like omnivorous athletes, vegans and vegetarians need to focus on fuelling before, 
during, and after exercise to optimize performance and recovery. 
 
Pre-Workout Nutrition: 

• What to Eat: Focus on carbohydrates to top off glycogen stores and provide 
quick energy for your workout. 

o Example: A banana with peanut butter or a smoothie made with oats, 
almond milk, and berries. 

During Exercise: 
• What to Eat: During long workouts (90 minutes or more), aim to consume 30-60 

grams of carbohydrates per hour to maintain energy levels. 
o Example: Energy gels, dates, or homemade energy bars made with oats 

and dried fruit. 
Post-Workout Recovery: 

• What to Eat: After a workout, it’s important to consume a mix of carbohydrates 
and protein within 30-60 minutes to replenish glycogen stores and repair muscle 
damage. 

o Example: A smoothie made with plant-based protein powder, banana, 
and almond milk, or a tofu and quinoa bowl with vegetables. 

 
Take-Home Message: Focus on pre-workout carbs for energy, consume quick-digesting 
carbohydrates during long workouts, and refuel with a combination of carbs and protein 
after exercise to support recovery. 
 



Supplements for Vegan and Vegetarian Athletes 
 
While a well-planned vegan or vegetarian diet can meet most nutritional needs, some 
nutrients are difficult to get from plant foods alone. These are the key supplements to 
consider: 
 

• Vitamin B12: Since B12 is only found in animal products, vegans should take a 
B12 supplement or consume fortified foods. 

• Iron: Consider an iron supplement if you're prone to deficiency or have been 
diagnosed with low iron levels. 

• Omega-3 (DHA/EPA): If you don't consume enough plant-based omega-3s, 
consider taking an algae-based DHA/EPA supplement. 

• Vitamin D: If you don’t get enough sunlight exposure, supplement with vitamin D 
to support bone health. 

 
Take-Home Message: Vegan and vegetarian athletes may benefit from supplements 
like B12, iron, omega-3, and vitamin D to fill any nutrient gaps in their diet. 
 
Conclusion: Thriving as a Vegan or Vegetarian Endurance Athlete 
 
Vegan and vegetarian endurance athletes can thrive on a plant-based diet with the right 
planning and attention to key nutrients. By focusing on diverse sources of protein, iron, 
calcium, and omega-3s, and ensuring adequate energy intake, plant-based athletes can 
fuel their bodies for peak performance. Supplements may also be necessary to fill 
specific gaps, particularly for vitamin B12 and omega-3s. 
 
Key Points Summary: 

• Combine plant-based proteins and focus on complete proteins like quinoa and 
soy to meet your protein needs. 

• Include iron-rich foods and pair them with vitamin C to enhance absorption and 
prevent deficiencies. 

• Take a vitamin B12 supplement or consume fortified foods to avoid deficiency.  
• Focus on energy-dense foods like nuts, seeds, and avocados to meet your 

caloric needs for endurance training. 
• Use omega-3-rich foods or algae-based supplements to support recovery and 

reduce inflammation. 
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