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Melatonin (N-acetyl-5-methoxytryptamine) is an ancient 
molecule present in almost all living organisms. In 
mammals, although it is synthesized mainly by 

pinealocytes and released into the blood, melatonin is also 

found in several extra pineal tissues, such as the brain, retina, 
liver, and skeletal muscle among others.2 Since the discovery of 
melatonin production from the pineal gland by Lerner et al,31 
this indoleamine has been associated with a wide range of 
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Context: Melatonin is an ancient molecule with a wide range of functions in mammals, such as antioxidant, anti-
inflammatory, and hypothermic effects among others. However, the influence of acute melatonin administration on human 
physical performance is debatable.

Objective: To summarize available data from controlled trials about the effects of acute melatonin administration on human 
physical performance, especially with respect to strength, power, speed, and short- and long-term continuous exercise.

Data Sources: A systematic search of the PubMed, Web of Science, Scopus, Embase, and Cochrane databases up to 
December 10, 2021, was conducted using specified keywords and Boolean operators (“melatonin” AND “exercise OR 
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Study Selection: Only controlled studies in the English language and with humans were accepted.

Study Design: Systematic review.

Level of Evidence: Level 1.

Data Extraction: Participants’ characteristics (sex, age, body mass, height and fat percentage), melatonin dose and 
administration time, and outcomes from the performance trial were extracted.

Results: A total of 10 studies were identified after the screening process. Overall, melatonin did not change speed or 
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exercise performances. In fact, it led to reduced strength and power performances in specific tests. On the other hand, 
melatonin seems to have improved balance and long-term continuous exercise performance, at least in nonathletes. More 
investigations are required to corroborate these findings.

Keywords: long-term continuous exercise; melatonin; power; short-term continuous exercise; strength

From †Laboratory of Endocrine Physiology and Physical Exercise, Department of Physiological Sciences, Federal University of São Carlos, São Carlos, SP, Brazil, and ‡Research 
Group on Technology Applied to Exercise Physiology - GTAFE, Health Sciences Postgraduate Program, São Francisco University, Bragança Paulista, SP, Brazil 
*Address correspondence to Wladimir Rafael Beck, MSc, PhD, Laboratory of Endocrine Physiology and Physical Exercise, Department of Physiological Sciences, Federal 
University of São Carlos - Washington Luis, Km 235., São Carlos, São Paulo, Brazil (email: beckwr@ufscar.br).
The authors report no potential conflicts of interest in the development and publication of this article.
The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This study was supported by the São Paulo 
Research Foundation - FAPESP (Process no. 2019/08148-3), the Coordination of Superior Level Staff Improvement - CAPES (Process no. 88887.634316/2021-00, code 
number 001), and the National Council for Scientific and Technological Development - CNPq (Process no. 408680/2021-0).
DOI: 10.1177/19417381231155142
© 2023 The Author(s)



SPORTS HEALTHvol. 16 • no. 1

71

functions, including the control of circadian and seasonal 
rhythms,11,25,44,47 antioxidant and anti-inflammatory  
effects,12,22,30,35,36,42,46,48 and energy metabolism homeostasis.14

Regarding the bioavailability and pharmacokinetics of 
exogenous melatonin administration, this hormone is absorbed 
rapidly and reaches maximal plasma concentration at between 
approximately 30 and 45 minutes after oral ingestion,3 with a 
half-life of about 45 minutes.26 The dosage range used varies 
from 0.1 to 300 mg per day for long-term administration and up 
to 2000 mg for short-term administration.28,51,55 In addition, even 
though exogenous melatonin toxicology and safety have been 
studied in a limited manner, the general conclusion is that 
melatonin lacks toxic adverse effects and is a safe drug for 
clinical treatments.15

Compelling evidence has demonstrated the association of 
melatonin with a depressive effect on the central nervous 
system,10,41 reduced alertness,4,21,32,52 and decreased body 
temperature.4,17,24,27,54 Regarding the latter, strategies to reduce 
initial body temperature before exercise, or attenuate the rate of 
heat gain during exercise can increase the time needed to reach 
a critical limiting temperature, thus prolonging exercise 
performance.50 In addition to the hypothesis about the 
relationship between reduced body temperature and physical 
exercise performance, other studies have demonstrated a 
superior performance in balance and long-term continuous 
exercise tests in humans and rats acutely treated with different 
doses of melatonin, such as 6 mg, 10 mg, and 10 mg/kg.5,6,7,18,29 
Despite the apparent association between melatonin and 
physical performance, other studies did not observe a positive 
result.4,10,19,20,23,24,37,43 The debate could be anchored in different 
demands from a wide range of physical exercise features, since 
power and strength performances are expected to depend on 
different physiological aspects of long-term continuous exercise. 
Therefore, the physiological effects of acute melatonin 
administration could be advantageous for certain types but not 
necessarily all exercise performance. Nevertheless, the current 
literature does not clearly elucidate whether there is an effect of 
acute administration of this indoleamine on some parameters 
related to physical performance. For this reason, in this review, 
we systematically summarized available data from controlled 

trials about the effects of acute melatonin administration on 
human physical performance, especially with respect to strength, 
power, speed, and short- and long-term continuous exercise.

Methods
Search Strategy

A search was conducted on the PubMed, Web of Science, 
Scopus, Embase, and Cochrane databases up to December 10, 
2021. Boolean operators were used in various combinations as 
primary search words, such as “melatonin” AND “exercise OR 
circuit-based exercise OR plyometric exercise OR exercise 
tolerance OR exercise test.” The filters for “controlled studies,” 
“studies in English,” and “humans” were activated. In addition, a 
manual search of reference lists of included and nonincluded 
studies was performed.

Eligibility Criteria

The Population, Intervention, Comparator, Outcomes, and Study 
Design (PICOS) framework was adopted for eligibility criteria 
(Table 1).1 The screening of studies was conducted according to 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.39 Studies were considered 
without restriction of publication date. Original articles were 
included if (1) only 1 melatonin administration was provided 
before the performance trial (acute effect); (2) the time of day 
of melatonin administration was specified; (3) the melatonin 
dose was properly described; and (4) the performance trial was 
shown, along with the outcomes of interest. Concerning 
outcomes related to physical performance, any result associated 
with strength, speed, power, and short- and long-term 
continuous exercise was considered. Studies were excluded if 
(1) they evaluated only the effect of exercise on melatonin 
secretion; (2) chronic supplementation of melatonin was 
conducted; (3) melatonin was administered before sleep and 
the performance test was conducted on the next day; (4) studies 
were performed with animals; and (5) they comprised only 
abstracts, without full texts. It is important to mention that we 
contacted the corresponding authors of the articles not found in 
full text and received no response.

Table 1. Eligibility criteria based on the PICOS framework

Component Feature

Population Healthy subjects, including athletes and nonathletes

Intervention Physical test with 1 melatonin administration before trial

Comparator Physical test without melatonin administration

Outcomes Strength, speed, power, and short-term and long-term continuous exercise

Study design Controlled trials

PICOS, Population, Intervention, Comparator, Outcomes, and Study Design.
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Data Extraction

The titles of studies retrieved from the databases were inserted 
in Microsoft Excel sheets. Two researchers independently 
screened the manuscripts by title, abstract, and full text. Any 
discrepancies were checked by a 3rd reviewer to resolve 
disagreement. Participant characteristics (ie, sex, age, body 
mass, height, and fat percentage), melatonin dose and 
administration time, and outcomes from the performance trial 
were extracted from the included studies.

Quality Assessment of Individual Studies

Two reviewers independently performed quality analysis using 
the Physiotherapy Evidence Database (PEDro) scale.33 This 
instrument consists of 11 items that yield 1 point - except the 
first item - to the final score. The final assessments varied from 
fair-to-substantial to fair-to-good.

Results
Literature Search and Quality Assessment

The initial literature search identified 1270 studies (Figure 1). 
Based on the first search, 440 duplicates were identified. After 
screening by title, abstract, and full text, 10 studies met the 
eligibility criteria (Table 2).4,6,10,19,20,23,24,29,37,43 The included 
studies were published between the years 2005 and 2021 and 
conducted in 6 countries: the United Kingdom,4 Finland,37 
Tunisia,19,20,23,24 the United States,10 Brazil,6 and Iran.29,43 The 
mean and standard deviation of the PEDro score among the 

studies was 9.80 ± 0.42. Of the 10 studies, 8 were classified with 
a score of 10 and 2 with a score of 9.

Study and Participant Characteristics

A total of 115 healthy participants participated in the 
randomized controlled trials with acute melatonin 
administration. The mean and standard deviation of age (21.40 
± 3.37 years), body mass (73.57 ± 7.03 kg), height (1.77 ± 0.02 
m), and fat % (13.02 ± 2.98%) of the participants were 
calculated from available data. The average sample size was 11 
± 1, with a minimum of 10 and a maximum of 15 people per 
study; 3 studies examined adolescents,19,20,24 whereas the other 
7 evaluated only adults (people aged >18 years),4,6,10,23,29,37,43 of 
which 6 were performed with men (n = 63),4,6,10,29,37,43 1 
exclusively with women (n = 15),20 and 3 did not clearly report 
the sex of the participants (n = 37).19,23,24 All participants were 
considered trained, except in 1 study, in which they were 
considered moderately active.6

Concerning the outcomes, the studies evaluated the 
performance of melatonin-treated participants in strength and 
balance4,23,24,29,37,43; speed, velocity, and agility20,23,24; 
power4,10,20,23,24,29,37,43; and short- and long-term continuous 
exercise tests.4,6,10,19

Time of Day and Dose of 
Melatonin Administration

The most frequently used doses were 6 mg,6,19,20,37,43 and  
5 mg,4,10,23,24 found in 45% and 36% of the studies, respectively, 
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Figure 1. Flow diagram of the study selection using PRISMA guidelines. PRISMA, Preferred Reporting Items for Systematic Reviews 
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while doses of 8 and 10 mg were used each in only 9%  
of the studies.23,29 Furthermore, 5 studies administered the 
indoleamine in the morning (between 12:00 am and  
12:00 pm),4,23,29,37,43 3 in the afternoon (between 12:00 pm and 
6:00 pm),10,19,20 and 3 in the evening (between 6:00 pm and 
12:00 am).6,23,19 The majority of studies administered melatonin 
between 30 and 60 minutes before the physical performance 
test.6,19,20,23,24,29,37,43 Melatonin administration was performed for 
less than 30 minutes in only 1 study,10 and for more than 60 
minutes in 2 studies.4,24

Strength and Balance

Of the 10 included studies, 5 measured maximal isometric 
strength through the handgrip strength and static balance 
tests,4,23,24,29,43 while 3 assessed isotonic strength through 
1-repetition maximum (RM) and dynamic balance tests.29,37,43 Of 
the included studies, 2 demonstrated a decrease in handgrip 
performance,23,24 whereas 1 demonstrated an enhanced static 
and dynamic balance in participants treated with melatonin.29 
On the other hand, no difference was found between 
participants who received an acute dose of melatonin or 
placebo for the handgrip,4,29 and static and dynamic balance 
tests.43 In addition, 1 study analyzed force resistance during a 
resistance exercise session, which was designed to be a high-
volume session consisting of a total of 25 sets (15 × 5 RM + 10 × 
5 RM), with a large amount of muscle mass being recruited and 
activated. In this study, the loading volume (kg × repetitions × 
sets) did not change after melatonin administration.37

Speed, Velocity, and Agility

Three studies assessed speed with direction changes through 
agility tests, and no difference between melatonin and placebo 
conditions was observed.20,23,24 However, according to Ghattassi 
et al,24 melatonin-treated participants showed a better 
performance in the late hours than in the early hours of the day 
(04:00 pm in relation to 12:00 pm and 08:00 am).

Power

In all, 80% of the studies assessed physical power using a 
variety of tests. Nonetheless, the results of the squat jump, 
countermovement jump, and medicine ball throw tests revealed 
a reduced power performance in melatonin-treated 
participants,23,24 while the remaining studies indicated no 
significant change between people treated with melatonin and 
placebo.20,23,24,29,37,43

Short- and Long-Term Continuous Exercise

Four studies analyzed physical performance in cycle ergometers 
or running exercise tests.4,6,10,19 Only Beck et al6 demonstrated 
an improvement in long-term continuous exercise performance 
in nonathletes treated with melatonin, whereas the other 3 
showed no difference between melatonin and placebo 
treatments.4,10,19

discussion

To the best of our knowledge, this is the first review that has 
systematically summarized the effects of acute melatonin 
administration on human physical performance. Results from 
only 2 studies showed that exogenous melatonin administration 
reduced the performance of athletes submitted to melatonin 
treatment in specific strength and power tests, while no change 
was observed in speed and short-term continuous exercise tests. 
In contrast, 2 studies reported an increased performance in 
balance and long-term continuous exercise in participants 
treated acutely with melatonin.6,29

Two studies investigated the effects of morning and nocturnal 
melatonin ingestion on physical performance.23,24 Regarding the 
first administration period, strength (handgrip test) and power 
(squat jump and countermovement jump tests) were reduced 
only when the participants were treated with 8 mg of 
melatonin.23 In a similar study, Ghattassi et al24 also 
demonstrated that 5 mg of melatonin was responsible for 
reducing strength (handgrip test) and power (medicine ball 
throw test) performances. Conversely, Khaleghi-Mamaghani  
et al29 indicated an improvement in balance performance in 
participants treated with melatonin (10 mg) (pre- vs post-test), 
whereas in the placebo condition no difference was found. The 
remaining studies did not show any significant change in 
strength or power in melatonin-treated 
participants.4,10,20,23,24,29,37,43 The results then suggest that 
melatonin does not increase strength and power, but may 
instead reduce them in some cases. Intriguingly, 2 studies 
investigating the impact of melatonin on balance provided 
opposite conclusions: while 1 study reported an increase in 
balance performance, the other showed no difference between 
static and dynamic balance.43 Furthermore, there was no 
difference in speed between participants treated with melatonin 
and placebo.20,23,24

The literature suggests that a better short-duration maximal 
exercise performance (ie, continuous and intermittent exercises 
or very brief all-out efforts, such as the Wingate test, the 
repeated sprint ability test, maximal jumps, or isometric 
contractions) is achieved in the late afternoon and in the early 
evening (4:00 pm-8:00 pm) than in the morning in both 
dynamic and isometric exercise modes.13,38 In parallel, body 
temperature achieves the daily peak value in the evening (6:00 
pm),53 which has been suggested to affect the contractile 
properties, viscosity, and conduction velocity of action 
potentials in the skeletal muscle.13 In fact, Racinais and Oksa45 
demonstrated an improvement in performance from 2% to 5% 
with a 1°C increase in muscle temperature. In contrast, Bergh 
and Ekblom8 showed that power output decreased by 5% for 
every 1°C decrease in muscle temperature in warming and 
cooling experiments at muscle temperatures between 30°C and 
39°C. In this context, the literature has demonstrated the ability 
of melatonin to affect body temperature, reducing it by 
approximately 0.10°C to 0.49°C.4,17,27,54 Such evidence indicates 
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that the reduction in strength and power performance could be 
associated, at least partially, with the ability of melatonin to 
decrease body temperature and alertness.

Regarding continuous physical exercise, 2 studies evaluated 
physical performance in short-term continuous exercise.4,19 
Atkinson et al4 selected 12 physically active men who were 
treated with melatonin (5 mg) or placebo during the morning 
(11:45 am) and then submitted to a 4-km cycling time trial after 
1 hour and 15 minutes (1:00 pm) and after 5 hours and 15 
minutes (05:00 pm). In both cases, no difference between 
melatonin (1:00 pm, 398 ± 53 seconds; 5:00 pm, 405 ± 59 
seconds) and placebo treatments (1:00 pm, 389 ± 46 seconds; 
5:00 pm, 403 ± 52 seconds) was found. According to the 
authors, the lack of performance improvement is related to the 
hypothermic effects of melatonin, which cause different effects 
on endurance and short-term exercise performance. In 
endurance exercise in the heat, a lower pre-exercise body 
temperature may delay the time needed to reach high body 
temperature,4 being an advantage in such situations, but not for 
short-term continuous exercise. Farjallah et al19 recruited 13 
professional soccer players who received a quick-release 
capsule of vegetable melatonin (6 mg) or placebo in the 
evening (5:00 pm- 00:30 am) followed by submission after 30 
minutes to running exercise to exhaustion. No time duration 
difference between melatonin (374.54 ± 57.97 seconds) and 
placebo (362.46 ± 42.02 seconds) conditions was observed. The 
authors suggested that melatonin was not ergogenic because of 
the proposed exercise model (running) and the duration (short), 
in addition to the time of day (afternoon) and dose (6 mg) of 
melatonin administered.

With regard to long-term continuous exercise, 2 studies 
provided opposite conclusions: whereas 1 reported 
performance improvement in nonathletes,5 the other observed 
no performance increase in athletes.10 Brandenberger et al10 
recruited 10 male endurance-trained cyclists and treated them 
with a tablet of 5 mg of melatonin or a multivitamin (considered 
as a placebo condition by the authors). After 15 minutes, the 
cyclists were submitted to a 32.2-km cycling time trial; no 
change between both conditions was observed (melatonin, 
64.94 ± 5.95 minutes; placebo, 65.26 ± 6.85 minutes). 
Conversely, Beck et al6 selected 11 moderately active men and 
submitted them to a time-to-exhaustion test at a lactate 
anaerobic threshold determined individually under 2 conditions: 
melatonin (6 mg) and placebo ingestion sessions, which took 
place 30 minutes before the performance test. The time to 
exhaustion was longer with melatonin (41.94 ± 17.22 minutes) 
than with placebo (33.94 ± 15.26 minutes) treatment. Although 
the results are conflicting, according to Beck et al,6 melatonin 
may have positively influenced performance in continuous 
long-term exercise because of its ability to reduce 
catecholamine levels, body temperature (hypothermic effect), 
and alertness - although such parameters were not 
systematically measured in that study.

Compelling evidence has demonstrated the effectiveness of 
cooling strategies to reduce initial body temperature before 

exercise (precooling), or attenuate the rate of heat gain during 
exercise (percooling). Such strategies have been shown to 
increase the time required to reach a critical limiting 
temperature, thus prolonging exercise performance.9,40,50 In 
addition to the well-known precooling methods, ie, external 
(cold air exposure, water exposure, and exposure to ice or 
ice-products), internal (air inhalation, beverage ingestion, and 
ice ingestion), and combined precooling strategies,16,34,49,50 
melatonin has demonstrated a relevant hypothermic 
effect,4,17,27,54 which is considered a key factor for improving 
continuous long-term exercise performance. However, the 
benefits of precooling are greater for endurance athletes than 
for (intermittent) sprint athletes, since sprint exercise is 
influenced mainly by muscle temperature and anaerobic 
metabolism rather than thermoregulatory factors. On the other 
hand, endurance exercise (moderate- to high-intensity) results 
in a greater thermoregulatory burden than sprint exercise.9 
Therefore, although conflicting, the results suggest that 
melatonin has potentially positive effects on long-term 
continuous exercise in nonathletes. Further studies are therefore 
necessary to better understand the mechanisms of action of 
melatonin on human physical performance.

This systematic review must be interpreted in light of its 
limitations. Among the limitations are the reduced number of 
studies focusing on the effects of acute melatonin administration 
on human physical performance, mainly in relation to 
continuous long-term exercise, on which melatonin could have a 
positive influence; the lack of information about the origin of 
melatonin (company or laboratory), and the exact time of 
administration, which are relevant for studies that use this 
indoleamine; the lack of information about the participants’ 
characteristics and the small sample size; the poor description of 
the proposed exercise; and the numerical values of the results.

The outcomes of this study could be useful for those engaged in 
long-term continuous exercise; however, it is important to 
consider the dose and time of melatonin administration before 
exercise. In addition, although the results are conflicting, the 
literature suggests administration of 6 mg of melatonin 30 to 45 
minutes before long-term continuous exercise to improve 
performance.6 Nevertheless, other concentrations of melatonin 
should be tested to achieve a similar effect with a lower dose. 
Moreover, special attention should be paid to the time of day the 
indoleamine is administered, given its important role in circadian 
and seasonal rhythms. Therefore, this study is relevant, as it 
highlights the state of the art on the effects of melatonin on 
physical performance to date, in addition to stimulating new 
research on the effect of melatonin on long-term physical exercise, 
on which the hormone apparently has a positive influence.

Overall, melatonin was not able to improve the participants’ 
strength, power, speed, and short-term continuous exercise 
performance. Particularly in relation to the first 2 variables, 
melatonin led to reduced performance in specific strength and 
power tests. Only 2 studies demonstrated an improvement in 
balance and long-term continuous exercise performance in 
nonathletes. However, the variety of tests, doses, and times of 
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administration prevented strong conclusions about the adoption 
of acute melatonin ingestion as a possible ergogenic agent.

AcknowledgMent

The authors are grateful to the São Paulo Research Foundation 
(FAPESP, Brazil), Coordination of Superior Level Staff 
Improvement (CAPES, Brazil), and National Concil for Scientific 
and Technological Development - CNPq for financial support.

oRcid id

Wladimir Rafael Beck  https://orcid.org/0000-0001-7176-2713

RefeRences
 1. Akers J. Systematic Reviews: CRD’s Guidance for Undertaking Reviews in Health 

Care. York, UK: CRD, University of York; 2009.
 2. Acuña-Castroviejo D, Escames G, Venegas C, et al. Extrapineal melatonin: sources, 

regulation, and potential functions. Cell Mol Life Sci. 2014;71(16):2997-3025.
 3. Andersen LPH, Gögenur I, Rosenberg J, Reiter RJ. Pharmacokinetics of 

melatonin: the missing link in clinical efficacy? Clin Pharmacokinet. 
2016;5(9):1027-1030.

 4. Atkinson G, Jones H, Edwards BJ, Waterhouse JM. Effects of daytime ingestion 
of melatonin on short-term athletic performance. Ergonomics. 2005;48(11-
14):1512-1522.

 5. Beck WR, Botezelli JD, Pauli JR, Ropelle ER, Gobatto CA. Melatonin has an 
ergogenic effect but does not prevent inflammation and damage in exhaustive 
exercise. Sci. Rep. 2015;5:18065.

 6. Beck WR, Messias LHD, Silva FCD, Manchado-Gobatto FB, Gobatto CA. Acute 
melatonin administration enhances aerobic tolerance: an analysis of biochemical 
and hematological parameters. Motriz J Phys Ed. 2018;24(2):e1018169.

 7. Beck WR, Scariot PPM, Gobatto CA. Melatonin is an ergogenic aid for exhaustive 
aerobic exercise only during the wakefulness period. Int J Sports Med. 
2016;37(1):71-76.

 8. Bergh U, Ekblom B. Influence of muscle temperature on maximal muscle 
strength and power output in human skeletal muscles. Acta Physiol Scand. 
1979;107(1):33-37.

 9. Bongers CC, Hopman MT, Eijsvogels TM. Cooling interventions for athletes: 
an overview of effectiveness, physiological mechanisms, and practical 
considerations. Temperature. 2017;4(1):60-78.

 10. Brandenberger KJ, Ingalls CP, Rupp JC, Doyle JA. Consumption of a 5-mg 
melatonin supplement does not affect 32.2-km cycling time trial performance.  
J Strength Cond Res. 2018;32(1):2872-2877.

 11. Brzezinski A, Rai S, Purohit A, Pandi-Perumal SR. Melatonin, clock genes, and 
mammalian reproduction: what is the link? Int J Mol Sci. 2021;22(24):13240.

 12. Chitimus DM, Popescu MR, Voiculescu SE, et al. Melatonin’s impact on 
antioxidative and anti-inflammatory reprogramming in homeostasis and disease. 
Biomolecules. 2020;10(9):1211.

 13. Chtourou H, Souissi N. The effect of training at a specific time of day: a review.  
J Strength Cond Res. 2012;26(7):1984-2005.

 14. Cipolla-Neto J, Amaral FG, Afeche SC, Tan DX, Reiter RJ. Melatonin, energy 
metabolism, and obesity: a review. J Pineal Res. 2014;56(4):371-381.

 15. Cipolla-Neto J, Amaral FGD. Melatonin as a hormone: new physiological and 
clinical insights. Endocr Rev. 2018:39(6):990-1028.

 16. Coelho LGM, Ferreira-Junior JB, Williams TB, et al. Head pre-cooling improves 
5-km time-trial performance in male amateur runners in the heat. Scand J Med 
Sci Sports. 2021;31(9):1753-1763.

 17. Dawson D, Gibbon S, Singh P. The hypothermic effect of melatonin on core 
body temperature: is more better? J Pineal Res. 1996;20(4):192-197.

 18. Faria VS, Pejon TMM, Gobatto CA, De Araújo GG, Cornachione AS, Beck WR. 
Acute melatonin administration improves exercise tolerance and the metabolic 
recovery after exhaustive effort. Sci. Rep. 2021;11(1):19228.

 19. Farjallah M, Graja A, Mahmoud L, et al. Effects of melatonin ingestion on 
physical performance and biochemical responses following exhaustive running 
exercise in soccer players. Biol Sport 2022;39(2):473-479.

 20. Farjallah MA, Hammouda O, Zouch M, et al. Effect of melatonin ingestion on 
physical performance, metabolic responses, and recovery after an intermittent 
training session. Physiol Int. 2018;105(4):358-370.

 21. Foley HM, Steel AE. Adverse events associated with oral administration of 
melatonin: a critical systematic review of clinical evidence. Complement Ther 
Med. 2019;42:65-81.

 22. Galano A, Tan DX, Reiter RJ. Melatonin: a versatile protector against oxidative 
DNA damage. Molecules. 2018;23(3):530.

 23. Ghattassi K, Graja A, Hammouda O, et al. Effect of nocturnal melatonin ingestion 
on short-term anaerobic performance in soccer players. Biol Rhythm Res. 
2014;45(6):885-893.

 24. Ghattassi K, Hammouda O, Graja A, et al. Morning melatonin ingestion and 
diurnal variation of short-term maximal performances in soccer players. Acta 
Physiol Hung. 2016;103(1):94-104.

 25. Hardeland R. Redox biology of melatonin: discriminating between circadian and 
non-circadian functions. Antioxid Redox Signal. 2022;37(10-12):704-725.

 26. Harpsøe NG, Andersen LPH, Gögenur I, Rosenberg J. Clinical pharmacokinetics 
of melatonin: a systematic review. Eur J Clin Pharmacol. 2015;71(8):901-909.

 27. Hughes RJ, Badia P. Sleep-promoting and hypothermic effects of daytime 
melatonin administration in humans. Sleep. 1997;20(2):124-131.

 28. Jacob S, Poeggeler B, Weishaupt JH, et al. Melatonin as a candidate compound 
for neuroprotection in amyotrophic lateral sclerosis (ALS): high tolerability of 
daily oral melatonin administration in ALS patients. J Pineal Res. 2002;33(3): 
186-187.

 29. Khaleghi-Mamaghani E, Rahmani-Nia F, Arazi H. Evaluation of the effects of 
melatonin supplementation on the physical and physiological performance 
following total night sleep deprivation in trained young males. J Turk Sleep Med. 
2021;8(2):151-158.

 30. Kruk J, Aboul-Enein BH, Duchnik E. Exercise-induced oxidative stress and 
melatonin supplementation: current evidence. J Physiol Sci. 2021;71(1):27.

 31. Lerner AB, Case JD, Takahashi Y, Lee TH, Mori W. Isolation of melatonin, the 
pineal gland factor that lightens melanocyte. J Am Chem Soc. 1958;80(10):2587-2587.

 32. Lok R, Van Koningsveld MJ, Gordijn MC, Beersma DG, Hut RA. Daytime 
melatonin and light independently affect human alertness and body temperature. 
J Pineal Res. 2019;67(1):e12583.

 33. Maher CG, Sherrington C, Herbert RD, Moseley AM. Reliability of the PEDro scale 
for rating quality of randomized controlled trials. Phys Ther. 2003;83(8):713-721.

 34. Maley MJ, Minett GM, Bach AJ, Zietek SA, Stewart KL, Stewart IB. Internal 
and external cooling methods and their effect on body temperature, thermal 
perception and dexterity. PLoS One. 2018;13(1):e0191416.

 35. Manchester LC, Coto-Montes A, Boga JA, et al. Melatonin: an ancient molecule 
that makes oxygen metabolically tolerable. J Pineal Res. 2015;59(4):403-419.

 36. Mauriz JL, Collado PS, Veneroso C, Reiter RJ, González-Gallego J. A review of 
the molecular aspects of melatonin’s anti-inflammatory actions: recent insights 
and new perspectives. J Pineal Res. 2013;54(1):1-14.

 37. Mero AA, Vähälummukka M, Hulmi JJ, Kallio P, Von Wright A. Effects of 
resistance exercise session after oral ingestion of melatonin on physiological and 
performance responses of adult men. Eur J Appl Physiol. 2006;96(6):729-739.

 38. Mirizio GG, Nunes RSM, Vargas DA, Foster C, Vieira E. Time-of-day effects on 
short-duration maximal exercise performance. Sci Rep. 2020;10(1):9485.

 39. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6(7):e1000097.

 40. Naito T, Iribe Y, Ogaki T. Ice ingestion with a long rest interval increases the 
endurance exercise capacity and reduces the core temperature in the heat.  
J Physiol Anthropol. 2017;36:9.

 41. Nishiyama K, Yasue H, Moriyama Y, et al. Acute effects of melatonin 
administration on cardiovascular autonomic regulation in healthy men.  
Am Heart J. 2001;141(5):E9.

 42. Ortiz-Franco M, Planells E, Quintero B, et al. Effect of melatonin 
supplementation on antioxidant status and DNA damage in high intensity  
trained athletes. Int J Sports Med. 2017;38(14):1117-1125.

 43. Paryab N, Taheri M, H’Mida C, et al. Melatonin supplementation improves 
psychomotor and physical performance in collegiate student-athletes following a 
sleep deprivation night. Chronobiol Int. 2021;38(5):753-761.

 44. Pevet P, Challet E, Felder-Schmittbuhl MP. Melatonin and the circadian  
system: keys for health with a focus on sleep. Handb Clin Neurol. 2021;179: 
331-343.

 45. Racinais S, Oksa J. Temperature and neuromuscular function. Scand J Med Sci 
Sports. 2010;20(Suppl 3):1-18.

 46. Reiter RJ, Mayo JC, Tan D-X, Sainz RM, Alatorre-Jimenez M, Qin L. Melatonin as 
an antioxidant: under promises but over delivers. J Pineal Res. 2016;61(3):253-278.

 47. Reiter RJ, Tan DX, Fuentes-Broto L. Melatonin: a multitasking molecule. Prog 
Brain Res. 2010;181:127-151.

 48. Rodriguez C, Mayo JC, Sainz RM, et al. Regulation of antioxidant enzymes: a 
significant role for melatonin. J Pineal Res. 2004;36(1):1-9.



Jan • Feb 2024Faria et al.

78

 49. Rodríguez MÁ, Piedra JV, Sánchez-Fernández M, Del Valle M, Crespo I, 
Olmedillas H. a matter of degrees: a systematic review of the ergogenic effect 
of pre-cooling in highly trained athletes. Int J Environ Res Public Health. 
2020;17(8):2952.

 50. Ross M, Abbiss C, Laursen P, Martin D, Burke L. Precooling methods and their 
effects on athletic performance. Sports Med. 2013;43(3):207-225.

 51. Sánchez-Barceló EJ, Mediavilla MD, Tan XD, Reiter RJ. Clinical uses of  
melatonin: evaluation of human trials. Curr Med Chem. 2010;17(19): 
2070-2095.

 52. Slotten HA, Krekling S. Does melatonin have an effect on cognitive performance? 
Psychoneuroendocrinology. 1996;21(8):673-680.

 53. Souissi N, Gauthier A, Sesboüé B, Larue J, Davenne D. Circadian rhythms in two 
types of anaerobic cycle leg exercise: force-velocity and 30-s Wingate tests. Int J 
Sports Med. 2004;25(1):14-19.

 54. Waterhouse J, Atkinson G. Melatonin as an ergogenic aid. Biol Rhythm Res. 
2009;40(1):71-79.

 55. Weishaupt JH, Bartels C, Pölking E, et al. Reduced oxidative damage in ALS by 
high-dose enteral melatonin treatment. J Pineal Res. 2006;41(4):313-323.

For article reuse guidelines, please visit SAGE’s website at http://www.sagepub.com/journals-permissions.


