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Abstract 

Background  Sleep is essential for maximal performance in the athletic population. Despite that, the sport context 
has many factors that can negatively influence athletes’ sleep and subsequent recovery.

Objectives  The purpose of this systematic review was to synthesize the most recent literature regarding sleep inter-
ventions aimed at improving sleep and subsequent performance in athletes.

Methods  The present systematic review was conducted based on the PRISMA guidelines and the PICOS approach. 
The search was conducted in May 2022 using the electronic database PubMed, SPORTDiscus via EBSCOhost, and Web 
of Science. Once extracted, studies were included if they met the following criteria: (1) participants were athletes 
of individual or team sports; (2) implemented an intervention aimed at improving sleep; (3) measured at least one 
objective performance/recovery outcome; and (4) reported the relationship between sleep and performance.

Results  The search returned 1584 records. Following the screening, a total of 25 studies met our inclusion criteria. All 
the included articles were intervention studies published between 2011 and 2021. The included studies implemented 
various sleep interventions, such as sleep hygiene, naps, sleep extension, light manipulation, cold water immersion, 
mindfulness, or a combination of two or more strategies. Sleep extension and naps were the most representative 
and most effective strategies to improve sleep and performance. Mindfulness and light manipulation demonstrated 
promising results, but more studies are needed to confirm these findings. Sleep hygiene, removing electronic devices 
at night, and cold water immersion had no effects on sleep and subsequent performance/recovery, but these results 
are based on a few studies only.

Conclusion  While acknowledging the limited amount of high-quality evidence reviewed, it appears that increasing 
sleep duration at night or through napping was the most effective interventions to improve physical and/or cognitive 
performance.

Protocol Registration This protocol was registered in the International Platform of Registered Systematic Review 
and Meta-Analysis Protocols (INPLASY) on May 11, 2022, with the registration number INPLASY202250069.
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Key Points

•	 Increasing sleep duration through naps or night-time 
sleep may positively impact physical and/or cognitive 
performance.

•	 Extending sleep duration by 46–113 min in athletes 
that habitually sleep ~ 7  h per night may be a gen-
eral recommendation for future sleep extension pro-
grams.

•	 Supplementing sleep during the day with a 20–90-
min nap can improve performance outcomes after a 
regular night and restore performance decrements to 
baseline levels after a night with partial sleep restric-
tion.

Introduction
Sleep is a biological need crucial for human health and 
well-being [1]. During periods of sleep restriction or dep-
rivation, general health is negatively affected, particularly 
the immune system, endocrine, physical, or cognitive 
functions [2–4]. While the general sleep recommenda-
tions advocate that adults obtain 7–9 h of sleep per night 
to maintain optimal health and functioning [5], many 
adults do not comply with these recommendations. For 
athletes, often exposed to high-intensity training, it is 
recognized that sleep is the most important method for 
psychological and physiological recovery [6, 7]. Elite ath-
letes report needing approximately 8 h of sleep per night 
to feel rested [8]. However, elite athletes often sleep less 
than 7  h [8, 9] due to several potential sport and non-
sport-related factors, which may vary across sports. 
Several sport-specific factors are associated with sleep 
inadequacy, including transmeridian travel (disrupting 
the circadian rhythm and exposing the athletes to an 
unfamiliar sleeping environment), cognitive arousal on 
the night before a competition, evening competitions, 
high training loads, and early morning training [10, 11]. 
In addition, various non-sport factors, such as social 
demands, work/study commitments (e.g., sponsorships), 
lifestyle choices (e.g., diet), individual characteristics 
(e.g., age), attitudes and beliefs (e.g., societal influence), 
and family commitments, have been linked with inade-
quate sleep in athletes [10]. Despite some mixed results, a 
decline in physical and cognitive performance can occur 
after a night of sleep restriction [4, 12, 13]. For example, 
two studies with runners and judo athletes showed that 
after a night with partial sleep restriction (4 h of sleep), 
endurance performance, muscle strength, and power 
were negatively affected [14, 15]. A night with partial 
sleep restriction can also affect the execution of motor 
skills that require a high cognitive dimension, such as 

reported for handball goalkeepers [16], dart players [17], 
and tennis players [18].

Given the growing concern about athletes’ sleep, studies 
examining sleep interventions have grown exponentially 
over the recent years [19]. To date, studies examining the 
sleep/wake behavior of athletes have focused on nutrition 
[13, 20], sleep hygiene [21], and sleep extension/napping 
[22, 23]. In a systematic literature review evaluating the 
effectiveness of sleep interventions for athletes specifi-
cally aimed at improving performance outcomes, Bon-
nar et al. [24] showed that sleep extension was the most 
beneficial intervention, while napping, sleep hygiene, and 
post-exercise recovery strategies provided mixed results. 
However, this review was conducted over 5  years ago. 
Since then, many studies have been published, and our 
understanding of the impact of sleep interventions on 
athletic performance has improved. More recently, in an 
expert consensus about athletes’ sleep, Walsh et  al. [10] 
narratively reviewed the studies of the general phenom-
ena of athlete’s sleep. Despite being very comprehensive, 
the study included only a few reports regarding sleep 
interventions that explored the effect of sleep extension, 
sleep hygiene and naps on athletic performance. In this 
regard, a more comprehensive review of the literature on 
the entire spectrum of sleep interventions is needed.

Therefore, this systematic review aimed to update and 
expand the findings of Bonnar et al. [24] and synthesize the 
most recent literature regarding sleep interventions aimed 
at improving sleep and subsequent performance in athletes.

Methods
Protocol and Registration
This protocol was registered in the International Platform 
of Registered Systematic Review and Meta-Analysis Pro-
tocols (INPLASY) on May 11, 2022, with the registration 
number INPLASY202250069.

Eligibility Criteria
This systematic review was conducted based on the 
PRISMA guidelines [25, 26] and the PICO approach [27]. 
The PICO approach was established as follows: Popula-
tion: individual or team sports athletes; Intervention: 
strategies to improve or extend sleep; Comparators: con-
trol group or a baseline phase without sleep intervention; 
Outcomes: subjective and/or objective measurement of 
sleep and physical and/or cognitive performance. No sex 
or age restriction was applied. To be considered for the 
first screening, the studies had to be published or in-press 
in peer-reviewed journals (i.e., abstracts published in 
conference proceedings, books, theses, and dissertations 
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were not considered), published in English, and have an 
abstract available for screening.

Search Strategy
The articles were searched in May 2022, and three elec-
tronic databases were used: PubMed, SPORTDiscus via 
EBSCOhost, and Web of Science. In each database, the 
following descriptors covering the characteristic of par-
ticipants, intervention, and outcomes were used: (ath-
let* OR sport*) AND (sleep AND (education OR hygiene 
OR Duration OR extension OR therapy OR strateg*) 
OR nap*) AND (performance OR competiti* OR recov-
ery OR fatigue OR outcome*). Searches were conducted 
using ‘‘title and abstract’’ (PubMed), ‘‘topic’’ (Web of Sci-
ence), and “abstract” (SPORTDiscus via EBSCOhost). 
Discrepancies in the search fields are due to differences 
in the options available in the databases. Filters for “Eng-
lish” and “articles” were applied. A reference manage-
ment software (EndNote 20, Clarivate Analytics, USA) 
was used to import and analyze all references.

Study Selection
Studies were included if they met the following crite-
ria: (1) participants were athletes of individual or team 
sports, from trained to world-class athletes [28]; (2) 
implemented an intervention aimed at improving sleep; 
(3) measured at least one objective performance/recov-
ery outcome; and (4) reported the relationship between 
sleep and performance.

Studies on referees or military tactical athletes, stud-
ies reporting only subjective performance measures, 
and interventions that included sleep medication were 
excluded.

Data Collection Process
Before starting the article selection process, duplicate 
citations obtained from the different databases were 
eliminated. Then, two evaluators (LC and JC) indepen-
dently examined the article title, abstract, and keywords 
in the first screening stage according to the established 
inclusion and exclusion criteria. Subsequently, full-
text articles of those citations were read and selected if 
suitable for inclusion. In cases of disagreement, a third 
reviewer (PF) was consulted. The detailed data collec-
tion process is shown in a flowchart (Fig. 1).

Data Items
For the papers included in the analysis, we considered 
information about: (1) geographical location where 
the study was conducted; (2) study design; (3) sport; 
(4) sample (size, age, and sex); (5) type of interven-
tion (e.g., sleep hygiene, napping, or sleep extension); 
(6) sleep assessment (e.g., questionnaires, actigraphy, or 

polysomnography; (7) performance/recovery assessment 
test and related physiological outcomes (e.g., psychomo-
tor vigilance task, countermovement jump, or Wingate 
test; creatine kinase, heart rate variability (HRV), or lac-
tate); and (8) main results.

Risk‑of‑Bias Assessment
We applied the revised Cochrane risk-of-bias tool for ran-
domized trials (RoB2) [29, 30] to assess the potential risk 
of bias. RoB2 is an outcome-focused, domain-based tool 
that evaluates the risk of bias in outcomes in individually 
randomized, parallel-group trials, randomized crosso-
ver trials (RCT), and cluster RCTs [29, 30]. RoB2 has five 
risk-of-bias domains covering the different aspects of the 
trial design, conduct, and reporting. These include: (1) 
bias arising from the randomization process; (2) bias due 
to deviations from intended interventions; (3) bias due 
to missing outcome data; (4) bias in the measurement of 
the outcome; and (5) bias in the selection of the reported 
results. We also applied the RoB2 version for crossover 
trials, which considers the within-participants design not 
addressed by the RoB2 for randomized trials and includes 
an additional domain: bias arising from period and car-
ryover effects and an additional question on domain 
“bias in the selection of the reported results.” In both 
RoB2 and RoB2 for crossover trials, responses to signal-
ing questions are mapped using a decision algorithm to 
determine each risk-of-bias domain judgment [30]. Based 
on the domain-level assessment, the overall risk-of-bias 
judgment was made for each assessed outcome in each 
trial.

The risk-of-bias assessment tool for non-randomized 
studies (RoBANS) [31] was applied to analyze non-ran-
domized studies included. The RoBANS is a domain-
based evaluation tool, compatible with the Cochrane 
risk-of-bias tool [31], that has six risk-of-bias domains: 
(1) selection of participants; (2) confounding variables; 
(3) measurement of exposure; (4) blinding of outcome 
assessments; (5) incomplete outcome data; and (6) selec-
tive outcome reporting. Two researchers (LC and JC) 
independently applied both tools (RoB2 and RoBANS). 
After completion, the three tables were compared, and all 
disagreements were discussed and reanalyzed until con-
sensus was achieved.

Results
Study Selection
The search strategy returned 1584 records. Of the 61 
studies retained for full-text screening, we excluded 37 
studies that did not meet the inclusion criteria (Fig.  1). 
An additional article identified through the included 
studies’ reference lists was included. Twenty-five studies 
were therefore eligible for review.
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Characteristics of Included Studies
The characteristics of the included studies are presented 
in Table 1.

All the included articles were intervention studies pub-
lished between 2011 and 2021 (60% crossover trials, 8% 
RCT, and 32% non-RCT). The number of participants 
in the included studies ranged from 9 to 31 athletes, 
with an age range from 13 to 33  years. Studies covered 
17 different sports (11 studies included team sports, 13 
included individual sports, and 1 was unreported). Of 
the 25 studies analyzed, 17 included only male athletes, 
3 had only female athletes, and 5 included both male and 
female athletes. Finally, the level/category of the athletes 
was highly heterogeneous and represented mainly by just 
one or two studies, except for trained athletes that were 
included in nine studies [32–40], highly trained athletes 

in four studies [41–44], and elite athletes in three studies 
[45–47].

Risk of Bias
The risk-of-bias analysis is summarized in Fig.  2. Fig-
ure  2A describes the analysis of crossover studies. Five 
studies were judged to be at a high risk of bias, and ten 
studies were considered with some concerns. Some pos-
sible biases were related to the carryover effects and 
outcome measurement (particularly the use of subjec-
tive tools), but the lack of pre-registration of intentions/
methodology (which avoids the possibility of select-
ing the reported result) was particularly relevant for the 
overall results. Figure  2B describes the analysis of RCT. 
Two studies were judged to be at a high risk of bias due 

Fig. 1  Flowchart of the systematic review following the PRISMA statement
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Fig. 2  Risk-of-bias judgments by A RoB2 for crossover trials, B RoB2 for randomized controlled trials, and C RoBANS for non-randomized trials
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to the possible bias in all domains, except in domain 3 
(missing outcome data). Figure 2C describes the analysis 
of non-RCT. Some potential biases were the lack of con-
trol over confounding variables and the lack of pre-regis-
tration of intentions/methodology.

Effects of Sleep Interventions on Cognitive Performance
Twelve studies investigated the effect of sleep interven-
tions on sleep and cognitive performance, of which one 
study explored sleep hygiene [48], four investigated 
naps [35, 42, 45, 49], one investigated naps combined 
with caffeine consumption [47], three investigated sleep 
extension [37, 41, 50], two investigated the removal of 
electronic devices [32, 34], and one investigated an artifi-
cial light intervention [51]. Only one study [48] examined 
the impact of sleep hygiene for six weeks and did not find 
any improvement on vigilance and attention, as meas-
ured by the Psychomotor Vigilance Task.

Regarding napping, despite differences in study design, 
a positive effect was found for short (20–40  min) and 
long naps (90–120  min) on attention, simple reaction 
time, multiple choice reaction time, juggling perfor-
mance, mental rotation test, and lower reaction test [35, 
42, 45, 49]. After a night of partial sleep deprivation and 
a typical night, Romdhani et al. [47] examined the effect 
of napping and caffeine or placebo and found that two-
choice reaction time was improved, regardless of caffeine 

ingestion or sleep deprivation. For simple reaction time, 
performance was only enhanced after caffeine ingestion, 
regardless of sleep deprivation or napping.

Regarding sleep extension interventions, the results 
showed that increasing sleep duration positively impacts 
psychomotor vigilance task and reaction time [37, 41, 
50].

Following the removal of electronics, Dunican et  al. 
[32] and Jones et al. [34] did not observe any effects on 
sleep or cognitive performance (the Cogstate research 
tool and 5-min psychomotor vigilance task). Rosa et  al. 
[51] examined the effect of artificial bright light on the 
sleep/wake cycle and psychomotor vigilance task perfor-
mance. They observed an improvement in mean reaction 
time and a delay in the sleep/wake cycle, although sleep 
duration was significantly reduced.

In summary, naps, sleep extension, and light therapy 
demonstrated positive results on cognitive performance 
[35, 37, 41, 42, 45, 47, 49–51]. In contrast, removing 
electronic devices and sleep hygiene revealed no effects 
[32, 34, 48]. Data from these studies are summarized in 
Table 1.

Effects of Sleep Interventions on Physical Performance
Sixteen studies investigated the effect of sleep interven-
tions on sleep and physical performance, of which eight 
investigated the effect of napping [35, 36, 39, 40, 44, 45, 

Fig. 2  continued
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49, 52], one investigated naps combined with caffeine 
[46], three examined the impact of sleep extension [37, 
41, 43], one investigated the effect of removing electronic 
devices [32], one investigated the effect of light inter-
vention [38], one investigated the effect of mindfulness 
[33], and one investigated the effect of combining sleep 
hygiene and mindfulness [53].

Boukhris et al. [35], Romdhani et al. [45], and Nishida 
et al. [44] investigated the effects of short (20–40 min) and 
long naps (60–90 min) on maximal strength (knee exten-
sors maximal voluntary isometric contraction), anaero-
bic capacity (running-based anaerobic sprint test and 
5-min shuttle run test), and handball performance. The 
results showed a positive effect of naps, although Bouk-
hris et al. [35] observed greater effects with a longer nap, 
and Nishida et  al. [44] found positive effects following a 
60-min nap in individuals with poor sleep quality. Bouk-
hris et al. [39] and Hsouna et al. [40] examined the effect 
of a 40-min nap compared with no nap on the 5-min shut-
tle run test. They found a positive impact in total and best 
distance, despite no differences in fatigue index.

Despite the different contexts, Petit el al. [36] and Daal-
oul et al. [49] found no effects of napping when examin-
ing the impact of a short nap (20–30 min) on the Wingate 
test, squat jump, countermovement jump (CMJ), and 
karate-specific test. In a study divided into two experi-
ments, Suppiah et al. [52] showed that napping negatively 
impacted sprint performance in track and field athletes. 
However, no effect was observed on shooting perfor-
mance in shooters. Romdhani et  al. [46] showed that a 
20-min nap combined with caffeine improved running-
based anaerobic sprint test (RAST) performance. In 
addition, caffeine without nap and a 20-min nap with a 
placebo improved maximum power.

Regarding sleep extension, increasing sleep duration 
improved basketball and tennis performance (timed 282 
feet sprint, free throw, three-point shooting accuracy, 
and serving accuracy) and endurance capacity [37, 41, 
43]. With respect to removing electronic devices and 
light intervention studies, Dunican et  al. [32] did not 
show any effect of removing the electronic devices on the 
single leg three hop test, while Zhao et al. [38] found that 
14  days of red-light treatment at night increased sleep 
quality and endurance performance (Cooper 12-minute 
run test). Jones et al. [33] showed that an 8-week mind-
fulness-based stress reduction program improved rowing 
performance (6000-m ergometer test). In contrast, Lever 
et al. [53] showed no improvement in tennis match per-
formance (games won or lost) after combining mindful-
ness and sleep hygiene education.

In summary, napping interventions had conflicting 
results since five studies showed a positive effect [35, 39, 
40, 44, 45], one showed positive results but was combined 

with caffeine [46], three showed no effect [36, 49, 52], 
and one a negative effect  [52]. All sleep extension stud-
ies demonstrated improvements in physical performance 
[37, 41, 43], as did light [38] and mindfulness interven-
tions [33]. Lastly, removing electronic devices [32] or 
combining mindfulness with sleep hygiene [53] did not 
affect physical performance measures. The main effects 
are summarized in Table 1.

Effects of Sleep Interventions on Recovery
Five studies investigated the effect of sleep interventions 
on sleep quality, sleep duration, and recovery, of which 
one study investigated the effect of an acute sleep hygiene 
intervention [54], two investigated the effect of naps [39, 
44], one investigated the effect of cold water immersion 
[55], and one investigated the impact of combining three 
strategies [56].

Concerning naps, Boukhris et al. [39] studied the effect 
of a 40-min nap on levels of muscle damage and inflam-
matory responses and found positive effects. On the 
other hand, Nishida et  al. [44] compared the effect of 
short (20  min) and long naps (60  min) compared with 
no naps on HRV and did not find any difference between 
experiments. Chauvineau et al. [55] compared the effect 
of whole-body and partial-body cold water immersion 
with the control condition (i.e., sitting 10 min in a con-
trolled environment) on HRV, wellness (Hooper index), 
creatine kinase, CMJ, and maximal isometric strength 
24 h and 48 h post-intervention and found no differences 
between conditions. In regard to sleep hygiene, Fullagar 
et  al. [54] demonstrated that a sleep hygiene interven-
tion following a late-night soccer match had no effect on 
physical recovery (Yo–Yo intermittent recovery test—
level 2 and CMJ 12 h and 36 h post-match, submaximal 
interval-based running test 18  h and 42  h post-match) 
or in blood markers of muscle damage and inflamma-
tion (C-reactive protein, creatine kinase, and urea 10  h, 
20 h, 34 h, and 44 h post-match). Duffield et al. [56] com-
bined sleep hygiene, full-body compression, and cold 
water immersion after and between two sessions of on-
court tennis on the same day. They found a reduction in 
muscle and joint soreness the next morning, and large 
effect sizes, despite no significant differences, in reducing 
fatigue and increasing total sleep time, but no differences 
in vigor or sleep efficiency.

In summary, cold water immersion [55] and sleep 
hygiene [54] had no impact on performance recov-
ery, muscle damage, or inflammation. Naps positively 
impacted muscle damage and inflammation [39], despite 
no effect on HRV [44]. Combining sleep hygiene, cold 
water immersion, and full-body compression positively 
affected muscle and joint soreness [56].
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Discussion
Sleep is widely recognized as one of the foundations for 
optimal health, well-being, and performance for athletes 
[10, 13, 57]. This systematic review synthesized the evi-
dence regarding sleep interventions aimed at improving 
sleep, and whether this improvement would influence 
performance and/or recovery. Twenty-five studies with 
different sports and sleep interventions were analyzed. 
The findings reinforced that napping and sleep exten-
sion were the most promising sleep interventions for 
improved sleep and subsequent physical and/or cognitive 
performance.

All the included studies that implemented sleep exten-
sion showed a positive impact on performance out-
comes (e.g., reaction time or sport-specific performance). 
The results showed that extending sleep duration by 
46–113 min (e.g., increase of 11–27%)  over 3–49 nights 
in athletes that habitually slept ~ 7 h per night may be a 
logical recommendation for future sleep extension pro-
grams [37, 41, 43, 50]. To achieve such sleep duration, 
studies have reported that athletes needed to extend their 
usual time in bed to 9–10 h [37, 41, 43, 50]. In addition, 
the individual characteristics of the athlete’s sleep hab-
its should be considered before implementing any sleep 
intervention, as it is important to adapt to individual 
needs [24]. Lastella et  al. [9] demonstrated, in a sam-
ple of 124 participants, that elite athletes obtained well 
below 8 h of sleep per night (6.8 ± 1.1 h), which may not 
be enough to maximize performance. For example, Sar-
gent et al. [8] revealed that elite athletes reported needing 
approximately 8.3  h of sleep to feel rested. Despite this 
self-reported sleep need, only 3% of athletes obtained 
their required sleep amount. It is plausible that athletes 
who fall short of their sleep requirements are likely to 
benefit from a sleep extension intervention.

Napping was the most representative sleep interven-
tion of the included studies [35, 36, 39, 40, 42, 44, 45, 
49, 52]. Napping is a strategy that provides an opportu-
nity to supplement the night-time sleep period, offering 
an alternative for athletes to increase sleep duration. In 
most of the studies analyzed, the results revealed a posi-
tive impact of napping on cognitive performance [35, 42, 
45, 49]. However, some mixed results were reported for 
physical performance [35, 36, 45, 49, 52] and recovery 
[39, 44] outcomes. During nights of partial sleep restric-
tion (e.g., 4 h of sleep), decreases in general performance 
outcomes such as muscle power or psychomotor vigi-
lance were observed [4]. The included studies showed 
that napping could restore performance to baseline levels 
[45, 49]. With regard to nap duration, the improvements 
in physical and cognitive performance were greater in 
naps of longer duration (e.g., 90  min) compared with 
shorter durations (e.g., 40  min) after a normal night 

[35]. However, following a night of partial sleep restric-
tion, a short nap (20 min) was as effective as a long nap 
(90  min) in restoring performance to baseline levels 
(normal sleep night) [45]. There are still questions about 
the effects of daytime naps on night-time sleep variables 
(e.g., latency), especially naps of longer durations [36, 58]. 
Further, the notion of sleep inertia (e.g., feeling of groggi-
ness upon wakening) needs to be considered when nap-
ping is implemented. For example, the longer the nap the 
higher the chance of experiencing sleep inertia [59]. A 
period of at least 30  min should be allowed after a nap 
to avoid the detrimental effects of sleep inertia on physi-
cal or cognitive performance [60], particularly for naps 
longer than 90 min. Based on the results of the included 
studies, it is unlikely that naps negatively affect perfor-
mance outcomes in athletes. For all included studies, only 
one showed that napping decreased sprint performance 
in track-and-field athletes. However, the study did not 
reveal any effects on other sprint variables or shooting 
performance in pistol and rifle shooters [52].

The results of sleep hygiene interventions showed no 
effect on performance recovery, blood markers of dam-
age (creatine kinase) and inflammation (C-reactive pro-
tein), or cognitive performance [48, 54]. Sleep hygiene 
currently refers to a list of behaviors, environmental con-
ditions, and other sleep-related factors believed to pro-
mote improvements in sleep duration and quality [61]. 
Van Ryswyk et al. [48], contrasting with other studies that 
applied sleep hygiene with success [62, 63], concluded 
that a sleep hygiene protocol did not improve sleep qual-
ity and/or duration. Fullagar et al. [54] found that a sleep 
hygiene protocol resulted in a significant improvement 
in sleep duration after a late night soccer match com-
pared to no sleep hygiene (6:09 ± 0:43 h vs 4:30 ± 0:27 h; 
P < 0.05), but no differences in recovery were observed 
between conditions. A possible explanation could be 
that even with an improvement in sleep duration, this 
improvement may not be enough, as it was still far from 
the 7 h of the minimum recommended sleep duration [5].

In studies that investigated the removal of electronic 
devices, the results showed no impact on sleep and/or 
athletic/cognitive performance [32, 34]. The main objec-
tive of this strategy is to reduce the exposure to the arti-
ficial light emitted by screens, especially before bedtime, 
reducing the decline in sleep quality and disturbance in 
the biorhythms [64]. Biorhythms are explained by the 
oscillation levels of endogenous hormones, like mela-
tonin or cortisol, that regulate the sleep–wake cycle 
[65]. Despite this rationale, the results showed that the 
removal of electronic devices did not result in any change 
in sleep [32, 34]. Based on these results, it is unlikely 
that the removal of electronic devices should be on the 
“first line” of sleep interventions, because the difficulty 
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of adherence by the athletes should also be considered. 
In addition, using electronic devices up to one hour 
before bedtime with the “night shift” mode (short-wave-
length light limitation) significantly reduced  melatonin 
suppression when compared with blue-light exposure 
(10 ± 2.7% vs 41 ± 4.1%) [66]. Furthermore, if devices were 
used with low light levels, the suppression of 10% may 
have been even smaller. It appears that using electronic 
devices in these circumstances, within reasonable limits, 
may not be  problematic for athletes’ sleep. Moreover, it 
is still unclear whether ~ 10% of melatonin suppression 
induces circadian disruption and whether the type of 
activities (e.g., social media or gaming) can promote cog-
nitive arousal.

Concerning light interventions, two studies investi-
gated the effect of phototherapy but with different objec-
tives. Zhao et  al. [38] studied the effect of whole-body 
red-light phototherapy on sleep quality and endurance 
performance. At the same time, Rosa et  al. [51] investi-
gated the effect of bright-light therapy on sleep/wake 
cycle and reaction time. It is known that light is the most 
powerful circadian synchronizer for humans, which 
begins with its reception in the eyes and finishes in the 
pineal gland, which produces melatonin, a neurohor-
mone essential for the functioning of the body-clock 
[67]. Zhao et  al. [38] applied red-light therapy, which, 
unlike  bright light, appears to have no impact on mela-
tonin suppression [68] and may improve recovery [69, 
70]. Despite increased sleep quality and melatonin lev-
els after red-light therapy, it is important to interpret 
these results cautiously. The study used an inappropri-
ate  tool (the Pittsburgh Sleep Quality Index) to exam-
ine sleep quality over a short period  and only analyzed 
melatonin levels upon waking. The authors also found a 
higher increase in running distance (Cooper 12-min run 
test) in the red-light treatment group (12.8%) compared 
to the control group (5.5%; P < 0.05). As the method used 
to examine sleep over a short period was unreliable and 
did not measure any exercise recovery outcome, these 
conclusions must be interpreted cautiously. In contrast, 
Rosa et  al. [51] showed that bright-light therapy in the 
evening delayed the sleep/wake cycle and improved reac-
tion time, promoting higher levels of alertness in a period 
when the athletes would usually be preparing for sleep. 
Further studies are needed to confirm these findings, 
considering that bright-light therapy can manipulate the 
body-clock to compete at night when  alertness is usually 
already starting to drop.

The rationale for the possible positive effects of cold 
water immersion on sleep is that cold water immersion 
could accelerate the declining core body temperature 
and the reactivation of parasympathetic activity after 
exercise [71, 72]. Despite this, Chavineau et  al. [55] did 

not find any impact on sleep architecture, muscle dam-
age, core temperature, or fatigue, while Duffield et  al. 
[56], combining cold water immersion with sleep hygiene 
and full-body compression, showed a positive effect on 
muscle/joint soreness and sleep duration (large effect 
sizes though non-significant results). However, Duffield 
et al.’s study [56] applied sleep hygiene and compression 
garments in addition to cold water immersion, and this 
could explain the differences between the results of the 
studies.

Finally, the studies that investigated the effect of mind-
fulness combined with sleep hygiene or mindfulness 
alone showed promising results. For example, Lever 
et  al. [53] showed that combining sleep hygiene with 
mindfulness during a tennis tournament improved sleep 
duration, compared with a control group without any 
intervention (7.1 h vs 7.7 h). Despite an increase in sleep 
duration, no performance or sleep quality improvements 
were observed. Since this study only examined general 
performance that may be influenced by several factors 
(games won or lost), the impact of this type of interven-
tion needs to be examined in detail in future studies. 
Jones et  al. [33] tested a mindfulness intervention and 
showed no effect on sleep duration  but did find improve-
ments in sleep quality, mindfulness tendency (Five Facet 
Mindfulness Questionnaire) and rowing performance 
(6000-m ergometer test). It is plausible that mindfulness 
can improve sleep quality and/or duration; it could also 
positively impact physical/cognitive performance, as seen 
in sleep extension studies. However, it remains to be clar-
ified whether the increase in mindfulness directly bene-
fits athletic performance via attentional strategy, because 
mindfulness training appears to improve performance in 
precision sports such as shooting and dart throwing. Still, 
few controlled experimental studies have investigated the 
effects in non-precision sports [73].

In summary, this systematic review updated the knowl-
edge about several sleep interventions’ effects on improv-
ing sleep and subsequent performance in athletes. In 
2017, Bonnar et  al. [24] conducted a systematic review 
with a similar aim to the present review. Since then, many 
studies have been published and our understanding about 
the phenomena has improved. In the present review, we 
were able to include 15 more studies that brought new 
interventions, supporting some of the conclusions and 
showing different directions in other topics, compared 
to those of Bonnar et al. [24]. The effectiveness of sleep 
extension programs was reinforced with two new studies 
that showed, once again, the positive effects on sleep and 
subsequent performance. Napping was the most studied 
intervention since Bonnar et al.’s [24] study. The present 
review includes eight new studies that gave a differ-
ent  perspective, identifying positive effects on cognitive 
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performance, despite mixed results on physical perfor-
mance and recovery, while Bonnar et  al. [24] only had 
two studies included with very different protocols, which 
did not allow for an in-depth discussion. The amount 
of studies examining sleep hygiene remained the same, 
considering that Duffield et al.’s study [56] also included 
compression and cold water immersion and Lever et al. 
[53] included mindfulness, suggesting that more research 
is warranted. New interventions, such as mindfulness, 
removing electronic devices at night or sleep/wake cycle 
manipulation through bright-light exposure are included 
in this review. Bonnar et al.’s review pointed out the lack 
of studies that evaluated cognitive techniques to improve 
sleep and subsequent performance. The negative impact 
of increasing arousal on the pre-competition night due to 
stress and anxiety, a common situation in the sports field, 
is known [74]. Although we are far from a definitive con-
clusion about the effect of cognitive interventions, such 
as mindfulness, researchers are beginning to be aware of 
the importance of studying this topic. Our review rein-
forces the importance of this line of research that could 
attenuate the detrimental effects of cognitive arousal on 
pre-competition night and improve sleep.

Before implementing any strategy to improve sleep in 
athletes, there is some information that should be con-
sidered (Fig.  3). The first step should to provide a sleep 
education session, conducted by a specialist. The goal 

will be to raise awareness among athletes and coaches 
about the importance of sleep for optimal performance/
recovery and explain the different strategies that could be 
used [10, 24]. After that, the habitual sleep/wake patterns 
should be identified [10]. This should be done with reli-
able and validated tools (e.g., actigraphy) for 7 to 14 days 
and apply validated questionnaires in athletes (e.g., 
Athlete Sleep Behaviour Questionnaire) [74]. This will 
facilitate an individualized approach to meet individual 
needs and identify the athletes with clinical sleep issues 
(e.g., insomnia) who should be referred to a sleep physi-
cian. Some caution should be taken with sleep monitors, 
as some athletes may be concerned about sleep moni-
tor data, which may increase anxiety and result in worse 
sleep [10, 74].

To implement a sleep extension program, it is neces-
sary to consider whether the athlete is obtaining adequate 
sleep for their needs [22]. If the athlete feels the need to 
sleep more, the recommendations based on included 
articles could be applied, although with some caution, as 
none of the included studies showed a low risk of bias. 
Furthermore, it is important to consider that to increase 
sleep duration based on the recommendations of this 
review, athletes may need to extend their usual time in 
bed to 9–10 h [37, 41, 43, 50]. In cases of athletes who are 
satisfied with the amount of sleep that they usually get, 
the possibility of increasing wakefulness in bed should be 

Fig. 3  An example of how to implement a sleep intervention aimed at improving sleep and subsequent performance/recovery
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considered before trying to extend sleep duration. Nap-
ping is an alternative strategy to supplement insufficient 
night-time sleep, but can also be beneficial for those who 
only want a boost in alertness during the day [10, 60].

Sleep hygiene is a set of behaviors that should be imple-
mented, although its effectiveness may be limited when 
used alone [48, 53, 56]. Implementing mindfulness is a 
long-term strategy because it needs to be learned. Pre-
liminary evidence showed the long-term effect of mind-
fulness (5 to 12  months) on sleep [75], although Jones 
et al. [33] showed positive results on sleep quality within 
a 9-week period (one session per week). More research 
is needed to allow more solid recommendations. Moti-
vation is also an important variable when a behavioral 
change is necessary, as in the case of sleep hygiene and 
mindfulness, and should be considered. Future research 
should investigate the impact of this variable on the effec-
tiveness of behavioral interventions.

Long-term sleep monitoring should be conducted 
(sleep logs or validated devices) to assess whether inter-
ventions resulted in better sleep [10].

Limitations
The current systematic review has limitations which 
should be acknowledged. First, the strengths of our con-
clusions are limited, since none of the included studies 
presented a low risk of bias. This is in line with a recent 
expert consensus statement about athletes’ sleep studies, 
warning about the poor quality of the evidence, and the 
need to use more consistent, reliable, and valid research 
methods in athletes’ sleep studies [10]. To reduce the 
risk of bias, future studies should: design randomized 
controlled or  crossover trials; identify the chronotype, 
due to possible bias in performance measures; explain 
in detail the randomization process; monitor a baseline 
sleep period (1–2 weeks) without any intervention; con-
sider the carry over effect of the interventions, in the 
case of crossover trials; use objective and/or subjective 
validated tools for monitoring sleep; use objective per-
formance measures; report missing data; and register the 
protocol before conducting the study. Second, there was 
high heterogeneity between the type of sleep interven-
tions, type of sport, performance tests used,  and level 
of the athletes. Lastly, there is a risk of language bias 
because we only considered studies written in English.

Conclusion
Based on the results of this systematic review, increas-
ing sleep duration through naps or night-time sleep may 
positively impact physical and/or cognitive performance. 
If athletes habitually obtain ~ 7 h of sleep per night, a gen-
eral recommendation may be to increase sleep duration 

up to 2  h  over 3–49 nights. Also, supplementing sleep 
during the day with a nap (20–90  min) can be imple-
mented when necessary. In addition to improving the 
sleep duration, naps can improve performance outcomes 
after a regular night and restore performance decrements 
to baseline levels after a night with partial sleep restric-
tion. For strategies such as sleep hygiene, mindfulness, or 
limiting the use of electronic devices before bedtime, it 
is plausible that such interventions can positively impact 
performance outcomes if they can improve sleep quality 
and/or duration. Strategies with light exposure may be an 
option to manipulate the biological clock and increase the 
alertness of the athletes in the moments when this starts 
to fall (e.g., at night). However, more studies are needed 
to confirm these findings. Future research on this topic 
should use more reliable and valid research methods to 
increase the quality of evidence so that more solid conclu-
sions can be drawn. In addition, studies that explore the 
effect of 1–3 h of sleep restriction on physical and cogni-
tive performance may be interesting, as this is the most 
common situation detected in the athletes’ context.
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