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Sports supplements  
 
The nutrition pyramid consists of three levels. The bottom level of the pyramid (basic nutrition) is the foundation 
and is important for everyone, including athletes. When basic nutrition proves to be insufficient for an athlete 
and supplementation is necessary, the middle level of the pyramid (sport-specific nutrition) can be relevant to 
optimize nutrition status and sport performance.  
This document revolves around the top level of the nutrition pyramid and provides an understanding in sports 
supplementation based on scientific insights. Nutritional supplements and doping will also be pointed out briefly 
in this section.  
Note: consult a sports dietitian before using a sports supplement, because (s)he is acquainted with/informed 
about the recent developments concerning these products. A sports dietitian can tell you whether a supplement 
could be appropriate for you and in which doses it can be used safely.   

   
 

1. Sports supplements versus nutritional supplements   
 
Sports supplements 
Sometimes the terms “sports supplements” and “dietary/nutritional supplements” are used in the same sense, 
but they are not interchangeable. In this document, the term ‘sports supplements’ is used for supplements that 
can have a stimulating (ergogenic) effect on sports performance. Sports supplements can only work optimally if 
the basic and sport-specific nutrition requirements are fully met. Read more about sports supplements in the next 
paragraph. 
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Nutritional supplements 
In this document, the term “nutritional supplement” is used to describe an addition of nutrients on top of the 
basic diet. Supplementation in the form of nutritional supplements might be necessary if an athlete, despite 
having a balanced diet, is not able to ingest enough nutrients. This situation can occur in case of allergies, if the 
athlete dislikes certain food stuffs, if he/she is on a vegan or limited vegetarian diet (Borrione, Grasso, Quaranta, 
& Parisi, 2009), or if the athlete (temporarily) lowers his/her energy intake in preparation for a competition. 
When it comes to dietary supplements, think of micronutrients (such as vitamins and minerals).  
Consuming the amount of micronutrients that the body needs will ensure a normal metabolic function. A good 
and varied basic nutrition will provide sufficient micronutrients in most cases. An excessive intake of certain 
micronutrients does not have a performance enhancing effect, but can be detrimental to your health.   
 
 
2. Ergogenic aids  
 
Not all supplements that are available have a proven ergogenic effect. In this section a number of supplements 
will be described that have a proven ergogenic effect, based on scientific research.  
 
β-alanine (beta-alanine) 
This supplement can postpone lactic acid build-up in the muscle cells of athletes that need to exercise at high-
intensities between 60 and 240 seconds (Trexler, et al., 2015). Examples are: anaerobic (without oxygen) exercise 
such as a 400 m sprint or skating for 1500 m. β -alanine does not seem to have an ergogenic effect in endurance 
sports (an exertion longer than 4 minutes). A number of studies have found an increase in muscle mass; this may 
be due to the amino acid itself, or due to the larger workload that can be rendered. In any case: the effect found 
is small. 
Supplementation with β -alanine increases the concentration of carnosine in the cell, which stalls the 
accumulation of lactic acid. β-alanine is an amino acid that is converted into carnosine in the body (Blancquaert, 
Everaert, & Derave, 2015).  Although carnosine is comprised of the amino acids L-histidine and L- β-alanine, only 
supplementation with β-alanine increases the carnosine content in the muscle; consumption of the di-peptide 
carnosine barely has that effect (Harris, et al., 2006). Meat eaters have a higher concentration of carnosine in 
their blood compared to vegetarians and vegans, so the carnosine concentration in the latter group will increase 
to a greater extent with supplementation (Trexler, et al., 2015). 
A possible side effect of β -alanine (in high doses) is paraesthesia (skin tingling) (Trexler, et al., 2015).  
 
BCAAs 
Branched Chain Amino Acids (BCAAs) are composed of the amino acids leucine, isoleucine and valine. These 
amino acids occur in our diet. Leucine has an MPS enhancing effect. Isoleucine promotes the uptake of glucose in 
cells. The role of valine in this complex is unclear (Patel, 2019). 
BCAAs are popular among strength athletes because they are said to increase MPS, stimulate muscle glycogen re-
synthesis and thus increase muscle mass, but there is not much evidence for the latter (Morton, McGlory, & 
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Phillips, 2015). All three amino acids use the same transport system in the body, resulting in no added value if 
ingested in the form of BCAAs for that purpose. Furthermore, supplementation is unnecessary if BCAAs already 
occur plentiful in the diet, what will usually be the case with an omnivorous diet. However, a meta-analysis that 
looked at acute bouts of exercise shows that the use of BCAAs can reduce muscle pain (DOMS: delayed onset 
muscle soreness) (Fedewa, Williams, Spencer, & Becker, 2019).   
(Also see: L-leucine). 
 
Caffeine  
Caffeine has central nervous system stimulating properties that can improve (sustained maximal) endurance 
exercises, such as time trial performance and intermittent high-intensity exercises with a prolonged duration, like 
team sports (Grgic, et al., 2019). Caffeine can also yield a beneficial effect in strength performance, when it comes 
to power as well as muscle endurance (Grgic, Mikulic, Schoenfeld, Bishop, & Pedisic, 2019). However, not 
everyone experiences the possible ergogenic effects of caffeine. Caffeine as an ergogenic supplement seems to be 
less advantageous in people who are used to drinking (a lot of) coffee, but more research is needed. It should be 
noted that in most studies, caffeine in primarily tablet or powder form was used, which means that it cannot be 
compared 1-on-1 with coffee. There seems to be more and more evidence that coffee matches the effects found 
though. 
Caffeine delays the perception of being fatigued, increases fat oxidation and decreases the breakdown of 
glycogen (so the body can obtain energy from fat for a longer period of time, which spares the glycogen storage) 
(McArdle, Katch, & Katch, 2015). 
The optimal caffeine dose is tailor-made. Depending on your normal caffeine consumption, it may be good to 
cease your caffeine intake for a month to optimize the intended effect for your sport. An increased caffeine intake 
does not cause an ergogenic effect in an avid coffee drinker, but can cause negative side effects (Wilk, Krzysztofik, 
Filip, Zajac, & Del Coso, 2019). 
In high doses, but sometimes also in smaller doses, caffeine can cause the following complaints: heart 
palpitations, restlessness, insomnia, headaches, nervous irritability, muscle spasms, trembling and elevated blood 
pressure. Caffeine has a diuretic effect, but with moderate consumption, water-electrolyte imbalances will not 
occur (McArdle, Katch, & Katch, 2015).  
 
Creatine  
Supplementation with creatine monohydrate, CrH2O, (hereinafter referred to as ‘creatine’) is a natural body 
substance with an important role in energy production. It occurs naturally in animal products. Supplementation 
with creatine can lead to a larger muscle circumference and increased strength because it makes more intensive 
training possible; the time until fatigue sets in is prolonged. This is caused by the multifarious properties of 
creatine; it increases the speed of re-synthesis of ATP in the cell during short term power bouts, it somewhat 
delays the development of lactate, it increases the amount of fluid within the cell which ensures a bigger supply 
of nutrients and it increases muscle protein synthesis (McArdle, Katch, & Katch, 2015). 
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Creatine can be useful in sports that require intensive or repeated explosive movements with short periods of 
rest between activities (Lanhers, et al., 2015) (Lanhers, et al., 2017). Think of efforts of up to 3 minutes. Creatine 
does not benefit aerobic exercise.  
Some creatine users will not see any effects of creatine (the so-called ‘non-responders’). This is probably due to 
the creatine content of the muscles of each individual (Greenhaff, Bodin, Souderlund, & Hultman, 1994). Older 
people often notice less or no effect when using creatine.  
Because it predominantly occurs in meat, poultry and fish, vegetarians and vegans in general profit from creatine, 
because they do not ingest much or any creatine trough their basic diet (Rogerson, 2017).  
Possible side effects are: fluid retention, muscle cramps (when taken with too little fluid) and stomach and/or 
intestinal problems (if the intake is too high in one go). Most of the side effects mentioned are anecdotal in 
nature; hardly any side effects are mentioned in research (Groeneveld, et al., 2005). In healthy people, the use of 
creatine doesn’t lead to liver or kidney problems (Wardenaar, et al., 2014). 
 
L-Leucine 
Leucine is part of the Branched Chain Amino Acids (also see: ‘BCAA’). Leucine is the most potent of these three 
amino acids when it comes to stimulating muscle protein synthesis (Churchward-Venne, et al., 2014). It has an 
increasing effect on muscle protein synthesis (MPS) when 1 to 5 grams of leucine are ingested during a meal that 
contains protein (Churchward-Venne, et al., 2014). This makes this supplement interesting for athletes who want 
to build muscle mass, prevent muscle loss or optimize muscle recovery, but (occasionally) consume meals with a 
suboptimal amount of protein. For instance, the addition of leucine to a vegetarian or vegan meal, which usually 
contains (far) less leucine than animal protein sources, can lead to an increase of MPS. The question is whether 
the increased MPS as a result of the supplementation actually results in an increase in muscle mass (Morton, 
McGlory, & Phillips, 2015). This will depend on the total amount of quality protein (in the form of essential amino 
acids), since muscle mass can only be built if sufficient ‘building blocks’ are consumed.  
 
Nitrate 
Nitrate (NO3

-), mostly known in the form of beet juice, enables the body to sustain the same physical effort with 
less oxygen and it allows an athlete to improves his/her performance with the same amount of oxygen 
(Domínguez, et al., 2017). The exact mechanism behind the effectiveness of nitrate is not yet known, but it 
enhances the efficiency of the mitochondria in the muscle cells, which improves the oxygen uptake by the muscle 
cells. This means that nitrate can be beneficial for endurance athletes. The difference in performance with and 
without nitrate supplementation is less pronounced in trained (elite) athletes than in less trained athletes. A few 
possible explanations are that well-trained athletes have a higher dietary nitrate intake or that they are closer to 
their maximal performance, while a less trained athlete still has more room for improvement.  
However, there are also studies where no beneficial effect on performance was found, so further research is 
needed into the most optimal conditions for a positive effect (Christensen, Shirai, Ritz, & Nordsborg, 2017). 
Nitrate (NO3

-) naturally occurs in red beets and vegetables such as arugula and spinach. The nitrate is converted 
to nitrite (NO2

-) by bacteria in the mouth and subsequently into nitric oxide (NO) in the stomach. Nitrate only has 
an ergogenic effect in high doses, which makes a concentrated form the most practical to ingest. The use of 
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toothpaste and mouth wash before and after drinking beet root juice is discouraged because it kills bacteria 
needed to convert nitrate into nitrite (Bondonno, et al., 2015). 
In lower doses (for example a portion of vegetables that are rich in nitrate), nitrate has (slight) blood pressure 
lowering properties, causing it to have a favourable effect on the prevention and treatment of coronary diseases. 
An excessive dose of nitrate can lead to gastrointestinal distress. A concentrated form of nitrate can lead to 
dizziness in athletes with a low blood pressure.  
 
Pre-workout 
The main ingredient of many pre-workout products is caffeine. See "Caffeine" for more information on this 
substance. The use of pre-workouts, which often contain large amounts of caffeine, should be used with caution. 
In any case, stick to the maximum dose on the package and be aware that if you use other caffeinated products in 
addition to the pre-workout (such as coffee), you may experience unwanted side effects (Jagim, Camic, & Harty, 
2019). 
 
Sodium bicarbonate 
Sodium bicarbonate (NaHCO3) is a natural substance produced by the kidneys. Sodium bicarbonate 
supplementation ensures that an intensive effort can be sustained for a longer period of time. It works as a buffer 
by lowering the acidity of the blood (by neutralising hydrogen ions, H+), so that the acidity in the muscle remains 
balanced for a longer period of time (Hadzic, Exstein, & Schugardt, 2019).  
A number of studies concerning well-trained athletes showed that sodium bicarbonate had a performance-
enhancing effect with short (1-10 min) or long (30-60 min) exertions with various high-intensity phases. This 
would mean that this supplement can be interesting for team sport and endurance athletes, as long as the 
exercise is (intermittently) intense and lasts between the aforementioned periods. However, the literature is 
unequivocal about the effectiveness of sodium bicarbonate, because various studies show varying results 
(Rothschild & Bishop, 2019). Yet, there is consensus within sports dietetics about the possible performance 
enhancing properties in short (1-7 to 10 minutes) and prolonged (30-60 minutes) (sub) maximal intermittent 
exercise (Wardenaar, et al., 2014). So, it is a matter of trial and error to determine whether it works, and if it does 
work, which dose and time of administration achieve the best results in every individual athlete. Some caution is 
required: a single dose of sodium bicarbonate already exceeds the recommended daily allowance of sodium 
extensively. As a consequence, this supplement is not suitable for athletes with high blood pressure. 
Sodium bicarbonate is the same as the baking powder available in supermarkets and Asian shops. However, 
ingesting loose baking powder is not a good idea. When it comes in contact with stomach acid it is converted into, 
amongst others, carbon dioxide, which can result in gastric complaints (Peart , Siegler, & Vince, 2012). Because of 
this, the sodium bicarbonate will not reach the bloodstream and will fail to be effective. Capsuled sodium 
bicarbonate will not be affected by gastric acid, making it a more effective method of administration. Athletes 
who suffer from gastrointestinal problems may benefit from an ingestion protocol.  
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Taurine 
Taurine is considered to be a semi-essential amino acid found in the human body in the heart muscle and skeletal 
muscle (Chapman, Suleinan, & Earm, 1993) (Waldron, Patterson, Tallent, & Jeffries, 2018). Officially, it is not an 
amino acid and it is not incorporated into the body's proteins (Stapleton, Charles, Redmond, & Bouchier-Hayes, 
1997). Natural sources of taurine are animal products such as meat and seafood. It is also often found in today's 
energy drinks. 
Taurine has many tasks in the human body. For example, it has an anti-oxidative effect, ensures proper function 
of muscles and nervous tissue and has a role in osmoregulation (Waldron, Patterson, Tallent, & Jeffries, 2018). A 
meta-analysis from 2018 showed that oral supplementation of taurine can improve endurance; both long-term 
use and a single dose showed improvements. 
 
 
3. Doping 
 
Doping refers to ‘Substances and methods that are prohibited by the World Anti-Doping Agency (WADA)’. The 
WADA was founded with the aim of bringing consistency to anti-doping policies and regulations within sport 
organizations and governments across the world (World Anti-Doping Agency, 2019a). On their website, the yearly 
updated Prohibited List can be found, which includes prohibited substances and methods in the following 3 
categories: 
1. substances and methods that are prohibited at all times (for instance: anabolic androgynous steroids (AAS), 
hormone and metabolic modulators, diuretics and masking agents), 
2. substances that are prohibited in-competition (for instance: stimulants and cannabinoids), and 
3. substances that are prohibited in particular sports (for instance alcohol in archery, and beta-blockers in skiing) 
(World Anti-Doping Agency, 2019b). 
The substances and methods included in the list can have a performance-enhancing effect, but often entail severe 
health risks (World Anti-Doping Agency, 2019b).  
 
Sports supplements in competitive and professional sports 
Sports supplements (and their ingredients) that are not mentioned on the WADA-list of prohibited substances 
seem safe, but could be contaminated with prohibited substances (traces of prohibited substances ended up in 
the supplement during the production process). Especially for competitive athletes who may be subjected to drug 
testing it is important to know which supplements are safe to use. The Dutch Safeguards System for Dietary 
Supplements in Elite Sport was founded to inform those athletes (Doping Authority Netherlands, 2021). 
Everyone who wants to make sure a certain supplement of a particular brand is safe, can check the safe list on the 
Doping Authority website. This diminishes the chance of a positive drug test for the user of a particular 
supplement. 
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4. Anti-doping policy 
 
A well-constructed, periodized training schedule that is specified to the goal of the athlete, an optimal nutrition 
plan and the right balance between exertion (exercise) and recovery are the basis to accomplish your personal 
sports goal(s). It is the RSC’s opinion that with will power, perseverance and belief in your own abilities, it is very 
well possible to realize your personal sports goal(s), without the use of doping.  
 
 
5. Links and apps 
 
 Check the website www.eigenkracht.nl/english for more information on (sports) supplements and doping 
 On the WADA website you can find the most recent Prohibited List: www.wada-ama.org/en/prohibited-list 
 The Dutch Safeguards System for Dietary Supplements in Elite Sport-database can be consulted via: 

www.dopingautoriteit.nl/nzvt, but it is only available in Dutch. However, there are a few safety systems that 
are somewhat comparable to the NZVT, including:  

o Informed Sport (www.informed-sport.com),  
o Kölner Liste (www.koelnerliste.com),  
o Banned Substances Control Group (www.bscg.org),  
o NSF International (www.nsf.org/services/by-industry/dietary-supplements/certified-for-sport) 

and  
o Informed Choice (www.informed-choice.org).  

 If you can read Dutch, you can download the ‘dopingwaaier’ and the ‘supplementenwijzer’ on your 
smartphone. These applications are developed to be able to quickly and easily check whether a drug or 
dietary supplement has been tested for the presence of doping. The applications also provide information 
about whether specific active substances are prohibited or not. 
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