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Abstract

Purpose Melatonin supplementation has been disclosed as an ergogenic substance. However, the effectiveness of melatonin

supplementation in healthy subjects has not been systematically investigated. The present study analyzed the effects of

melatonin supplementation on physical performance and recovery. In addition, it was investigated whether exercise bout or

training alter melatonin secretion in athletes and exercise practitioners.

Methods This systematic review and meta-analysis were conducted and reported according to the guidelines outlined in the

PRISMA statement. Based on the search and inclusion criteria, 21 studies were included in the systematic review, and 19

were included in the meta-analysis.

Results Melatonin supplementation did not affect aerobic performance relative to time trial (−0.04; 95% CI: −0.51 to 0.44)

and relative to VO2 (0.00; 95% CI: −0.57 to 0.57). Also, melatonin supplementation did not affect strength performance

(0.19; 95% CI: −0.28 to 0.65). Only Glutathione Peroxidase (GPx) secretion increased after melatonin supplementation

(1.40; 95% CI: 0.29 to 2.51). Post-exercise melatonin secretion was not changed immediately after an exercise session (0.56;

95% CI: −0.29 to 1.41) and 60 min after exercise (0.56; 95% CI: −0.29 to 1.41).

Conclusion The data indicate that melatonin is not an ergogenic hormone. In contrast, melatonin supplementation improves

post-exercise recovery, even without altering its secretion.

Keywords Melatonin Supplementation ● Physical Performance ● Strength Performance ● Aerobic Performance ● Exercise

Recovery ● Melatonin Secretion

Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is a hormone

secreted by the pineal gland which has a chronobiotic role,

which acts as an endogenous synchronizer regulating

seasonal and circadian rhythms, and induces sleep [1–3].

The suprachiasmatic nucleus, a specialized group of nerve

cells in the hypothalamus, responds to daily variations of

light intensity to control the release of melatonin release,

which increases up to 10-fold at night and decreases to the

lowest levels during the day [4].

Exogenous melatonin is commonly consumed as a diet-

ary supplement by individuals with difficulty in sleeping

due to its drowsy effect on the central nervous system [5]. In

addition to being used in sleep-related disorders, melatonin

supplementation has also been administered for treating

liver disease [6], heart failure [7], and metabolic syndrome,

among other conditions [8]. The wide clinical applicability

of melatonin supplementation is explained by its relative

security, with low risk of adverse effects [9]. Oral melatonin

is also absorbed rapidly and leads to peak values in plasma

within approximately 1 h of ingestion [10]. The 5 mg dose,

* Cândido Celso Coimbra

coimbrac@icb.ufmg.br

1 Laboratório de Endocrinologia e Metabolismo, Departamento de

Fisiologia e Biofísica, Universidade Federal de Minas Gerais,

Belo Horizonte, MG, Brasil

2 Departamento de Educação Física, Universidade do Estado de

Minas Gerais – Unidade Divinópolis, Divinópolis, MG, Brasil

3 Departamento de Ciências Biológicas, Universidade do Estado de

Minas Gerais – Unidade Carangola, Carangola, MG, Brasil

4 Departamento de Fisiologia, Instituto de Ciências Biológicas,

Universidade Federal de Juiz de Fora, Juiz de Fora, MG, Brasil

1
2
3
4
5
6
7
8
9
0
()
;,
:

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-023-03498-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-023-03498-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-023-03498-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-023-03498-1&domain=pdf
http://orcid.org/0000-0002-6043-9256
http://orcid.org/0000-0002-6043-9256
http://orcid.org/0000-0002-6043-9256
http://orcid.org/0000-0002-6043-9256
http://orcid.org/0000-0002-6043-9256
http://orcid.org/0000-0002-6042-7757
http://orcid.org/0000-0002-6042-7757
http://orcid.org/0000-0002-6042-7757
http://orcid.org/0000-0002-6042-7757
http://orcid.org/0000-0002-6042-7757
http://orcid.org/0000-0001-5720-8054
http://orcid.org/0000-0001-5720-8054
http://orcid.org/0000-0001-5720-8054
http://orcid.org/0000-0001-5720-8054
http://orcid.org/0000-0001-5720-8054
http://orcid.org/0000-0001-5756-1296
http://orcid.org/0000-0001-5756-1296
http://orcid.org/0000-0001-5756-1296
http://orcid.org/0000-0001-5756-1296
http://orcid.org/0000-0001-5756-1296
http://orcid.org/0000-0002-6236-434X
http://orcid.org/0000-0002-6236-434X
http://orcid.org/0000-0002-6236-434X
http://orcid.org/0000-0002-6236-434X
http://orcid.org/0000-0002-6236-434X
http://orcid.org/0000-0002-9572-1489
http://orcid.org/0000-0002-9572-1489
http://orcid.org/0000-0002-9572-1489
http://orcid.org/0000-0002-9572-1489
http://orcid.org/0000-0002-9572-1489
http://orcid.org/0000-0001-8854-0148
http://orcid.org/0000-0001-8854-0148
http://orcid.org/0000-0001-8854-0148
http://orcid.org/0000-0001-8854-0148
http://orcid.org/0000-0001-8854-0148
http://orcid.org/0000-0001-9914-4722
http://orcid.org/0000-0001-9914-4722
http://orcid.org/0000-0001-9914-4722
http://orcid.org/0000-0001-9914-4722
http://orcid.org/0000-0001-9914-4722
http://orcid.org/0000-0002-5535-6907
http://orcid.org/0000-0002-5535-6907
http://orcid.org/0000-0002-5535-6907
http://orcid.org/0000-0002-5535-6907
http://orcid.org/0000-0002-5535-6907
http://orcid.org/0000-0002-9542-9904
http://orcid.org/0000-0002-9542-9904
http://orcid.org/0000-0002-9542-9904
http://orcid.org/0000-0002-9542-9904
http://orcid.org/0000-0002-9542-9904
http://orcid.org/0000-0003-4917-889X
http://orcid.org/0000-0003-4917-889X
http://orcid.org/0000-0003-4917-889X
http://orcid.org/0000-0003-4917-889X
http://orcid.org/0000-0003-4917-889X
http://orcid.org/0000-0001-8981-6724
http://orcid.org/0000-0001-8981-6724
http://orcid.org/0000-0001-8981-6724
http://orcid.org/0000-0001-8981-6724
http://orcid.org/0000-0001-8981-6724
mailto:coimbrac@icb.ufmg.br


which appears to be safe and effective, has about a 47 min

elimination half-life [11].

One factor that can negatively impact exercise perfor-

mance is sleep deprivation [12, 13]. Healthy sleep is con-

sidered critical to human physiological and cognitive

function. Reduced sleep quality and quantity could result in

an imbalance of the autonomic nervous system, which

simulates overtraining syndrome symptoms [13]. Since

sleep loss is a common occurrence prior to competition in

athletes, it could significantly interfere on their athletic

performance [13].

One important concern of athletes is whether they are

getting good-quality sleep to such an extent that consuming

melatonin is seriously taken into consideration. In fact,

melatonin supplementation has been known to help athletes

overcome the effects of jet lag following transmeridian

travel [11, 14]. Although some studies show that exogenous

melatonin increases exercise duration [15], possibly related

to its healthy sleep promotion [11] and hypothermic effect

[5] it is unclear whether this melatonin-mediated responses

affects exercise performance. Two studies have reported

that short-term supplementation with melatonin is able to

significantly decrease intra-aural [12] and rectal [16] tem-

peratures, nevertheless without interfering on grip strength

and bicycle race performance [12], or on perceived exertion

[16].

Melatonin consumption could also impact exercise per-

formance through other actions such as increased glucose in

muscle, reduced body mass, decreased muscle oxidative

stress, prolonged muscle strength and better adaptation to

physical effort [17]. Farjallah et al. (2018) observed

prevention of inflammation, oxidative stress, and muscle

damage after only a single dose of melatonin ingestion

immediately before exercise [18]. Brandenberger et al.

(2018) analyzed the long-term outcome of exogenous

melatonin consumption on exercise performance and con-

cluded that a 5 mg melatonin supplementation was unable

to increase cycling performance [5]. Furthermore, studies

with animal models have reported that exogenous melatonin

consumption has a protective effect on muscle and liver

glycogen storages [19–21] and an inducible effect on tissue

repair and skeletal muscle healing after an exercise session

[22].

Thus, there are pieces of evidence that melatonin sup-

plementation can affect both exercise performance and

recovery, however, it is unclear if exercise itself can affect

melatonin secretion. There is still no consensus in the lit-

erature on this topic [17]. While some studies have shown

an increase in post-exercise melatonin secretion [23–25],

others did not observe such an effect [26, 27].

The possible effects of melatonin on exercise perfor-

mance and recovery are still controversial and require fur-

ther clarifications. Therefore, this systematic review and

meta-analysis aimed at verifying the effects of melatonin

supplementation on physical performance and recovery of

athletes or physical activity practitioners, and whether

melatonin secretion is affected by an exercise bout.

Methods

Search strategy

This systematic review and meta-analysis were conducted

and reported according to the guidelines outlined in the

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analysis) statement [28, 29], and pro-

tocol in PROSPERO (CRD42021243454). A systematic

search of electronic databases, including PubMed, Web of

Science and SPORTDiscus, was performed in January 2023

without any date restrictions. The search strategy used

combinations of the following keywords: [(“melatonin” OR

“melatonin supplementation”) AND (“performance” OR

“effort” OR “resistance” OR “strength” OR “aerobic” OR

“sport” OR “physical training” OR “exercise” OR “speed”

OR “running” OR “power” OR “recovery” OR “recovery

strategy” OR “recovery modality” OR “post-exercise”)]

(supplementary fig. 1).

Study selection

Studies that met the following criteria were included in this

systematic review and meta-analysis: (i) healthy subjects

(athletes and non-athletes), (ii) control-placebo studies, (iii)

Records identified through database

searching

PubMed (n 3565)

Web of Science (n 2939)

SPORTDiscus (n 373)

Totall(n 6877)

Records excluded

(n 3148)

Records after removing duplicates

(n 3729)

Records excluded

(n 3581)

Records after reading titles

(n 148)

Records excluded

(n 101)

Records after reading abstracts 

(n 47)

Records excluded

(n 22)

Records eligible for inclusion

in systematic reviews (n 21) and

meta-analyses (n 13)

Fig. 1 Summary of the study selection process
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studies that evaluated physical performance in response to

melatonin supplementation, (iiii) studies that evaluated

post-exercise recovery after melatonin supplementation, and

(iiiii) studies that evaluated melatonin secretion after phy-

sical exercise or exercise training. Furthermore, all included

studies were written in English. Reviews, abstracts, case

studies, letters, and studies involving experimental research

animals were not included, although this bibliography was

consulted. Based on the search and inclusion/exclusion

criteria, 21 and 13 studies were selected for inclusion in the

systematic review and meta-analysis, respectively (Fig. 1).

Data grouping

The characteristics of the studies that evaluated physical

performance in response to melatonin supplementation are

shown in Table 1 (7 studies, 29 trials); the studies that

evaluated post-exercise recovery after melatonin supple-

mentation are shown in Table 2 (6 studies, 20 trials); the

studies that evaluated melatonin secretion after physical

exercise are shown in Table 3 (6 studies, 21 trials); and the

studies that evaluated melatonin secretion after exercise

training are shown in Table 4 (2 studies, 4 trials).

The studies selected for inclusion in the meta-analysis

(13 studies, 18 trials, n= 264) were divided for analysis

into the following topics: aerobic performance (relative to

time trial) in response to melatonin supplementation (3 stu-

dies, 3 trials), aerobic performance (relative to VO2) in

response to melatonin supplementation (2 studies, 2 trials),

strength performance (relative to handgrip) in response to

melatonin supplementation (3 studies, 3 trials), recovery

after exercise (relative to Glutathione peroxidase) in

response to melatonin supplementation (3 studies, 3 trials),

recovery after exercise (relative to Superoxide dismutase) in

response to melatonin supplementation (2 studies, 2 trials),

melatonin secretion after physical exercise (immediately

after exercise) (3 studies, 3 trials) and), melatonin secretion

after physical exercise (60 min after exercise) (2 studies, 2

trials).

It was not possible to analyze the effect of long-term

physical training as there were not enough trials to perform

a meta-analysis (Table 4). This analysis would be useful to

understand better the possible physiological role of

exercise-induced melatonin secretion in humans.

Risk of bias assessment

Two independent reviewers assessed the risk of bias using

an adapted Grading of Recommendations Assessment,

Development, and Evaluation (GRADE) instrument

[30, 31]. Discrepant evaluations were settled via discussion

with a third reviewer. This approach allowed us to evaluate

the risk of bias in each study included in the present

systematic review. Domains reflecting allocation conceal-

ment, blinding of participants and personnel, incomplete

outcome data, selective outcome reporting, and other

sources of bias were evaluated. Inadequacy in one of these

domains reduced the methodological quality of each study

according to the following sequence: high, moderate, low,

and very low.

Statistical analysis

The mean and standard deviation values of the physical

performance indexes in both the exercise rehabilitation

and control trials were obtained from data provided in the

consulted research papers. Heterogeneity was evaluated

using the χ2 test for homogeneity and the I2 statistic. The

effect size (Cohen’s d or Hedges’ g) was calculated for

the physical performance indexes in each study. Then, a

weighted-mean estimate of the effect size was calculated

to account for differences in the sample sizes. The mean

unweighted effect size and associated 95% confidence

interval (CI) were also calculated. We used Cohen’s

classification of the effect size magnitude, where

d < 0.20=negligible effect; d= 0.20–0.49 = small effect;

d= 0.50–0.79 = moderate effect; and d > 0.8=large

effect [32].

Results

Systematic review

A total of 6877 studies were identified through the data-

base and reference searches. After removing the dupli-

cates, and excluding papers that did not meet the eligibility

criteria following a review of their titles, as well as their

abstracts and full texts, 21 studies (63 trials, n= 386

individuals) were selected for inclusion in the systematic

review (Fig. 1). The characteristics of the subjects, the

exercise/physical training protocols and the melatonin

supplementation characteristics of each study are sum-

marized in Tables 1, 2, 3, and 4.

Meta-analyses

Aerobic performance (relative to time trial) in response to

melatonin supplementation

After pooling the data from 3 trials (68 individuals), the

mean effect size was −0.04 (95% CI: −0.51 to 0.44), which

indicates that melatonin supplementation did not affect

aerobic performance (p > 0.05; Fig. 2). According to a fixed

effects analysis, no heterogeneity was observed among

these studies (I2= 0.0%; Q= 0.18, df=2, p= 0.916).

Endocrine
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Aerobic performance (relative to VO2) in response to

melatonin supplementation

After pooling the data from 2 trials (44 individuals), the

mean effect size was 0.00 (95% CI: −0.57 to 0.57), which

indicates that melatonin supplementation did not affect

aerobic performance (p > 0.05; Fig. 3). According to a fixed

effects analysis, no heterogeneity was observed among

these studies (I2= 0.0%; Q= 0.29, df=1, p= 0.592).

Strength performance (relative to handgrip) in response to

melatonin supplementation

After pooling the data from 3 trials (72 individuals), the

mean effect size was 0.19 (95% CI: −0.28 to 0.65), which

indicates that melatonin supplementation did not affect

strength performance (p > 0.05; Fig. 4). According to a

fixed effects analysis, no heterogeneity was observed

among these studies (I2= 0.0%; Q= 1.0, df=2, p= 0.606).

Recovery after exercise (relative to GPx) in response to

melatonin supplementation

After pooling the data from 3 trials (54 individuals), the mean

effect size was 1.40 (95% CI: 0.29 to 2.51), which indicates

that melatonin supplementation had a large and significant

positive effect on exercise recovery (p < 0.05; Fig. 5). A fixed

effects analysis observed high heterogeneity among these

studies (I2= 65.5%; Q= 5.79, df=2, p= 0.055).

Recovery after exercise (relative to SOD) in response to

melatonin supplementation

After pooling the data from 2 trials (34 individuals), the

mean effect size was 0.48 (95% CI: −2.00 to 2.96), which

indicates that melatonin supplementation did not affect on

exercise recovery (p > 0.05; Fig. 6). According to a random

effects analysis, high heterogeneity was observed among

these studies (I2= 90.5%; Q= 10.49, df=1, p= 0.001).

Melatonin secretion immediately after physical exercise

After pooling the data from 3 trials (56 individuals), the

mean effect size was 1.81 (95% CI: −0.03 to 3.64), which

indicates that acute exercise did not affect on melatonin

secretion levels (p > 0.05; Fig. 7). High heterogeneity was

observed among these studies according to a random effects

analysis (I2= 86.3%; Q= 14.65, df=2, p= 0.001).

Melatonin secretion 60 min after physical exercise

After pooling the data from 2 trials (28 individuals), the

mean effect size was 0.56 (95% CI: −0.29 to 1.41), which

indicates that acute exercise did not affect on melatonin

secretion levels on melatonin secretion levels (p > 0.05; Fig.

8). High heterogeneity was observed among these studies

according to a random effects analysis (I2= 87.4%;

Q= 7.96, df=1, p= 0.005).

Discussion

The present systematic review and meta-analysis demon-

strates that melatonin supplementation does not act as an

ergogenic. On the other hand, melatonin supplementation

improves exercise recovery after a physical exercise ses-

sion. The results also indicate that acute physical exercise

does not affect melatonin secretion. These conclusions were

based on studies with high heterogeneity, suggesting that

further evidence is necessary to establish the physiological

role of melatonin on exercise performance and recovery in

humans. Such knowledge would be valuable for athletes

and exercise practitioners as a guide to support decisions

regarding the use of melatonin supplementation as a phy-

sical performance and recovery enhancer.

It is common sense that athletes or physically active

individuals need good quality sleep on a regular schedule,

and adequate rest and recovery after exercise so that the

muscles can repair, rebuild, and strengthen to perform better

in training programs. In fact, a recent review brought up

strong evidence that these individuals ingest exogenous

melatonin with such purpose [17]. This same review

detailed some physiological effects that could be related to

the increased exercise performance caused by melatonin

supplementation, such as increased glucose in muscle,

reduced body mass, decreased muscle oxidative stress,

prolonged muscle strength and better adaptation to physical

effort [17]. In fact, melatonin supplementation did not affect

physical performance, i.e., it does not act as an ergogenic.

Although there is evidence of a negative impact of mela-

tonin on exercise performance [33], this is based on the

evaluation of hand-grip strength, squat jump, and counter-

movement jump exercises performed 30 min after ingestion

of 8 mg of melatonin [33], which is a higher dose than the

one mostly adopted by the selected studies of the current

meta-analysis (~5 or 6 mg). However, it is worth noting that

an 8 mg dose of melatonin supplementation before other

trials, such as medicine ball throw, five jump and modified

agility t-test, did not affect exercise performance [33]. In

these cases, it is also possible that the 30 min interval

between melatonin ingestion and the initiation of the exer-

cise tasks was perhaps not long enough to exert a pro-

nounced effect on performance measurements [33]. Because

doses of 0.1–10 mg melatonin administrated at midday in

young healthy men negatively affects sleepiness, fatigue,

alertness, balance, coordination, and vigilance performance

Endocrine
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[34–37], its anti-ergogenic action on strength performance

may be a result of its interference in cognitive and psy-

chomotor skills [33]. Aerobic performance was also not

affected by melatonin supplementation, probably because of

the lower dosage (5–6 mg).

In this analysis, melatonin supplementation seems to

positively affect on exercise recovery (Fig. 5), which may

be linked to decreased muscle oxidative stress induced by

melatonin [17]. Previous studies have shown that exercise

increases the generation of free radicals and reactive oxygen

species (ROS) and reactive nitrogen species (RNS), likely

rearranging the redox homeostasis towards oxidation and

oxidative muscle damage [17, 38, 39]. Thus, muscle fatigue

is precipitated, and mechanisms linked to performance

recovery are disturbed [40]. In contrast, melatonin and its

metabolites are known to have important antioxidant and

anti-inflammatory effects, protecting the body from damage

caused by ROS and RNS [17, 18, 41–45]. This effect occurs

because melatonin stimulates the secretion and activity of

several antioxidant enzymes, such as SOD, catalase, GPx,

and glutathione reductase [17, 42, 46]. The results presented

indicate that only GPx secretion increased after melatonin

supplementation, which may be linked to improved post-

exercise recovery.

Furthermore, the improvement on physical recovery after

an exercise session because of melatonin supplementation

may also be explained by other actions of melatonin such as

reduced RNA and DNA protein damage [41], lipid perox-

idation prevention [47] and polysaccharide destruction [17].

The anti-inflammatory actions caused by melatonin are also

essential in the post-exercise recovery process. The sup-

pression of proinflammatory cytokines, such as tumor

necrosis factor-alpha and interleukin-1 [46], and up-

regulation of anti-inflammatory cytokines secretion, such

as interleukin-10 [17] are among the anti-inflammatory

actions mediated by melatonin, which seems to be more

pronounced when melatonin is ingested before training

(Table 2).

Synthesis and secretion of melatonin are stimulated in

the dark and depend on the circadian system [17]. In the

present study, post-exercise melatonin secretion was not

changed after an exercise session, regardless of the time of

day (Figs. 7 and 8). In fact, different studies have already

shown increased, decreased, or unaltered endogenous

secretion of this hormone after exercise [17]. Factors that

may alter melatonin production and secretion include: (1)

age, diet, light exposure, exercise parameters [48, 49]; (2)

exercise characteristics, such as type, volume, intensity, and

time of day [23–27]; (3) the timing of sample collection

after exercise [17]. All these factors indicate that the results

observed herein may be the consequence of the interaction

between environmental factors, which affect cellular pro-

cesses and physiological functions that ultimately play an

important physiological role in exercise recovery.

Study
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Some limitations that may affect the interpretation of the

results need to be addressed. The small number of studies

available focusing on melatonin supplementation and

exercise required individuals to be part of more than one

performance measures, and, consequently, of trials, which

meant that the same individual was part of more than one

trial. Despite such limitations, the present analysis was

carried out with discretion and brings consistent and reliable

results. Nevertheless, athletes should generally address the

results presented herein with caution when adopting a

melatonin pattern supplementation to improve exercise

performance and recovery.

In conclusion, melatonin supplementation does not have

an ergogenic effect. However, melatonin supplementation

improves post-exercise recovery. The use of melatonin as a

recovery strategy, as well as the physiological role of an

eventual post-exercise melatonin increase, should be

investigated further.
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