The Efficacy of Dietary Supplements on Health Status and Performance of Football Players: A Systematic Review

Pooneh Allahyari !, Soheila Shekari 2, Bahareh Aminnezhad Kavkani 2, Mina Ahmadzadeh 3, Naeemeh Hassanpour Ardekanizadeh *, Zahra
Saeedirad >, Mohamadtaghi Ghorbani Hesari ®, Bojlul Bahar 7, Hanieh Shafaei®, Golsa Khalatbari Mohseni °, Samira Rastgoo !°, Mahdie

Torkaman !!, Barbod Alhouei ', Saeid Doaei '2 13, Mina Esmaeili '4, Maryam Gholamalizadeh '

1 Department of Exercise Physiology, Faculty of Physical Education and Sport Sciences, Islamic Azad University, Central Tehran Branch, Tehran,
Iran.

2 Department of Nutrition, Science and Research Branch, Islamic Azad University, Tehran, Iran.

3 Department of Clinical Nutrition and Dietetics, Faculty of Nutrition and Food Technology, 556492 National Nutrition and Food Technology Research
Institute, Shahid Beheshti University of Medical Sciences , Tehran, Iran.

4 Department of Clinical Nutrition, School of Nutrition and Food Sciences, Shiraz University of Medical Sciences, Shiraz, Iran.

5 Department of Clinical Nutrition and Dietetics, Faculty of Nutrition and Food Technology, 556492 Shahid Beheshti University of Medical Sciences
Tehran, Iran.

6 Mashhad University of Medical Sciences, Mashhad, Iran.

7 School of Health, Social Work and Sport, University of Central Lancashire, Preston, UK.

8 Master's Student in Pediatric Nursing, Shahid Beheshti College of Midwifery, Gilan University of Medical Sciences, Rasht, Iran.
9 Nutrition and Metabolic Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

10 Department of Clinical Nutrition and Dietetics, Research Institute Shahid Beheshti University of Medical Science, Tehran, Iran.



11 Department of Chemical Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran.

12 Department of Community Nutrition, 556492 School of Nutrition and Food Sciences, Shahid Beheshti University of Medical Sciences , Tehran,
Iran.

13 Reproductive Health Research Center, Department of Obstetrics and Gynecology, School of Medicine, Al-Zahra Hospital, Guilan University of
Medical Sciences, Rasht, Iran.

14 Department of Nutrition Research, 556492 National Nutrition and Food Technology Research Institute, School of Nutrition Sciences and Food
Technology, Shahid Beheshti University of Medical Sciences , Tehran, Iran.

15 Cancer Research Center, 556492 Shahid Beheshti University of Medical Sciences , Tehran, Iran.

Abstract

This study aimed to review the efficacy of commonly used supplements on the health status and performance of football players. We searched several
databases for relevant publications published in English up to June 2024 using keywords such as nutritional supplementation, performance, soccer,
football, and football players. The available literature indicated that L-arginine supplements may improve cardiovascular function, ventilation, the
serum level of lactic acid, and VO2 max of football players. Branched-chain amino acids (BCAAs) may improve multiple-choice reaction time. Creatine
supplements improve jumping, sprinting, change of direction speed, and reduce fatigue. Among the vitamins, vitamin D improves the serum level of
injury-related hormones such as cortisol and testosterone. B vitamins reduce the level of blood lactate in the recovery periods. Vitamin E and vitamin
C may improve performance by decreasing oxidative stress and increasing the antioxidant capacity and oxygen delivery to exercising skeletal muscles.

Iron supplementation improves endurance capacity.
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Introduction

Professional sports, like football, are known for possibly having bad health effects in the long-term (1). About 95% of professional footballers was
reported to have at least one health condition requiring treatment or follow-up. Also, some nutritional deficiencies are prevalent among football players.
For example, vitamin D insufficiency (<30 ng/mL) was reported to be the most common medical condition (89.4%) among professional footballers (2).
Moreover, fatigue in football players is considered a gradual and cumulative process resulting from a continuous activity that reduces performance
efficiency (3). Considerable evidence suggests that muscle fatigue is associated with depleted glycogen content during prolonged exercise (4),
hypoglycemia, increased body temperature, and changes in exercise motivation (5). Football is one of the most popular sports globally and the
appropriate performance of the footballers depends on the technical, tactical, and physical skills of the players (6). Football is an energy intensive game
(7) and both aerobic and anaerobic metabolisms contribute to energy production during a football match (8). Since football involves high levels of
activity, energy is expected to be available from the dietary reservoir of carbohydrates and fat, which is obtained from the storage pool of glycogen and

fat in the body (9).



Nutritional status of the football players affects the athletic performance of football players (10). A balanced diet should provide adequate nutrients to
support health, fitness, and performance in athletes (11, 12). Although the high requirement of professional athletes for calories and nutrients sometimes
cannot be provided by diet alone and there is a need to use nutritional supplements to maintain the health and performance of athletes (13). A proper
sport nutrition supplement is defined as a product that can be used to meet physiological or nutritional requirements of the athlete and to prevent and
reverse nutritional deficiencies (14, 15). A dietary supplement may be containing one, or any combination of different substances such as vitamins,
minerals, amino acids, or other bioactive dietary components (16). Since many of these nutrients are vital for exercise metabolism, recovery, and
adaptation, it is important to ensure adequate intake of dietary components in order to achieve optimal sports performance. However, main nutritional
requirements of athletes is recommended to be obtained from diet and dietary supplements should only be used in conjunction with a healthy balanced
diet (14). Supplementation may be necessary in cases of consumption of a suboptimal dietary intake such as athletes with low energy intakes and/or

restricted food variety, or when a nutrient deficiency status is diagnosed (17).

Several studies reported that nutrient-rich diets and dietary supplements, when used appropriately, can improve the performance of football players.
For example, creatine is reported to be useful for optimizing recovery (18) and omega-3 fatty acids may be helpful in recovering soft tissue damage
(19). However, the findings of the studies regarding the effects of dietary supplements on the health status and performance of football players are

contradictory (20). So, this study aimed to review the efficacy of commonly used supplements on the health status and performance of football players.

Search Strategy



a. A comprehensive search was conducted in PubMed, Scopus, ISI Web of Science, and Cochrane library. A combination of MeSH and non-MeSH
terms were composed by experts as the following search strategy: "soccer OR football OR team sport" AND "multi-vitamin OR multi-mineral OR
anti-oxidants OR carbohydrates OR fat OR protein OR B-carotene OR ascorbic acid OR Arginine OR micronutrient OR Creatine OR Branched-
chain amino acids OR BCAA OR zinc OR lycopene OR lutein OR supplements OR ergocalciferols OR Cholecalciferol OR calciferol OR dietary
supplements OR and performance OR health OR body composition”. To prevent missing any related studies, we also hand-searched all reference
lists of the eligible studies, related reviews, and systematic reviews.

b. The PICOS (Population=football players, Intervention=dietary supplants, Comparison=placebo, Outcome=health status and/or performance and
study design=trials) guideline (21) was used to select the eligible studies for this systematic review (Figure 1). We categorized dietary supplements

as dietary Amino Acids, vitamins and vitamin like substances, minerals, and bioactive components.

Quality assessment

The quality of the included studies was assessed using the revised Cochrane risk of bias tool for randomized trials (ROB-2) (Supplementary materials
1). This tool evaluates the risk of bias across five domains: bias arising from the randomization process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selection of the reported result. Each domain was rated as low, high, or raising some concerns of bias.
Two independent reviewers conducted the risk of bias assessment (BA and MGh), and any discrepancies were resolved through discussion or by
consulting a third reviewer (SD). The overall risk of bias for each study was categorized based on the ratings across all domains (Supplementary

materials 2).



1. Dietary Amino Acids

¢. Arginine

L-arginine is an amino acid which serves as a substrate for nitric oxide (NO) synthesis and has a vital role in the cardiovascular function of football
players (22). Nitric oxide increases the dilation of the blood vessels and thereby increasing the muscular blood flow throughout the body. This, in turn,
leads to the delivery of more substrates to the active muscles and accelerates the removal of metabolic waste products (23). L-arginine is reported to
be effective in enhancing athletic performance and reduces fatigue (24). Oral L-arginine supplementation improves endothelium-dependent dilation,
inhibits platelet aggregation, and reduces atheroma in healthy individuals through increasing NO and stimulates the guanylate cyclase and increases
cGMP content in vascular smooth muscle cells, resulting in relaxation of the vascular tone (25, 26). Another possible mechanism through which L-
arginine may play a beneficial role in metabolic health is through the stimulation of the secretion of hormones insulin and human growth hormone. L-
arginine increases insulin secretion and insulin sensitivity, which in turn leads to more efficient use of blood glucose for mitochondrial energy

production in athletes (27).

The role of L-arginine supplementation on the performance of athletes was investigated in several studies. L-arginine supplementation in doses ranging
from 0.15 g/kg to 6.4 g/day was reported to be safe and well-tolerated in both acute and chronic supplementation in athletes, with no significant adverse
effects reported compared to placebo (23). Moazami et al. evaluated the effect of one week of arginine supplementation 3 g/day on respiratory metabolic
indices of 16 female athletes and found that L-arginine consumption may reduce fatigue and muscle damage, and thus improve the performance of

athletes (27). Another mechanism of the effect of L-arginine is altering the blood pressure and improving the overall blood flow in the athletes, which



can potentially improve their performance (28). A randomized controlled trial involving healthy men receiving 6 g/d of oral L-arginine for one week
reported a significant reduction in blood pressure and increase in VO2 max, blood flow, and femoral artery diameter and decrease the lactate level (29).
The benefits of oral supplementation of L-arginine on the exercise capacity and markers of oxidative stress in patients with mild to moderate coronary
heart failure (CHF) were investigated by Bednarz et al. (30). Twenty-one patients with CHF underwent three exercise tests followed by the oral
administration of L-arginine (9 g/day for 7 days) versus a placebo control group. The results indicated that L-arginine supplementation may lead to a
more extended exercise duration in patients with chronic CHF. An underlying possible mechanism behind the prolonged exercise duration is due to
nitric oxide-induced peripheral vasodilatation (30). In a double-blinded, randomized, and placebo-controlled trial, 56 male football players (age 16 to
35 y) received L-arginine supplement (2 g/d) or maltodextrin (2 g/d) as placebo for a total of 45 days. It was evident that L-arginine supplementation
led to a significant increase in VO2 max after adjusting for physical activity and dietary intake. No effect of L-arginine supplementation was evident

on weight, BMI, body fat mass, and lean body mass (31).

L-arginine supplementation has also been reported to increase the time to fatigue during intense exercises. In a double-blind crossover study, nine
healthy men (age 19 to 38 y) consumed 500 ml of beverage containing L-arginine (6 g/d) or a placebo beverage. They performed a series of moderate-
and high-intensity exercises approximately 1 hour after administration. Obviously, plasma VO2 increased while systolic blood pressure decreased after
L-arginine supplementation. In the supplemented group, VO2 decreased during moderate-intensity exercise, while a decrease in VO2 and an increase

in time to exhaustion were evident during vigorous-intensity exercise (32, 33).



The synergistic effect of L-arginine (1.2 g/day) with citrulline was reported in improving the performance of male football players (34). However,
another recent study did not support the effect of L-arginine as an ergogenic aid for running performance in young, healthy males (35). In conclusion,
it is possible that L-arginine supplementation improves athletic performance in sport activities by improving cardiovascular function, increasing in

ventilation, decreasing in the concentration of lactic acid in the blood, decreasing blood pressure, and increasing VO2 max.

d. Creatine

Creatine is a combination of three non-essential amino acids (methionine, arginine, and glycine) and is used to produce adenosine triphosphate (ATP)
(36). It has been suggested that creatine supplementation increases phosphocreatine and total creatine, which ultimately increases the capacity to
resynthesize ATP during sustained intense muscle activity. This may lead to greater training volume or enhanced muscle performance by improving
phosphocreatine recovery between work sets (37). Increased intramuscular creatine concentrations have been shown after regular creatine
supplementation, which explains the observed results in terms of increased performance in high-intensity activities, resulting in stronger training
adaptations (38). In highly trained football players, acute creatine supplementation improved repeated sprint performance and jumping ability following

an intermittent endurance test (39).

Claudino et al. performed a randomized, double-blind, placebo-controlled, parallel-group trial and found that creatine monohydrate supplementation
reduced lower limb muscle strength loss during pre-season progressive training in elite football players (40). A possible mechanism can be a

hypothesized increase in muscle phosphorylcreatine concentration, which could remain high during several training bouts, perhaps compensating for



the natural decline in force output that occurs during a training session. According to Yaez-Silva et al. a low-dose, short-term oral creatine

supplementation (14 days) improves muscle strength output in elite youth football players (41).

The effect of creatine supplementation on maximum intensity and endurance performance was investigated by Ramirez et al. In a randomized, double-
blind, placebo-controlled trial with female football players and the results indicated that creatine supplementation improved jumping, sprinting,
endurance, and speed performance in change of direction. Adaptation to plyometric training has been reported to increase with creatine supplementation
(42). Creatine, as phosphocreatine, is used by cells with high energy demands as a source of phosphate to produce ATP from adenosine diphosphate
(ADP). Also, creatine supplementation may reduce lactate levels and increases lactate thresholds (43, 44). In addition to enhancing performance,
evidence suggests that creatine is beneficial for overall health, specifically for brain health and can reduce depression, regulate mood, improve cognitive

abilities, and provide neuroprotection (45).

In football players, creatine may help in better jumping, sprinting, and speed performance in change of direction while at the same time reducing fatigue.
A review article investigated the effects of creatine supplementation on specific sports skills and performance in football players and reported that a
lower dosage (less than 3 g/day) may be sufficient to maintain adequate levels of phosphocreatine and glycogen in muscles. Occasional intake (about
3 g) before games and/or relief exercises may lead to physical and mental improvement in players (46). In summary, creatine supplementation appears

to be well-tolerated in football players, with potential benefits for improving skills and performance and reducing the adverse effects like fatigue.

e. Branched-chain amino acids



The branched-chain amino acids (BCAA) are the amino acids having aliphatic side chains that are non-linear including leucine, isoleucine, and valine
(47). Some rich natural sources of BCAAs include sorghum, whey protein, and zein (48). In addition to their function as essential amino acids, BCAAs
participate in other intracellular processes. They regulate protein metabolism by suppressing protein degradation and promoting protein synthesis.
BCAA supplementation before or after exercise assists in rapid muscle recovery (49). BCAAs are generally considered safe for football players when

taken in doses of 3-20 g per day (50).

As a nutritional supplement, BCAAs are commonly consumed by athletes to mitigate fatigue by lowering 5-hydroxytryptamine activity, stimulating
dopamine production, and enhancing physical performance (51). Several studies have demonstrated that BCAA supplementation alleviates muscle

fatigue and central exhaustion during prolonged exercise (52, 53).

In a double-blind experimental study, a group of male football players were given 7 g BCAA or placebo 1 hour before exercise. The intervention group
had a further reduction in the multiple-choice reaction time (MRT) (280 £ 13 ms) during active recovery. In the BCAA group, MRT was shorter before
and during exercise compared to the placebo group by ~10% (54). Regarding the effect of BCAA on the repair of muscle damage, one study reported
that two different dosages of BCAA supplementation did not affect muscle damage during resistance exercise about 48 hours after football playing

(55). In general, BCAA may improve MRT, but no effect was reported regarding the effect of BCAA on the repair of muscle damage.

2. Vitamins and vitamin-like substances



a. Vitamin D

The vitamin D, a hormone with vital physiological roles, is primarily synthesized by the skin in response to sunlight or other ultraviolet B light sources.
Vitamin D can also be obtained through dietary sources and supplements (56). Vitamin D levels strongly influence musculoskeletal health, and athletes
often have low serum vitamin D levels (57). Studies have demonstrated that the functioning of nervous and muscular systems in humans requires the
amount of 25 (OH) D in the blood (47). However, the results effectiveness of dietary supplementation on the increasing blood 25(OH)D concentration
in athletes are not consistent (58). Several studies reported that the prevalence of vitamin D deficiency is relatively high in football players (59, 60). In
addition; a meta-analysis of controlled trials reported that vitamin D supplementation positively affects lower limb muscle strength in athletes (61).
Another study reported that weekly supplementation with 50,000 IU (international unit) of vitamin D led to significant improvements in leg press
strength and sprint tests in Iranian athletes (62). Also, in a study conducted by Close et al., professional football players who took vitamin D supplements
performed better in the vertical jump and 10-meter sprint (63). Vitamin D deficiency may be associated with an increased risk of pre-inflammation in

professional football players, which is hypothesized to be related to the occurrence of muscle injury in sports (64, 65).

However, Jastrzebska et al. investigated the effect of vitamin D supplementation on training adaptation of well-trained football players and reported
that supplementation with 5,000 IU of vitamin D daily for 8 weeks in highly trained football players was not beneficial in response to high-intensity
interval training program (8). Furthermore, an evaluation of the association between serum 25 (OH) D and bone and muscle status in female football
players (13—16 years) of northern latitudes with a very low sunlight exposure showed that 25(OH)D was not significantly associated with most of the

parameters of bone and muscle quality or function. While, vitamin D level was inversely associated with time to peak torque in the knee extensors.



Lombardi et al. studied plasma vitamin D, cortisol, testosterone, and creatine kinase (CK) concentrations in three different Italian professional football
teams during consecutive competitive seasons. This retrospective study found a high prevalence of vitamin D deficiency in soccer players and a
significant positive correlation between 25(OH) vitamin D with testosterone and the testosterone to cortisol ratio, as well as a negative correlation
between 25(OH) vitamin D and cortisol as a damage-related hormone (4). In summary, vitamin D is reported to be beneficial for the health and

performance of football players and is safe at daily short-term doses as high as 10,000 IU.

b. Vitamin Bs

Thiamine (vitamin B1), in its active form Thiamine pyrophosphate (TPP), is a cofactor for numerous key enzymes involved in carbohydrate metabolism,
including pyruvate dehydrogenase (PDH), -ketoglutarate dehydrogenase (-KGDH), and branched-chain -ketoacid dehydrogenase (BCKDH) (5), and
its deficiency has been shown to cause lactic acidosis (66). Accumulation of lactate causes fatigue and loss of strength, so lactate monitoring is an
important process in the athletes. In this regard, Aghatabatabai et al. reported that 450 mg/d thiamin before performing maximal aerobic exercise
increases lactic acid thresholds and athletic endurance (67). In addition, Kasbparast et al. reported that the use of 300 mg/d of vitamin B1 for 10 days
improved the quality and quantity of body activities (68). Also, a double-blind, randomized, crossover study found that during exercise, Vo2max was

greater in athletes who received thiamine supplementation than in the placebo group. This study also reported that thiamine caused lower serum lactate



levels and heart rate than placebo (69). Furthermore, Choi et al. reported that thiamine supplementation leads to a significant decrease in lactate and

ammonia concentrations during exercise and recovery. As a result, fatigue is reduced by reducing the rate of perceived exertion (70).

Thiamine supplementation appears to increase the organic capacity for aerobic metabolism of carbohydrates, thus reducing lactate production during
physical activity, thereby reducing fatigue. In fact, active form of thiamine is one of the main coenzymes of the PDH complex which can increase the
activation of aerobic cellular metabolic pathways by increasing the movement of pyruvate to the mitochondria (69, 71). Meanwhile, oxygen
consumption and ATP levels increase, which leads to a reduction in cardiac workload and heart rate after exercise (72). In addition to thiamine's vital

role in energy metabolism, vitamin B2 also has been reported to have an anti-inflammatory effect (72).

Riboflavin (vitamin B2) is also one of the essential components for the synthesis of two important coenzymes called flavin mononucleotide (FMN)
and flavin adenine dinucleotide (FAD), which are required for glucose, fatty acids, and amino acids metabolism to produce energy. Riboflavin is
necessary for the activation of pyridoxine (vitamin B6) and the conversion of tryptophan to niacin (vitamin B3) (73). It also plays a role as an antioxidant
due to its involvement in the regeneration of glutathione, which is a free radical scavenger (74). One study investigated the association between B
vitamins and blood lactate levels in 10 football players and 11 sedentary men. The results showed that supplementation with B vitamins (1 pill/ day of
vitamin B complex, each pill includes: B vitamin: 10 mg, B> vitamin: 2 mg, B¢ vitamin: 2 mg, B2 vitamin: 3 mcg) for 15 days reduced the blood

lactate on the recovery period (10).



Folate is another member of the vitamin B family which has many key roles in cell proliferation and reducing serum homocysteine levels. Homocysteine
is a sulfur amino acid that is produced in the liver and is associated with various diseases. Humphrey et al. demonstrated that increasing homocysteine
levels in the blood by 5 umol/l, intensified the risk of cardiovascular diseases by 20% (11). Based on a recent literature review, the prevalence of folate
deficiency in athletes ranged from 0 to 38.7% (75). Acute intense exercise can increase the blood concentration of homocysteine (13). Supplementation
with folic acid may reduce the risk of cardiovascular diseases in football players through reducing serum homocysteine levels. In summary, B vitamins
are essential for the performance and recovery of football players and may reduce the blood lactate in recovery periods. Although more studies are

needed in the field of appropriate and safe dosage of group B vitamins supplements.

¢. Vitamin C and vitamin E

Vitamin C and E are two essential vitamins with antioxidant properties that effectively reduce muscle cell damage in athletes. Individually, the effects
of vitamin C (500mg/day) were evaluated in young football players and the results indicated that vitamin C supplementation decreased thiobarbituric
acid reactive substance (TBARS) levels as a measure of lipid peroxidation during exercise (76). Similarly, vitamin E supplementation (400 IU a-
tocopherol) over 30 days in 27 men reduced oxidative stress and increased antioxidant capacity (77). In another study on female athletes, Taghiyar, et
al. demonstrated that vitamin C (250 mg/day) and vitamin E (400 IU) supplementation may reduce muscle damage (78). Chun et al. studied the effect
of 700 ml intravenous supplementation with antioxidant compounds (vitamin C, glutathione, vitamin Bi,, vitamin Bs, vitamin Be, L- carnitine,
magnesium sulfate, vitamin B1) 14 times for one month on hemodynamic responses in eleven football players. The antioxidant supplementation led to

an increase of oxygen delivery to exercising skeletal muscles and improved exercise performance (79). On the other hand, Tauler et al. investigated the


http://www.fasebj.org/search?author1=Jong-Mok+Chun&sortspec=date&submit=Submit

effects of Vitamin C and coenzyme Q10 on plasma and neutrophil oxidative stress biomarkers and the antioxidant response in nineteen pre-professional
male football players for 3 months. The results showed that supplementation increased plasma Vitamin C and coenzyme Q levels without affecting the
neutrophil response after a soccer match (20). Zoppi et al. evaluated the combined effect of vitamin C (1000 mg) and E (800 mg) supplementations on
the markers of oxidative stress, muscle damage, and performance in ten young soccer players and it was evident that the vitamin C and vitamin E

supplementation lowered lipid peroxidation and muscle damage with no change in performance (80).

Exercise appears to increase reactive oxygen species (ROS). In fact, increased oxygen consumption by increasing mitochondrial electron flow can lead
to more ROS production during exercise. ROS can cause apoptosis in healthy cells and increase inflammation or interfere with cellular functions. ROS
alters oxidation-reduction status. As a result, they may play a role in the etiology of muscle damage through oxidation of ion transport systems (81, 82).
A negative effect of ROS is muscle fatigue. Several mechanisms have been proposed for this effect. One of these mechanisms is the effect of ROS on
altering the redox status and increasing anaerobic pathways utilization, which causes acidosis and as a result, muscle fatigue and reduced strength (83).
Altered action potential and altered mitochondrial function leading to reduced electron transfer and ATP formation are other mechanisms proposed for
the effect of ROS produced during exercise on muscle fatigue (82). Therefore, vitamins C and E as antioxidants may protect against muscle damage

and fatigue by suppressing ROS.

In addition, studies have shown that vitamin C and E prevent lipid peroxidation (80, 84), which causes muscle damage by penetrating the membrane
and releasing muscle constituents (78). In total, antioxidants such as vitamin E and vitamin C may improve performance by reducing the levels of

oxidative stress and increasing antioxidant capacity and oxygen delivery to exercise skeletal muscles. However, they should be used cautiously under



professional guidance to avoid potential risks associated with high-dose intake. The safe upper limit for adults' intake of vitamin C and E are 2,000 mg

and 1,000 mg per day, respectively (85).

d. Coenzyme Q10

Coenzyme Q10 (CoQ10), also known as ubiquinone, is a vitamin-like nutrient present in the membrane of all cells in the body and plays an important
role in cellular energy production. In fact, CoQ10 serves as a component in oxidative phosphorylation to convert the products of metabolism
(carbohydrates, fats, and proteins) into ATP (86). Hence, the heart and muscle require substantial amounts of CoQ10 due to their high energy demands,

especially during exercise.

CoQ10 supplementation has been reported to improve mental fatigue, recovery period and physical performance (87). Sanchez-Cuesta et al. investigated
plasma parameters related to CoQ10 levels in football players during competition to determine their role in injury, stress, and performance. The research
suggests that high levels of plasma CoQ10 may prevent muscle injury and improve kidney function, as well as improve performance in sports (88). In
a clinical trial study, Ken et al. reported that percent changes of serum myoglobin concentration, serum lipid peroxide concentration and serum creatine
kinase activity were significantly lower in the CoQ10 group than in the placebo group, suggesting that CoQ10 supplementation reduces exercise-

induced muscle damage in athletes (89).

High-intensity and long-duration exercise can lead to fatigue and muscle damage through the production of ROS (90). Meanwhile, in addition to its

role in the respiratory chain and energy production, Q10 also acts as a lipophilic antioxidant to reduce the harmful effects of ROS in the body. In



summary, there is evidence that the protective effect of CoQ10 may be due to its ability to reduce ROS production, improve mitochondrial respiration,
stabilize mitochondrial membrane potential, inhibit mitochondria-mediated cell death pathway, and activate mitochondrial biogenesis (91). In addition,
a clinical trial reported that CoQ10 supplementation reduces muscle damage by reducing creatinine production during exercise, preventing
overexpression of TNF-a after exercise and increasing TNF-RII, which can limit the adverse, pro-inflammatory effects of TNF (92). In summary,

CoQ10 is likely safe and well-tolerated in football players and other athletes when taken orally at recommended doses (30 mg to 300 mg/d) (93).

3. Minerals

a. Iron

Iron is found in the oxygen-bound molecules such as hemoglobin and myoglobin, as well as heme and Fe-S clusters in many enzyme cofactors and it
can accept and donate electrons, allowing it to switch between ferric and ferrous forms (94). Almost all organisms consume iron and it is necessary for
their growth and survival. Iron is an essential component of numerous enzymes that are involved in biological processes such as DNA biosynthesis,

oxygen transport, and cellular energy production (95). The American College of Sports Medicine recommends iron as a micronutrient for athletes (96).

The effects of iron supplementation on the athletic performance of football players have been extensively evaluated. Poor iron intake, hemolysis from
repeated foot impacts and physical contact, iron loss through the gastrointestinal and urinary tracts, and sweating are all risk factors for iron depletion
in football players (97). Villanueva et al. investigated the effects of oral iron supplementation (80 mg/day, for 3 weeks) on hematological and iron

metabolism in thirty-five elite football players. The results showed that iron supplementation caused an increase in serum iron, serum ferritin, and



transferrin saturation along with enhancement of hematocrit value and mean corpuscular volume (MCV) (98). Another study by Biruk et al. examined
the effects of iron supplementation and intensive exercise on the levels of blood hemoglobin among twenty male football players. The results indicated
that the improvement of iron status due to iron supplementation was associated with the improvement of endurance capacity. Intrestingly, one study
reported that special care must be taken with athletes who play in more demanding positions on the field, such as midfielders, as they are more
susceptible to ion deficiencies, such as iron and magnesium, especially in the spring (99). Hence, football players should use iron supplements with
high-intensity endurance training (100). Intense exercise may increase iron loss through sweat, urine, feces, and intravascular hemolysis. Meanwhile,

iron deficiency, with or without anemia, can impair muscle function, exercise adaptation and athletic performance (101).

On the other hand, Sporis et al. investigated the iron serum level in a group of 19 trained, healthy male football players following an official soccer
match and reported that the blood iron levels are increased immediately after the football match and iron supplementation should be avoided, which
was in contrast with the result of other similar studies (102). Despite some conflicting reports, it is generally accepted that iron supplementation
positively affects performance in iron-deficient athletes (103). Considering that hemoglobin mass affects the oxygen delivery to the working muscle
and mitochondrial energy production is dependent on iron-dependent enzymes and proteins, iron plays an essential role in most physiological variables
of sports performance (104). In summary, iron is essential for optimal athletic performance in football players, its deficiency is prevalent and can
significantly hinder performance. Regular monitoring and appropriate dietary strategies are crucial for maintaining adequate iron levels and ensuring
athletes can perform at their best. The tolerable upper intake level for iron is set at 45 mg per day for adults, which aims to prevent gastrointestinal side

effects like nausea and constipation (105).



b. Magnesium

Magnesium (Mg) is an important mineral that is necessary for energy metabolism, cell growth, glycolysis, and protein synthesis (106). Moreover,
magnesium is a cofactor in anaerobic performance-related enzymatic processes such as muscular contraction and relaxation. Mg plays a role in
controlling troponin expression through calcium ion concentration gradients, which can contribute to muscle strength (99). Certain foods, such as nuts,
seeds, fruits, vegetables, and whole grains, are high in magnesium. Mg has a Recommended Dietary Allowance (RDA) of 400420 mg for men and
310-320 mg for women over the age of 19 (107). Marginal magnesium deficiency has been shown to partially impair athletic performance and
exacerbate the negative effects of intense exercise (e.g. oxidative stress) (108). Meanwhile, several studies have reported that magnesium intake in
athletes, including football players, is lower than the RDA (109-111). Magnesium deficiency can also cause muscle weakness, reduced glycogen
breakdown, and increased blood pressure during exercise (112). Zhang et al. showed there was a negative correlation between magnesium and
cumulative match time in the midfielder/defender group. On the other hand, midfielders had a greater plasma magnesium level in the spring round than
in the fall round (106). In a study published by Zajac et al, in 2020, during the second half of the competitive season, long-term, low-dose magnesium
creatine chelate supplementation improved repeated sprint ability test scores in elite football players (113). The possible mechanisms by which
magnesium may improve performance in athletes include 1) reducing inflammation, which is responsible for decreased muscle mass and strength, 2)
increasing lactate clearance by playing the role of magnesium as a cofactor for the enzymatic conversion of lactate to glucose, 3) and finally, the role

of magnesium in muscle contraction (114). In summary, magnesium supplementation can benefit football players, but it should be done judiciously and



under the supervision of a healthcare professional. The type, dose, and quality of the supplement are important considerations to ensure safety and

efficacy.

4. Bioactive components

a. Polyphenols

Bioactive components are used as dietary supplements for health purposes other than nutrition (115). Polyphenols (PPs) are the most abundant
antioxidants in the plant-based diets. The total dietary intake of PPs can be up to 1 g/d, which is much higher than other known classes of dietary
phytochemicals and antioxidants (116). Few studies were done on the association between polyphenols and the performance of football players. Jowko
et al. evaluated the effect of green tea polyphenols consumption (GTP) on blood markers of oxidative stress and muscle damage in football players
exposed to intense exercise. This randomized, double-blind study was conducted on 16 players during a general preparation period. After intake of a
single dose of GTP (640 mg) or placebo, all athletes performed an intense muscle-endurance test consisting of 3 sets of 2 strength exercises (bench
press, back squat) performed until exhaustion (1-repetition maximum and 1-min rest between sets). Acute intake of GTP led to a significant increase
in total plasma catechins in football players (117). SHowevero, there is insufficient data to confirm the association between PPs and the performance

of football players.

b. Caffeine



Caffeine (1,3,7-trimethylxanthine) is an herbal alkaloid classified as a member of the methylxanthine family that is naturally found in the diet.
Researchers observed the role of caffeine supplementation in endurance, high-intensity, or strength of the trained athletes (118). Also, the ability of
caffeine to reduce the ratings of perceived exertion (RPE) and pain perception during exhaustive exercise has been reported (119). Foskett et al.
investigated the effect of 6 mg/kg of caffeine (CAF) or placebo 60 minutes before exercise on the performance of twelve male football players in a
double-blind randomized trial. Interestingly, there was a decrease in penalty time along with improving players' passing accuracy and jumping
performance after caffeine supplementation (120). Gant et al. evaluated the effect of drinking carbohydrate-electrolyte solution (CON) providing a total
of 1.8 g/kg of carbohydrate with added caffeine (CAF; 3.7 mg/kg body mass) 1 hour before exercise and every 15 minutes on the performance of fifteen
football players. The results indicated that caffeine caused an improvement in sprinting performance, countermovement jumping, and the mental
experiences of players and decrease the fatigue-induced decline (121). Lara et al. investigated the influence of 3 mg of caffeine/kg in the form of an
energy drinks on 18 female soccer players. The results showed that caffeine energy drink can increase the average peak running speed during the sprint

test and the total running distance (122).

However, some studies failed to demonstrate the beneficial effects of caffeine in football players. Souza et al. examined the influence of isolated or
combined carbohydrate (CHO) and CAF supplementation on the performance of eleven male football players. The results indicated that isolated and/or
combined CHO and CAF supplementation has no effect on soccer-related performance tests (123). Pettersen et al. examined whether caffeine
supplementation (a capsule of 6 mg-kg! body weight 65 min prior to the matches) has beneficial effects on activities during the match. The results

showed that caffeine supplementation has no effect on total distance covered, high-intensity running, sprinting distance, or acceleration counts (124).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Foskett%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19827465

So, caffeine may increase the average peak running speed and reduce fatigue during a football match. In summary, while caffeine can provide ergogenic
benefits for soccer players, daily doses of up to 400 mg are considered safe, balancing performance enhancement with minimizing potential side effects

(125).

c. Royal jelly

Royal jelly of the honey bee (Apis mellifera L.) is a cream-like substance secreted by young worker bees. The average moisture content of royal jelly
is 60-70%; its total proteins is 12-15 %, sugar 10-16%, lipids 3-6%, and low molecular weight compounds (i.e. vitamins, salts, and free amino acids)
2-3% (126). According to study that conducted by Tasdogan et al. taking royal jelly daily for 15 days at 1000 mg has a positive effect on sedentary
men's aerobic capacity, (127). A few studies have investigated the effect of royal jelly on football players. Aleksandar Joksimovi¢ et al. (2009) studied
the effect of 2 months of royal jelly supplementation on the performance of 12 young football players and reported that supplementation led to an
increase in muscle mass and a decrease in the fat mass (128). In summary, the current evidence indicates that royal jelly is well-tolerated and safe for
use as a supplement in football players when taken orally at recommended doses and no major adverse effects have been reported in the studies

conducted so far (129).

d. Omega-3 Fatty acids

Omega-3 fatty acids affects inflammatory processes and are thought to be advantageous for athletes, emphasizing the necessity to monitor omega-3

intake in practice (130). Increased intake of the long-chain omega-3 (n-3) fatty acids eicosapentaenoic acid (EPA) and especially docosahexaenoic acid



(DHA) can help enhance cardiovascular (CV) health and circulation. The improved vascular function may help you perform better in the gym.
According to Buckley et al. 5 weeks of fish oil supplementation enhanced CV function and reduced CV risk factors in elite Australian Rules football
players, but did not increase endurance performance or recovery (131). Several research have looked into the impact of omega-3 fatty acids on football
players' athletic performance. Yates et al. showed that the lipid profile of active players randomized to treatment improved significantly as a result of
omega-3 supplementation. (132). Granica et al. found that supplementing with n-3 fatty acids for four weeks did not increase competitive football
players' strength, or speed (133). The FDA suggests a daily intake not exceeding 3 g of combined EPA and DHA, with a maximum of 2 g from
supplements (134). In general, some evidence supports the role of omega-3 fatty acids in improving cardiovascular health and potentially enhancing

recovery from exercise.

Conclusion

Dietary supplements such as L-arginine, creatine, BCAA, vitamin D, B vitamins, antioxidants, caffeine, and royal jelly may have some beneficial effect
on football players (Figure 2). L-arginine supplements may improve athletic performance in sports activities through improved cardiovascular function,
improved ventilation, decrease in the serum level of lactic acid, higher prolongation of exercise duration, decreased blood pressure, and increased
VOomax, creatine may help football players through improved jumping, sprint, change of direction speed, and reducing fatigue. BCAA may improve
multiple-choice reaction time. Vitamin D was reported to be associated with the serum level of injury-related hormones such as cortisol and testosterone.
B vitamins may reduce the blood lactate in the recovery periods. Supplementation with folic acid may reduce the risk of cardiovascular diseases in

football players by reducing serum homocysteine levels. Antioxidants such as vitamin E and vitamin C may improve performance via decreasing



oxidative stress and increasing antioxidant capacity and oxygen delivery to exercising skeletal muscles. Iron supplementation may be associated with
some improvement in endurance capacity. Caffeine may increase the average peak running speed and reduce fatigue during a football match. Royal
jelly may increase muscle mass and decrease fat mass. Omega-3 fatty acids were reported to improve cardiovascular health and circulation. However,
further longitudinal studies and meta-analyses are warranted to determine to effects of dietary supplements on the performance of football players.

Also, due to the high cost of most nutritional supplements for athletes, the cost effectiveness of these supplements should be investigated.



Table 1: The efficacy of dietary supplements on the physiological and performance of athletes

Reference Dietary Subject Study design | Main finding(s) Dosage strengths and
ingredients weaknesses of the

study
Hiilya Yaman et al | L- arginine | Healthy Randomized, | Beneficial effect on | 6 grams | EDRF/NO levels were
(2010) 13 male soccer | single vasodilation and | (orally) not measured in the
players (20- | blinded, VO2max, increased present study and the
26y) placebo- the exercise capacity intervention period was
controlled 1 week and the case

group consisted of only
8 men; therefore, more
studies are required to
the

understand

mechanisms of L-




arginine

in healthy subject

Ramirez-Campillo | Creatine Young Randomized, | Creatine 20  g/d | This study measured
R et al (2015)? female double-blind, | supplementation (The 1% the effect of creatine
players placebo- may improve | week) supplementation along
(22.9+2.5y) | controlled adaptations to | following | with plyometric
trial. plyometric training | by 5 g/d | training, not the effect
(the next | of creatine alone. Also,
five the participants were
weeks) only women and the
sample size was 10

persons in each group
Piotr Wisnik et al. | BCAA Male soccer | Randomized, | BCAA 7 g/d In the present study, the
(2011)139 players double-blind, | supplementation effect of BCAA on

(251 y)

placebo-

may be beneficial in

physical performance




controlled

sports that demand

was not investigated

trial. quick responses to and the sample size was
external signals and small and only male
change in intensity. participants were used
Sanchez-Cuesta et | CoQ10 Professional | Observational | High plasma CoQ10 | N/A In this study they had
al. (2020)®® levels soccer study have lower rates of no way of controlling
players muscle damage and diet and supplement

(25.8+4.4 | better kidney consumption.

27.043.8y) function

Jastrzgbska M et al. | Vit D Well-trained | Randomized, | An 8-week vitamin | 5,000 There is no consensus
(2016)® soccer double-blind, | D treatment had no | IU/day |on  the  optimum
players placebo- effect on  their vitamin D
(17.5£0.6 y) | controlled response to High concentration for
trial. Intensity Interval athletes with respect to

Training.




their = neuromuscular

function

André Bréannstrom | Vit D Female Randomized, | Vitamin D levels | N/A They had too small
etal. (2017)® soccer double-blind, | correlates the time to sample size and there
players (13- | placebo- peak torque in the was no control group of

16y) controlled knee extensors. female non-athletes of

trial. the same age.

Nikolaos et al. | VitD Professional | Cross- vitamin D levels | N/A For the first time, this
(2014)13D male soccer | sectional associated with an study provides
players study ergometric evidence of a linear

(25.6+6.2 y) assessment of relationship  between

muscle strength, vitamin D  serum

sprinting  capacity, levels, not only with

and VO2max. jumping performance,

but also with VO2max




and speed in non-
supplemented  soccer
players; However, in
order to confirm this
hypothesis additional
research is needed, also
examining indices of

inflammation.

Foskett

(2009)120

et

al.

Caffeine

Male soccer
players

(23.8+4.5 y)

Randomized,
placebo-
controlled

trial

Caffeine boosted
passing accuracy and

jump performance.

6 mg/kg

In this study, the
intervention was
conducted for 7 days
and the sample size is
only 12 male athletes,
which prevents proper

generalization.




Lara

(2014)122

et

al.

Caffeine

Women
soccer
players (21 £

2y)

Randomized,
double-blind,
placebo-
controlled

trial.

Increased the
average peak running
speed during the
sprint test and the
overall running

distance.

3 mg/kg

In this study, the
intervention was
conducted for 1 week

and the sample size is

only 18 female
athletes, which
prevents proper

generalization; and it is
necessary to
investigate the side
effects derived from
long-term energy drink

intake.




Joksimovi¢ et al. | Royal jelly | Young Clinical Trial | Increased muscle | N/A In this intervention
(2009)12® football mass and decrease study, the sample size
players fat mass. is small and includes 25
12-year-old  athletes,
which prevents proper
generalization.
Gravina et  al. | Omega-3 Male Randomized, | No effect on the | 0.1g/kg | Further studies are
(2017)13% fatty acids | female placebo- competitive  soccer required in  larger
soccer controlled players' strength, studies to confirm this
players trial power, or speed. observation.
(24+5 y)
Buckley et al. | Omega-3 Football Randomized, | Lowered TG, | 6 g/day In this study, the
(2009)13D fatty acids | players double-blind | diastolic BP, and HR sample size is small

during submaximal

exercise.

and includes 25 male

athletes, which




prevents proper

generalization
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Figure 1. Flow chart of the included studies, including identification, screening, eligibility and the final sample included.
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