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FOOD PYRAMID, SUBSTRATE OXIDATION, DRINKING GUIDELINES 

FOOD PYRAMID 

 

The basic food pyramid isn’t made for athletes. Then by excessive physical activities the body uses more 

specific nutrients and the food pyramid becomes insufficient. For example the body loses a lot of water during 

activity and has to be compensated and the daily recommended intake by the basic pyramid will not succeed. 

Therefore there are guidelines in addition to the basic pyramid (which nevertheless isn’t a bad foundation). So 

the basic pyramid recommends to drink 1-2 litres of unsweetened drinks per day and the additional guidelines 

for athletes urges athletes to add 0.4-0.8 litres of water per hour activity. 

The same rules apply for carbohydrates, where the basic pyramid recommends to use 3 portions a day and the 

guideline adds 1 portion per hour activity, which also can be substituted by supplements. Next to water and 

carbohydrates, also the intake of fats, oils and nuts should be increased from 3 portions a day by half a portion 

per hour activity. 

On the other side, sweets, dairy products, meat, fish, eggs, vegetables and fruits should be used as 

recommended in the basic pyramid. 

VALIDATION 

The validation of such guidelines for athletes is complicated, considering different styles of training, different 

durations of training, different body statures, different bodyweights and so on. So 168 meal plans were 

designed and energy, macro and micronutrients were analysed. 
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MACRONUTRIENTS 

 

Macronutrient intake in sports: 

 The macronutrient intake in sport has to be given in g/kg bw 

 The use of relative E% does not make sense, as % does not say anything about how much (absolute 

g/kg or g/min or g/kg/d) of a nutrient is being eaten. 

 50 E% carbohydrates is not the same @10MJ or @20MJ energy intake. 

 Athletes do have an absolute requirement, and not a relative regquirement!  Protein and 

carbohydrate needs do not change the same with increasing energy turnover. 

 Also absolute requirements may depend more on exercise intensity than on energy expenditure. 

SUBSTRATE OXIDATION 

How much do 

carbohydrates and fat 

contribute to energy 

production (ATP yield) 

during exercise? 

(Chart made with fasted 

cyclists (endurance)) 

MUSCLE GLYCOGEN 

STORES 

Muscle Glyogen stores will 

be reduced during intensive 

excersise, but no matter 

how excessive the turnover 

was a complete 

replenishment within 24h is 

possible, provided there are enough carbohydrates ingested. The fastest rate and most important part of the 

glycogen resynthesis is achieved immediately after exercise (once again provided there’s enough 
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carbohydrates ingested. Therfor it is very important to start fueling the body right after activity to achieve fast 

recovery. 

INTRAMYOCELLULAR TRIGLYCERIDES 

 

The Muscle TG also have an important role in substrate oxidation (15-25%) and recover a lot slower with a low 

fat diet, therefor low-fat diets aren’t recommended for athletes. 

FAT MAX 

 Chart: 65% VO2-Max for 120 min 

Fat oxidation is running right from the start 

(and also before), it does not last 30 min or so 

until fat oxidation starts. 

The % VO2 max at which maximal fatty acid 

oxidation occurs varies extremely (40-80%), but 

the average value is 63% VO2max and 72% Hr 

max. 

FATmax relates to both, the exercise intensity and the corresponding fat oxidation rate. It represents the 

exercise intensity at which the maximal fat oxidation is found and represents the maximal fat-oxidation rate at 

the described intensity. 

There is a large individual variation in FATmax values, e.g. the fat oxidation rate in walking is higher than in 

cycling at the same %VO2max or women have higher fat oxidation rates then men and their maximum is a 

higher %VO2max (55%) than with men (45%). Also highly trained people have higher fat oxidation rates then 

moderately trained people. 
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Even though top athletes probably have a better fat oxidation rate then moderately trained athletes, they rely 

heavily more on carbohydrates as a study from a simulated (treadmill) marathon shows. There top athletes 

were almost continuously running with a respiratory exchange rate of 1 and normal people where depending 

on a lower exchange rate (using fat oxidation) and taking longer of course. 

FATMAX FOR PATIENTS 

For overweight, sedentary (sizende) but healthy people, training at their FATmax can bring significant 

improvements. During a 4 week endurance training they can increase their insulin sensitivity index bei about 

25% and therefor decrease their Glucose AUC and Insulin AUC (Area under Curve). The effect with the same 

training +/-20% of FATmax doesn’t increase the insulin sensitivity significantly and doesn’t bring the same 

effects. 

DRINKING GUIDELINES 

FLUID BALANCE 

The body wants to keep his hydration constant, therefore if there is an increase in fluid losses (e.g. in physical 

exercise with swat losses) the body has to increase its water supply.  

E.g. the body loses 2000ml of fluid during 2h exercise and gets 1000ml through drinking during exercise, 

therefore he has to rehydrate 1000ml after exercise. If the body doesn’t rehydrate, the body can for example 

reduce his fluid loss to a certain extent with reducing the loss of fluid through urine (by concentrating it). But 

the body can’t concentrate his urine endlessly. So if there’s no drinking during exercise and rehydration there 

is a chance, that the urine is going to be concentrated to the maximum and there will be still a net loss of fluids 

and the body will be dehydrated. 

FLUID INTAKE BY SOLID FOOD 

Using a good diet one can intake a lot of fluids with eating solid food. E.g. fruits, vegtables, rice and meat 

contain a lot of water. But you also can intake little amounts of fluid by eating a lot of dry food, e.g. 

crispbreads, pastry, spaghetti (without a sauce), pizza and so on. 

METABOLIC WATER 

Metabolic water is water which is produced by metabolism. E.g. 1g Glucose result in 0.6g of water or 1g Tri-

Stearinsäure results in 1.14g of water. 
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So for example in a marathon one can produce about 350g of metabolic water (assmuning you need 2500kcal 

(80% glucose, 15% fat, 5% protein). 

HOW MUCH? 

There is a big debate about how much water one should drink during sports, by looking at different studies 

one estimates the maximal fluid delivery rates from gastric emptying at about 1.2l/h.¨ 

Also adding glucose to your drinks slows the gastric emptying. But there is different effects from different 

kinds of glucose, e.g. poly-glucose (~5glu) slows down gastric emptying less than for example normal glucose. 

HISTORIC 

Until about 1990 sport physicians had the believe that drinking during activity wasn’t beneficial, but 

discomforting and dangerous. 1996 the believe changed and the physicians encouraged the athletes to drink 

as much as they could during activities. But also this wasn’t perfect and only 8 years ago (2007) the ACSM 

recommended to drink 4-8d per hour (ad libitum). 

Also there were believes that one shouldn’t lose more than 1-2% bodyweight during activity to not lose on 

power. But also this thesis doesn’t really make sense, if you look at world-class marathon runners who lose 6-

10% of their bodyweight during a marathon. 

So the present believe is to drink to thirst is the best way to go. 

OVERDRINKING 

In amateur sports there also is a big problem with over drinking, For example studies at marathons showed, 

that about 35% of the participants of a marathon gain weight during a marathon (mainly slower participants), 

because running at a slower pace reduces the sweat rate significantly and also gives the “athletes” more time 

to drink and eat. 

The effects of overdrinking are problems with performance (additional weight), gastrointestinal problems 

(more volume) and hyponatremia (Sodium <135mmol/l). Hyponatremia can often be asymptomatic but 

occasionally be severe and life threatening. 

EFFECTS OF DEHYDRATION 

 May impair performance 

 Impairs recovery 

 Elevated stress hormones 

 Dry mouth: thirst, susceptibility for infections? 

 Loss of appetite, tiredness 

 Dizziness 

 Headaches, difficulty to concentrate 

 Collapse 

GLYCOGEN METABOLISM, PRE-&DURING EXERCISE NUTRITION 

GLYCOGEN CONSUMPTION DURING EXERCISE  

The body saves fuel all over the body, e.g. a person with bodyweight 65kg and 12% body fat has energy stores 

like this: 
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Carbohydrates 
Liver glycogen         400 
Muscle glycogen     2000 
Blood glucose          20 

Fat 
Subcutaneous and visceral         70’200 
Intramuscular                               1440 
 

So fat is by far the biggest energy fueler, but isn’t as fast or in big rates available. Therefore the glycogen 

storage will be used more heavily if the intensity is high. 

 

For filling up the muscle glycogen storage carbohydrates surprisingly have the biggest effect.  Schwedendiät 

CARBOLOADING 

Carbo-loading helps fill up the mucle glycogen storages before endurance 

events >90min or maybe also in physically demanding field sports. 

For optimal carbo-loading a study showed, that the effect can be 

significantly increased by super compensation, in depleting the existing 

glycogen storage before filling it up. Therefore one recommended to have a 

carbohydrate free pre-diet phase. The so called “Schwedendiät”, where the 

training load is reduced three days before competition and the glycogen 

storages are refuel from then on. (~1967) 
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The next level of Carbo-loading is 

“Tapering” (1981), which results in the 

same glycogen level without previous 

glycogen depletion. 

Here the relative training load gets reduced 

step by step already 5 days before 

completion. This way there is now glycogen 

storage depletion and the same glycogen 

level can be achieved. 

But not only the time schedule is important for carboloading, also has the quality of the food helped improve 

the effect. 

Attributes of carboloading diet: 

 High carbohydrate, ~10g CHO / kg BM needed 

 Low fat & low protein (at least in relative amounts) 

 Respect individual food tolerance, no experiments! 

 Select carbohydrate rich foods you like. Individual preference? 

 Liquid carbohydrates make it easier: Soft drinks, sport drinks, fruit juices, carboloader 

(maltodextrine), liquid meal replacement products. 

CARBOLOADER 

Maltodextrin based highly concentrated carbohydrate drink (Carbohydrate concentration 250g/L, soft drinks 

only have 100-120g CHO/L). The goal is to refill emptied stores or supercompensate glycogen stores for 

competition. 

MUSCLE GLYCOGEN AND PERFORMANCE 

The performance can be significantly improved with a high CHO diet. But a different study with a different 

difference in normal diet and CHO high diet didn’t show a significant difference, even though the cho loaded 

athletes performed a bit better in average. 

PRE-EXERCISE NUTRITION 

Pre-Exercise Nutrition is important to avoid gastrointestinal problems, because empty liver glycogen storages 

can cause hunger during competition. 

The gastric emptying time / digestion time depends of the food, fat and protein content, dietary fibers, solid 

food, calories increase the digestion time, whereas liquid food and processed food will be digested faster. 

RULE OF THUMB 

 3-5h before: last (normal sized, easy to digest) main meal 

 2-3h before: small meal / snack (easy to digest) if needed 

 1-2h before small snack possible if needed 

 Last hour: small snacks, small pieces/portions. 
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MODULATING FACTORS 

 Exercise intensity reduces GI tolerance 

 Nercousness/stress reduces GI tolerance 

 Large individual differences 

 Before easy trainings much more is tolerated. 

PRE-EXERCISE CARBOHYDRATE INTAKE 

Carbohydrate intake directly before an exercise, may be not beneficial. There is a slight hypoglycaemia 

observed during exercise, because there is a higher insulin level and the glycogen will be consumed faster. 

But there is “no greater fatigue” reported during hypoglycaemia. Nevertheless the discussion if the “rebound 

hypoglycaemia does exist and if it effects performance is still actual. 

E.g. tests with “Time to exhaustion” (TTE) showed that the TTE is significantly shorter with pre-exercise CHO 

intake. But TTE isn’t a measurement which is significant in reality, there is no Olympic event where an athlete 

has to perform as long as possible. 

There for time trial studies are more interesting and show a completely different effect of pre-exercise CHO 

intake. In a study with Placebo, 75g CHO and 150g CHO (1 hour before exercise), the CHO groups are 

significantly faster than the Placebo group, but the 75g CHO is a bit faster than the 150g group. 

There are athletes that show hypoglycaemia symptoms, but there is no universal cut-off for hypoglycaemia 

(blood glucose <4, <3.5, <3 mmol/l??) Also the reporting of subjective feeling of symptoms do not correlate 

with real blood glucose values.  Continuing CHO supply during exercise would likely reduce symptoms / 

frequency of symptoms. 

CONCLUSION ABOUT PRE-EXERCISE CHO INTAKE 

Majority of studies reported either no effect or improved performance, when carbohydrates have been 

consumed in the hour before exercise starts. Also it seems to be advantageous to consume carbohydrates 

before competitions.  

Potential variations of the blood glucose / insulin concentration will disappear short after exercise started (e.g. 

during warm up). Therefore timing, amount of and the GI of carbohydrates may influence blood glucose and 

insulin, but effects are quickly diminished, particularly when carbohydrate intake continues during exercise. 

Symptoms of hypoglycaemia (fatigue, dizziness) are reported by some athletes, but mostly in the absence of 

true hypoglycaemia. 

If individual symptoms occur, the following strategies might help: 

 Focus on low(er) glycaemic carbohydrates (if GI tolerance is ok) 

 Avoid CHO during the last before competition (but eat before) and restart CHO intake about 15 min 

pre-exercise and during warm-up 

 Continue carbohydrate intake during exercise. 

But CHO fuelling during exercise is more important for blood glucose maintenance than pre-exercise 

carbohydrate intake. 
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DURING EXERCISE NUTRITION 

During exercise nutrition is the most important aspect of competition nutrition. But what should the athlete 

consume during exercise? 

CARBOHYDRATES 

The TTE can significantly be increased, when athletes receive sport drinks (water + sugar) compared to athletes 

that only drink water. But also the performance will get significantly better, when there is a CHO intake. E.g. 

during an exercise of less than an hour there is an increase of about 2% in performance, but the effect gets 

more extreme the longer the exercise is  MultiCHO intake in an exercise >2h there is an increase in 

performance of about 10% compared to the placebo (water)! 

DOSAGE 

But also the dosage has a big effect on performance, therefore a bigger (to a certain level) CHO intake can 

enhance the performance even more. But there are limits, from a certain level on the performance starts to 

drop again (in the study the maximal performance is achieved with 74g CHO/h) 
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CHO OXIDATION 

CHO oxidation rates (g/min) of glucose and maltodextrin are limited at around 1g/min, but the oxidation rate 

can be increased by using multiple transportable CHO and then be increased up to almost 2g/min. 

This is because then there can be more transporters (Glut 5 for Fructose and so on) can be used 

simultaneously. Experiments have shown that the performance can be increased by ~8% by using Glucose (2 

parts) and Fructose (1 part) instead of pure glucose. 

 

Also the gastric emptying works more efficiently with Glucose:Fructose CHO solution compared to Glucose 

CHO solution and almost has the same levels as pure water (after 105 minutes). 

RECOMMENDATION 

It is recommended to intake CHO regularly in small servings: 

 Sport drinks, commercial or self-made 

 Gels (combine with fluids) 

 Bars 

 … 

SPORT DRINKS 

 Fructose only is not ideal (e.g. risk of diarrhoea if >3%) 

 No problem or even advantageous if Glu+Fru combined 

o Fru Sources: Sucrose (Glu+Fru), Fructose 

o Glu Sources : Maltodextrine (poly-Glucose), Glucose, Sucrose 

 Carbohydrate content : 60-80 g/L (standard sports-drink)  individual needs 30-120 g/L 

 Sodium: 1-2g NaCl/L (not needed for short endurance events, <4-5h) 

 Hypotonic osmolality <= 200-250 mmol/L 

 Not sparkling (carbon dioxid) 

 If possible: acid free (teeth) 

 Most sport drinks have an acidic pH (3-3.9). 

One also can easily make home-made sport drinks, here some examples. 
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MOUTH RINSING  

In short endurance (<1h) tests carbohydrates also increase performance, even though the glycogen stores 

cannot yet be limiting. 

So tests with mouth rinsing have shown, that the performance effect also can be achieved by rinsing the 

mouth with 25 ml @ every 12.5% of the TT. This rinsing works with carbs only, independent of their sweetness 

(so artificial sweeteners don’t work). 

This effect may be due to the activation of brain regions believed to be involved in reward and motor control. 

The findings also suggest that there may be a class of so far unidentified oral receptors that respond to 

carbohydrate independently of those for sweetness.—Chambers et al, J Physiol, 2009 

Even though the exposure of CHO to the oral receptors cleary provide a CNS-based mechanism to enhance 

performance for a short endurance exercise (<1h), it may have a couple of practical barriers which prevent 

athletes in implementing these strategies for high-intensity competitions. 

Also experiments with extreme differences were done by comparing a water mouth rinse with a CHO mouth 

rinse but not compared to no rinse at all. And there also is data which provides a significant disadvantage 

when mouth rinsing with water instead of not rinsing at all, therefore the magnitude of the effect isn’t so big. 

EXERCISE DURATION 

The capacity for oxidizing exogenous carbohydrates does not seem to depend on body mass. Therefore 

carbohydrate reommendations during exercise rely on grams per unit of time! 
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In principal one can say in beginning of exercise the body doesn’t need an exogenous caloric intake because 

the endogenous energy stores are still full, but the longer the exercise is the more important exogenous 

energy gets and therefore the role of during exercise nutrition gets more important. 

 

RECOMMENDATIONS FOR “FITNESS” ATHLETES  

With fitness athletes there is a big risk that the energy input is bigger than their energy output and that they 

“over-fuel”. The main reason is that their work load is a lot smaller than with elite athletes. E.g. a 5dl standard 

sports drink = ~680kJ (~170kcal) is equivalent to riding a cycling ergometer for 30minutes at 100W, which is a 

very easy task for an elite athlete but can be a big effort for a “fitness” athlete. 

Therefore one doesn’t recommend any sports drinks or CHO intake for hobby athletes for exercises shorter 

than an hour and best only water or sugar free drinks. 

Sports drinks are only recommended whenever the focus is on exercise performance (competition) and 

shouldn’t be used for training or weight reduction / control as a main aspect of training. 

PROTEINS 

Proteins don’t really show any advantages during exercise nutrition and also get digested a lot slower than 

CHO  therefore GI problems. 

But some studies showed an effects on TTE performance. 

RECOVERY 

A good recovery is depending on different factors like: Rest and sleep, nutrition, “cool down” and stretching, 

massage, hydrotherapy, psychologic interventions and many more. 

NUTRITIONAL ASPECTS 

Nutritional Aspects of Recovery are: 

1. Fluid (and sodium) for rehydration (replenish fluid and electrolyte losses and sodium speeds up 

rehydration) 

2. Carbohydrates and fat: Replenish energy / glycogen stores and supports immune system. 

3. Protein: Protein synthesis and muscle building & improved performance recovery 
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REHYDRATION 

Drinking % of sweat loss: 

 
~1.3g sodium-chloride/L 

 
~3.5g sodium-chloride/L 

Drinking water with a little concentration of sodium-chloride makes it more difficult for the body to keep the 

water after drinking it.  

URINE VOLUME 

The urine volume is cumulative as soon as the body is fully rehydrated (0% change in bodyweight), so if you 

drink 200ml to much the urine volume will increase by 200ml. If the rehydration was insufficient say there is 

200ml missing the urine will be not compensating for all of the difference so the body only can save 50ml or so 

compared to the 0% rehydration urine. 

MILK 

Rehydrating with milk keeps the fluid a lot better in the body than e.g. water. 

However, those that consumed milk reported bloating and fullness more than the traditional sport drink. 

The study concluded that this investigation further demonstrates the capacity of commercially available milk-

based beverages to enhance the replacement of lost fluid following exercise, in comparison with 

carbohydrate-electrolyte drinks. 

SUMMARIZING 
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CARBOHYDRATES (AND FAT) 

GLYCOGEN RESYNTHESIS  

Glycogen resynthesis is very important for a 

successful recovery. 

Without a good resynthesis the body can’t 

refuel sufficiently and will have problems 

completing exercises after a couple of 

repetitions. 

In the graph (left) the perceived effort was 

much higher and most subject weren’t able to 

complete exercise after the 3rd day on low CHO. 

The muscle glycogen storage can refuel faster 

when there is a higher carbohydrate intake, but 

there also is a maximum resynthesis rate, after which a higher CHO intake doesn’t benefit anymore. (~12g/kg 

BM) 

A high glycaemic index is also beneficial for successful muscle 

glycogen reloading. 

SHORT TERM GLYCOGEN STORAGE 

Also on bases of short term recovery (~4h between exercises) CHO 

seems to be essential. Proteins also have a small effect. 

Studies have shown that it is effective to use cho + protein but then 

other studies have shown that using a higher dose of CHO instead 

of CHO+protein is even more effective. 

TIMING 

A very important component of glycogen refuelling is the glycogen resynthesis rate. 

Glyvogen resynthesis rate is extremely fast in the first 30-60min after glycogen depleting exercise (up to 

~25mmol/kg ww/h). After 4-5 hours the rate is still 8-10 mmol/kg ww/h and in average over 24h 4-5 mmol/kg 

ww/h. Provided that there is immediate post-exercise feeding with sufficient CHO with high GI, high feeding 

frequency, low post-exercise glycogen level and sufficient carbohydrates over 24h. 
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INTRAMYOCELLULAR TRIGLYCERIDES (IMTG)  

IMTG aren’t extremely important, but can be better refuelled after exercise with a high fat diet. Also trained 

athletes have a higher intake rate than untrained. 

PROTEIN 

The human body consists of about 12kg of protein (7kg muscles, 200-300g blood) and has a content of about 

200-220g of free amino acids (muscles 120g, blood 5g). 

The daily protein intake is recommended to be about 1.3-1.8 g/kg/day consumed in 3-4 isonitrogenous meal, 

to maximize muscle protein synthesis. This number is quite independent of the sport and there is relatively 

good evidence that more does not help more. 

One also has to consider, that proteins alone aren’t responsible for muscle anabolism. Even more important 

are energy balance! And exercise / training stimulus. 

PROTEIN BALANCE 

Protein synthesis and breakdown are always running at 

the same time. The critical question is: where is the net 

balance? As protein synthesis is much more variable than 

breakdown, the focus is often on synthesis only. 

The net protein balance will be negative when there is no 

protein (amino acids) intake, no matter if including 

exercise or at rest. 

So a positive net protein balance (for muscle synthesis) can’t be achieved with no amino acid supply. So there 

has to be a protein intake. But also with different proteins there can be different effects. E.g. 20g of Casein or 

Whey (Molke) have different amplitude effects on muscle synthesis after resistance training. 
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DOSE RESPONSE 

With a bigger dose of EAA (essential amino acids) the 

myofibrillar protein synthesis rate can be increased. But 

there is a maximal rate. 

About 10g of EAA (~20g of Protein) is sufficient to 

maximally stimulate muscle protein synthesis. 

The same counts for almost any protein like egg-protein. 

TIMING 

The timing of the protein intake also makes significant differences. A study showed significant strength 

differences after 10 weeks of training with people taking the same cho+protein shake both immediately before 

and after exercise or 5h away from training in the morning and evening. The result was that the group which 

was getting the shake immediately after and before had significantly more gains in strength than the 

morning/evening group. 

A similar experiment was done with elderly people, where they showed that taking protein immediately after 

exercise increased the size of the muscles after 12 weeks, whereas taking the protein 2h after exercise didn’t 

have any effect. 

DEHYDRATION 

An increase in cellular hydration acts as a proliferative signal, whereas cell shrinkage (due to dehydration) is a 

catabolic and antiproliferative signal. 

WEIGHT LOSS 

Weight loss isn’t always the same, it can be a loss of fat mass or muscle mass! 

OVERFEEDING 

A study which tested feeding at a positive energy balance (140% of normal energy supply) over 8 weeks at 3 

different protein levels (26%, 15%, 6%). 

Not very surprising all groups gained body weight, whereas the group with the lowest protein percentage 

gained the least (52%fat, 42%CHO, 6%protein), body fat all groups gained about the same, not really 

depending on the percentages of the different ingredients. But the low protein group was the only group to 

lose lean body mass (Muskelmasse). There weren’t any significant differences in 15% and 26% protein groups. 

So even when overfeeding there still has to be a sufficient (not extreme) protein intake to prevent catabolic 

muscle degeneration.  

This experiment was done without training intervention. 

HIGH PROTEIN DIETS 

Different studies were done to compare high protein diets with different diets. 
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WITH OBESE SUBJECTS 

Only reducing the energy intake surely reduces the bodyweight. 

But a target should be to mainly reduce fat mass. Therefore a 

high protein diet can help prevent lean losses (not prevent them 

completely) but clearly increase the fat loss compared to the 

same energy input through CHO. 

WITH ATHLETES 

In athletes the focus usually is to prevent 

losses of the lean mass and this also can be 

achieved by a high protein diet. The high 

protein diet strongly significant shows a 

difference in lean mass losses and also 

decreases the absolute body mass loss. 

The loss of fat mass stays more or less the 

same to the control group. 

SUMMARIZING 

Factors influencing muscle loss are the body fat percentage, level of energy restriction and protein content of 

diet. 

Talking about high protein diets one also has to consider the difference between absolute and relative protein 

intake. 

Protein has got supporting effect during weight loss like a smaller reduction of the basic metabolic rate, a 

reduction in appetite with increasing protein, increased thermic effect of food of protein compared to 

carbohydrates and fast and the maintenance of muscle mass because the metabolic rate remains higher and 

therefore the functional performance remains higher. 

PERFORMANCE 

Also in endurance sports proteins are very important for recovery. During short recovery times proteins can 

significantly reduce decrement of performance by consuming proteins during early recovery. 

But the exact effects of protein on postexercise recovery are so far not very well known. 

THE “IDEAL” RECOVERY  MEAL 

There is no universal “ideal” recovery meal, the recovery meal is depending on individual needs, training load, 

eating pattern and so on. 
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RECOVERY PRODUCTS 

There are many different recovery products on the market which have very dense macronutrients and help 

refuel the body very quickly. But can have similar amount of macronutrients to “normal” products from the 

supermarket e.g. chocolate milk or a sandwich. They all have the same effects, but the dense recovery 

products can help get extreme amounts of nutrients which would compare to many litres of drinking chocolate 

milk or so and all products also have different digestion rates and so on which also have to be considered.  

TIMING 

In any case it’s very important to eat directly after training, because leaving exercise without and e.g. waiting 

for dinner at home can result to lost recovery time and can also result that one gets too tired to eat enough. 

Whereas eating a sandwich and drinking a sports drink right after training results in a longer recovery time, 

avoids catabolic metabolism and allows to eat a smaller meal later on. 

DIETS IN SPORT 

Preparing for competition one wants to have ideal energy supplies, but one also wants to have ideal metabolic 

rates. Therefore the body should train / adapt to its diet. 

The importance of carbo-loading is still very important but one now also wants to try increasing fat oxidation 

and so on (mainly in ultra-endurance events), to spare glycogen and improve performance. And therefore tries 

using different diet strategies: 

 Short term high fat / low carb adaption (e.g. 1-3 days) 

 Long term high fat / low carb adaption (e.g. >5 days to some weeks) 

 Short term high fat / low carb adaption with carb. Restoration 

 Low glycogen training 

 “Sleep low”. 

SHORT TERM HIGH FAT / LOW CARB ADAPTION 

Absolutely useless! Idea is to eat high fat after exercise and train the next day with not fully restored glycogen 

storage. Without any surprise the performance is significantly worse. 
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LONG TERM FAT ADAPTION 

Adaption is possible, but no performance benefit by training 7 weeks on high fat and 1 week on high carb. 

Results in reduced glycogen breakdown and less pre-start glycogen. The problem is there is still a reduced 

training outcome. 

FAT ADAPTION + CHO RESTORATION 

No real performance benefit (up to some few hours 

duration of competition) and potential drawbacks for high 

intensity capabilities. The idea is to train 5d on high fat 

(supervised) and then 1d on high carb before 

“competition” here the fat oxidation is still increased after 

1 day of carb. 

There are clear drawbacks on high intensity intervals. But 

there is no performance effect on consistent tt 

performances. 

LOW GLYCOGEN TRAINING 

Low glycogen still means, that you should eat a normal “high” 24h CHO intake. Just the CHO intake timing 

related to training changes. Often athletes think low glycogen results in reduced CHO intake. Low carb and low 

glycogen are very different things! 

With low glycogen diet one can significantly increase fat oxidation without any loss of performance. 

 

The drawbacks of low glycogen (and also low carb (same energy intake but less CHO more fat & proteins)). 

Are: 

 Increased risk of overload/overreaching/overtraining 

o Apply only intentionally and at selected time points 

o Increased training and low carb / glycogen not at the same time (e.g. training camp) 

 Reduces exercise intensity + increased RPE (Rating of Perceived Exertion) 

o Risk of too low self-selected exercise intensity 

 Reduction of carbohydrate metabolic pathways 

o Reduces high intensity performance capabilities 

o Do not use close to competitions, at least for competition times of less than about 3-5h, for 

longer events: unknown 
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Also a common problem with low glycogen is that in practice the concepts are often misunderstood! Therefore 

only use supervised. 

“SLEEP LOW”  

The concept of “sleep low” is kind of similar to low glycogen, by withholding CHO after evening training to stay 

“low” overnight. Through this there is an increased fat oxidation in the FASTED trial during the next morning SS 

exercise. No effect on markers of mitochondrial biogenesis and some effects on DNA methylation that 

correspond with inverse changes in transcription for metabolically adaptive genes (greater upregulation of 

several exercise responsive signalling markers with roles in lipid oxidation). 

Similar drawbacks as in low carb and low glycogen. Impaired recovery? Still not very much experience. 

Athletes should never do low carb, low glycogen or sleep low interventions on their own. Many athletes 

crashed their career while doing it with low carb strategies. Nevertheless the less they are very interesting 

strategies! They are not made as long-term strategies. 

SUMMARIZING 

 Preparing for competition 

o Carboloading without fat adaptation for most endurance events 

o Carboloading with previous fat adaptation for extreme endurance (e.g. Ironman) 

 Test individual response and tolerance (some may profit, others not) 

 Fat adaptation ↔ gut adaptation for high carb availability? 

 During competition (e.g. field sports and all endurance) 

o Optimize CHO supply ( multiple transportable carbs if needed) 

o E.g. caffeine? 

 In training: low glycogen training or low carb phases? 

o Alternative training stimulus for days/weeks/selected trainings 

o For elite Athletes! 

o More data needed… 

SUPPLEMENTS 

The definition of supplements is kind of vague to normal food. A possible definition would be: “Food 

supplements are concentrated sources of nutrients or other substances with a nutritional or physiological 

effect whose purpose is to supplement the normal diet.” 

Supplements are only a very small part of sports nutrition (peak of the pyramid) 
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RISKS 

Supplements bring big chances to improve nutrition in athletes and therefore their performance. But they also 

bring risks!  

One very big problem with supplements is, that there is a very wide range of different supplements from 

different manufacturers, so there is a realistic problem in buying a wrong product which might be cross-

contaminated with banned substances, which bring the risk of getting banned for doping. (In different 

countries the chance of getting cross contaminated products varies a lot, but in average is around 15%). 

There are 2 reasons for cross contaminated products, one is just simply poor practice of the manufacturers, 

and the other one is a bit more evil… Unscrupulous manufacturers add active ingredients (steroids) to enhance 

their products (which wouldn’t have any effects without.) 

 The main problem is that the regulations about the purity and the labelling of dietary supplements are very 

weak and not to be compared with pharmaceutical products. 

TO BE SAVE 

To be on the save side with using supplements, it’s useful to consult webpages like the supplement guide of 

anti-doping Switzerland or the Australian institute of sport supplement guide. On these webpages there are 

usually different lists of useful substances, banned substances and substances where the effect isn’t clear. 

So it’s a good idea to only use the substances which definitely have an effect and are allowed, also the 

supplement shouldn’t contain a very long list of different supplements which aren’t needed. And probably 

most important one shouldn’t buy supplements from the internet and one should look for local manufacturers 

who one can trust. (The good news, Switzerland is relatively save). 

PLACEBO EFFECT 

Another aspect of sport supplements is, usually there is a very big placebo effect. So the question arises why 

it’s important to use good supplements when any supplement can do as long as one believes in it. 

There are many reasons: 

1. It may increase the risk of undesired or unknown side effects 

2. It carries the risk of contaminated supplements 

3. (Most importantly) it may distract your focus and resources away from things that really help. 

(Compromises performance) 
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SPORT FOOD 

 

Relevant ingredients are: Water, CHO, Salt (Sodium), Caffeine and an important aspect is the taste. 

Unnecessary ingredients are: Vitamins, Minerals, Amino acids, Protein, Acids, etc. 

ADVANTAGES / DISADVANTAGES 

 

Advantages Disadvantages 

Good gastrointestinal tolerance Individual GI tolerance 

Fast digestion Price (resources) 

Non perishable (Verderblich) Too much energy (bodymass / body fat) 

Easy manageable Vitamin & mineral enriched (overdosing) 

Convenient source of energy / cho / protein Replacement of normal food 

 

CREATINE 

Creatine supplements are used by athletes, bodybuilders, wrestlers, sprinters, and others who wish to gain 

muscle mass. 

There is scientific evidence that short term creatine use can increase maximum power and performance in 

high-intensity anaerobic repetitive work (periods of work and rest) by 5 to 15%. This is mainly bouts of 

running/cycling sprints and multiple sets of low RM weightlifting. Single effort work shows an increase of 1 to 

5%. This refers mainly to single sprints and single lifting of 1-2RM weights. 

Mechanisms: 

1. Creatin concentration increases in cell 

Water follows osmotically 

Increased hydration status and “cell pressure” as anabolic signal 

2. Higher training loads possible? 

Creatine has no significant effect on aerobic endurance, though it will increase power during short sessions of 

high-intensity aerobic exercise. 
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SYNTHESIS AND DEMAND 

Creatine sources are found in food like meat/fish (4-5g/kg) or milk (0.1g/L). It isn’t surprising that vegetarians 

therefore have less creatine than omnivores, they still have no “deficiency syndrome”, but supplemental 

creatine seems to have a larger effect on muscle creatine and performance in vegetarians. 

Creatine can also be synthesized in liver and kidney from arginine, glycine and methionine. 

A normal 70kg man has about 120g of Creatine in his body and degrades 1-2g per day which have to be 

synthesized every day. 

 

DIFFERENT CREATINE SOURCES 

There are a lot of different shapes of creatine supplements: creatine monohydrate (“normal”), creatine 

pyruvate, creatine citrate, Kre-Alkalyn and Creatin Ethyl Ester. 

All other kinds of creatine monohydrate are usually being sold as more effective and are usually more 

expenisve. But in fact creatine monohydrate seems to be the most effective and stable “type” of creatine. Its 

plasma response is fairly slow (less loss through urine), only 1% degrades in creatinine and gets absorbed 

100%. 

CONCLUSIONS 

 Effects on performance and muscle mass are scientifically well documented + reasonable 

physiological explanation of mechanisms 

 No obvious side effects according to presently available scientific data (data is limited…) 

 Other potential benefits? 

o Central effects (brain) 

o Antitoxidant effects 

 Only reasonable form of creatine: Creatine Monohydrate! 

For some athletes it works, for some it does not (non responders ~30%) and for some it is obviously 

detrimental (harmful). Should be tested and implemented by athlete AND coach. 

EXERCISE AND NUTRITION: INTERACTIONS ON PERFORMANCE IN OLDER ADULTS 

Elderly people have a lot more accidents than young people. (7.6% per year) Mainly caused by falling (83%) 

and often during normal walking (30-70%). This costs the health industry ~3 billion CHF / year in Switzerland. 
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Also the fatal rate after a falling accident is a lot higher with seniors, so deadly consequences of such an 

accident seniors make 93.1%. 

The reason for this accident is usually a decline in muscle mass and cognitive functioning. 

DECLINE IN MUSCLE FUNCTION WITH AGING 

SARCOPENIA 

Sarcopenia is a progressive process of age related muscle mass (MM) loss. (Prevalence = from 10-24% in 65-70 

years old to over 30% in those over 80 years.) Characterized by a muscle mass index (MMI) (appendicular 

skeletal MM [kg]/ height ^2 [m^2]) at least to standard deviations lower than the MMI in a younger 

population. 

Usually a decrease in the 

number and atrophy 

(Verkümmerung) of type II 

skeleteal fibres. Type I fibres 

are more preserved. The 

muscle fibres are being 

replaced by fat, which 

impairs the function (they 

can’t contract). 

CYCLE OF FRAILTY 

Sarcopenia is often the beginning of the 

“cycle of frailty” and usually ends with 

dependency. 

Because through sarcopenia the resting 

metabolic rate lowers (through less MM) and 

therefore the total energy expenditure drops 

and it will lead to a chronic undernutrition, 

which again supports further sarcopenia.  

Other effects of sarcopenia are a loss of 

power, which leads to an impaired balance 

and therefore to falls & injuries, which again can lead to immobilization and dependency. 

But also through the lower total energy expenditure the activity drops, which also leads to e reduced walking 

speed and disability. 
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However there are studies that showed significant differences 

in leg power (Leistung) in fallers and nonfallers and no 

differences in leg strength! 

DYNAPENIA 

Dynapenia defines age related loss of Muscle strength & -

power. (Dyna=Power).  

Because loss of muscle strength isn’t an effect of sarcopenia, 

there must be another reason for dynapenia, next to an 

impairment of the muscular system. So it is also 

connected to an impairment of the nervous system, 

which leads to problems in the ability to voluntarily 

activated muscles. And leads together with the 

muscular system impairment to dynapenia, a 

functional limitation and physical disability. 

NUTRITION 

Nutrition on its own doesn't enhance power, but 

combined with physical exercise nutrition can do a 

helpful part and help improve the effect of the 

exercise.  

There is changes in myofibrillar protein isoform 

expression observed both in slow- and fast-twitch 

muscles. Muscle contraction changes on structural, 

functional & biochemical levels. 

Type II fibres decrease especially, however have higher levels of free creatine and phosphocreatine needed to 

resynthesize ADP and maintain ATP. 

Rapamycin complex (mTORC) 1 pathway is the mammalian 

critical regulator for muscle protein synthesis and can be 

triggered by resistance exercise.  

There is a variability in responses of resistance exercise likely due 

to different exercise protocols, time of measurement and intra-

subject variability.  

However the one consistent theme is that an acute resistance 

exercise-induces increased in muscle protein synthesis (MPS) is 

associated with enhanced mTORC1 signaling. 

BLOOD FLOR RESTRICTION (BFR) 

Recent studies have shown that low intensity resistance exercise & blood flow restriction in the working 

muscles lead to similar increases in muscle size and strength as traditional, high intensity resistance exercise. 

BFR training involved restricting the venous return of blood flow from the muscle. The goal is not to restrict 

blood flow from the muscle, but instead prevent blood flow from the muscle, causing the blood to pool in the 
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muscle. This is accomplished by use of a blood pressure cuff or perhaps more practically using knee wraps 

thightly secured around the limb(s). 

Data suggests that BFR exercise could be a potential countermeasure in the treatment in sarcopenia. 

ESSENTIAL AMINO ACIDS (EAA) 

EAA ingestion following resistance exercise results in greater increases in MPS rates than when EAA are 

ingested at rest or when resistance exercise is performed in the fasted state. Supplying EAA following 

resistance exercise creates a larger positive protein balance by increasing the difference between the rates of 

MPS and MPB. Maximal MPS response with EAA given after resistance exercise is attributed to increases in 

intracellular availability of amino acids (particular leucine) and subsequently the activation of mTORC1 

signaling. 

Resistance exercise increases MPS in older adults, but to a lesser degree than in young individuals. Studies 

seem to indicate that young and older subjects demonstrate a similar protein anabolic response to the 

combined influence of resistance exercise and EAA/protein. 

SUMMARIZING 

Aging brings inflammation, oxidative 

stress and insulin resistance with it and 

leads to a higher muscle protein 

breakdown rate than the muscle protein 

synthesis. 

Insulin resistance, inflammation and 

oxidative stress can be inhibited by 

aerobic training. 

Resistance training inhibits 

inflammation, oxidative stress and 

activated MPS. 

Nutritional one can inhibit muscle breakdown with Creatine and prevent inhibit inflammation with Omega-3 

fatty acids, which also improve MPS, so as EAA/leucine (directly after exercise!). 

DECLINE IN COGNITIVE FUNCTIONING WITH AGING 

Primary causes of NMJ (neuromuscular junction) dysfunction during aging are factors such as mitochondrial 

dysfunction, oxidative stress, inflammation, and changes in the innervation of muscle fibre and mechanical 

properties of the motor units could play an important role in the NMJ degeneration and development of 

sarcopenia. 
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Possible interventions to improve NMJ dysfuntion in aging are caloric restriction and exercise. 

NEURODEGENERATION 

In the ageing process neural areas 

and cognitive processes do not 

degrade uniformly. Executive 

control processes and the 

prefrontal and frontal brain regions 

that support them show large and 

disproportionate changes with age. 

Among healthy older adults, 

individuals with poorer executive 

Function (EF) are more prone to 

falls. Higher-level cognitive 

functions as those regulated by the 

frontal lobes are apparently needed 

for safe everyday navigation that 

demands multi-tasking. 

INTERVENTIONS 

Hippocampal neurogenesis can be regulated by environmental factors. Environmental enrichment has been 

shown to be positive regulator of adult neurogenesis. Research revealed that the main neurogenic component 

of the enriched environment is physical activity! Exercise induced neurogenesis is correlated with improved 

learning and memory. 
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Proper BDNF function is necessary for maintaining learning and memory capacities. Fluid Percussion Injury 

(FPI) has been found to reduce BDNF levels in the hippocampus, but its effects are counteracted by exercise 

and omega-3 fatty acid supplementation. 

 

SKILLED & NON-SKILLED TRAINING 

Non Skilled Training is overlearned, automatic or endurance based tasks. Lead to a bigger number of capillaries 

in cerebellum and motor cortex. But do not change topography, synapse number or glia cells in the motor 

cortex. 

Whereas skilled training, tasks that require a high amount of attentional guidance, increases the number of 

synapses / neurons in cerebellum and motor cortex and the number of glial cells and neurons in cerebellar 

cortex.  Expansion of cortical motor maps! 

EXERCISE, NUTRITION & THE BRAIN 

The brain is complex construct with incredible amount of connections using neurotransmitters. The amount of 

connections decreases with age. 

EXERCISE 

Studies have shown, that there is a positive 

relation with aerobic fitness with academic 

performance. Therefore the prefrontal 

cortex and the parietal / posterior Cingulate 

Cortex are increased. 

The same effect can be shown on older 

adults. The graph on the right shows effects 

after one year of physical activity (40 

minutes of walking 2-3/wk or stretching, 

with 2x60 subjects with a mean age of 65.6-

67.5 years. 

The Hippocampus even stays plastic in late adulthood and can be increased with training. 
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NUTRITION 

To make decisions, the brain keeps track of internal nutrient availability.  Signals are gathered through the 

GI tract (chemosensors and sense-senors in the mouth cavity, volume and fat sensins in the stomach, sugar in 

the pancreas, macronutrient-specifc encoding in the bowel.) 

So if the body receives positive signals from the GI tract, the thalamus signals that there is enough nutrients to 

increase the activity of learning and memory (hippocampal complex, amygdala, insula) and the executive 

control and decision making (prefrontal and orbifrontal cortex). Which activate Acb, VP, VTA to process a 

reward and the energy balance regulator (in hypothalamus and brainstem). E.g. Mouth Rinse, where 

orbifrontal cortex (reward, attention, control of emotional stimuli) and dorsolateral prefrontal cortex (working 

memory, executive function, attention and reward) show increased activity after rinsing the mouth with 

caffeine or maltodextrin.  

BRAIN FUEL 

The brain uses 130g of Glucose per day at 

rest and has a high percentage of available 

Glucose Glycogen stored in astrocytes, 

where they will be transformed to lactate 

(neurons use lactate). 

After exercise the cortex glycogen 

storages drop similar to the muscle 

glycogen stores, but get refuelled a lot 

faster (~6h), but can also get super compensated, so there’s a higher glycogen storage in the brain 6h hours 

after physical exercise. It effects the whole brain, but mainly the cortex and the cerebellum. 

NEUROTRANSMITTERS 

Many neurotransmitters are synthesized out of normal amino acids. (L-Tryptophan  Serotonin, Tyrosine  

Dopamine  Noradrenalin  Adrenaline). The question is if these neurotransmitters can be responsible for 

fatigue. 

L-TRYPTOPHAN 

So by increasing Tryptophan in nutrition there will be more tryptophan coming to the brainbloodbarrier (bbb) 

and getting a bigger transport ratio (in competition with branch chain amino acids (BCAA)). And therefore 

increase the concentration of Serotonin in the brain. But there were no significant effects on fatigue. 

 

TYROSINE 
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Several authors failed to show positive effects on exercise performance. But Tyrosine ingestion might improve 

stress-induced cognitive and behavioural deficits (working memory, attentional tasks etc.), so it might help skill 

oriented sports like soccer and tennis. Also there was a study showing that the pass accuracy of a rugby team 

could be increased by ingesting Tyrosine (not to professional study…). But similar studies showed that players 

with Tyrosine didn’t run more than other players, but had a higher readiness to invest mental efforts and got 

better results in vigilance cognitive tests. 

BUPROPION = DA/NA REUPTAKE INHIBITOR 

A study tested a group of well-trained cyclists in a TT after 

ingesting either Bupropion or a placebo at two different 

temperatures (18°C or 30°C). At 18°C there were no significant 

differences, but at 30°C there were clear differences between 

the treated and the placebo group. The reason was that with the 

treatment the body was willing to go hard even though its core 

temperature was getting critically high. 

Similar effects were seen with Methylphenidate (Ritalin) = DA reuptake inhibitor. 

CAFFEINE 

Caffeine enhances endurance performance, it doesn’t need a high dose and there is no real dose response 

effect. The effects can be long lasting and there can be a tolerance with repeated use. There is a big individual 

variability. 

Caffeine is quickly adsorbed through the GI tract and is lipid soluble and therefore crosses the blood brain 

barrier without difficulty. Caffeine is an Adenosine antagonist and competes with Adenosine (inhibits secretion 

of Dopamin, Acetylcholin, Nordrenalin) at its receptor sites. Also it might increase the secretion of beta-

endorphins and constricts cerebral vessels. 

EFFECTS OF CAFFEINE 

 Caffeine increases Tremor 

 Caffeine improves sustained attention (vigilance) 

 Caffeine reduces symptoms of fatigue 

 Caffeine reduces skeletal muscle pain during exercise 

 Caffeine reduces force sensation & perception of effort 

 Caffeine increases motivation to sustain effort (involves Dopamine) 

 Caffeine can have a placebo effect 

DEVELOPMENT OF THE BRAIN 

Brain development continues throughout childhood and adolescence. An adequate diet during these periods 

affects brain development and cognitive function. So does malnutrition…  Significant positive correlation 

between brain regional grey matter volume and IQ. 

Polyphenols are beneficial for brain development, Non-

Flavonoids (e.g. Blueberries, kiwis, plums, apples, grapes, wine, 

peanuts,..), as well as Flavonoids (picture) (e.g. Parsley, celery, 

green tea, red wine, chocolate, soy products, berry fruits, citrus 

fruits, oregano) 
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By adding Quercetin (Flavonoid) to exercise and 

testing results compared to a control group the 

distance, time and peak speed could be significantly 

increased in rodents. The reason is suspected to be, 

that there is an increased expression of genes 

associated with mitochondrial biogenesis.  

Not only in the muscles but also in the brain. What 

also gets shown in a study with 3700x >65 year olds 

and testing there mental performance with 

different diets. 

Brain cells die and do not get replaced. 

BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF)  

BDNF is a neurotrophin and supports the survival and growth 

of many neuronal subtypes and changes in synapses, 

susceptible to regulation by physical activity. Its highest 

concentration is in the hippocampus. 

BDNFs expression is diminished in Alzheimer’s disease. 

So it isn’t very surprising that voluntary running enhances the 

survival of “new-born” neurons (cell proliferation) or in 

neurogenesis.  

But also by intake of Flavanols there is an increased BDNF 

expression measurable. And it increases the blood flow during a cognitive test. (Tested with Cocoa Flavanol) 

EATING DISORDERS IN SPORT 

In sports there is a high 

prevalence (almost 35%) for 

eating disorders, since there are a 

lot of sports where weight plays 

an important role (e.g. 

gravitational sports, weight class 

sports, high body mass sports, 

athletic sports). Also female 

athletes are more prone to eating 

disorders. 

PROBLEMATIC WEIGHT LOSS 

IN COMPETITIVE SPORTS 

Weight losses can be caused through different reasons: 

 Inadvertent (unabsichtlich), low energy intakes 

 Restrained, restricted eating (low energy availability in sport) 

 Disordered eating / Eating Disorders  Pathogenic WL approaches, Wide spectrum of ED 

 Rapid Weight Loss (RWL) Techniques 
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o Energy and fluid restriction 

o Low sodium, fibre, residue 

o Dehydration methods 

o Pathogenic WL approaches 

DISORDERED EATING AND EATING DISORDERS 

 

Binge = Exzess 

Amenorrhea = Absence of menstrual period 

 

There are different risk and trigger factors for eating disorders: 

General Factors  Individual-specific factors 

 Female 

 Adolescence and early adulthood 

 Western society 

 

Family: 

 Eating disorders of any type 

 Depression 

 Substance misuse (especially BN) 

 Obesity (especially BN) 

Pre-morbid experiences: 

 Adverse parenting 

 Family dieting 

 Physical or Sexual abuse 

 Comments about weight, shape, body 

 Occupational/recreational pressure to be 
thin 

Pre-morbid characteristics: 

 Perfectionism 

 Low Self-Esteem 

 Anxiety and Anxiety disorders 

 Early menarche 

Sport specific factors 

 Emphasis on body wt for performance / 
appearance 

 Pressure to lose wt 

 Drive to win at any cost 

 Self-identity as an athlete only 

 Early onset of training or sudden increase in 
intensity / volume 

 Exercise through injury 

 Traumatic events 

 Vulnerable times 

Prevalence of disordered eating is higher in asthetic, 
judging, and leanness (gymnastics..) sports 
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Studies showed that there are increased risks for eating disorders in weight category sports, gravitational 

sports (such as ski jumping), male endurance athletes (mainly cyclists) and muscle dysmorphia in male fitness 

and body builders. DE/ EDs should also be expected in male athletes! 

In weight category sports: 

 Up to 94% use extreme weight loss methods 

 Athletes in the lighter weight categories practice extreme weight loss methods compared to those in 

middle or heavy weight categories 

 Making weight 

o Results in 2-13% of body weight loss 

o Average loss is 3-6% and multiple times a season 

 Athletes lose 5% of body mass 24h pre-event 

 9-14 year old athletes already diet to compete 

DEVELOPMENT OF EATING DISORDERS IN ATHLETES 

The problem with eating disorders is, they usually 

start out working pretty well. 

First weight losses through restrictive eating help 

increasing performance and usually also get 

supported by positive feedback from the coach. This 

way the athlete feels like he is in control and gets 

motivated to lose even more weight and this brings 

him out of control into an eating disorder. 

MEDICAL COMPLICATIONS 

 Renal and electrolyte 
o Hypokalemia can lead to cardiac 

arrhythmias 
o Hypovolemia 

 Cardiovascular 

 Intestinal 

 Endocrine 
 

 Dermatological 

 Reproductive 

 Immune 

 Dental 

 Neurological 

 Hematological 

 Skeletal 
 

ENERGY BALANCE, ENERGY AVAILABILITY, ENERGY DEFICIENCY 

ENERGY AVAILABILITY 

Energy Availability is the mass of calories 

with are left over after energy intake 

and exercise energy expenditure. 

 The leftovers (Energy Availability EA) 

should be enough to maintain basic 

physiologic function and health and 

should be at least 30kcal / kg Fat-Free-

Mass (FFM). 
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THE FEMALE ATHLETE TRIAD 

If the Energy Availability is reduced, there are 

direct and indirect effects, which the female 

athlete triad shows nicely (for Female 

Athletes) 

 Hypooestrogenism 

o Increased bone resorption 

o Reduction in Bone Marrow 

Density (BMD) 

 Compromised metabolic hormone / 

substrate availability 

o Increased bone resorption 

o Supressed bone formation (More Cortisol, less Insulin, IGF-1,T3) 

But also males are effected! Obviously they don’t get Amenorrhea, but they also have similar hormonal and 

substrate suppression. LH pulsatility (pulsierend) also changes in males with energy deficiency. And gonadal 

hormones, including estrogen are affected. 

RELATIVE ENERGY DEFICIENCY IN SPORT (RED-S) 

RED-S is the IOC Consenus statement beyond the female athlete triad. The syndrome of RED-S refers to 

impaired physiological function including, but no limited to, metabolic rate, menstrual function, bone health, 

immunity, protein synthesis, cardiovascular health caused by relative energy deficiency. 

Potential Performance Effects of RED-S are decreased endurance performance, decreased muscle strength, 

decreased glycogen stores, depression, irritability, decreased concentration, decreased coordination, impaired 

judgement, decreased training response and increased injury risk. 

 

GUIDELINES FOR SOLUTIONS 

IDENTIFYING AN AT-RISK ATHLETE 

Identifying an at-risk athlete is a very important step in helping. This can be done by: 
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 Screening w/questionnaire 

 Sight 

 Performance, Fatigue 

 Stress reactions referral 

 Communication with other 
professionals and reviewing athletes history 

 Menstrual history 

 Ability to travel and live w/athlete 

And many more. This should be taken serious by any coach. 

ASSESSING RISK OF RED-S IN IOC CLINICAL PRACTICE MODELS 

Using a color-coded risk stratification model for no-start criteria: 

Low Risk: Green Light 

 Healthy eating habits with appropriate 
energy availability 

 Normal hormonal and metabolic function 

 Healthy BMD as expected for sport, age 
and ethnicity 

 Healthy musculoskeletal system 

Full training and competition allowed with no 
stipulations. 

Moderate Risk: Caution Yellow Light 

 Prolonged abnormally low % body fat 

 Substantial weight loss (5-10% BM in 1 
month) 

 Abnormal menstrual cycle 

 Menarche >16 (Menarche = First 
Menstruation) 

 Abnormal hormonal profile for men 

 Reduced BMD 

 Prolonged relative energy deficiency 

 Lack of progress in treatment and or non-
compliance 

Cleared to supervised training with medical 
treatment plan 
 
May compete once cleared under supervision 
 
Re-evaluation at regular intervals (1-3 Months) 
 
Regular reassessments for compliance and progress 

High risk: no start red light 

 Anorexia nervosa and other serious eating 
disorders 

 Other serious medical (physiological and 
psychological) conditions related to low 
energy availability 

 Extreme weight loss techniques leading to 
dehydration induced haemodynamic 
instability and other life-threatening 
conditions 

Clearance to participate in sport denied 
 
Athlete to receive treatment 
 
Use of a treatment contract advised. 

WHAT SHOULD BE DONE 

1. Education to improve primary and secondary prevention schemes in health professionals, coaches, 

parents, and athletes. 

a. Understanding of the principles of normal growth and maturation, including sexual, skeletal, 

somatic and behavioural development 

b. Adolescence is critical 

c. Optimize Body composition for performance through GOOD nutrition 

d. Identifying an athlete with DE or ED 

2. Taking athletes with weight loss goals seriously and use individualized but standardized approach 

a. Body composition assessment 

b. During Off Season!! 

c. Dietary assessment 

d. Attention to menstrual dysfunction 
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e. Increased protein intake 

f. Strength Training 

g. Minimal Fat Level (5 and 12 %) should be maintained 

3. Rule changes in some sports 

a. Mainly Weight Class Sports (Changing weight class during season should be forbidden, same 

weight classes for national and international competitions, accepting some discretion in the 

weight allowance, competition certificate (athletes must meet a minimum body fat mass.) 

4. “No start” criteria 

 

 


