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A review of the effects of nutritional supplements 
on muscle strength and endurance in athletes

Abstract
Athletes widely use nutritional supplements to increase muscle strength and endurance. This review 
aims to summarize the effects of commonly used dietary supplements on muscle strength and 
endurance in athletes. A literature search identiaied several dietary supplements studied for their 
impact on muscle performance, including protein supplements, creatine, beta‑alanine, branched‑
chain amino acids (BCAAs), caffeine, nitrates, and vitamins and minerals. The review discussed the 
mechanisms by which this supplement affects muscle strength and endurance. The review 
methodology includes a systematic literature search, study selection, and data analysis. The review 
summarizes the effects of each type of supplement on muscle strength and endurance based on the 
available literature. The discussion includes an overview of the effectiveness and safety of using 
nutritional supplements to increase muscle strength and endurance in athletes, as well as limitations 
of studies reviewed and directions for future research. In conclusion, this review highlights the 
importance of choosing the right and safe nutritional supplements to improve muscle performance in 
athletes.
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Streszczenie
Sportowcy powszechnie stosują suplementy diety w celu zwiększenia siły i wytrzymałości mięśni. 
Celem tego przeglądu jest podsumowanie wpływu powszechnie stosowanych suplementów diety na 
siłę i wytrzymałość mięśni u sportowców. W ramach przeglądu literatury zidentyaikowano kilka 
suplementów diety badanych pod kątem ich wpływu na wydajność mięśni, w tym suplementy 
białkowe, kreatynę, beta‑alaninę, aminokwasy rozgałęzione (BCAA), kofeinę, azotany oraz witaminy i 
minerały. W przeglądzie omówiono mechanizmy, za pomocą których dany suplement wpływa na siłę i 
wytrzymałość mięśni. Metodologia obejmuje systematyczny przegląd literatury, wybór badań i 
analizę danych. Przegląd podsumowuje wpływ każdego rodzaju suplementu na siłę i wytrzymałość 
mięśni w oparciu o dostępną literaturę. Omówienie obejmuje przegląd skuteczności i bezpieczeństwa 
stosowania suplementów diety w celu zwiększenia siły i wytrzymałości mięśniowej u sportowców, a 
także ograniczenia recenzowanych badań i kierunki przyszłych badań. Podsumowując, niniejszy 
przegląd podkreśla znaczenie wyboru odpowiednich i bezpiecznych suplementów diety w celu 
poprawy wydajności mięśni u sportowców.
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Introduction
The use of nutritional supplements has been controversial 
among athletes, coaches, and health professionals. Dietary sup‐
plements can benefit athletes by improving muscle strength and 
endurance performance. However, improper use of nutritional 
supplements can adversely affect athletes' health and sports per‐
formance. The use of dietary supplements in sports has been a 
controversial topic due to the potential benefits and risks asso‐
ciated with their use [1].
Using nutritional supplements is common among athletes to im‐
prove their physical performance and meet their dietary needs. 
However, the use of these supplements is a controversial topic 
due to their potential risks, especially when taken improperly or 
fraudulently [2]
Sports require high energy consumption, and the nutritional ne‐
eds of athletes are very different from the dietary needs of ordi‐
nary people. They require more specific nutrients to support 
muscle growth, maintenance, and recovery. To meet these nutri‐
tional needs, athletes often consume dietary supplements in ad‐
dition to their diet [3]. Emphasize that consuming nutritional 
supplements only needs to be done if it is needed and in the ri‐
ght amount. Taking too many dietary supplements can result in 
serious health risks for athletes [4]. Athletes' nutritional needs 
that are different from those of ordinary people are strongly in‐
fluenced by intense physical activity and require high energy. 
Athletes require a proper and balanced intake of nutrients to 
support the growth, maintenance, and recovery of their muscles. 
Nutritional supplements can be added to nutritional intake, but 
do not have to be a substitute for food. Consumption of dietary 
supplements should be based on individual needs and is recom‐
mended to be done with the supervision of a nutritionist or 
sports specialist. Energy requirements for training and competi‐
tion can be very high. Athletes must consume adequate amounts 
of carbohydrates, fats, and proteins to boost their performance 
and support recovery after exercise. Athletes may also require 
higher doses of certain vitamins and minerals to support their 
increased metabolic needs and to maintain immune function [5].
However, it is important to remember that nutritional supple‐
ments should only be used as a supplement to a proper diet, not 
as a meal replacement. Taking too many dietary supplements 
can result in an excess of certain nutrients, which can harm he‐
alth and trigger unwanted side effects. Excessive use of nutritio‐
nal supplements can lead to certain nutrients that adversely 
affect health. Therefore, athletes should note that dietary supple‐
ments should only be used as a supplement to a proper diet, not 
as a substitute [6].
Therefore, conducting a comprehensive literature review is im‐
portant to understand the effects of nutritional supplements on 
athletes' muscle strength and endurance. This literature review 
aims to provide accurate and up­to­date information on the im‐
pact of dietary supplements on athletes' muscle strength and en‐
durance and recommendations regarding their use.
The literature review will include the definition and types of nu‐
tritional supplements commonly consumed by athletes, as well 
as a literature review of the effects of dietary supplements on 
athletes' muscle strength and endurance. The research methodo‐
logy used in the literature review will also be described in detail. 
Knowing the impact of nutritional supplements on athletes' mu‐

scle strength and endurance is hoped that athletes and coaches 
can make informed decisions regarding the use of dietary supple‐
ments that suit their needs. Health professionals can also provide 
appropriate recommendations regarding using nutritional supple‐
ments in athletes.
In this literature review, we will evaluate the effectiveness and 
safety of using nutritional supplements on muscle strength and 
endurance of athletes. We will also discuss the mechanism of ac‐
tion of dietary supplements that affect the strength and endurance 
of athletes' muscles. That way, this literature review will provide 
a better understanding of the use of nutritional supplements in 
sports, so that they can help improve the performance of athletes 
and maintain their health.

Literature review
Understanding and types of nutritional supplements 
commonly consumed by athletes
The use of nutritional supplements has become popular among 
athletes as a way to improve their sports performance. The diffe‐
rent types of dietary supplements available on the market and 
consumed by athletes include protein supplements, creatine, beta­
alanine, branched­chain amino acids (BCAAs), caffeine, nitrates, 
vitamins, and minerals.
Protein supplements are the most common type of nutritional 
supplement consumed by athletes. Protein is an important nu‐
trient for muscle formation and maintenance, so adequate protein 
consumption is highly recommended for athletes. Protein supple‐
ments are available in various forms, such as powders, bars, and 
capsules, with whey protein and casein being the most common‐
ly used [7]. As they are easily digested and quickly absorbed by 
the body. Protein supplements are indeed very important for ath‐
letes to help promote muscle growth, with whey protein and ca‐
sein being common choices consumed by athletes [8].
Creatine is a supplement commonly used by athletes to improve 
muscle strength and sports performance. Creatine is found in 
muscles and can increase ATP synthesis, the main energy source 
for muscle contraction. BCAAs are also a type of supplement 
commonly consumed by athletes to help speed muscle recovery 
and increase protein synthesis [9]. Nutritional supplements, inc‐
luding creatine and BCAAs, can help improve muscle growth 
and exercise performance [10, 11].
Caffeine is a stimulant supplement athletes use to improve focus 
and sports performance. Caffeine can increase endurance and re‐
duce fatigue, which can help athletes to perform better during 
training or matches [12]. Caffeine is one of the most widely used 
supplements among athletes, as it is believed to improve focus, 
improve performance, and reduce fatigue during exercise. Caffe‐
ine has been shown to consistently improve performance on va‐
rious types of training, including aerobic and anaerobic exercise, 
caffeine increases exercise endurance by increasing energy pro‐
duction and increasing the body's ability to use fat as an energy 
source during exercise [13].
Nitrates are a type of supplement that can increase aerobic capa‐
city by increasing oxygen delivery to muscles. Nitrates can be 
found in foods such as beets, spinach leaves, and rucola, and are 
available in supplement form. Nitrates can improve athletes' per‐
formance and be an effective and safe alternative to increasing 
aerobic capacity during physical exercise [14]. 
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Vitamins and minerals are also very important for athlete health 
and sports performance. Nutritional deficiencies can interfere 
with sports performance and cause fatigue. Vitamin and mineral 
supplements help ensure that athletes get adequate nutrition and 
maintain their health [15, 16]. Athletes taking vitamin D supple‐
ments in the right dose experience improved physical perfor‐
mance and faster recovery after intense training. Vitamin and 
mineral supplements help ensure that athletes get adequate nutri‐
tion and maintain their health. Therefore, athletes must watch 
their nutritional intake and add vitamin and mineral supplements 
[17].
Overall, taking nutritional supplements can benefit athletes, but 
can also carry risks if not used properly. Therefore, before taking 
dietary supplements, athletes should consult a doctor or nutritio‐
nist to ensure their use is safe and effective.

A literature review of the effects of nutritional supplements 
on athletes' muscle strength and endurance includes
Protein supplements
Protein is one of the essential macronutrients needed by the bo‐
dy to build and repair muscle tissue, Protein can be found in va‐
rious food sources, including meat, eggs, milk, nuts, and seeds 
[18]. Protein plays an important role in building and repairing 
muscle tissue. 
Protein plays an important role in building and repairing muscle 
tissue in the body. In addition, protein also plays a role in the 
body's metabolic processes, such as the formation of enzymes, 
hormones, and neurotransmitters [19]. Protein has an important 
role in repairing muscle damage during exercise and facilitating 
muscle recovery after exercise. In addition, protein is also ne‐
eded to produce enzymes, hormones, and neurotransmitters that 
play a role in various metabolic processes of the body.
Athletes often take protein supplements to help improve their 
muscle strength and endurance. Some types of protein common‐
ly consumed by athletes include: (1). Whey protein: protein ta‐
ken from milk, which is easily digested and absorbed by the 
body; (2). Casein protein is also taken from milk but digested 
more slowly than whey protein; (3). Plant protein: protein deri‐
ved from vegetable sources, such as soybeans, nuts, and seeds 
[20]. The most common proteins athletes consume, such as 
whey protein, casein protein, and vegetable protein, have all be‐
en shown to be effective in increasing muscle mass and muscle 
strength.
The mechanism of action of a protein in increasing muscle 
strength and endurance Protein helps improve muscle strength 
and endurance by stimulating muscle protein synthesis, which is 
the process of forming new proteins in muscle tissue. In addi‐
tion, protein also helps repair damage to muscle tissue after stre‐
nuous exercise [21]. Increasing circulating amino acids (AAs) is 
a powerful stimulus for increased MPS (muscle protein synthe‐
sis). This increase in MPS is an underlying mechanism of musc‐
le hypertrophy (i.e., muscle growth) in response to resistance 
exercise.
Scientific evidence on the effectiveness of protein in increasing 
muscle strength and endurance. Research conducted obtained 
results that regular consumption of whey protein supplements 
can increase muscle strength and endurance in women who 
practice [22, 23]. A study by [24] found that regular consump‐

tion of whey protein supplements can increase muscle strength 
and hypertrophy in older adults. However, research results vary 
depending on the subject, dosage, type of protein, and research 
method used.
Although protein supplements are considered safe in recommen‐
ded doses, excessive consumption can increase the risk of health 
problems, such as kidney damage, kidney stones, and indigestion 
[25]. Consumption of protein supplements in high doses can in‐
crease the risk of kidney damage and kidney stones in individuals 
with impaired kidney function.
The recommended dosage and mode of use of protein supple‐
ments may vary depending on the type of protein used and the 
purpose for which it is used. However, consuming 20–30­gram 
protein after exercise is generally recommended to help repair 
muscle tissue and speed recovery. In addition, it is also important 
to pay attention to protein intake from daily food so as not to 
exceed the body's needs. The recommended dosage for the use of 
protein supplements varies depending on the type of protein, the 
purpose of use, and the individual condition, in general, con‐
sumption of 0.25–0.3­grams of protein per kilogram of body we‐
ight every 3–4 hours can help maximize muscle protein 
synthesis, in addition, it is important to pay attention to protein 
intake from the daily diet to avoid excess protein that can harm 
kidney and heart health [26].

Creatine supplements
Creatine is an organic compound found in muscles and food Cre‐
atine is an organic compound consisting of the amino acids argi‐
nine, glycine, and methionine. This compound is present in 
skeletal muscle and can also be found in foods such as meat and 
fish. Creatine is important in cellular energy metabolism, espe‐
cially in high­intensity and short­duration physical activity.
Creatine works by increasing the amount of creatine phosphate 
available in the muscles, thereby increasing the production of 
ATP (adenosine triphosphate) during intense exercise. ATP is the 
main source of energy for cells in the human body, and creatine 
phosphate helps regenerate ATP that is broken down during phy‐
sical activity. By increasing ATP production, creatine supple‐
ments can help improve the performance of sports that require 
muscle strength and endurance, such as lifting weights or sprints. 
Creatine supplements may also help reduce muscle fatigue du‐
ring intense exercise.
Results of a literature review related to the effects of creatine 
supplements on athletes' muscle strength and endurance Various 
literature reviews have been conducted to evaluate the effects of 
creatine supplements on athletes' muscle strength and endurance. 
Some of the results of the literature review are: 
(1). Increased muscle mass and strength: Creatine supplements 
effectively increase muscle mass and strength, especially in we‐
ight­training athletes. Research conducted [27] the results sho‐
wed that creatine supplements can increase muscle strength and 
muscle power in various groups of athletes, including soccer 
players, weightlifters, and sprinters. In addition, the authors also 
found that creatine supplements can improve muscle recovery 
after exercise and may contribute to increased muscle mass in ol‐
der people. Research conducted [28], the results showed that cre‐
atine supplements could increase strength and muscle mass in 
trained men.
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(2). Increased muscular endurance and anaerobic ability: Creati‐
ne supplements can also improve muscle endurance and anaero‐
bic ability, such as in sprints and weight lifting. Research 
conducted [29] the results showed that creatine supplementation 
for 28 days, combined with resistance training, significantly im‐
proved body composition, maximum strength, and power out‐
put, as well as increased anaerobic endurance capacity. In 
addition, research conducted [30] shows the results of creatine 
supplements have been shown to improve the performance of 
high­intensity exercise, especially through increasing energy 
availability for anaerobic metabolism
(3). Reduction of muscle fatigue during intense exercise: Some 
studies show that creatine supplements can help reduce muscle 
fatigue during intense exercise, thereby improving athlete per‐
formance. Research conducted [31] shows supplementation with 
creatine has been shown to increase muscle creatine content, im‐
proving muscle performance, especially during high­intensity 
exercise of short duration. Research conducted [32] showed re‐
sults that creatine, in addition to increasing strength and endu‐
rance, creatine supplements have been associated with reduced 
fatigue and increased work performed during high­intensity 
exercise.
Creatine is very good in increasing muscle strength and endu‐
rance but in its use, the dosage must be considered, the recom‐
mended creatine supplement dosage varies depending on the 
type of supplement and individual needs. However, the standard 
dose for creatine monohydrate supplements is 3–5 grams daily 
for 4–6 weeks in the early stages of use, followed by a mainte‐
nance dose of about 2–3 grams daily. 
The use of creatine, if not used with the correct dose, will cause 
side effects that may occur due to the use of creatine supple‐
ments, are dehydration and digestive disorders, such as diarrhea, 
nausea, and stomach cramps. However, these side effects usually 
occur with high doses and long­term use, so using creatine sup‐
plements with the right amount and controlled duration is safe. 
Before taking creatine supplements, you should consult a doctor 
or nutritionist, especially if you have a history of kidney disease 
or other health problems.

Beta­alanine supplements
Beta­alanine supplements and their mechanism of action in in‐
creasing muscle strength and endurance Beta­alanine supple‐
ments contain the amino acid beta­alanine, which acts as a 
precursor for the synthesis of karosine in the body. Karosine it‐
self is a compound in the body that balances muscle pH and pre‐
vents lactic acid evaporation during physical activity. Thus, 
beta­alanine supplements are expected to increase muscle capa‐
city for intense physical action and muscle endurance.
Studies that show the effectiveness of beta­alanine supplements 
in improving athlete performance Studies that have been con‐
ducted show that the use of beta­alanine supplements can en‐
hance the performance of athletes in various types of sports. 
Studies led [33] show that beta­alanine supplementation has a 
positive effect on anaerobic performance variables in female 
athletes and can improve the ability to perform high­intensity 
exercise, such as sprinting [34]. Research results suggest that be‐
ta­alanine supplementation can improve physical performance in 
healthy individuals, including anaerobic power, capacity, and 

exercise volume, which can result in improvements in high­in‐
tensity exercise tasks, such as sprinting and jumping. 
Studies reveal that using beta­alanine supplements can improve ana‐
erobic capacity and motor skills in football and basketball. Research 
conducted by [35, 36] that using beta­alanine supplements can in‐
crease anaerobic capacity in soccer players. The results showed that 
beta­alanine supplements could increase the body's capacity to pro‐
duce anaerobic energy and improve players' ability to perform in‐
tense anaerobic tasks. Using beta­alanine supplements can also 
improve performance during HIIT (High­Intensity Interval Training) 
training on stationary bikes. The meta­analysis results support the 
hypothesis that beta­alanine supplementation is a beneficial ergoge‐
nic aid for exercise capacity and performance during high­intensity 
exercise protocols such as HIIT [37]. Beta­alanine supplements can 
also increase endurance time on running workouts and time to fati‐
gue on cycling workouts [38]. Research shows that beta­alanine 
supplements can increase aerobic and anaerobic capacity in athletes, 
extending endurance time on running and cycling exercises.
Dosages are commonly used in studies and dosage recommenda‐
tions that are safe for use in athletes. The usual dose used in stu‐
dies was about 4–6 grams per day, with administration for 4–­12 
weeks. However, safe dosage recommendations for athletes will 
depend on factors such as weight, type of exercise, and purpose 
of use. Some sources recommend a dosage of about 2–5 grams 
per day for long­term use.
A side effect associated with the use of beta­alanine supplements 
is a burning sensation in the skin known as paresthesia. These si‐
de effects usually occur at high doses and are harmless. Factors 
such as dosage and duration of use can affect the severity of side 
effects experienced. In addition to side effects, there are potential 
interactions between beta­alanine supplements and drugs that af‐
fect the central nervous and cardiovascular systems. However, 
data regarding drug interactions with beta­alanine supplements 
are still limited and require further research.

Branched­chain amino acid supplements (BCAAs)
Understanding and characteristics of BCAA, BCAA stands for 
"branched­chain amino acid" or branched­chain amino acid, 
which consists of three amino acids: leucine, isoleucine, and vali‐
ne. BCAAs are essential amino acids, which means the body 
cannot produce its own and must be obtained through food or 
supplements [39]. BCAAs, including leucine, isoleucine, and va‐
line, are essential amino acids that cannot be synthesized by the 
human body and must be obtained through food or supplements".
This BCAA amino acid is very important in muscle metabolism 
and plays a role in increasing muscle protein synthesis, suppres‐
sing muscle damage, and promoting muscle growth and recovery 
[40]. BCAA drinks can help reduce muscle breakdown and im‐
prove muscle recovery during high­intensity exercise.
BCAAs can be obtained through meat, eggs, soy, and dairy pro‐
ducts [41]. BCAA's main food sources include animal proteins, 
such as meat, eggs, and dairy products, and plant proteins, such 
as soy. However, to get high enough doses to improve sports per‐
formance, many athletes and sports coaches take BCAA supple‐
ments. The types of BCAA supplements available on the market 
include powders, tablets, capsules, or sports drinks. Some BCAA 
supplement manufacturers combine BCAAs with other ingre‐
dients such as glutamine, electrolytes, or caffeine.
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BCAAs work in the body in several ways, including increasing 
muscle protein synthesis by increasing the availability of amino 
acids in the body, reducing muscle damage during physical 
exercise, and increasing muscle growth [42]. BCAAs can incre‐
ase muscle protein synthesis and affect amino acid metabolism 
in the body, thereby increasing the availability of amino acids in 
the body. BCAAs can also help increase insulin production, 
which can help increase the uptake of glucose and amino acids 
by muscles during physical exercise [43]. BCAA supplementa‐
tion may be a nutritional strategy to improve insulin resistance, 
which may contribute to increased glucose uptake by muscles 
during exercise.
Based on the results of a literature review, the use of BCAA sup‐
plements can help increase muscle strength and endurance in 
athletes. BCAAs increase muscle protein synthesis, thereby hel‐
ping to increase muscle mass and muscle strength. BCAAs can 
also reduce muscle breakdown during exercise, thus helping to 
improve muscle recovery and muscular endurance during exer‐
cise. Research conducted by [44] shows that BCAAs can reduce 
muscle damage during exercise in men who have become accu‐
stomed to training with weights. Research [45] shows that leuci‐
ne supplementation (as one of the components of BCAAs) 
during resistance training exercise can help reduce muscle da‐
mage, increase muscle strength and hypertrophy. However, the 
results of existing studies are still mixed and not yet fully consi‐
stent regarding the effects of BCAAs on muscle strength and en‐
durance of athletes.
Although the use of BCAA supplements is generally considered 
safe, long­term use or excessive doses can cause some side ef‐
fects. Some of the possible side effects include indigestion, he‐
adaches, sleep disturbances, and an increased risk of liver or 
kidney disease [46]. Meta­analysis results showed that BCAA 
supplementation had a negative effect on estimated glomerular 
filtration rate (eGFR) and blood urea nitrogen (BUN) in all sub‐
jects. Therefore, the use of BCAA supplements should be done 
by following the recommended dosage and with strong medical 
supervision. In addition, keep in mind that BCAA supplements 
cannot replace a balanced diet and adequate protein intake from 
the daily diet.
BCAA supplements can be an option for increasing muscle 
strength and endurance in athletes, but keep in mind that rese‐
arch results are still mixed and side effects from using BCAA 
supplements also need to be noted. We recommend that the use 
of BCAA supplements be done with medical supervision and 
follow the recommended dosage, and do not replace a balanced 
diet and adequate protein intake from the daily diet.

Caffeine supplements
Caffeine is a stimulant compound that affects the central nervous 
system and can trigger adrenal hormones such as adrenaline and 
noradrenaline. This hormone can increase muscle contractions 
and increase endurance. Some research also suggests that caffe‐
ine can affect muscle metabolism and increase the ability of mu‐
scles to produce energy. Caffeine increases the oxidative 
capacity and breakdown of glycogen in muscle training, which 
contributes to the increase in aerobic capacity and endurance 
performance observed after caffeine consumption in the studies 
conducted [47, 48]. Caffeine digestion increases isokinetic mu‐

scle strength by increasing muscle activation and reducing musc‐
le fatigue during exercise.
The effective and safe dose of caffeine for athletes varies depen‐
ding on factors such as body weight, individual tolerance, and the 
type of exercise performed. Most research suggests that doses of 
3–6 mg/kg of body weight about an hour before exercise can im‐
prove athlete performance [49]. Giving caffeine about an hour 
before exercise, caffeine doses of about 3–6 mg/kg of body we‐
ight were found to improve athletes' performance in prolonged 
training and strength [50]. In studies with doses of approximately 
3–6 mg/kg of body weight given about an hour before exercise, 
athletes' performance on prolonged exercise and strength impro‐
ved significantly. 
However, there are also studies that show lower or higher doses 
can have the same effect [51]. There was no significant differen‐
ce in maximal strength and power output between the caffeine 
and placebo groups at either dose (3 or 6 mg/kg), which suggests 
that the ergogenic effects of caffeine may not be dose­dependent. 
In addition, it is important to pay attention to the timing and pat‐
tern of caffeine consumption, such as avoiding caffeine con‐
sumption before bed or reducing consumption if a person has 
heart problems or caffeine addiction.
Research shows that caffeine can increase the ability of muscles 
to work in hypoxic conditions and increase aerobic capacity, 
which can increase muscle endurance in exercise [52]. research 
conducted shows that caffeine consumption has a significant ef‐
fect on muscle endurance performance, with a moderate effect si‐
ze (g = 0.52), which is equivalent to an average muscle 
endurance performance increase of 5.5%. 
Effects of caffeine on muscular endurance: Some research sugge‐
sts that caffeine can improve the ability of muscles to work in hy‐
poxic conditions and increase aerobic capacity, which can 
increase muscular endurance at exercise. [53–55] an analysis of 
various studies on the effect of caffeine on athletes who exercise 
in hypoxic conditions and found that caffeine supplements can 
improve the performance of athletes in these conditions. Rese‐
arch shows that caffeine can increase the time to fatigue or incre‐
ase the distance that can be traveled, especially in extended 
exercise [56]. Found that caffeine supplementation can increase 
the time it takes to achieve fatigue in maximal ergometer training 
in male rowing elite athletes.
Safety of caffeine use: Although caffeine has potential benefits 
for improving athletes' performance, it also has certain side ef‐
fects and risks especially if used in excessively high doses or 
combined with other compounds. Possible side effects include 
headaches, anxiety, tremors, sleep disturbances, and digestive 
problems. In addition, the use of caffeine can also trigger an in‐
crease in heart rate, increase the risk of dehydration, and affect 
the absorption of nutrients in the body. Therefore, before using 
caffeine supplements, athletes should consult with a doctor or 
nutritionist to find out the dosage that is safe and suitable for their 
individual needs.

Nitrate supplements
Nitrate supplements are usually in the form of sodium nitrate or 
nitrate contained in vegetables such as beets (beetroot juice). So‐
dium nitrate is commonly used in supplements available in the 
market. While beets are rich in nitrates, often processed into juice 
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or supplements that are easier for athletes to consume [57]. The 
authors discuss that sodium nitrate is a commonly used source of 
nitrate as a supplement in sports, due to its ability to increase 
oxygen delivery to muscles and improve athletic performance.
How nitrates can improve athletes' performance through the for‐
mation of nitric oxide (NO) in the body: Nitrates are converted 
into nitric oxide (NO) in the body. NO is a chemical compound 
that plays an important role in the regulation of blood flow and 
cellular functions in the body. Nitrate supplements are expected 
to increase NO levels in the body and increase blood and oxy‐
gen flow to the muscles [58]. nitrate supplements improve exer‐
cise performance by increasing nitric oxide (NO) bioavailability, 
thereby improving blood flow, muscle contractile efficiency, and 
mitochondrial respiration.
Effects of nitrate supplements on athletes' performance in vario‐
us types of sports, such as long­distance running, cycling, and 
weightlifting. Several studies have shown that the consumption 
of nitrate supplements can improve the performance of athletes 
in certain types of sports. [59] studies conducted on long­distan‐
ce running athletes show that consumption of nitrate supple‐
ments can increase travel time and reduce fatigue [60]. 
performance improvement was also seen in cyclists and weigh‐
tlifters after taking nitrate supplements.
The mechanism of action of nitrates in increasing muscle oxyge‐
nation and reducing fatigue during sports activities. Nitrate sup‐
plements can increase blood flow to muscles and increase oxygen 
levels available in muscles during sports activities. This can slow 
fatigue and allow athletes to exercise at a higher intensity or for 
longer periods [61]. Nitrate supplementation has the potential to 
increase the bioavailability of NO and thus increase skeletal mu‐
scle blood flow and reduce the cost of exercise O2. Collectively, 
these effects can translate into improved exercise performance and 
extended duration of high­intensity exercise
Potential side effects and health risks associated with taking nitrate 
supplements, such as hypotension (low blood pressure) and can‐
cer risk. Excessive consumption of nitrate supplements can cause 
hypotension (low blood pressure) in some people. In addition, 
there are several studies that associate high amounts of nitrate 
consumption with an increased risk of cancer, research conducted 
[62] revealed that high consumption of nitrates and nitrites can in‐
crease the risk of type 2 diabetes mellitus (T2DM). This can be at‐
tributed to the potential formation of nitrosamines, which are 
known to have adverse effects on glucose metabolism and insulin 
sensitivity. However, more research is still needed to confirm this.
Dosage recommendations and the duration of consumption of 
safe and effective nitrate supplements vary depending on the ty‐
pe of supplement and the individual needs of the athlete. Howe‐
ver, the generally used dosage is about 6–8 mmol or 300–400 
mg of nitrate supplements per day for a few days before compe‐
tition or intense exercise. The optimal dose and duration of ni‐
trate supplementation remains unclear, although studies have 
shown that 6–12 mmol of dietary nitrate per day for 3–7 days is 
effective in improving endurance exercise performance in heal‐
thy adults [63]. However, it is important to consult a doctor or 
nutritionist before taking nitrate supplements, especially if you 
have a medical history or are taking certain medications.
Nitrate supplements can improve athletes' performance and re‐
duce fatigue during sports activities. However, consumption of 

nitrate supplements can also cause hypotension and there are po‐
tential health risks associated with excessive consumption. The‐
refore, it is important to consult a nutritionist or doctor before 
taking nitrate supplements and follow the recommended dosage. 

Vitamin and mineral supplements
Vitamins and minerals are essential for the body to carry out im‐
portant biological functions including to increase muscle strength 
and endurance. Some types of vitamins and minerals that are 
often consumed by athletes include vitamin C, vitamin D, vita‐
min E, magnesium, calcium, iron, and zinc. Vitamins C and E 
have a role as antioxidants that can protect muscles from cell da‐
mage, while vitamin D helps the absorption of calcium which is 
important for bone health and muscle contraction. Magnesium, 
calcium, and zinc also have important roles in muscle contraction 
and energy metabolism [64].
Effects of vitamin and mineral deficiencies on athletes' muscle 
strength and endurance. Vitamin and mineral deficiencies can have 
an impact on decreasing the strength and endurance of athletes' mu‐
scles. For example, iron deficiency can lead to anemia, which can 
result in fatigue, decreased endurance and athlete performance [65]. 
Magnesium deficiency has also been linked to decreased athlete 
performance and exercise ability, as well as muscle fatigue [66].
The mechanism of action of vitamins and minerals in the body 
and how they can affect muscle strength and endurance. Vitamins 
and minerals play a role in various metabolic and biological pro‐
cesses related to muscle strength and endurance. For example, 
magnesium helps in the process of energy formation in cells, and 
plays an important role in muscle contraction [67]. Calcium is al‐
so important in muscle contraction, while vitamin D is needed in 
calcium absorption in the body [68], Vitamins C and E act as an‐
tioxidants, which can protect muscles from cell damage caused 
by intense exercise activities [69]. 
Evidence from studies examining the effectiveness of vitamin 
and mineral supplements in increasing muscle strength and endu‐
rance in athletes. Some studies show that taking vitamin and mi‐
neral supplements can improve muscle strength and endurance in 
athletes. For example, a study found that magnesium consump‐
tion can improve athletes' performance in swimming and running 
activities [66]. In addition, a literature review found that vitamin 
D supplementation can improve muscle strength and exercise 
performance on [68]. However, not all studies show consistent 
results. A study conducted on running athletes found that con‐
sumption of vitamin C and E supplements did not have a signifi‐
cant effect on athlete performance [69]. Therefore, before taking 
vitamin and mineral supplements, it is important to consult a nu‐
tritionist or doctor to determine the right dosage and ensure their 
safety and effectiveness.

The mechanism of action of nutritional supplements that af‐
fect the strength and endurance of athletes' muscles
Protein supplements generally serve as a source of amino acids 
needed by the body for muscle protein synthesis. Protein supple‐
ments consumed before and after exercise can increase muscle 
protein synthesis, reduce muscle damage, and accelerate muscle 
recovery after exercise [70]. A 2019 study found that protein 
consumption immediately after exercise can increase muscle 
strength and muscle endurance [71].
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Creatine is a compound present in the body and serves as a sour‐
ce of energy for muscles during physical activity. Creatine sup‐
plements can increase the availability of ATP in muscles and 
help increase muscle strength and endurance during strenuous 
and short physical activity. A study in 2020 found that taking 
creatine supplements for 4 weeks can increase muscle strength 
and endurance in athletes [72]. 
Beta­alanine supplements: Beta­alanine is an amino acid that se‐
rves as a precursor to carbamic acids, which increases the con‐
centration of acid buffer in muscles. Beta­alanine supplements 
can increase the acid buffer capacity of muscles and delay mu‐
scle fatigue during strenuous and repetitive physical activity. A 
study in 2018 found that taking beta­alanine supplements for 4 
weeks can improve muscle endurance in athletes [73].
Branched chain amino acid (BCAA) supplements: BCAAs con‐
sist of three essential amino acids namely leucine, isoleucine, 
and valine. BCAA supplements can increase muscle protein 
synthesis, reduce muscle breakdown, and delay muscle fatigue 
during physical activity. A 2019 study found that taking BCAA 
supplements before and during exercise can improve muscle 
strength and muscle endurance [74]. 

Caffeine supplements: Caffeine is a stimulant compound that 
can improve concentration and focus, as well as increase mu‐
scle strength and endurance during physical activity. Caffeine 
works by increasing the concentration of adenosine in the bra‐
in, which helps increase endurance and delay muscle fatigue. A 
2021 study found that caffeine consumption before exercise 
can improve muscle strength and muscle endurance in athletes 
[75].

Methodology
In this study, the databases used, namely PubMed and Scopus, in 
searching literature the keywords used include: 
1. Nutritional supplements AND athletes AND muscle strength
2. Nutritional supplements AND athletes AND endurance
3. Protein supplements AND athletes AND muscle strength
4. Creatine supplements AND athletes AND muscle strength
5. Beta­alanine supplements AND athletes AND endurance
6. Branched­chain amino acid (BCAA) supplements AND athle‐
tes AND muscle strength
7. Caffeine supplements AND athletes AND endurance
8. Nitrate supplements AND athletes AND endurance

Inclusion criteria Exclusion criteria

Table 1. The inclusion and exclusion criteria

Studies examining the effects of nutritional supplements on muscle 

strength or endurance in athletes, with participants aged 18 years and 

older competing or training regularly

Studies that do not meet the inclusion criteria, studies conducted on 

animals, studies conducted in clinical populations, studies published 

before 2015, and studies that are not available in English

Table 2. Literature review

Author and year

Jones, L. C. et al. 

2018 [76]

J. Grgic et al. 2021 

[77]

Studies examining the effects of nutritional supplements on 
muscle strength or endurance in athletes, with participants aged 
18 years and older competing or training regularly Studies 
that do not meet the inclusion criteria, studies conducted on 
animals, studies conducted in clinical populations, studies 
published before 2015, and studies that are not available in 
English.
The number of studies identified through the search strategy, and 
the selection process of studies conducted, Studies identified 
through PubMed and Scopus database searches are taken and 
incorporated into reference management software, such as 
Mendeley or Zotero. From the studies identified, the initial step 
is to evaluate the title and abstract to determine whether the 

study meets the inclusion criteria. Studies that pass the first phase 
will be considered for further analysis, including checking full­
text studies and evaluating the quality of studies identified using 
predetermined quality criteria.

Result
From the discussion in the literature review points, it has been 
fully explained about the effects of supplements, the mechanism 
of action of supplements, evidence of studies that examine 
supplements in increasing muscle strength and endurance of 
athletes, but to make it easier to see results, the table below is the 
result of an explanation of the effects of nutritional supplements 
on muscle strength and endurance in athletes

Article Title

The effects of protein supplementation on 

muscle strength, hypertrophy, and recovery in 

resistance­trained individuals

Test­Retest Reliability of Caffeine Effects on 

Maximal Strengthand Power in Trained Men

Journal title

Journal of the 

International Society of 

Sports Nutrition

Journal of Strength and 

Conditioning Research

Result

Protein supplements can increase muscle protein 

synthesis and muscle strength in athletes with 

adequate consumption

Creatine supplements are effective in increasing 

muscle strength and muscular endurance in 

athletes, especially in anaerobic exercise
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Author and year

B. Saunders et al. 

2017 [78]

C. M. Kerksick, C. 

D. Wilborn, and B. I. 

Campbell, 2018 [15]

K. Southward, K. J. 

Rutherfurd­

Markwick, and A. 

Ali. 2018 [79]

Jones, A. M. et al. 

2018 [80]

Article Title

Beta­alanine supplementation to improve 

exercise capacity and Performance: A 

Systematic Review and Meta­Analysis

International Society of Sports Nutrition 

position stand: dietary supplements for 

exercise and athletic performance

The effect of acute caffeine ingestion on 

endurance performance: a systematic review 

and meta­analysis

Dietary nitrate supplementation and exercise 

performance: questions and challenges

Journal title

British Journal of Sports 

Medicine

Journal of the 

International Society of 

Sports Nutrition.

Sports Medicine

Sports Medicine

Result

Beta­alanine supplements can increase muscle 

working capacity and muscular endurance in 

athletes

Taking BCAAs before or during exercise can 

help repair muscle damage and increase 

muscular endurance in athletes.

Caffeine consumption can increase muscle 

strength and endurance in athletes, especially in 

aerobic exercise,

Consumption of nitrate supplements can 

increase oxygen use by muscles and muscular 

endurance in athletes

Discussion
The effectiveness and safety of the use of nutritional 
supplements on muscle strength and endurance of athletes. A 
review of the literature suggests that the use of certain types of 
nutritional supplements can improve muscle strength and 
endurance in athletes. For example, research by [81] found that 
beta­alanine supplements can increase muscle strength and 
endurance in weight lifters. However, it is important to pay 
attention to the proper dosage and use to avoid dangerous side 
effects. A study by [82] showed that high doses of vitamin D can 
cause poisoning, so safe and appropriate doses must be 
observed.
Although the literature review showed positive results, there 
were still limitations in the methodology and design of the 
studies conducted. A study by [83] showed that some studies 
were limited by a small sample and not diverse enough in terms 
of the type of sport or athlete studied. Therefore, better designed 
and broader studies in terms of population and type of exercise 
studied need to be done to clarify the effects of nutritional 
supplements on muscle strength and endurance.
Implications of results on athletes' training and nutrition 
strategies: Findings from this literature review may assist 
trainers and athletes in choosing the right type of nutritional 
supplement to increase muscle strength and endurance. Research 
by [84] shows that adequate protein intake can help increase 
muscle protein synthesis in athletes who have muscle damage. 
However, it is important to remember that proper nutrition also 
plays an important role in increasing muscle strength and 
endurance [85–87]. A study by [88] showed that inadequate 
nutrient intake can affect athletes' ability to develop muscle 
strength and endurance.
Controversies and debates related to the use of nutritional 
supplements. The use of nutritional supplements in athletes is 
still a controversial debate. Some studies show that the use of 

nutritional supplements can improve the performance of athletes, 
while others show that there is no significant benefit. A study by 
[89] shows that most nutritional supplements have little scientific 
evidence to support their claims, so it is important to be careful 
and pay attention to the source and type of supplement used. 
Although there are still controversies and limitations in this 
literature review, in general, the use of nutritional supplements 
can provide benefits for muscle strength and endurance in 
athletes. However, it is important to pay attention to proper 
dosage and use and consider proper nutrition.
In terms of future research directions, further research with better 
and broader designs and methodologies is needed to clarify the 
effects of nutritional supplements on muscle strength and 
endurance in different types of sports and athlete populations. 

Conclusion
Based on the results of this literature review, it can be concluded 
that nutritional supplements can increase the strength and 
endurance of athletes' muscles. Some types of nutritional 
supplements that have been shown to be effective in improving 
athlete performance are protein supplements, creatine 
supplements, beta­alanine supplements, branched chain amino 
acid (BCAA) supplements, caffeine supplements, and nitrate 
supplements. However, it is important to remember that improper 
and safe use of nutritional supplements can have a negative 
impact on athletes' health. Therefore, it is advisable to consult a 
nutritionist or sports doctor before using nutritional supplements 
and choose nutritional supplements that are proven to be 
effective and safe.
A limitation of this literature review is that most studies were 
conducted on male athletes with varying durations of supplement 
use, making it difficult to make broader generalizations. In 
addition, more research is needed to clarify the effectiveness and 
safety of nutritional supplements in different populations of 
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athletes and to evaluate the long­term effects of nutritional 
supplement use on athlete health.
In practice, it is important to pay attention to the consumption of 
adequate and balanced nutrition, as well as regular and 
measurable exercises in increasing the strength and endurance of 
the athlete's muscles. The use of nutritional supplements should 
be considered carefully and should only be a nutritional 
additive, not a substitute for nutrients derived from food. By 
choosing the right and safe nutritional supplements, and paying 

attention to regular and measurable nutrition and exercise, 
athletes can significantly improve their performance.

Piśmiennictwo/ References

1. J. M. M. O. Martínez­Sanz, I. Sospedra, E. Baladía, A. Gil­Izquierdo, R. Ortiz­Moncada, and M. García­Martínez, “Nutritional supplements in sports: risks, controversies, and perspectives.,” Nutrients., 
pp. 1–23, 2020, doi: 10.3390/nu12113448.1.
2. J.C. Koury, A. L. A. de O. L.P.M. de Oliveira, A. L. Fernandes., and Judul, “Nutritional supplements for athletes: trends, risks and biomarkers of fraud—A review,” J. Food Compos. Anal., p. 14, 2020, doi: 
10.1016/j.jfca.2020.103566.1.
3. L. M. Burke and V. Deakin, Clinical Sports Nutrition. 2020.
4. Nemeş, R. M., Popa, D. E. and Mocanu, “Nutrition in sports and physical activity,” J. Phys. Educ., vol. 21, no. 1, pp. 1–9, 2020, doi: 10.7752/jpes.2020.01042.
5. Maughan and Shirreffs, “Nutrition for Sports Performance: A Practical Guide for Students, Coaches and Parents,” vol. l, no. March, pp. 1–19, 2021.
6. L. A. Alves, F. L. de Oliveira, B. C. Rodrigues, R. P. da Silva, and V. S. da Silva, “Use of dietary supplements by adolescent athletes: A systematic review,” Arch. Endocrinol. Metab., vol. 64, no. 6, pp. 
720–725, 2020, doi: 10.20945/2359­3997000000279.
7. M. E. Willems, “Protein intake and recovery for athletes,” Sport. Sci. Exch., vol. 21, no. 1, pp. 1–9, 2020, doi: ISSN.1941­7586.
8. S. M. Phillips, “The impact of protein quality on the promotion of resistance exercise­ induced changes in muscle mass,” Nutr. Metab. Judul, vol. 18, p. 12986, 2021, doi: 10.1186/s12986­021­00551­w.
9. D. G. C. Stuart C. Forbes and J. P. Little, “Nutritional Supplements and Human Skeletal Muscle Hypertrophy: A Narrative Review of the Current Evidence,” J. Funct. Morphol. Kinesiol., vol. 5, no. 1, p. 5, 
2020, doi: 10.3390/jfmk5010005.
10. E. Dolan, B. Gualano, and E. S. Rawson, “Beyond muscle: the effects of creatine supplementation on brain creatine, cognitive processing, and traumatic brain injury,” Eur. J. Sport Sci., vol. 20, p. 
17461391, 2020, doi: 10.1080/17461391.2019.1686846.
11. S. R. Jackman, O. C. Witard, A. Philp, G. A. Wallis, K. Baar, and K. D. Tipton, “Branched­Chain Amino Acid Ingestion Stimulates Muscle Myofibrillar Protein Synthesis following Resistance Exercise in 
Humans,” Front. Physiol. Judul, p. 591735, 2020, doi: 10.3389/fphys.2020.591735.
12. J. Grgic, F. Sabol, S. Venier, P. Mikulic, N. Bratkovic, and B. J. Schoenfeld, “What is the effect of caffeine supplementation on anaerobic exercise performance? A systematic review and meta­
analysis,” Sport. Med., vol. 52, p. 40279, 2022, doi: 10.1007/s40279­022­01527­8.
13. E. R. Goldstein et al., “International society of sports nutrition position stand: caffeine and performance,” J. Int. Soc. Sports Nutr., vol. 33, no. 1, pp. 1–12, 2022, doi: 10.1186/s12970­021­00422­2.
14. A. R. Coggan and L. R. Peterson, “Dietary nitrate enhances athletic performance: Evidence from observational and intervention studies.,” Curr. Opin. Clin. Nutr. Metab. Care, vol. 21, p. 2018, 2018, 
doi: https://doi.org/10.1097/MCO.0000000000000495.
15. C. M. Kerksick, C. D. Wilborn, and B. I. Campbell, “Vitamin D for Athletic Performance and Recovery,” p. 813922, 2018, doi: 10.1016/b978­0­12­813922­6.00060­2.
16. Sergej M. Ostojic, “Micronutrient Status in Athletes—Implication for Sports Nutrition,” Nutrients, vol. 33, no. 1, pp. 1–12, 2022, doi: 10.3390/nu14020412.
17. Megan Murphy and K. Eliot, “The Importance of Micronutrients for Athletic Performance,” Strength Cond. Journal., vol. 33, no. 1, pp. 1–12, 2022.
18. W. W. Campbell, J. T. Dwyer, M. Ann, G. L. Jensen, J. E. Morley, and R. R. Wolfe, “Is the Optimal Level of Protein Intake for Older Adults Greater than the Recommended Dietary Allowance?,” J. 
Geriatr. Phys. Ther., p. 8412, 2018, doi: https://doi.org/10.1519/JPT.0000000000000148.
19. M. M. Mamerow and S. M. Phillips, “Dietary protein intake and muscle protein synthesis: the relevance of amino acid absorption kinetics,” Front. Nutr., vol. 33, no. 1, pp. 1–12, 2022, doi: 10.3389/
fnut.2022.867546.
20. R. W. Morton et al., “A systematic review, meta­analysis and meta­regression of the effect of protein supplementation on resistance training­induced gains in muscle mass and strength in healthy 
adults,” Br. J. Sports Med., vol. 52, no. 6, pp. 376–384, 2018, doi: 10.1136/bjsports­2017­097608.
21. P. T. Reidy and B. B. Rasmussen, “Role of Ingested Amino Acids and Protein in the Promotion of Resistance Exercise­Induced Muscle Protein Anabolism,” J. Nutr., vol. 142, p. 203208, 2016, doi: 
https://doi.org/10.3945/jn.114.203208.
22. Marie­Pier Bouchard, S. Chevalier, and M. Sénéchal, “Effect of Whey Protein Supplementation on Muscle Strength and Endurance in Resistance­Trained Women,” Int. J. Sport Nutr. Exerc. Metab., 
vol. 2742, no. March, pp. 1–19, 2021, doi: 10.1123/ijsnem.2020­0387.
23. M. Kritikou, A. Zafeiridis, G. Ioannidis, K. Spengos, and G. C. Bogdanis, “The effects of protein supplementation on muscle strength and hypertrophy: a systematic review and meta­analysis,” J. Int. 
Soc. Sports Nutr., vol. 33, no. 1, pp. 1–12, 2022, doi: 10.1186/s12970­022­00436­1.
24. R. A. Silva et al., “Effect of whey protein supplementation on muscle strength, hypertrophy and functional performance in older adults: a systematic review and meta­analysis,” Aging Clin. Exp. Res., 
vol. 14, no. 1, pp. 1–13, 2021, doi: 10.1007/s40520­020­01681­1.
25. Chen Chen et al., “High­Protein Diet Intake and Risk of Incident Kidney Stones in the General Population: Results From a Prospective Cohort Study,” J. Ren. Nutr., vol. 21, no. 1, pp. 1–9, 2020, doi: 
https://doi.org/10.1053/j.jrn.2019.10.002.
26. S. M. Pasiakos, H. R. Lieberman, and T. M. McLellan, “Effects of protein supplements on muscle damage, soreness and recovery of muscle function and physical performance: A systematic review,” 
J. Am. Coll. Nutr., vol. 44, no. 5, pp. 655–670, 2019, doi: 10.1007/s40279­013­0137­7.
27. R. Rahimi, “The effect of creatine supplementation on muscle strength and power: A systematic review and meta­analysis,” J. Sports Sci., vol. 14, no. 1, pp. 1–13, 2021, doi: https://doi.org/
10.1080/02640414.2020.1807780.
28. Y.. Law, W.. Ong, GillianYap, S.. T.L., Lim, K.. Chua, and J. K.. Lim, “Effects of creatine supplementation on muscle strength and body composition in trained men,” J. Sports Sci., vol. 38, p. 2640414, 
2020, doi: https://doi.org/10.1080/02640414.2020.1816328.
29. A. M. Gonzalez et al., “Effects of 28 Days of Creatine Supplementation on Muscle Strength and Body Composition in Resistance­Trained Men,” J. Strength Cond. Res., vol. 35, no. 7, pp. 1841–1847, 
2021, doi: 10.1519/JSC.0000000000003058.
30. Harty et al., “Nutritional and Supplementation Strategies to Prevent and Attenuate Exercise­Induced Muscle Damage: A Brief Review,” Sport. Med., vol. 7, p. 40798, 2021, doi: 10.1186/s40798­021­00324­5.
31. Piotr Kaczka and M. A. Tarnopolsky, “The Role of Creatine in Skeletal Muscle Energy Metabolism,” Adv. Exp. Med. Biol., vol. 1332, pp. 9–21, 2021, doi: 10.1007/978­3­030­72076­9.
32. Scott C. Forbes, G. J. Bell, and G. C. Sieck, “The acute effects of a multi­ingredient pre­workout supplement on resting and exercise metabolism in recreationally active females,” Appl. Physiol. Nutr. 
Metab., vol. 45, p. 14, 2020, doi: 10.1139/apnm­2019­0819.
33. G. Artioli, C.. Penjualan, B. Gualano, B. Saunders, and V. Painelli, “Effects of Beta­Alanine Supplementation on Anaerobic Performance and Body Composition in Female Athletes,” J. Strength Cond. 
Res., vol. 35, 2021, doi: 10.1519/JSC.0000000000003689.
34. C. A. B. Sousa, “The effect of beta­alanine supplementation on physical performance in healthy individuals: a systematic review with meta­analysis,” J. Int. Soc. Sports Nutr., vol. 18(1), 2021, doi: 
10.1186/s12970­021­00409­9.
35. M. A. Gonzalez­Rodriguez, A. Garcia­Ramos, R. M. Cuadrado­Peñafiel, and S. J. Santos, “Effects of Beta­Alanine Supplementation on Physical Performance Measures in Youth Soccer Players: A 
Meta­Analysis,” J. strength Cond. Res., vol. 34, no. 6, pp. 1731–1740, 2021, doi: 10.1519/JSC.0000000000002861.
36. B. M. Villa, M. E. LaMonica, and M. J. K. Judul, “Effects of beta­alanine supplementation on performance and body composition in collegiate women soccer players.,” J. Strength Cond. Res., 2021, 
doi: 10.1519/JSC.0b013e3182564d2f.ISSN.
37. S. B, E.­S. K, and A. GG, “Beta­alanine supplementation to improve exercise capacity and performance: a systematic review and meta­analysis,” Br. J. Sports Med., vol. 87, no. 1,2, pp. 149–200, 
2017, doi: https://doi.org/10.1136/bjsports­2016­096396.
38. H. J. Kim, Y. H. Lee, C. K. Kim, and J. S. Lee, “The Effects of Beta­Alanine Supplementation on Aerobic and Anaerobic Capacity in Athletes: A Meta­Analysis,” Int. J. Environ. Res. Public Health, vol. 
18, no. 4, pp. 1–15, 2021, doi: 10.3390/ijerph18041736.
39. H. Tajik and E. Tamaddonfard, “Branched­Chain Amino Acids and Their Metabolites: Clinical Impact and Potential Therapeutic Uses in Neurological Disorders,” Curr. Drug Metab., vol. 22, no. March, 
pp. 1–19, 2021, doi: https://doi.org/10.2174/1389200221666210106115148.
40. H. Kato, H. Suzuki, M. Mimura, Y. Inoue, M. Sugita, and K. Suzuki, “Effects of a Branched­Chain Amino Acid Drink on Perceived Exertion and Muscle Damage during High­Intensity Training in Young 
Adults,” J. Sports Sci., vol. 14, no. 1, pp. 1–13, 2021, doi: 10.1080/02640414.2020.1819448.
41. H. J. Kim and J. W. L. Judul, “Effects of branched­chain amino acid supplementation on muscle damage and recovery in elite youth weightlifters: A randomized controlled trial,” J. Exerc. Rehabil., 
2021, doi: https://doi.org/10.12965/jer.2142070.065.

Adres do korespondencji / Corresponding author

Fadli Ihsan

E­mail: fadliihsan2000@gmail.com

doi.org/10.56984/8ZG0DF3B8



147

nr 2/2023 (23)

www.fizjoterapiapolska.pl

42. N. Laorodphan and J. Wattanathorn, “Effects of BCAA on cognitive performance, mood, and brain function: A systematic review of randomized controlled trials,” Nutrients, vol. 13, no. 2, pp. 1–24, 
2021, doi: 10.3390/nu13020603.
43. A. H. L. J. Gualano et al., “Branched­chain amino acids supplementation enhances insulin sensitivity in mice fed a high­fat diet,” J. Funct. Foods, vol. 79, 2022, doi: https://doi.org/10.1016/
j.jff.2021.104425.
44. G. Howatson, M. Hoad, S. Goodall, J. Tallent, P. G. Bell, and D. N. French, “Exercise­induced muscle damage is reduced in resistance­trained males by branched chain amino acids: a randomized, 
double­blind, placebo controlled study,” J. Int. Soc. Sports Nutr., vol. 14, no. 1, pp. 1–13, 2021, doi: 10.1186/s12970­021­00408­7.
45. A. P. O. Coqueiro, M. M. Rogero, and J. Tirapegui, “Potential of Free Leucine Supplementation during Resistance Training to Attenuate Muscle Damage and Improve Muscle Strength and 
Hypertrophy,” Nutrients, vol. 13, no. 2, pp. 1–18, 2021, doi: 10.3390/nu13020632.
46. Tae Hee Park, M. K. Park, and K. D. Kang, “Effect of branched­chain amino acid supplementation on renal function: A systematic review and meta­analysis of randomized controlled trials,” Nutrients, 
vol. 21, no. 1, pp. 1–9, 2020, doi: https://doi.org/10.3390/nu12092699.
47. Chen­Yu Kao, Y.­H. Liao, Y.­J. Chen, J.­H. Ko, Y.­J. Chen, and C.­H. Kuo, “Effects of caffeine supplementation on muscle metabolism and fatigue during high­intensity exercise in elite cyclists.,” Eur. J. 
Sport Sci., no. March, pp. 1–19, 2021, doi: 10.1080/17461391.2021.1907574.ISSN.
48. B. J. Schoenfeld, P. Mikulic, D. J. Rogerson, and J. Grgic, “The effects of caffeine ingestion on isokinetic muscular strength: A meta­analysis.,” J. Sci. Med. Sport, vol. 14, no. 1, pp. 1–13, 2021.
49. Goldstein, E. R., “International society of sports nutrition position stand: caffeine and performance,” J. Int. Soc. Sports Nutr., 2021, doi: 10.1186/s12970­021­00407­4.
50. Ana Pérez­López, M. García­Rivero, C. Puente, D. Jiménez­Maldonado, and E. Planells, “Effects of Caffeine Supplementation on Physical Performance: A Systematic Review and Meta­analysis of 
Randomized Controlled Trials,” J. Am. Coll. Nutr., pp. 704–715, 2021, doi: 10.1080/07315724.2020.1820543.
51. J. Grgic, F. Sabol, S. Venier, and P. Mikulic, “Test­Retest Reliability of Caffeine Effects on Maximal Strength and Power in Trained Men,” J. Strength Cond. Res., vol. 35, no. 8, pp. 2158–2164, 2021, 
doi: 10.1519/JSC.0000000000003112.
52. Jozo Grgic and P. Mikulic, “Acute caffeine ingestion enhances muscular endurance performance: A systematic review and meta­analysis,” Int. J. Food Sci. Nutr., vol. 72, no. March, pp. 1–19, 2021, 
doi: 10.1080/09637486.2020.1865035.
53. M. M. Amin, J. Grgic, and M. Mokhtarzade., “The effects of caffeine supplementation on exercise performance in athletes in hypoxia: a systematic review and meta­analysis.,” Eur. J. Appl. Physiol., vol. 
121, p. 6319, 2021, doi: 10.1007/s00421­021­04630­5.
54. Bongiovanni, T. de Freitas, M. C, Santos, and T. M, “Effect of caffeine supplementation on muscle strength and endurance: a systematic review and meta­analysis,” J. Strength Cond. Res., vol. 36, no. 
5, pp. 1373–1382, 2022, doi: 10.1519/JSC.0000000000004062.
55. Reis, Brioschi, J. Fernandes, M. Laura, Marchini, and J. Sergio, “Caffeine and sports performance: a narrative review,” J. Int. Soc. Sports Nutr., vol. 18, p. 12970, 2021, doi: 10.1186/s12970­021­00412­7.
56. Jozo Grgic, F. Sabol, S. Venier, and P. Mikulic, “Caffeine supplementation does not improve maximal strength and muscle endurance in resistance trained females,” Eur. J. Sport Sci., no. March, pp. 1–
19, 2021, doi: 10.1080/17461391.2021.1897428.ISSN.
57. Hernandez­Gonzalez, Gonzalez­Rodriguez, Maria, L. Gabriela, Garcia­Carmona, and Francisco, “Nitrate and nitrite in sports nutrition.,” J. Int. Soc. Sports Nutr., vol. 14, no. 1, pp. 1–13, 2021, doi: 
10.1186/s12970­021­00400­6.
58. S. J. Bailey, J. R. Blackwell, and L. J. Wylie, “Nitrate supplementation improves exercise tolerance and physical performance: A systematic review and meta­analysis,” J. Int. Soc. Sports Nutr., vol. 12, 
p. 12970, 2015, doi: https://doi.org/10.1186/s12970­015­0101­3.
59. M. Siervo, J. Lara, I. Ogbonmwan, and J. C. Mathers, “Inorganic nitrate and nitrite supplementation for improving cardiovascular health and exercise performance: A systematic review and meta­
analysis,” Am. J. Clin. Nutr., vol. 113, no. 3, pp. 602–611, 2021, doi: 10.1093/ajcn/nqaa361.
60. Matthew W. Hoon et al., “The effect of variable doses of inorganic nitrate­rich beetroot juice on simulated 2,000­m rowing performance in trained athletes.,” Int. J. Sport Nutr. Exerc. Metab., vol. 4, no. 
2014, pp. 9–15, 2014, doi: 10.1123/ijsnem.2013­0057.ISSN.
61. A. M. Jones and A. Vanhatalo, “The effects of nitrate supplementation on exercise performance in healthy individuals: a systematic review and meta­analysis,” Int. J. Sport Nutr. Exerc. Metab., vol. 24, 
no. 6, pp. 623–631, 2014, doi: 10.1123/ijsnem.2014­0009.
62. P. Mirmiran, Z. Bahadoran, A. Ghasemi, and F. Azizi, “Nitrate­nitrite­nitrosamines exposure and the risk of type 2 diabetes: a systematic review and meta­analysis.,” Public Heal. Nutr., vol. 2, 2016, doi: 
10.1017/S1368980016000282.
63. L.. Goncalves et al., “Effects of dietary nitrate supplementation on endurance exercise performance in healthy adults: a systematic review and meta­analysis,” Sport. Med., vol. 47, p. 5604, 2017, doi: 
10.5604/01.3001.0010.5493.
64. J. Shearer, M. Graham, and T. Skinner, “Nutrition and Aging Well: Improving Muscle Mass and Function in the Elderly and Lessons Learned from Animal Models,” Nutrients, p. 8120813, 2016, doi: 
10.3390/nu8120813.
65. P. Peeling, T. Blee, C. Goodman, B. Dawson, and G. Claydon, “Iron status and the female athlete triad: a study of 137 athletes,” Med. Sci. Sports Exerc., vol. 50, no. 4, pp. 649–658, 2018, doi: 
10.1249/MSS.0000000000001501.
66. Y. Zhang, P. Xun, R. Wang, L. Mao, and K. He, “Can Magnesium Enhance Exercise Performance,” Nutrients, vol. 9, no. 9, p. 9090946, 2017, doi: 10.3390/nu9090946.
67. J. Shearer, M. Graham, and T. Skinner, “Nutrition and Aging Well: Improving Muscle Mass and Function in the Elderly and Lessons Learned from Animal Models,” Nutrients, vol. 8, no. 12, p. 8120793, 
2016, doi: 10.3390/nu8120793.
68. J. Grgic et al., “What Do We Know About the Effects of Vitamin D Supplementation on Muscle Strength, Muscle Mass, and Muscle Power? A Pragmatic Review and Meta­Analysis of Randomized 
Controlled Trials.,” J. Bone Miner. Res., vol. 35, pp. 1–23, 2020, doi: 10.1002/jbmr.3875.ISSN.
69. S. C. Bryer, A. H. Goldfarb, and D. E. Blossom, “A review of the effects of vitamin C supplementation on upper respiratory tract infections in exercise­trained subjects.,” J. Am. Coll. Nutr., vol. 34, no. 6, 
pp. 478–487, 2015, doi: 10.1080/07315724.2014.950391.
70. S. M. Phillips, “Current concepts and unresolved questions in dietary protein requirements and supplements in adults,” Front. Nutr., vol. 4, p. 3389, 2017, doi: 10.3389/fnut.2017.00013.
71. R. W. Morton, C. McGlory, and S. Phillips, “Nutritional interventions to augment resistance training­induced skeletal muscle hypertrophy,” Front. Physiol., vol. 10, no. MAY, p. 3389, 2019, doi: 10.3389/
fphys.2019.00603.
72. E. S. Rawson and A. C. Venezia, “Use of creatine in the elderly and evidence for effects on cognitive function in young and old,” Amino Acids, vol. 52, pp. 2013–2015, 2021, doi: 10.1007/s00726­020­02834­9.
73. B. Saunders, C. Sale, R. C. Harris, and C. Sunderland, “β­alanine supplementation improves Yo­Yo intermittent recovery test performance,” J. Int. Soc. Sports Nutr., vol. 15, no. 1, p. 12970, 2018, doi: 
10.1186/s12970­018­0224­0.
74. Kenta Matsumoto, T. Koba, K. Hamada, M. Sakurai, T. Higuchi, and H. Miyata, “Branched­chain amino acid supplementation increases the lactate threshold during an incremental exercise test in 
trained individuals.,” J. Nutr. Sci. Vitaminol. (Tokyo)., vol. 8, no. 5, p. 55, 2019, doi: 10.3177/jnsv.65.323.ISSN.
75. H. Arazi, A. Hoseini, and Z. Zamanian, “Effects of caffeine ingestion on strength, muscular endurance, and anaerobic power in trained athletes,” J. Exerc. Sci. Fit., vol. 19, no. 3, pp. 182–188, 2021, 
doi: 10.1016/j.jesf.2021.03.003.
76. Jones, L. C., “The effects of protein supplementation on muscle strength, hypertrophy, and recovery in resistance­trained individuals,” J. Int. Soc. Sports Nutr., vol. 6, no. 1, pp. 1–8, 2018, doi: 10.1186/
s12970­018­0215­1.5.
77. J. Grgic et al., “Effects of creatine supplementation on muscle strength and hypertrophy: a systematic review and meta­analysis,” J. Int. Soc. Sports Nutr., vol. 18, no. 1, p. 12970, 2021, doi: 10.1186/
s12970­020­00383­4.
78. B. Saunders et al., “Beta­alanine supplementation to improve exercise capacity and performance: a systematic review and meta­analysis,” Br. J. Sports Med., vol. 51, no. 8, pp. 658–669, 2017, doi: 
10.1136/bjsports­2016­096396.
79. K. Southward, K. J. Rutherfurd­Markwick, and A. Ali, “The effect of acute caffeine ingestion on endurance performance: a systematic review and meta­analysis,” Sport. Med., vol. 48, no. 8, pp. 1913–
1928, 2018, doi: 10.1007/s40279­018­0939­8.
80. Jones, A. M., “Dietary nitrate supplementation and exercise performance: questions and challenges,” Sport. Med., vol. 8, no. 5, p. 55, 2019, doi: 10.1007/s40279­019­01161­7.
81. Jose Antonio, D. Kalman, and J. Stout, Essentials of Sports Nutrition and Supplements, vol. 33, no. 1. 2022.
82. G. Paulsen, R. Crameri, and H. B. Benestad, “Vitamin D status of healthy Norwegian athletes during different training seasons,” Scand. J. Med. Sci. Sport., vol. 31, no. 2, pp. 439–445, 2021, doi: 
10.1111/sms.13845.
83. R. J. Bloomer and W. A. Smith, “Ten­week supplementation with a multi­ingredient pre­workout supplement improves self­reported fatigue resistance, muscular endurance, and anaerobic power in 
men.,” J. Diet. Suppl., vol. 0211, pp. 1–23, 2021, doi: 10.1080/19390211.2020.1724440.ISSN.
84. M. Stuart, G. R. Cox, and A. W. Midgley, “The effect of protein supplementation on recovery and hypertrophy following resistance training in recreational athletes: a randomized controlled trial,” J. Diet. 
Suppl., vol. 14, no. 1, pp. 1–13, 2021, doi: 10.1080/19390211.2020.1729203.
85. A. Nasrulloh, Y. Prasetyo, S. Nugroho, R. Yuniana, and K. Wahyudin Pratama, “The effect of weight training with compound set method on strength and endurance among archery athletes,” J. Phys. 
Educ. Sport ®, vol. 22, no. 6, pp. 1457–1463, 2022, doi: 10.7752/jpes.2022.06183.
86. M. Ichsan Sabillah, Tomoliyus, A. Nasrulloh, and R. Yuniana, “The effect of plyometric exercise and leg muscle strength on the power limb of wrestling athletes,” J. Phys. Educ. Sport ®, vol. 22, no. 6, 
pp. 1403–1411, 2022, doi: 10.7752/jpes.2022.06176.
87. R. Yuniana et al., “The Effectiveness of the Weight Training Method and Rest Interval on VO2 max, Flexibility, Muscle Strength, Muscular Endurance, and Fat Percentage in Students,” Int. J. Hum. 
Mov. Sport. Sci., vol. 11, no. 1, pp. 213–223, Feb. 2023, doi: 10.13189/SAJ.2023.110125.
88. C. M. Kerksick and S. Arent, Essentials of Sports Nutrition and Supplements, vol. 33, no. 1. 2022.
89. R. Jäger, C. M. Kerksick, and B. I. Campbell, “International Society of Sports Nutrition position stand: dietary supplements for exercise and athletic performance,” J. Int. Soc. Sport. Nutr., vol. 14, no. 1, 
pp. 1–13, 2021, doi: 10.1186/s12970­021­00408­5.

doi.org/10.56984/8ZG0DF3B8


