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Identify a current issue or topic within the areas of sport, health, nutrition and physical education for investigation and critical review. 
Nutritional supplementation for exercise performance and recovery; a critical review and discussion (Creatine, Protein, Caffeine).
Introduction 
In the world of sport and fitness, sport supplementation has become a vast industry with many athletes, casual gym- attendees and fitness enthusiasts relying on them to further improve their athletic performance or accelerate recovery time (Jovanov, 2019). With the prevalence rate of young athletes intaking sports supplements being 82.2%, it’s clear to see that the industry has had an immense impression on athletes (Jovanov, 2019). This controversial topic has accelerated in popularity in recent years as it’s effectiveness and necessity has been highly debated among professionals and amateurs (Jovanov, 2019). The main most popular recent supplements used as an ergogenic aid in the sport and exercise industry according to Antonio (2024) are creatine, beta-alanine, nitrates, caffeine and protein. It’s clear that in recent years, protein supplementation has been implemented in many people’s diets and commonly used supplements such as creatine and caffeine have increased in popularity also therefore these three topics will be explored in this essay (Antonio, 2024).
Creatine Monohydrate is one of the most highly studied and frequently used sport supplements and is popular mainly in the strength straining and high-intensity training industry (Hall, 2013). Creatine is a chemical that is synthesized naturally in the body from amino acids and also found in foods such as red meat and fish (Hall, 2013). Creatine is known for its crucial role in energy production, especially in the form of adenosine triphosphate (ATP), which fuels short bursts of intense energy and can increase muscle performance (Hall, 2013). Despite the array of research and evidence to support the positive impact and safety of creatine use, some may still question whether creatine is safe to use especially when focusing on longevity and future health (Hall, 2013).
Dietary protein is vital for repairing damaged cells and tissue, synthesizing hormones, other metabolic activities and most importantly, from a fitness and sport point of view; for muscle growth and repair (Kreider, 2009). Protein supplementation is most commonly in the form of whey protein which is a source derived from milk during the process of making cheese (Kilara, 2018). Its’ inclusion of all 20 available amino acids is an appealing factor especially when considering its’ diverse functionality, making them accessible and easy to use (Kilara, 2018). That being said, it may be useful to highlight and explore the possibility of the dangers surrounding consumption of whey protein.
Recognised and normalised to be a regular part of many’s diets’, caffeine is classified as a stimulant, in which many utilise for energy purposes (Spradley, 2012). Before exercise, many may supplement with caffeine which can be found in coffee, energy drinks and other forms such as gels and tablets. Others may utilise a pre- workout which is most commonly found in a powder form which normally includes caffeine as its’ main element. Although caffeine may increase performance, it may affect others negatively by increasing heart rate and blood pressure, causing sleep disturbances, raising cortisol levels- resulting in anxiety and causing calcium loss in some cases (Spradley, 2012). In this assignment, these ergonomic parameters will be evaluated from a nutritional standpoint on their validity, effectiveness and safety.

Scientific evidence on creatine, protein and caffeine 

Creatine Monohydrate
Creatine Monohydrate is a naturally occurring compound found in the body with 95% of it stored in muscles mainly in the form of creatine phosphate (PCr) (Hall, 2021). Creatine is synthesized in the liver, kidneys, and pancreas from the amino acids glycine, arginine and methionine (Hall, 2021). ATP (adenosine triphosphate) is the primary source for muscle contractions in the body, and the body promptly uses ATP during high-intensity exercise (Hall, 2013). Phosphocreatine that is stored in the muscles help to regenerate ATP by donating a phosphate group to ADP and this process helps sustain energy production for short bursts for energy in intense activities such as exercise (Hall, 2021). When supplementing with creatine, it increases the body’s stores of creatine phosphate in the muscle tissue which allows for further ATP regeneration (Hall, 2021). This in-turn helps improve strength, power and endurance during physical activities that rely on quick energy such as weightlifting and sprinting (Hall, 2021). Creatine has found to benefit consumers by enhancing performance by increasing the available creatine phosphate so people can work at a higher intensity for longer (Hall, 2013). Creatine supplementation also helps increase strength gains by aiding athletes to perform more repetitions or lift heavier weights when weight training (Hall, 2021). Whilst exploring research on creatine monohydrate- discovered in 1832- it was clear that it had been used in practice for many years which may indicate that creatine is a more reliable supplement than many others due to its’ extensive research (Hall, 2013). Creatine Monohydrates remains one of the only nutritional supplements where research has shown consistent positive results as an ergogenic aid (Kreiger, 2017). A recent narrative review conducted by Wax (2021) indicates that creatine was very effective for many different aspects of exercise. They found that creatine supplementation can improve strength, increased agility and jumping performance and provide positive ergogenic benefits to aerobic endurance (Wax, 2021). This study seems to be reliable source due to a a few reasons including date published, format and website. A narrative review is a useful format for research as it evaluates a number of databases, decreasing the risk of bias or mistakes. Kreiger (2017) shows favourable opinions towards creatine supplementation and explains that misinformation on the internet may have caused people to misunderstand creatine as a supplement. They also found that after creatine loading, performance of high intensity exercise generally increased by 10-20% depending on the magnitude of increase (Kreiger, 2017).The array of research behind creatine helped Kreiger (2017) form a positive opinion on creatine, further supporting the positive narrative surrounding creatine usage.

Whey Protein
Protein has been found to be crucial for sports recovery as it helps to repair and rebuild muscle tissue damage caused during exercise; this is also known as muscle protein synthesis (Gangurde, 2011). After an intense form of physical activity or exercise, muscles undergo microtears that need to be repaired, and protein includes amino acids that are required for this process (Gangurde, 2011). Amino acids are categorised into essential and non- essential amino acids; and essential amino acids are vital when stimulating muscle protein synthesis- particularly leucine (Gangurde, 2011). This is why leucine- rich sources such as whey protein (protein supplement) are key post- workout. Protein after exercise will also help the process named ‘hypertrophy’ which is a term used for muscle growth. The concept of protein supplementation is helpful when aiding these physical processes in a convenient and simple way without worrying about cooking meat or other protein sources (Gangurde, 2011). A review article conducted by nutritional and medical professionals explained that whey protein may have other benefits along with muscle protein synthesis and hypertrophy such as antioxidant, anti-inflammatory, and anti-cancer through boosting immune defences that promote carcinogen detoxification (Khan, 2019).

Caffeine / Pre-Workout 
Caffeine is known to be a popular work- enhancing supplement that has an abundance of research stemming from the 1970s that it helps with productivity, energy levels and cognitive function (Volk, 2013). This stimulant does this by increasing heart rate through sympathomimetic effects and vasoconstriction (Volk, 2013). Caffeine stimulates the release of catecholamines which can increase heart rate and elevate blood pressure and causes the feeling commonly compared to adrenaline and trigger a ‘fight or flight’ response (Volk, 2013). With this in mind, caffeine has been included in many pre-workout supplements and has been used as a helpful parameter for exercise. Caffeine could help improve performance through releasing the hormone ‘epinephrine’, leading to improved cardiovascular efficiency- enhancing performance (Volk, 2013). Caffeine also helps to mobilize fatty acids from adipose- making them a source of energy (Volk, 2013). This will in turn help with prolonged exercise, that can be beneficial for long- duration activities. Studies have also shown that caffeine could also enhance short-term, high-intensity performance through improving muscle contraction (Volk, 2013). A study found that ingesting caffeine along with amino acids prior to exercise improved agility choice reaction performance and lower body muscular endurance whilst increasing perceived energy and lowering subjective fatigue in participants (Spradley, 2012). On the other hand, caffeine can effect each person individually and some may be more sensitive then others, meaning that effectiveness cannot be guaranteed (Landolt, 2012). It’s likely that this caffeine sensitivity could be down to genetic factors (Landolt, 2012). 
A study was conducted where creatine, caffeine and amino acids were used in a pre- workout and results showed that it had a significant positive impact on VO2 Max (Smith, 2010). The results showed an improvement of 10.3% and 2.9% from pre- to post-training (Smith, 2010).

Are supplements necessary? 
An argument that many face would be whether supplements are necessary and is possible to include these nutrients through diet and certain foods. Supplementing creatine may be useful for those who partake in high-intensity exercise and strive to exercise and recover at their full potential; and due to its’ extensive research and reliability, incorporating it in diet won’t be of much disadvantage (Cooper, 2012). Whilst creatine is found in food sources, it will be difficult to ingest enough for exercise supplementation use. Research suggests that creatine supplementation in amounts of 0.1g/kg of body weight is a guide dosage; and food sources likely won’t deliver a substantial amount for sports supplementation purposes (Cooper, 2012).
Whey protein could be necessary for some in some circumstances as it’s convenient quick and could be as effective as animal protein for muscle protein synthesis and / or hypertrophy. Findings suggest that choice of protein does not impact muscular strength outcomes with quality protein sources according to Sharp (2018). In a study where they powdered chicken, beef and whey and used them as a supplement after identical exercise on different groups; they found that regardless of the protein source, all proteins recovered muscle damage as a result of exercise equally (Sharp, 2018). When taking these findings into consideration, it may be an answer for personal preference. Where Whey Protein supplementation supplies quick and convenient protein with low sugar, fat and carbohydrates; a natural protein source will provide an array of natural micro and macronutrients, and many may appeal to the idea of a non-synthetic source (Sharp, 2018). Both sources work equally as well as each other (Sharp, 2018).
Caffeine can be beneficial for energy purposes, which can result in better performance, and in turn, better results (Spradley, 2012). With research suggesting that caffeine could improve VO2Max, endurance, perceived energy and reduced levels of fatigue, it may be worth using for some athletes (Spradley, 2012). Caffiene has found to improve short-term and intense intensity exercise performance in highly trained individuals and increase endurance performance by 2-4% (Buzdağlı, 2021). Although its’ benefits for energy and performance, caffeine may not be effective for every athlete as some are more sensitive to caffeine then others (Landolt, 2012). Consuming small portions would be recommended to start with to ensure that side effects such as anxiety and increased heart rate (Spradley, 2012). 
Marketing Factors
Marketing can have a powerful influence on people’s outlook and opinions on health. Brands could use persuasive messaging and emotional appeal in their branding which may pressure people into buying supplements that they wouldn’t normally. This is detrimental as supplements should be researched before purchasing by each individual as they are meant to affect their health at the end of the day. Marketing can be misleading at times and can be expensive or overpriced. Consumers can often view supplements as a shortcut which could be harmful, and this could be a result of effective marketing. It’s important to buy creatine, caffeine or protein from a reliable website or store to ensure safety.
Psychological Impact of Supplementation
The Placebo effect is a phenomenon where a person experiences a perceived physical improvement after receiving a treatment that has no therapeutic effect. A sport supplement could cause a placebo where the individual felt as though they had an advantage due to the supplement, therefore they work harder (Hurst, 2020). In a systematic review, they discovered that placebo and nocebo of sport supplementation can exert a small to moderate effect on sports performance (Hurst, 2020). Motivation and desire for a better performance is an important physiological driver when it comes to the placebo resulting in a better physical performance (Beedie, 2009). The instant gratification of supplements that promise quick results could make the consumer feel as though they have made a quick improvement which leads to a feeling of accomplishment (Hurst, 2020).

Safety concerns 
Creatine, Protein supplementation and caffeine may come with some safety concerns. Kreider (2017) suggests that creatine supplementation is safe during short and long term intervals for healthy females and males along with younger and older people. Cooper (2012) further validates that statement by saying “ingesting creating as an oral supplement is considered safe and ethical”. Although, they went on to explain that safety cannot be guaranteed with creatine, especially when administered for long periods of time (Cooper, 2012). Other sources stated that creatine can occasionally cause adverse effects like gastrointestinal complaints, muscle cramps and a possible increase of body weight (Andreas, 2017). That being said, authorities have concluded that a daily intake of 3 grams daily of creatine per person is unlikely to cause health and safety concerns (Andreas, 2017).
Over-supplementing protein can have it’s own disadvantages. Firstly, an systematic review by Vasconcelos (2021) found that overuse of whey protein can cause adverse effects on kidney and liver function. 11 papers were analysed and the majority suggested the damaging effects as a result of chronic use of whey protein with the main organs being affected being the liver and kidney (Vasconcelos, 2021). Other effects overuse of whey may have on the body can be aggression and aggravation, acne and gut microbiome adaptation (Vasconcelos, 2021).
Some reports highlight dangerous and fatal results of caffeine abuse with results possibly leading to death (Temple, 2017). Between 2005 and 2011, 79,438 visits were made to the emergency room as a result of overconsumption of energy products that include a high level of caffeine (Temple, 2017). Temple (2017) goes on to explain that for healthy adults, caffeine consumption isn’t very dangerous, but can be harmful for vulnerable populations or people who have impairments in their cardiovascular system, sleep and substance abuse (Temple, 2017). A toxic consumption of caffeine is appears to be approximately 400mg/ day and the recommended maximum is around 100mg/ day (both in healthy adults) (Temple, 2017).

Conclusions/ future research 
To conclude this critical review, findings illude to the fact that sport supplementation is very popular among young adults and people in general with the prevalence rate of 82.2% of young adults supplementing sports supplements (Jovanov 2019). With this in mind, it was important to look further into sport supplementation (creatine, protein, caffeine in particular) to evaluate their safety and efficacy. Creatine found to be effective with a narrative review suggesting that creatine improved the strength, agility and jumping performance of participants (Wax, 2021). Although plenty of research, creatine’s safety cannot be guaranteed (Cooper, 2021). Some articles explained that creatine can cause gastrointestinal complaints, muscle cramps and weight gain according to Andreas (2017). On the other hand, creatine has found to be a safe and effective ergogenic aid all-in-all, especially when used in small doses of 3g daily or less (Andreas, 2017). Protein whey supplementation has found to have the same effects as any other protein source (Sharp, 2018), but also can be dangerous to supplement chronically with possible damaging effects on the kidney and liver (Vasconcelos, 2021). Protein use post-exercise has found to be highly beneficial but chronic whey protein use may be dangerous (Vasconcelos, 2021). Caffeine is a helpful stimulant to increase energy which also happens to positively impact VO2Max and performance when used before exercise (Smith, 2010). Caffeine can be fatal when abused with almost 80,000 visits to the hospital emergency room as a result of caffeine overconsumption between 2005 and 2011 (Temple, 2017). Caffeine isn’t very dangerous for healthy adults but can be harmful for vulnerable populations (Temple, 2017). It is important not to ingest more than 100mg/ day for healthy adults to ensure safety (Temple, 2017). Placebo of sport supplantation can make a positive impact to performance along with motivation (Hurst, 2020).
Supplementation is an industry that can be dangerous, and personal research should be made before ingestion. Creatine, Protein and Caffeine have their safety concerns but are relatively well-researched and reliable when taken in moderation. Supplementation is an operative ergogenic aid which could be very useful for athletes that want to maximise performance and results.
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