Is daytime napping an effective strategy to improve
sport-related cognitive and physical performance and
reduce fatigue? A systematic review and meta-
analysis of randomised controlled trials
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ABSTRACT

Objective To estimate the association between daytime
napping and cognitive and physical sport performance
and fatigue after normal sleep and partial sleep
deprivation (less sleep duration than necessary).

Design Systematic review and meta-analysis.

Data sources The PubMed, Scopus, Web of Science,
Cochrane Central, SportDiscus and PsycINFO databases.
Eligibility criteria for selecting

studies Randomised controlled trials on the effect

of daytime napping on sport performance and

fatigue available from inception to 2 December 2022.
Standardised mean differences (SMD) and their 95%
compatibility intervals (Cl) were estimated with the
DerSimonian-Laird method through random effect
models.

Results In the 22 included trials, 291 male participants
(164 trained athletes and 127 physically active adults)
aged between 18 and 35 years were studied. When
performed after a normal night of sleep, napping

from 12:30hours to 16:50 hours (with 14:00 hours
being the most frequent time) improved cognitive
(SMD=0.69, 95% Cl: 0.37 to 1.00; ’=71.5%) and
physical performance (SMD=0.99, 95% Cl: 0.67 to
1.31; 1’=89.1%) and reduced the perception of fatigue
(SMD=—0.76, 95% Cl: —1.24 to —0.28; 1°=89.5%). The
positive effects of napping were also confirmed after
partial sleep deprivation. Overall, the benefits were
higher with a nap duration between 30 and <60 min and
when the time from nap awakening to test was greater
than 1hour.

Conclusions After a night of normal sleep or

partial sleep deprivation, a daytime nap between 30
and <60 min has a moderate-to-high effect on the
improvement of cognitive performance and physical
performance and on the reduction of perceived fatigue.
PROSPERO registration number CRD42020212272.

INTRODUCTION

It is well established that nocturnal sleep must be
of sufficient duration and good quality for optimal
performance in sports activities." Recent evidence
reported that napping during the day, in addition
to compensating for the debit caused by partial
sleep deprivation in the previous night, may have
further beneficial effects even after a good night’s
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WHAT IS ALREADY KNOWN?

= Recent systematic reviews have supported the
favourable effects of daytime napping on sports
performance and subjective ratings of fatigue in
both normal sleep and partial sleep deprivation
conditions, but no meta-analysis has yet been
conducted to estimate the magnitude of these
benefits.

WHAT ARE THE NEW FINDINGS?

= Postlunch (approximately at 14:00 hours)
napping from 30 to <60 min has a high
supplemental beneficial effect on physical
performance and promotes a moderate
improvement in cognitive performance and
a reduction in perceived fatigue after sports
activity.

= A minimum time of 60 min after awakening
from the nap is required to avoid the benefits
of the nap on sports performance being
attenuated by sleep inertia.

= Although evidence from studies conducted
under partial sleep deprivation suggests
benefits similar to those observed after
normal sleep, no solid recommendation can
yet be stated about whether daytime napping
compensates for the loss in sports performance

resulting from partial sleep deprivation.

sleep.>™ Naps can be used to alleviate the effects of
partial sleep deprivation due to, for example, stress
and anxiety about the next day’s competition, jetlag
because of transmeridional travel, training and
matches at unusual times, or as a regular practice
to enhance rest by distributing total sleep between
night and day periods.>® In fact, it has been
suggested that napping can be an effective non-
invasive strategy in the above-mentioned situations,
although the benefits may vary according to the
extent of previous partial sleep deprivation and the
specific needs of recovery for each sport modality;
other relevant factors are nap duration and timing
(eg, midmorning, postlunch), time from nap awak-
ening to sport activity, the individual profile of the
sport practitioner and the method (ie, objective or
subjective) used to assess napping.'*”’

BM)

Mesas AE, et al. Br J Sports Med 2023;57:417-426. doi:10.1136/bjsports-2022-106355 =

Tof 11

BASem

y6uAdoo Aq pajaejold 1senb Aq 1202 ‘6 Idy uo jwoo fwg wsla//:dny wol papeojumoq "£Z0Z Aenuer £ U0 GGE90T-ZZ0Z-sHodslq/9eTT 0T se paysiand isiy pay suods r ig


http://www.basem.co.uk/
http://bjsm.bmj.com/
http://orcid.org/0000-0002-0088-8607
http://orcid.org/0000-0001-7774-8437
http://orcid.org/0000-0001-6121-7893
http://orcid.org/0000-0003-4617-616X
http://orcid.org/0000-0001-7504-1534
http://orcid.org/0000-0003-0614-5561
http://orcid.org/0000-0001-8961-3169
http://dx.doi.org/10.1136/bjsports-2022-106355
http://dx.doi.org/10.1136/bjsports-2022-106355
http://dx.doi.org/10.1136/bjsports-2022-106355
http://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2022-106355&domain=pdf&date_stamp=2023-03-20
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://bjsm.bmj.com/

Review

Additionally, the effects of napping may be different depending
on the parameter used to measure sport performance. Several
criteria related to performance on a sport activity are available,
such as cognitive performance (eg, reaction time, short-term
memory, attention and alertness),'®™" physical performance (eg,
speed, strength and endurance)'®™'* and perception of fatigue
or exhaustion.’® 2% As the relative weight of each of these
performance-related parameters varies according to the sport
modality, it is relevant to estimate the effects of napping on each
specific group of parameters.

Three recent systematic reviews and two narrative
reviews” ” reported positive effects of napping on sport perfor-
mance, such as improving physical (eg, jump, strength, running
repeated-sprint) and cognitive performance (eg, attention
and reaction time), lowering perceived fatigue, enhancing the
recovery process and counteracting the negative effect of partial
sleep deprivation on physical and cognitive performance.
However, to the best of our knowledge, no meta-analysis of clin-
ical trials has yet estimated the magnitude of these effects, which
is crucial to support the development of recommendations that
are sufficiently applicable in practice.

Therefore, the objective of this systematic review and meta-
analysis was to synthesise the evidence from randomised
controlled trials and estimate the standardised mean difference
(SMD) of daytime napping on cognitive performance, physical
performance and the perception of fatigue in physically active
adults and athletes. In addition, the quantitative implications of
nap duration and wash-out time (from nap awakening to the
start of the sport activity) on these effects were explored.

39 21

METHODS

This systematic review and meta-analysis was performed
according to the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines” and the PERSiST guidance.”® The PRISMA checklist
is available in online supplemental material 2. The protocol was
registered in PROSPERO (CRD42020212272).

Information sources and search strategy

The PubMed, Scopus, Web of Science, Cochrane Central, Sport-
Discus and PsycINFO databases were searched for randomised
controlled trials on the association between daytime napping
and sport performance and fatigue published from inception to
2 December 2022. No language restriction was applied.

Eligibility criteria

The search criteria according to the PICO(S) strategy were as
follows: (1) Participants: adults (18 years and older) stated as
athletes of any sport modality or physically active (ie, non-
athletes regularly practising exercises) individuals; (2) Interven-
tion: napping or daytime sleep of any duration, after normal
sleep or partial sleep deprivation (ie, less sleep duration than
necessary, which, for young adults and adults, ranges from 7
to 9hours)**; (3) Comparison: non-napping in the same sleep
condition (ie, normal sleep or partial sleep deprivation); (4)
Outcome: cognitive or physical performance, or perception of
fatigue (considered a complex and multidimensional outcome
from the lassitude/exhaustion of physical or mental capacity)®
and (5) Study design: randomised controlled trial.

The exclusion criteria were as follows: study participants
younger than 18 years; participants not clearly described as
athletes or physically active individuals; studies conducted
exclusively during or after Ramadan (because the observance of

Ramadan may affect sleep-wake patterns in athletes and phys-
ically active individuals)®’; reviews, observational studies, case
series, qualitative studies and non-eligible publication types, such
as editorials, letters to the editor, erratum, study protocols and
preprint papers. No filter or exclusion criteria regarding gender
were applied in the literature search.

Selection process and data collection

The search strategy included the terms “napping”, “daytime
sleep”, “sport performance” and “fatigue” and their variations,
which were combined with Boolean operators and adapted to
the appropriate syntax for each database. The detailed syntax
can be found in online supplemental material table S2.

The articles identified in each source were combined in a single
database, and duplicates were eliminated with EndNote V.X9
software (Clarivate, The EndNote Team, Pennsylvania, USA).
The article selection process was carried out independently by
two reviewers (AEM and SNdA-A), and any discrepancies were
resolved by consulting a third reviewer (AIT-C). Initially, the
titles and abstracts were all screened, and studies that clearly did
not meet the inclusion criteria were discarded. The remaining
studies were then retrieved from the full text, and finally, those
meeting the inclusion criteria were included. The reference lists
of the literature reviews found were analysed for any original
studies that had not been identified in the original search.

From the included studies, the following data were extracted
by one reviewer (AEM) and confirmed by a second reviewer
(SNdA-A), and any discrepancies were resolved by consulting
a third reviewer (AIT-C): authors, year, country, study design,
sample size, participant characteristics (gender, age, athletes or
physically active individuals), intervention characteristics (nap
duration and sleep assessment method), outcome (sport perfor-
mance test applied, test schedule and time from nap awakening
to test) and main results. In some studies,'? 1> 141528735 data were
extracted from graphs using PlotDigitizer online software (www.
plotdigitizer.com). It was not necessary to contact the authors
to ask for additional data. An included study that was written
in Japanese®® was translated into English by a native Japanese
speaker.

Risk of bias assessment

Two researchers (SNdA-A and AIT-C) independently conducted
a quality assessment, following the Cochrane Collaboration’s
tool for assessing the risk of bias (RoB 2.0 tool).>® Any disagree-
ment was resolved through discussion, and if a consensus could
not be reached, a third reviewer (VM-V) was consulted. The
RoB 2.0 tool covers bias in five domains: randomisation process,
deviations from intended interventions, missing outcome data,
measurement of the outcome and selection of the reported
result. Overall, a trial was considered at ‘low risk of bias’ if all
domains were judged as ‘low risk’, ‘some concerns’ if there was
at least one domain rated as having ‘some concerns’ and ‘high
risk of bias’ if there was at least one domain judged as ‘high risk’.

Synthesis methods
Considering that partial sleep deprivation has implications for
both sleep requirements and sport performance, analyses were
performed separately for studies reporting that the previous
night was considered normal sleep and for those reporting that
the sleep duration time was restricted, generating partial sleep
deprivation as described above.

Because of the diversity and specificity of sport performance
parameters, it would not be feasible to analyse each parameter
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as an outcome. Therefore, we combined the parameters into
three major groups. The first group was (1) cognitive perfor-
mance, comprising indicators of cognitive function such as atten-
tion, alertness and reaction time. Another group was defined as
(2) physical performance and included all tests that measured
strength, endurance, speed, distance and power. The last group
was (3) fatigue, including different instruments assessing the
perception of fatigue or exhaustion after the sport activity.

In nine studies with data from different nap dura-
tions, !0 13 16 28 3233 3739 64ch duration was analysed separately
and contrasted with the non-nap reference group. In a study that
analysed daytime napping with the same duration but performed
at different times in the afternoon (13 hours, 14 hours and
15 hours)," it was decided to include in the analysis only data
from the nap taken at 14 hours, as this was the most frequent
napping time among the studies included. One of the studies®®
had data of interest for time periods before, during and after
Ramadan, but only data from before Ramadan were taken into
account for this study. When data were available for more than
one parameter corresponding to the same dimension of sport
performance (eg, total distance and higher distance from the S m
shuttle run test to evaluate physical performance), pooled esti-
mates were calculated with random effect models.*

For each study, we calculated the mean change score*' by
subtracting the baseline value from the value recorded as close
as possible to the end of the intervention or control period.
Next, we checked whether normality could be assumed for
these variables, and thus, meta-analysis was allowed. First, we
observed that practically in all studies, the authors tested the
normality of their outcome variables through specific tests,
such as the Shapiro-Wilks test. Second, we calculated the mean/
SD ratio of the change score for each intervention group (ie,
nap and no-nap) in the normal sleep condition (online supple-
mental material table S5). Three of the studies had a mean/SD
ratio <2, indicating skewness.** *”*° In two of them,**?” it was
assumed that, as reported by the authors, normality had been
verified with statistical tests. Regarding the other study, because
this information was missing and because there were no data
to calculate the mean/SD ratio, that study®® was retained in the
main analyses, and we were attentive to its influence on the
results by excluding it in the sensitivity analyses. For sleep depri-
vation, meta-regression was not performed because this method
is not recommended when fewer than 10 studies are available.**

Random effect models were used to estimate the SMD and
the 95% compatibility intervals (95% Cls)** of the sport perfor-
mance or fatigue group according to the mean change score
+SD in each nap and non-nap condition.*® The SMD was used
to estimate the effect size because the included studies provided
outcome values using different scales to measure sports perfor-
mance and fatigue.** In one study, the SD was estimated based
on the SE and sample size.*' In three studies,’? *® * the SMD
(95% CI) was calculated based on the p value and Cohen’s d
statistics using the corresponding z score.

Study heterogeneity was assessed using the 12 statistic** and
classified as not important (0%-40%), moderate (30%-60%),
substantial (50%-90%) and considerable (75%-100%). The
corresponding p values were considered, particularly when
heterogeneity was found in the overlapping zones of these
intervals.*?

Heterogeneity was explored through subgroup analyses by nap
duration (<30 min, 30 to <60min and 60 min or more)*’; time
from nap awakening to sport activity or test (<60 min, >60 min),
due to the potential effect of sleep inertia®; study population
(athletes, as stated by the authors or with more than 7hours/

week, and physically active or exercising less than 7 hours/week)
and the method used to assess napping (objective, as measured
with polysomnography, actigraphy or electroencephalogram, or
subjective, as self-reported by the study participant). Moreover,
for studies in a normal sleep condition, random effects (Sidik-
Jonkman method) meta-regression models were used to examine
whether trial-level covariates (mean age of participants—ranging
from 18.3 to 35.0 years, nap duration—ranging from 10 to 120
min and time from nap awakening to test—ranging from 15
to 270 min) influenced heterogeneity. Meta-regression was not
performed with studies in a partial sleep deprivation condition
because this method is not recommended when fewer than 10
studies are available.*” More information on meta-regression
in normal sleep can be found in online supplemental material
(meta-regression).

To assess the robustness of summary estimates and to detect
whether any single study accounted for a large proportion of
heterogeneity, sensitivity analyses were performed using the
leave-one-out method, and new SMD (95% CI) were generated
by removing the included studies one-by-one from the analyses.
Finally, we evaluated publication bias through visual inspection
of funnel plots and Egger’s regression asymmetry test to assess
small study effects.*® Publication bias was not assessed for studies
in partial sleep deprivation because this method is not recom-
mended when fewer than 10 studies are available.**

The criterion proposed by Cohen*” to classify the effect size
estimator (ie, SMD) as small (SMD=0.2), medium (SMD=0.5)
or large (SMD=0.8) was considered. STATA SE V.15 software
(StataCorp) was used for the statistical procedures. In accor-
dance with recent recommendations,” we used the expression
‘high compatibility’ instead of ‘statistically significant’, which
was assumed when the p value was <0.10.

RESULTS

Study selection

As depicted in figure 1, from the 3421 studies initially identified,
90 were selected for the full-text evaluation, of which 68 did not
meet the inclusion criteria and were excluded. The complete list
of the articles excluded and the reasons for each is presented

in online supplemental material table S3. Thus, 22 studies were
finally included. 020 2833 37-39

Characteristics of the included studies

The characteristics of the included studies and their main
results are summarised in table 1. Almost two-thirds (n=14
studies)!0 12 14 16 20 28-32 34 3739 ¢ the included studies were
carried out in Tunisia, two in France,'' ®® two in the UK, ¥
two in Japan," * one in Thailand" and one in Australia.*® The
sample size varied from 7 to 20 participants in each trial, total-
ling 291 male participants (164 trained athletes and 127 physi-
cally active adults) aged between 18 and 35 years. Some studies
reported the usual duration of night-time sleep between 7 and
9 hours,!! 12 16 18-20 28 333537 414 some reported applying the
Pittsburgh Sleep Quality Index to ensure that the participants
usually had good sleep quality.'* % 3% 3! Nap duration was self-
reported in 12 studies' 16 1720283237539, 5 srydies used polysom-
nography'! 1 183335, 3 studies assessed sleep parameters with
actigraphy or accelerometers'? ¥ ** and 1 used electroencephalo-
grams.’® All studies were randomised crossover trials with a time
between nap and non-nap conditions varying from 2 to 7 days.
All studies evaluated post lunch nap time, ranging from 12:30
to 16:50 hours, with 14:00 hours being the most frequent time.
Regarding nap duration, nine studies'®'? 1028323337739 tected two
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Figure 1 Flow diagram of the study selection.

or more different nap durations ranging from 20 to 120 min, and
the other studies considered only a single duration varying from
10 to 60 min.

Cognitive performance was mostly measured with digital
cancellation or reaction time tests (12 out of 14 studies). The
5m run test was the most frequently used test (8 of 21 studies)
to evaluate physical performance. Among the studies consid-
ering fatigue, the rate of perceived exertion test was mostly
applied (12 of 18 studies). The specific tests used in each study
and considered for the present analyses are presented in online
supplemental material table S4.

Main results from the meta-analyses

The main analyses showed that after a normal night of sleep,
napping improved cognitive (SMD=0.69, 95%CI: 0.37
to 1.00; I*=71.5%) (figure 2A) and physical performance
(SMD=0.99, 95% Cl: 0.67 to 1.31; ’=89.1%) (figure 2B)
and reduced the perception of fatigue (SMD=-0.76,
950 CI: —1.24 to -0.28; 1’=89.5%) (figure 2C). In the
subgroup analyses, the benefits of napping were overall
clearer for nap durations between 30 and <60 min, when
the time from nap awakening to test was more than 60 min,
in physically active non-athlete individuals and when naps
were self-reported (figure 2D-F items).

Likewise, daytime napping after partial sleep deprivation
also showed a positive effect, with a high compatibility of an
improvement in cognitive (SMD=1.61, 95% CI: 0.05 to 3.16;
[*=83.1%) (figure 3A) and physical performance (SMD=0.91,
95%ClI: 0.51 to 1.31; I*°=88.29%) (figure 3B) and perceived

fatigue reduction (SMD=-0.96, 95%CI: —1.80 to -0.13;
[*=86.4%) (figure 3C). The results of subgroup analyses in the
partial sleep-deprived condition, although much less precise
due to the scarcity of studies, were similar to those observed in
normal sleep (figure 3D-F items). As an exception, the SMD of
napping on physical performance after partially deprived sleep
was higher when napping was objectively measured than when it
was self-reported (figure 3E).

Meta-regression models after normal sleep (figure 4A-I items)
showed that cognitive performance (p=0.044) (figure 4C) and
physical performance (p=0.004) (figure 4F) improved, while
fatigue decreased (p=0.050) (figure 4I) as the time from nap
awakening to test increased.

Risk of bias

The overall risk of bias assessment showed that 72.7% of studies
presented some concerns, and 27.3% were scored as high risk.
The complete report of the risk of bias assessment is available in
online supplemental material figure S1.

Publication bias

Publication bias was observed for the nap effects after normal
sleep on cognitive (p=0.022) and physical (p=0.001) perfor-
mance and fatigue (p=0.020) (online supplemental material
figure S2).

Sensitivity analyses
Finally, sensitivity analyses indicate that, in general, after
normal sleep, there is no change in the direction or level
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Review

Cognitive performance (Normal Sleep)

A Tmoom

Nap nap awakening SMD %
Study duration totest (95% Cl) Weight
SMD
Petitetal, 2018 20min 130 min —— -0.06(0.44,032) 737
Romahani et al, 2021 20min 30min ——— 115(046,184) 590
Abdessalem et al, 2019 25min 150 min e 040(026,1.06) 6.5
Hsouna etal, 2019 25min 155 min e 086(021,151)  6.10
Hsouna et al, 2020a 25min 155 min —t 002(082,078) 537
Daaloul et al, 2019 30min 30min e 0.15(055,084) 587
Soussi et al, 2020 30min 270 min ! ————————————————— 376(167.584) 177
‘Tanabe et al, 2020 30min 60 min e 110(032,191) 539
Hsouna etal, 2019 35min 145 min —— 148(0.78,218) 585
Hsouna et al, 20200 35 min 145 min —_— 118(0.38,199) 535
Bouknris et al, 2020 40min 140 min e 052(023,127) 559
Hsouna et al, 2019 45min 135 min L —— 179(106,252) 569
Romyn etal, 2022 60min 15min e 030(051,110) 535
Tanabe et al, 2020 60min 60 min R — 089(001,178) 498
Bouknris et al, 2020 90 min 90 min 1 066(:010,143) 555
Romahani et al, 2021 90 min 30min e 037(007,081)  7.10
Tanabe et al, 2020 90 min 60min —t— 088(0.10,165)  5.48
Romyn et al, 2022 120 min 5mn ——e—1t ! 073(-156,010) 524
Overall, DL (F = 71.5%, p = 0.000) <> 0.69(037,1.00) 100.00
T T T T T
El 0 5 1 2 4

D Number

Variable and  Heterogeneity ~ Number of of SMD
subgroups (12, %) studies  participants (95% C1)

Nap duration

<30min 688 5 80 —— 044 (-0.05,0.94)
3010 < 60 min 703 6 82 ———— 1.19(0.61, 1.76)
6010 120 min 517 4 47 e 039(-0.03,0.82)

Time from nap awakening to test

=60 min 50.6 4 16 —_— 051 (0.11,091)
> 60 min 785 7 108 e 086(0.97,1.35)
Study population

Athletes 576 5 69 —— 029 (-0.05, 0.64)
Physically active 60.8 6 85 I ae— 1.04(0.63, 1.45)

Sleep (nap) assessment method

Objective 758 5 63 —_— 0.60 (0.12,1.08)
Subjective 618 6 91 —_—— 0.78(0.39, 1.17)
T T T
0 5 1 15

Physical performance (Normal Sleep)

B Time rom nap E
Nap  awakening to SMD % Number
Study duration test (min) (95% CI) Weight Variable and Heterogeneity Number of of SMD
subgroups (2,%)  siudes participants (95% C1)
Yamamoto and Hayashi, 2006 10 min 0  —(¢— 025(-062,1.13) 3.36
Blanchfield et al, 2018 20 min 50 —p—! 004(-0.80,087) 3.43 Nap duration
Peit et al, 2014 20 min 130 —— 005 (-0.44,054)  4.07 <somin 652 9 133 ¢ 064(0.32,0.97)
Romdhani et al, 2021 20 min 30 - 062(036,088) 437 8010<60min 92 1 198 * 1.74(1.01,240)
Abdessalem et al, 2019 25 min 165 o—! 048(0.01,095)  4.10 6010120 min 7.2 4 47 0:30(0.00, 0.60)
Boukhris et al, 2019 25 min 155 [+ 045(-0.04,093)  4.08
Boukhris et al, 2022 25 min 165 ————— 215(0.55,3.74) 2.1 - )
| ime from nap awakening to test
Hsouna et al, 2019 25 min 155 —— 155(0.84,2.25) 368 <60min 222 s & 022(0.05, 039)
Hsouna et al, 2020a 25 min 155 o= 1.28(066.1.90) 384 60 min 200 M 164 —_— 160 (1.10, 2.10)
Daalcul et al, 2019 30 min 0 —« | -0.10 (-0.64,044) 3.99
Soussi et al, 2020 30 min 270 —— 180(0.82,278) 3.5
Tanabe et al, 2020 30 min 60 ~p=cch 005(-0.42,052)  4.10 Study population
Boukhris et al, 2019 35 min 145 o 039(-0.09,087)  4.09 Athiotes 808 8 104 —_— 077(0.32, 1.28)
Hsouna et al, 2019 35 min 145 P —— 200(1.24,276) 358 Physically active 885 9 127 [ 1.13 (0.68, 1.58)
Hsouna et al, 20200 35 min 145 P —— 1.97(1.33,260) 381
Boukhris et al, 2020 40 min 140 —= 083(0.38,128)  4.13
Hsouna et al, 2022 40 min 140 ' ————  610(4.75,7.44) 249 Sleep (nap) assessment method
Souabni et al, 2022 40 min 80 —_— 253(0.58,4.49) 1.6 Objective 584 8 % — 029(0.07, 0.51)
Boukhris et al, 2019 45 min 135 —— 087(0.37,136)  4.06 Subjective 911 9 135 —_— 155 (1.01, 2.08)
Boukhris et al, 2022 45 min 145 ! — 383(298,468)  3.40
Hsouna et al, 2019 45 min 135 | —— 1.99(1.23,2.75) 358 H '5 : 1!5 ;
Romyn et al, 2022 60 min 15 -+ 004(-0.36,044)  4.20
Tanabo ot al, 2020 60 min o  —4— | -0.02(-0.49,0.45)  4.10
Boukhris et al, 2020 90 min % —— 122(0.68,1.76) 399
Romdhani et al, 2021 90 min 30 el 035(0.05,065)  4.33
Tanabe et al, 2020 90 min 60 —— 0.17(-0.30,064)  4.10
Romyn et al, 2022 120 min 15 1 0.18(-0.22,058)  4.20
Overall, DL (F = 89.1%, p = 0.000) <> 099 (0.67,1.31) 100.00
T TT T T T T
4 051 4 6 8
Fatigue (Normal Sleep)
Cc Tims o ap F e
Nap awakening to SMD % Variabloand ~ Hetorogeneity ~ Number of of SMD
Study duration test (min) (95%Cl) Weight subgroups (2,%) studies  participants (95%Cl)
Yamamoto and Hayashi, 2006 10 min 50 — 218(-329,-1.08) 4.20 Nap duration
Romyn et al, 2022 120 min 15 Vo |—— 0.94 (0.10,1.78) 463 <30 min 87.7 8 119 ——t— -0.19 (-0.87, 0.49)
Blanchfield et al, 2018 20 min 50 T—— 032(:052,1.17) 463 3010<60 min 883 8 116 —_— .41 (2,10, -0.73)
Petit et al, 2014 20 min 130 R 0.01(069,070)  4.85 6010 120 min 880 2 26 “ 0.04 (-1.41,1.39)
Abdessalem et al, 2019 25 min 165 . 021 (087,044)  4.90
Bouknris et al, 2019 25 min 155 L e 024(:024,072) 511
Boukniis et al, 2022 25 min 165 R 107(053,162) 504 Time from nap awakening to test
Hsouna et al, 2019 25 min 155 —— A476(-250,-1.08) 479 <60 min 814 4 r e 012 (-4.02,077)
Hsouna et al, 2020a 25 min 155 Voe— 059 (0.06,124) 491 >60min %07 1 164 —— 0.95 (-1.51,-0.38)
Dasloul et al, 2019 30 min 30 e 029(107,048) 473
Soussi et al, 2020 30 min 270 . H 392(-5.10,-286) 3.93
Boukhris et al, 2019 35 min 145 — 013(-060,035) 512 Study population
Hsouna et l, 2019 35 min 145 —— 190 (-264,-1.15) 477 Athietes 643 7 % e 014 (-0.63, 034)
Hsouna et al, 2020b 35 min 145 —— -127(-1.84,-0.89)  5.00 Physically active 3.0 8 120 — -1.14 (-1.84,-0.44)
Boukhris et al, 2020 40 min 140 —e] 075(152,002) 474
Hsouna et al, 2022 40 min 140 : 325(794,143) 088
Souabni et al, 2022 40 min 80 — -0.04(-0.78,0.70)  4.78 Sleep (nap) assessment method
Boukhris et al, 2019 45 min 135 | -0.56(-1.05,-0.07) 5.10 Objective 893 6 % D e E— 057 (-1.57, 0.43)
Boukhris et al, 2022 45 min 145 — -208(-316,-1.01) 425 Subjective %0.0 e 135 R e— 0.85 (-1.42,0.29)
Hsouna et al, 2019 45 min 1386 e H -381(-4.84,-277) 431
Romyn et al, 2022 60 min 15 L 0.35 (-0.46,1.15)  4.68 5 45 4 5 o & 1
Boukhis et al, 2020 90 min Y e 1.41(224,059) 465
Overall, DL (¥ = 89.5%, p = 0.000) <> 076 (1.24,-0.28) 100.00
T T T T T T T
-8 -6 -4 2 1 051 2 3

Figure 2 Forest plot of the effects of daytime napping after normal sleep on cognitive and physical performance and fatigue in total and by

subgroups.

of compatibility of the overall effect of napping on the
outcomes analysed when any of the included studies are
omitted (online supplemental material figure S3). Conversely,
the global effect of napping after sleep deprivation was less

compatible with changes in cognitive performance when any
of the included studies except Ajjimaporn et al'® were indi-
vidually removed. Furthermore, in the partial sleep depri-
vation condition, the effect of napping on fatigue showed
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Cognitive performance (Partial Sleep Deprivation)

A

D anber

Variable and  Heterogeneity Number of of SMD
Nap Sleep SMD % subgroups (2.%)  studies participants (95% 1)
Study duration  deprivation (95% 1) Weight Nap duration
- <30 min 00 2 20 — 020 (-1.02, 0.62)
Aliimapor et al, 2020 20min  55hless —— 0.27 (1.11,057) 22.92 30 to <60 min 928 2 27 ——————————————  414(-158,9.86)
Romdhani et al, 2020 20min  4hless R 1.26 (-263,5.15) 9.68 60 to 120 min 00 2 24 t— 062 (-0.10, 1.33)
Daaloul et al, 2019 30min  Bhless A 1.31(-0.36,2.98) 19.14
Soussi et al, 2020 30min  Bhless ' e 715(456,9.74) 1461
: Time from nap awakening to test
Brotherton et al, 2019 60min  45hless Fe— 060 (-0.13,1.33) 28.30 <60 min 00 2 » . 127 (0.14,269)
Romdhani et al, 2020 90min  4hless —_— 1.11(256,4.79) 10.35 > 60 min 93.0 3 40 —— 200 (036, 4.37)
Overall, DL (1 = 83.1%, p = 0.000) — 1.61(0.05,3.16) 100.00
T T T T T T
4 40 1 2 4 8 10 Study population
Athletes 48 3 a3 te- 037 (0.18,0.91)
Physically active 0.0 1 14 —————  7.15(4.56,9.74)
Sleep (nap) assessment method
Objective 95 2 25 3.33(:3.94,10.60)
Sublective 00 3 a7 - 0.74(0.09, 1.39)
Sleep deprivation
3hless %28 2 27 ——————————————  414(158,9.86)
41055hless 00 3 a5 - 0.26 (028, 0.80)
T T T T T T T T
4 24012 4 6 8 11
Physical performance (Partial Sleep Deprivation)
Number
Nep Sieep SMD o Va:able and Heler(llzgi;elly Numl;er of of SMD
s ratn deptation oq)  wegt subgroups (12,%)  studies participants (95% C1)
Ajimapor et al, 2020 20min  55hless ! — e 213(126,300) 903 Nap duration
Hammouda et al, 2018 20min  45hless —— 047 (0.27, 0.66) 14.97 <30 min 850 3 29 * 0.95(0.22, 1.68)
Romdnani et al, 2020 20min  4hless —_— 061(0.09, 1.13) 1234 3010 <60 min 918 2 L e S 084 (057, 2.25)
Daalol etal, 2019 30min  3hless —_—t— 0.13(-0.41,067) 1215 60 to 120 min 938 3 33 * 0.97 (0.07.1.87)
Soussi etal, 2020 30mn  3hkess —— 157 (0.97,247) 11.56
Broterton etal, 2019 60min  45nkess e ! 0.19(0.02,041) 1486
Hammoudaeta, 2018 90min  45hiess — 120(0.78, 1.62) 1329 Time from nap awakening to test
Romdhani et al, 2020 90min  4hless | ——— 159 (1.02,2.17) 11.81 =60 min 831 3 31 — 0.78 (0.33, 1.24)
Overall, DL (2 = 88 2%, p = 0.000) _ 0.91 (051, 1.31)100.00 >60 min 94.0 3 40 S G— 1.25 (-0.01, 2.50)
T T T T
5 0 5 1 3
Study population
Athletes 875 3 33 — 082 (0.41,1.22)
Physically active ~ NA 1 14 R 1,57 (0,97, 2.17)
Sleep (nap) assessment method
Objective 73 2 25 —_— 1.76 (1.24, 2.28)
Subjective 855 4 46 —_— 067 (029, 1.04)
Sleep deprivation
3hless 9238 2 27 —t 084 (057, 2.25)
41055 hless 00 4 44 —_— 093 (0.48, 1.38)
T T
NA: Not applicable: 0 1 2
Fatigue (Partial Sleep Deprivation)
c F mber
Nap Variable and Heterogeneity Number of of SMD
duration Sieep s o subgroups (2,%)  studies participants (95% 1)
Study (min) ~ deprivation (95% C1) Weight Nap duration
<30 min 00 2 20 —- -0.08 (058, 0.42)
Ajimapor et al, 2020 20 55hless i -0.05 (-0.64,0.55) 18.45 30t0<60min 957 2 27— -261 (653, 1.30)
Romdhani et al, 2020 20 4hless e E———— 0.15(-1.08,0.77) 1627 60 to 120 min 100 2 24 - -0.48 (-0.91,-0.04)
Daaloul et al, 2019 30 3hless — -0.66 (-1.45,0.13) 17.22
Soussi et al, 2020 30 3hless < 4.66(-6.08,-323) 1276 Time from nap awakening totest
Brotherton et al, 2019 60  45hless L —— -0.37 (0.79,0.04) 19.38 <60 min 00 2 2 —] 0,58 (1,09, -0.07)
Romdhani et al, 2020 90 4hless —_——%— -094(-191,004) 1592 > 60 min 943 3 40 —_— -1.50 (-3.14,0.15)
Overall, DL (1 = 86.4%, p = 0.000) —_ -0.96 (-1.80,-0.13) 100.00
5 : L Study population
Athletes 00 3 35 - -0.36 (-0.65, -0.08)
Physically active  NA 1 14 B — -4.66 (6.09, -3.23)
Sleep (nap) assessment method
Objective 7.1 2 2 - 045 (0.78, -0.13)
Subjective 00 3 37 231 (682, 2.21)
Sleep deprivation
3hless ) 2 27— -261(-6.53, 1.30)
41055hless 00 3 35 | 032 (0.62,-0.01)
T T T T
NA: Not applicable. 6 -4 2 10 1

Figure 3 Forest plot of the effects of daytime napping after partial sleep deprivation on cognitive and physical performance and fatigue in total

and by subgroups.

low compatibility of changes by omitting the study by Broth-

erton et al.”

DISCUSSION
Main findings

This meta-analysis supports that daytime napping exerts
a highly beneficial effect on the improvement of physical

performance among athletes and physically active young men.
In addition, a moderate improvement after daytime napping
was observed in cognitive performance and in the reduction
of perceived fatigue after a sport activity. These results were
clearer for a nap duration between 30 and <60 min and when
the time after nap awakening to test was equal to or greater than
60 min. Moreover, greater benefits were observed in physically

Mesas AE, et al. Br J Sports Med 2023;57:417-426. doi:10.1136/bjsports-2022-106355
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Cognitive performance (Normal Sleep)

A B C
p=0.396 p=0.192 p=0.044
. g EN. 5 - 5
@) o
o] o O O 9330 o Oo
| © _ (@) |1 ©
18 19 20 21 22 23 20 40 60 80 100 120 ' 0 100 200 300
Age (y) Nap duration (min) Time from nap awakening to test (min)
Physical performance (Normal Sleep)
D E F
© o © o ) o
p=0.880 p=0572 p=0.004
= o N o N o
~ O®O ~ OOQ o o
\@@)\O
° © e) ° %) (@) @ O °
50 100

15 20 25 20 35 ] 150 0 100 200 300
Age (y) Nap duration (min) Time from nap awakening to test (min)
Fatigue (Normal Sleep)
- O - 0O -
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Age (y) Nap duration (min) Time from nap awakening to test (min)

Figure 4 Meta-regression of age, nap duration and time from nap awakening to test on the effect of daytime napping on cognitive and physical

performance and fatigue in a normal sleep condition.

active individuals than in athletes, as well as when naps were
self-reported than when they were objectively measured. Impor-
tantly, evidence is more robust for daytime napping taken after
a normal sleep night, meaning that napping could provide a
supplemental benefit on sport performance even under optimal
sleep conditions. The evidence from studies under partial sleep
deprivation goes in the same favourable direction to napping,
although their results are less robust and based on fewer studies.
Therefore, although the available studies point in that direc-
tion, it cannot yet be affirmed that daytime napping is sufficient
to compensate for the lower sport performance resulting from
partial sleep deprivation.

Nap duration and time from nap awakening to the start of
the sport activity

Our results are partially in agreement with previous system-
atic reviews on the same subject. Souabni et al’ concluded that
daytime napping (particularly a 90 min nap) seemed to be an
advantageous strategy to improve the recovery process and
counteract the negative effect of partial sleep deprivation on
physical and cognitive performance. Similarly, in a narrative
review, Botonis et al* stated that compared with short-term naps
(20-30 min), long-term naps (>35-90min) appear to provide
superior benefits to athletes. Lastella et al® recommended that
athletes consider napping between 20 and 90 min and should
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allow 30 min to reduce sleep inertia prior to training or compe-
tition to obtain better performance outcomes, but they did not
specify whether these parameters should change in normal sleep
or partial sleep deprivation. In our study, the most appropriate
nap duration after normal sleep was between 30 and less than
60 min. Moreover, our data support that from nap awakening
to sport practice, a minimal 60 min interval is needed, possibly
to avoid the undesirable effect of sleep inertia.*” In addition
to updating the findings from previous reviews, the present
meta-analysis provides estimates (SMD) of the magnitude of
the benefits of napping specific for each group of sport perfor-
mance indicators (ie, physical, mental and fatigue reduction) and
explores the quantitative implications of nap duration and the
time from nap awakening to the start of the sport activity on
these effects.

Daytime napping and cognitive performance

In the compilation of all studies of daytime napping and cogni-
tive performance in normal sleep conditions, a medium SMD
with substantial heterogeneity was observed. Among the studies
analysing this relationship in partial sleep deprivation, the
global estimate was highly in favour of napping, although in the
sensitivity analysis, this result was not sustained when omitting
any study. Notably, the study by Souissi et al'? found a consid-
erably larger effect of a 30 min nap (after sleeping 5hours at
night instead of 8 hours) on the increase in vigilance (the number
cancellation test) and on the reduction in reaction time compared
with the other studies analysing similar outcomes under partial
sleep deprivation conditions. This is possibly due to the charac-
teristics of the participants because while Souissi et al'* studied
healthy young trained males, in the other studies, all participants
were professional athletes. Compared with non-athletes, athletes
have a higher basal performance level due to a more controlled
routine of training and rest schedules.*® Thus, the magnitude of
the effect of napping on sport performance is possibly clearer
in non-athletes than in athletes because in the latter, only small
improvements could be achieved.

Furthermore, subgroup analyses revealed that in a normal
sleep condition, cognitive performance improved only after 30
to <60 min of nap duration. It is possible that naps longer than
30min may be more compatible to generate improvements in
cognitive function by favouring longer durations in non-rapid
eye movement (NREM) sleep stages (ie, N2 and N3) or even
allowing a full sleep cycle (NREM-REM).* In this regard, it has
been observed that the restorative effect of sleep correlated with
time spent in NREM sleep and with electroencephalographic
slow wave energy, which is thought to reflect renormalisation
of synaptic strength.*® Among studies on the effect of napping
on cognitive performance after partial sleep deprivation, only
the results from the study of Souissi et al'* were compatible
with such an effect. Therefore, it is not yet appropriate to spec-
ulate whether and to what extent daytime napping is able to
compensate for the deterioration in brain functions resulting
from partial sleep deprivation during the previous night. It is
known that sleep deprivation promotes neurocognitive deficits,
dysregulation of physiological functions regulated by the circa-
dian rhythm (eg, temperature, blood pressure), and incomplete
muscle recovery, which may accumulate over time in chronic
partial sleep loss (restriction or deprivation).’'™3

Daytime napping and physical performance
A similar pattern of benefits of napping was observed in our
results for different parameters of physical performance, such

as strength, endurance and speed, both after normal sleep and
partial sleep deprivation. Although considerable heterogeneity
was detected between the studies included in the normal sleep
and partial sleep deprivation analyses, the SMD was high in both
cases. Such concordant heterogeneity is possibly because SMD
was smaller in some studies with athletes than in others studying
physically active individuals (ie, non-athletes regularly practising
exercises). As discussed before, it is necessary to consider that
the margin for improvement in physical performance is smaller
in trained athletes than in non-athletes. It is also necessary to
highlight that professional athletes report poorer sleep quality
and hygiene than an age-matched cohort of non-athletes.’* Thus,
the presence of chronic sleep-related problems may represent a
barrier to the potential beneficial effects of napping on physical
performance.

With respect to the duration of the nap, benefits in physical
parameters were observed in all nap durations studied after a
normal sleep night, although these benefits were higher for 30
to <60min. However, we observed that when the time from
nap awakening increased, the benefits of naps on physical
performance also increased. On the one hand, daytime napping
promotes muscle relaxation and structural and functional
recovery.”® On the other hand, an approximate minimum time
of 60 min after nap awakening might be recommended to over-
come the inertia of sleep and, therefore, reach optimal physical
performance.’

Daytime napping and perceived fatigue

The effects of napping on perceived fatigue were mostly compat-
ible in studies whose participants were non-athletes. In addi-
tion, the studies by Souissi et al'* and Hsouna et al'® reported a
benefit associated with daytime napping that was considerably
greater than the others with respect to reducing fatigue at the
end of sports activity. It is remarkable that the study by Souissi
et al'* applied the longest time between the end of the nap and
the sport activity (270min) compared with the other studies
(from 15 to 165 min), and an association with this time interval
was observed for perceived fatigue for normal sleep but not for
partial sleep deprivation. It can be suggested that the partici-
pants of that study'? were less likely to feel the effects of fatigue
because they were less affected by the perception of drowsiness
compared with those who woke up from the nap and had to
exercise after a short wash-out time (ie, <1 hour).

In the subgroup analysis by nap duration after normal sleep, a
significantly high SMD on perceived fatigue was observed only
for naps between 30 and <60min. Similar to what was said
about cognitive performance, while a short nap allows sleep to
reach the superficial levels of sleep, which would be sufficient
for partial relaxation, a nap of longer duration that includes
more time in deeper sleep stages may be required to mitigate
the perception of fatigue and physical and mental exhaustion
resulting from the sport activity.

Limitations

As potential limitations of the present findings, considerable
unexplained heterogeneity was detected. This could be partially
justified because our results are based on the pooling estimates
of different performance parameters, and SMD had to be used.*
Therefore, the interpretation of standardised measures requires
caution because the SD may vary over study populations. It is also
important to note that the study samples were generally small,
which could lead to small sample bias.’® In addition, different
methods were used to certify that the participants slept during
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the nap period (self-report, actigraphy, polysomnography and
electroencephalography). More than half of the studies included
in this review are based solely on the participants’ report that
they had slept within the allotted time. Therefore, we do not
rule out possible reporting bias because self-reported sleep data
do not closely correspond with objective measures of sleep as
assessed using actigraphy’” °® and polysomnography.” In this
sense, it is possible that reporting bias (added to the reduced
number of studies in each subgroup) may have had some influ-
ence on the differences found in the effect of napping on sports
performance, in the same way as has been observed in physical
performance when comparing results in normal sleep (in which
the effect is greater in studies with subjectively measured sleep)
with partial sleep deprivation (in which the effect is greater in
studies with objectively measured sleep). In addition, athletes
underestimate sleep quantity during daytime nap opportuni-
ties,?* and in comparison with non-athlete controls, elite athletes
showed significantly shorter sleep latencies.®’ Furthermore,
the present results are restricted to young males and cannot be
extrapolated to males of other ages and to females. Finally, we
detected significant publication bias in studies of normal sleep
conditions for all outcomes and in studies on partial sleep depri-
vation for physical performance. Therefore, the corresponding
findings should be confirmed as more studies become available
with varying sample sizes and favourable, neutral or unfavour-
able results on the association studied.

Considering the above limitations, some recommendations
aimed at improving the quality and broadening the generalis-
ability of future research on the effects of napping and sports
performance are presented in online supplemental material table
S6. In summary, these are suggestions based on the available
evidence focused on methodological aspects such as population,
exposure (napping), the results (sports performance) and study
design.

CONCLUSIONS

In addition to updating the results from previous systematic
reviews, we extend knowledge by quantifying the effect of the
benefits of napping on different dimensions of sport perfor-
mance, both under normal sleep and partial sleep deprivation
conditions. We concluded that post lunch napping from 30 to
<60min after optimal sleep conditions has a moderate-to-high
supplemental beneficial effect on improving cognitive and phys-
ical performance and fatigue reduction. Importantly, our find-
ings suggest that a minimum time of 60min after awakening
from napping is required to avoid nap benefits being attenuated
by sleep inertia. In addition, because there are fewer studies
with sleep-deprived individuals, no firm recommendation can be
drawn as to whether daytime napping compensates for the loss
in sport performance resulting from partial sleep deprivation.
These results apply only for young males aged 18-35 years and
physically active individuals or athletes, and extrapolation from
other populations requires further evidence.
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Table S2. Search strategy (December 2, 2022) detailed for each database.

PubMed:

(napping OR siesta OR nap OR "nap sleep” OR "nap time" OR "day sleep" OR "daytime sleep" OR
"daytime nap" OR "daytime napping" OR "day time sleep” OR "day time nap" OR "day time napping"
OR "day-time sleep" OR "day-time nap" OR "day-time napping") AND (exercise OR "physical activity"
OR fitness OR "physical performance" OR "sport performance" OR training OR "physical exercise" OR
"athletic performance" OR fatigue OR exertion OR exhaustion)

Scopus:

TITLE-ABS-KEY ( napping OR siesta OR nap OR "nap sleep" OR "nap time" OR "day sleep" OR
"daytime sleep” OR "daytime nap" OR "daytime napping" OR "day time sleep" OR "day time nap"
OR "day time napping" OR "day-time sleep" OR "day-time nap" OR "day-time napping" ) AND
TITLE-ABS-KEY ( exercise OR "physical activity" OR fitness OR "physical performance" OR "sport
performance" OR training OR "physical exercise" OR "athletic performance" OR fatigue OR exertion
OR exhaustion)

Web of Science:

TS=(napping OR siesta OR nap OR "nap sleep" OR "nap time" OR "day sleep" OR "daytime sleep" OR
"daytime nap" OR "daytime napping" OR "day time sleep" OR "day time nap" OR "day time napping"
OR "day-time sleep" OR "day-time nap" OR "day-time napping") AND TS=(exercise OR "physical
activity" OR fitness OR "physical performance" OR "sport performance" OR training OR "physical
exercise" OR "athletic performance" OR fatigue OR exertion OR exhaustion)

Cochrane CENTRAL:

( napping OR siesta OR nap OR "nap sleep” OR "nap time" OR "day sleep" OR "daytime sleep" OR
"daytime nap" OR "daytime napping" OR "day time sleep” OR "day time nap" OR "day time napping"
OR "day-time sleep" OR "day-time nap" OR "day-time napping" ) AND ( exercise OR "physical activity"
OR fitness OR "physical performance" OR "sport performance" OR training OR "physical exercise" OR
"athletic performance" OR fatigue OR exertion OR exhaustion) in Title Abstract Keyword - (Word
variations have been searched)

SportDiscus:

AB ( napping OR siesta OR nap OR "nap sleep" OR "nap time" OR "day sleep" OR "daytime sleep" OR
"daytime nap" OR "daytime napping" OR "day time sleep" OR "day time nap" OR "day time napping"
OR "day-time sleep" OR "day-time nap" OR "day-time napping" ) AND AB ( exercise OR "physical
activity" OR fitness OR "physical performance" OR "sport performance" OR training OR "physical
exercise" OR "athletic performance" OR fatigue OR exertion OR exhaustion)

Psycinfo:

AB ( napping OR siesta OR nap OR "nap sleep" OR "nap time" OR "day sleep" OR "daytime sleep" OR
"daytime nap" OR "daytime napping" OR "day time sleep" OR "day time nap" OR "day time napping"
OR "day-time sleep" OR "day-time nap" OR "day-time napping" ) AND AB ( exercise OR "physical
activity" OR fitness OR "physical performance" OR "sport performance" OR training OR "physical
exercise" OR "athletic performance" OR fatigue OR exertion OR exhaustion)
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Table S3. Excluded studies by reason for exclusion (n = 68).

Non stated physically active individuals (n = 18)

1. Albouy, G., et al., Daytime Sleep Enhances Consolidation of the Spatial but Not Motoric Representation of Motor
Sequence Memory. Plos One, 2013. 8(1).

2. Amin, M.M., et al., The effects of a mid-day nap on the neurocognitive performance of first-year medical residents: a
controlled interventional pilot study. Acad Med, 2012. 87(10): p. 1428-1433.

3. Chang, H.J,, et al., Association Between Nap and Reported Cognitive Function and Role of Sleep Debt: A Population-
Based Study. J Clin Neurol, 2022. 18(4): p. 470-477.

4. Du, J., et al., Planning Ability and Alertness After Nap Deprivation: Beneficial Effects of Acute Moderate-Intensity
Aerobic Exercise Greater Than Sitting Naps. Front Public Health, 2022. 10: p. 861923-861923.

5. Fang, Z., et al., Differential Effects of a Nap on Motor Sequence Learning-Related Functional Connectivity Between
Young and Older Adults. Front Aging Neurosci, 2021. 13: p. 747358-747358.

6. Fitzroy, A.B., et al., Encoding and consolidation of motor sequence learning in young and older adults. Neurobiol Learn
Mem, 2021. 185: p. 107508-107508.

7. Korman, M., et al., Daytime sleep condenses the time course of motor memory consolidation. Nat Neurosci, 2007.
10(9): p. 1206-1213.

8. Kubo, T., et al., Impact of nap length, nap timing and sleep quality on sustaining early morning performance. Industrial
Health, 2007. 45(4): p. 552-563.

9. Mograss, M., et al., Exercising before a nap benefits memory better than napping or exercising alone. Sleep, 2020.

10. Monk, T.H., et al., Effects of afternoon "siesta" naps on sleep, alertness, performance, and circadian rhythms in the
elderly. Sleep, 2001. 24(6): p. 680-687.

11. Rosenbloom, T. and E.S. Grossman, Assessment of performance impairment after short naps with and without sleep
inertia. Transportation Research Part F: Traffic Psychology and Behaviour, 2018. 52: p. 1-13.

12. Tietzel, A.J. and L.C. Lack, The recuperative value of brief and ultra-brief naps on alertness and cognitive performance.
Journal of Sleep Research, 2002. 11(3): p. 213-218.

13. Tucker, M.A,, et al., A daytime nap containing solely non-REM sleep enhances declarative but not procedural memory.
Neurobiol Learn Mem, 2006. 86(2): p. 241-247.

14. Ukraintseva, Y.V. and V.B. Dorokhov, Effects of daytime sleep on the consolidation of declarative memory in humans.
Neuroscience and Behavioral Physiology, 2012. 42(7): p. 700-706.

15. Wamsley, E.J., et al., A brief nap is beneficial for human route-learning: The role of navigation experience and EEG
spectral power. Learn Mem, 2010. 17(7): p. 332-336.

16. Watanabe, K., et al., Effects of 90 Min Napping on Fatigue and Associated Environmental Factors among Nurses
Working Long Night Shifts: A Longitudinal Observational Study. International Journal of Environmental Research and
Public Health, 2022. 19(15).

17. Waterhouse, J., et al., The role of a short post-lunch nap in improving cognitive, motor, and sprint performance in
participants with partial sleep deprivation. J Sports Sci, 2007. 25(14): p. 1557-1566.

18. Woud, M.L., et al.,, Does napping enhance the effects of Cognitive Bias Modification-Appraisal training? An
experimental study. PLoS ONE, 2018. 13(2): p. e0192837-€0192837.

Reviews (n = 13)

1. Arakaki FH, Tufik S, Andersen ML. Naps and exercise: reinforcing a range of benefits for elderly health. 2019. p. 886-7.

2. Bonnar D, Bartel K, Kakoschke N, Lang C. Sleep Interventions Designed to Improve Athletic Performance and Recovery:
A Systematic Review of Current Approaches. Sports Med 2018; 48(3): 683-703.

3. Botonis PG, Koutouvakis N, Toubekis AG. The impact of daytime napping on athletic performance - A narrative review.
Scand J Med Sci Sports 2021; 31(12): 2164-77.

4. Dutheil F, Danini B, Bagheri R, et al. Effects of a Short Daytime Nap on the Cognitive Performance: A Systematic Review
and Meta-Analysis. Int J Environ Res Public Health 2021; 18(19).

MesasAE, et al. Br J Sports Med 2023;0:1-11. doi: 10.1136/bjsports-2022-106355



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Br J Sports Med

5. Fullagar HHK, Duffield R, Skorski S, Coutts AJ, Julian R, Meyer T. Sleep and recovery in team sport: Current sleep-related
issues facing professional team-sport athletes. International Journal of Sports Physiology and Performance 2015; 10(8):
950-7.

6. Gupta L, Morgan K, North C, Gilchrist S. Napping in high-performance athletes: Sleepiness or sleepability? Eur J Sport
Sci 2021; 21(3): 321-30.

7. Lastella M, Halson SL, Vitale JA, Memon AR, Vincent GE. To Nap or Not to Nap? A Systematic Review Evaluating Napping
Behavior in Athletes and the Impact on Various Measures of Athletic Performance. Nat Sci Sleep 2021; 13: 841-62.

8. Nedelec M, Halson S, Abaidia A-EE, et al. Stress, Sleep and Recovery in Elite Soccer: A Critical Review of the Literature.
Sports Med 2015; 45(10): 1387-400.

9. Nedelec M, Halson S, Delecroix B, et al. Sleep Hygiene and Recovery Strategies in Elite Soccer Players. Sports Med 2015;
45(11): 1547-59.

10. O'Donnell S, Beaven CM, Driller MW, O’donnell S, Beaven CM, Driller MW. From pillow to podium: a review on
understanding sleep for elite athletes. Nat Sci Sleep 2018; 10: 243-53.

11. Sargent C, Lastella M, Halson SL, Roach GD. The impact of training schedules on the sleep and fatigue of elite athletes.
Chronobiol Int 2014; 31(10): 1160-8.

12. Souabni M, Hammouda O, Romdhani M, Trabelsi K, Ammar A, Driss T. Benefits of Daytime Napping Opportunity on
Physical and Cognitive Performances in Physically Active Participants: A Systematic Review. Sports Med 2021.

13. Walsh NP, Halson SL, Sargent C, et al. Sleep and the athlete: Narrative review and 2021 expert consensus
recommendations. British Journal of Sports Medicine 2021; 55(7): 356-68.

Study design (n =9)

1. Knechtle, B., et al., No Improvement in Race Performance by Naps in Male Ultra-Endurance Cyclists in a 600-km Ultra-
Cycling Race. Chinese Journal of Physiology, 2012. 55(2): p. 125-133.

2. Kong, L., Y. Cui, and Q. Gong, Duration of Daytime Napping Is Related to Physical Fitness among Chinese University
Students. Int J Environ Res Public Health, 2022. 19(22).

3. Lastella, M., et al., The impact of training load on sleep during a 14-day training camp in elite, adolescent, female
basketball players. International Journal of Sports Physiology and Performance, 2020. 15(5): p. 724-730.

4. Lubin, A, et al., Effects of exercise, bedrest and napping on performance decrement during 40 hours. Psychophysiology,
1976. 13(4): p. 334-339.

5. O'Donnell, S., C.M. Beaven, and M. Driller, The Influence of Match-Day Napping in Elite Female Netball Athletes. Int J
Sports Physiol Perform, 2018. 13(9): p. 1143-1148.

6. Pelka, M., et al., How Does a Short, Interrupted Recovery Break Affect Performance and How Is It Assessed? A Study on
Acute Effects. Int J Sports Physiol Perform, 2017. 12(Suppl 2): p. S2114-s2121.

7. Rachiwong, S. and B. Benjapalakorn, A 10-Minute Napping Can Help in Recovery in Motor Performance. Journal of
Exercise Physiology Online, 2022. 25(3): p. 70-81.

8. Wei, W. and W. Liu, Sleep Pattern Is Related to Mental Health among Chinese Collegiate Student Athletes. Int J Environ
Res Public Health, 2022. 19(15).

9. Wilson, S.G. and J. Baker, Exploring the relationship between sleep and expertise in endurance sport athletes.
International Journal of Sport and Exercise Psychology, 2021. 19(5): p. 866-881.

No data of interest (n = 8)

1. Ammar, A, et al., The effect of a daytime 60-min nap opportunity on postural control in highly active individuals. Biol
Sport, 2021. 38(4): p. 683-691.

2. Calleja-Gonzalez, J., et al., Recovery strategies for sports performance in the spanish professional basketball league
(Acb). Cultura, Ciencia y Deporte, 2021. 16(49): p. 411-424.

3. Gattoni, C., et al., Sleep Deprivation Training to Reduce the Negative Effects of Sleep Loss on Endurance Performance:
a Single Case Study. International journal of sports physiology and performance, 2022. 17(3): p. 499-503.
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4. Keramidas, M.E., et al., A brief pre-exercise nap may alleviate physical performance impairments induced by short-term
sustained operations with partial sleep deprivation—A field-based study. Chronobiology International, 2018. 35(10): p.
1464-1470.

5. Peng, L., et al., Effects of Midday Nap Duration on Nighttime Sleep Quality in Elite Athletes. Journal of Tianjin Institute
of Sport / Tianjin Tiyu Xueyuan Xuebao, 2018. 33(3): p. 224-229.

6. Romdhani, M., et al., Total Sleep Deprivation and Recovery Sleep Affect the Diurnal Variation of Agility Performance:
The Gender Differences. Journal of strength and conditioning research, 2021. 35(1): p. 132-140.

7. Romyn, G., et al., Daytime naps can be used to supplement night-time sleep in athletes. Chronobiol Int, 2018. 35(6): p.
865-868.

8.Yagin, F.H., et al., A Thirty-Minute Nap Enhances Performance in Running-Based Anaerobic Sprint Tests during and after
Ramadan Observance. International journal of environmental research and public health, 2022. 19(22).

Participants younger than 18 years (n = 8)

1. Harris, A., et al., A Comparative Study of Sleep and Mood Between Young Elite Athletes and Age-Matched Controls. J
Phys Act Health, 2017. 14(6): p. 465-473.

2. Lolli, L., et al., An objective description of routine sleep habits in elite youth football players from the Middle-East. Sleep
Medicine, 2021. 80: p. 96-99.

3. Luke, A., et al., Sports-related injuries in youth athletes: is overscheduling a risk factor? Clin J Sport Med, 2011. 21(4):
p. 307-314.

4. Maier, J.G., et al., Brief periods of NREM sleep do not promote early offline gains but subsequent on-task performance
in motor skill learning. Neurobiology of Learning and Memory, 2017. 145: p. 18-27.

5. Saito, K., et al., The effects of a short nap during the daytime on the athletic performance of elementary school
basketball players. Japanese Journal of Physical Fitness and Sports Medicine, 2021. 70(3): p. 219-228.

6. Suppiah, H.T., et al., Effects of a Short Daytime Nap on Shooting and Sprint Performance in High-Level Adolescent
Athletes. International Journal of Sports Physiology and Performance, 2019. 14(1): p. 76-82.

7. Suppiah, H.T., et al., Sleep Characteristics of Elite Youth Athletes: A Clustering Approach to Optimize Sleep Support
Strategies. Int J Sports Physiol Perform, 2021: p. 1-9.

8. T5RE FlIZE, et al., The effects of a short nap during the daytime on the athletic performance of elementary school
basketball players. Japanese Journal of Physical Fitness and Sports Medicine, 2021. 70(3): p. 219-228.

Non eligible publications (n = 7)

1. Ando, K., et al., Effects of Nap After Morning Exercise on Afternoon Performance and Overnight Sleep in Athletes.
Medicine and Science in Sports and Exercise, 2019. 51(6): p. 752-752.

2. Driss, T., et al., Diurnal nap could enhance recovery process and counteract the negative effect of partial sleep
deprivation on physical and cognitive performances. Acta Physiologica, 2021. 233.

3. Petretta, A., et al.,, The Effect Of Nap Duration On Sleep Inertia, Muscle Strength, And 3-km Cycling Time Trial
Performance. Medicine and Science in Sports and Exercise, 2020. 52(17): p. 501-501.

4. Romyn, G., et al., SPRINT ABILITY AND REACTION TIME FOLLOWING A 2-HOUR NAP IN SOCCER PLAYERS. Sleep, 2017.
40: p. A71-A71.

5. Romyn, G., et al., Readiness To Perform, Sprint Ability, And Reaction Time Following A 2-hour Nap In Soccer Players.
Medicine and Science in Sports and Exercise, 2017. 49(5): p. 570-570.

6. Tanabe, K., K. Nakazato, and S. Noi, NINETY-MINUTE RECOVERY NAP FOLLOWING AEROBIC EXERCISE IMPROVES
EXECUTIVE FUNCTION IN MALE COLLEGIATE STUDENTS. Sleep, 2019. 42.

7. Willmer, F., et al., Napping improves wakefulness in athletes but has less influence on endurance performance. Sleep
medicine, 2022. 31: p. S181--5181-.

Duplicated data from other study (n = 5)

1. Boukhris, O., et al., Performance, muscle damage, and inflammatory responses to repeated high-intensity exercise
following a 40-min nap. Res Sports Med, 2021: p. 1-18.
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2. Boukhris, O., et al., Physiological response and physical performance after 40 min and 90 min daytime nap
opportunities. Res Sports Med, 2022: p. 1-14.

3. Romdhani, M., et al., The Effect of Experimental Recuperative and Appetitive Post-lunch Nap Opportunities, With or
Without Caffeine, on Mood and Reaction Time in Highly Trained Athletes. Front Psychol, 2021. 12: p. 720493.

4. Romdhani, M., et al., The effect of caffeine, nap opportunity and their combination on biomarkers of muscle damag¢
and antioxidant defence during repeated sprint exercise. Biology of Sport, 2022. 39(4): p. 1033-1042.

5. Romdhani, M., et al., Caffeine Use or Napping to Enhance Repeated Sprint Performance After Partial Sleep Deprivation
Why Not Both? Int J Sports Physiol Perform, 2021. 16(5): p. 711-718.
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Table S4. Specific tests used in each study for each outcome analyzed.

Authors, Year Cognitive Performance Physical Performance Fatigue
Abdessalem et al., Digit cancellation test 5 m shuttle run test [to determine Rating of
2019 best distance (BD), total distance perceived

(TD)]

exertion (RPE)

Ajjimaporn et al., Auditory reaction time Running-based Anaerobic Sprint Test | RPE

2020 (RAST), Isometric leg strength test

Blanchfield et al., None Endurance performance: Time to Brunel Mood

2018 exhaustion (TTE) at 90% VO,max Scale
(BRUMS),
item fatigue

Boukhris et al., 2019 None 5 m shuttle run test [to determine RPE and

best distance (BD), total distance
(TD)]

Fatigue index

Boukhris et al., 2020

Digit cancellation test

5-m shuttle run test (BD and TD), and
the maximal voluntary isometric
contraction (MVIC) test

RPE and
Fatigue index

Boukhris et al., 2022 None 5 m shuttle run test [to determine RPE and
great distance (GD), total distance Fatigue index
(TD)]

Brotherton et al., Alertness Submaximal weightlifting RPE, tiredness

2018

performance (one-repetition
maximum (1RM) for bench press and
inclined leg press)

Daaloul et al., 2018

Alertness, simple reaction time,
mental rotation test and lower
reaction test

Squat jump (SJ), counter movement
jump (CMJ), KST

Fatigue (O-
100 VAS)

Hammouda et al.,

None

Running-based anaerobic sprint test

Fatigue index

2018 (results
unavailable)
Hsouna et al., 2019 Digit cancellation test 5-jump test The Hooper

questionnaire

Hsouna et al., 2020a Digit cancellation test 5 m shuttle run test RPE
Hsouna et al., 2020b Digit cancellation test 5 m shuttle run test RPE
Hsouna et al., 2022 None 5 m shuttle run test RPE
Petit et al., 2014 None Wingate test Fatigue index
Petit et al., 2018 P300, an Auditory Event-related None None

potentials (ERP), subjective

alertness (VAS) and an

Attentional Performance (TAP-

M): alertness, divided attention,

sustained attention, visual

scanning, flexibility and

distractibility)
Romdhani et al., 2020 | Simple reaction time, Multi- Running-Based Anaerobic Sprint Test | RPE and

choice reaction time

(RAST)

Fatigue index

Romdhani et al., 2021 | Multi-choice reaction time (s) Running-Based Anaerobic Sprint Test | None
(RAST)
Romyn et al., 2022 Response time 3-m split, 5-m split, 10-m print, agility | Perceived
exertion
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Souabni et al., 2022

None

Defensive (DA) and offensive (OA)
agility, upper body power (UBP),
Shooting skills test (SST)

RPE and
Fatigue index

Souissi et al., 2020

Simple reaction time

5-m shuttle run test

Fatigue index

Tanabe et al. 2018 Simple reaction time, Multi- Grip strength (right and left hands), None
choice reaction time, Modified Back strength, Wingate test (mean
flanker task and peak power)

Yamamoto and None Exercise duration RPE

Hayashi, 2006
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Table S5. Analysis of the distribution of outcomes according to mean (x), standard deviation (sd)
and x/sd ratio in the intervention (Nap) and control (No-nap) groups.

ratio

Romdhani et al, 2021 14 20 min |COGN| MCRT Hkk ol

Abdessalem et al, 2019 18 25 min |COGN| NCORR | 69.00 |11.00| 6.27 | 65.00 | 9.00 7.22

Hsouna et al, 2019 20 25min |COGN| NCR 67.80 | 3.30 | 20.55| 65.00 | 3.20 | 20.31
Hsouna et al, 2020a 12 25min |COGN| DCT 65.60 |11.40| 5.75 | 65.80 | 10.00 6.58
Daaloul et al, 2019 13 30 min |COGN| ALERT 7.10 1.30 | 5.46 5.60 2.20 2.55

Daaloul et al, 2019 13 30min [COGN| SRT | 278.70 | 24.90 |11.19 | 21.00 | 8.00 2.63

Daaloul et al, 2019 13 30 min |COGN| MRT 21.00 | 8.00 | 2.63 | 20.80 | 8.40 2.48
Soussi et al, 2020 14 30min [COGN| VIGIL | 71.50 | 1.10 | 65.00 | 68.60 | 1.00 | 68.60
Soussi et al, 2020 14 30 min |COGN| REACT 0.31 0.01 | 61.00 | 0.28 0.01 46.33
Tanabe et al, 2020 7 30 min |COGN| SRT 307.40 | 21.90 | 14.04 | 283.00 | 14.90 | 18.99
Tanabe et al, 2020 7 30min |[COGN| MRT | 381.10 | 43.20 | 8.82 | 348.00 | 24.60 | 14.15
Hsouna et al, 2019 20 35min |COGN| NCR 69.80 | 3.30 |21.15| 65.00 | 3.20 20.31
Hsouna et al, 2020b 14 35min |COGN | ATTS 67.64 | 2.78 |24.33| 64.50 | 2.52 25.60
Boukhris et al, 2020 14 40 min |COGN | ATTS 85.00 |12.00| 7.08 | 79.00 |11.00 7.18
Boukhris et al, 2020 14 40 min |COGN| MVIC | 812.00 {100.00| 8.12 | 769.00 | 94.00 8.18
Hsouna et al, 2019 20 45 min [COGN| NCR 71.00 | 3.50 |20.29 | 65.00 | 3.20 | 20.31
Romyn et al, 2022 12 60 min |COGN| RESPT | 224.00 | 28.28 | 7.92 | 217.00 | 17.67 | 12.28
Tanabe et al, 2020 7 60 min |COGN| SRT 307.40 | 21.90 | 14.04 | 284.80 | 7.60 37.47
Tanabe et al, 2020 7 60 min |COGN| MRT | 381.10 | 43.20 | 8.82 | 365.90 | 14.30 | 25.59
Boukhris et al, 2020 14 90 min |COGN | ATTS 87.00 |13.00| 6.69 | 79.00 |11.00 7.18
Boukhris et al, 2020 14 90 min |COGN| MVIC | 843.00 |102.00| 8.26 | 769.00 | 94.00 | 8.18
Romdhani et al, 2021 14 90 min |COGN| MCRT FEx *Ex

Tanabe et al, 2020 7 90 min |COGN| SRT 307.40 | 21.90 | 14.04 | 289.70 | 14.30 | 20.26
Tanabe et al, 2020 7 90 min |COGN| MRT | 381.10 |43.20 | 8.82 | 353.10 | 24.70 | 14.30
Romyn et al, 2022 12 120 min | COGN | RESPT | 202.00 | 22.98 | 8.79 | 217.00 | 17.67 | 12.28
Yamamoto and Hayashi, 2006 10 10 min | PHYS | EXDUR |1013.00|108.00 9.38 | 986.00 {104.00| 9.48
Blanchfield et al, 2018 11 20 min | PHYS | RTTE | 596.00 |148.00| 4.03 | 589.00 (216.00| 2.73
Petit et al, 2014 16 20 min | PHYS PP 1023.34|210.90| 4.85 |1014.44|161.30| 6.29
Petit et al, 2014 16 20 min | PHYS MP 713.36 |110.10| 6.48 | 708.86 | 93.20 7.61
Romdhani et al, 2021 14 20 min | PHYS | PMAX Fkx *Ex

Romdhani et al, 2021 14 20 min | PHYS | PMEAN Hkk Hkx

Abdessalem et al, 2019 18 25 min | PHYS D 724.00 | 62.00 | 11.68 | 697.00 | 74.00 9.42
Abdessalem et al, 2019 18 25 min | PHYS HD 134.00 | 14.00 | 9.57 | 126.00 | 14.00 9.00
Boukhris et al, 2019 17 25 min | PHYS BD 134.10 | 13.40| 10.01 | 126.40 | 13.60 9.29
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Boukhris et al, 2019 17 25 min | PHYS D 719.90 | 65.50 | 10.99 | 697.10 | 74.10 9.41
Boukhris et al, 2022 15 25 min | PHYS GD 135.00 | 3.00 | 45.00 | 126.00 | 3.00 | 42.00
Boukhris et al, 2022 15 25 min | PHYS TD 720.00 | 18.00 | 40.00 | 694.00 | 20.00 | 34.70
Hsouna et al, 2019 20 25 min | PHYS | AS5JT 2.74 0.04 | 68.50 | 2.67 0.05 53.40
Hsouna et al, 2020a 12 25 min | PHYS TD 736.00 | 16.00 | 46.00 | 718.00 | 15.00 | 47.87
Hsouna et al, 2020a 12 25 min | PHYS BD 135.00 | 4.00 | 33.75| 130.00 | 3.00 43.33
Daaloul et al, 2019 13 30 min | PHYS SJ 39.00 | 5.20 | 7.50 | 39.60 | 4.40 9.00
Daaloul et al, 2019 13 30 min | PHYS cMmJ 4230 | 5.20 | 8.13 | 42.70 | 4.20 10.17
Soussi et al, 2020 14 30 min | PHYS D 747.00 | 3.00 (249.00| 743.00 | 3.00 | 247.67
Soussi et al, 2020 14 30 min | PHYS PD 142.60 | 1.50 | 95.07 | 139.10 | 1.50 | 92.73
Tanabe et al, 2020 7 30 min | PHYS | GSRH 47.10 | 7.30 | 6.45 | 47.10 | 5.80 8.12
Tanabe et al, 2020 7 30min | PHYS | GSLH | 43.70 | 5.50 | 7.95 | 44.60 | 7.00 6.37
Tanabe et al, 2020 7 30 min | PHYS BS 143.50 | 28.30 | 5.07 | 141.40 | 26.90 5.26
Tanabe et al, 2020 7 30 min | PHYS | WTMP | 634.90 | 96.60 | 6.57 | 625.00 | 76.70 8.15
Tanabe et al, 2020 7 30 min | PHYS | WTPP | 841.90 |139.60| 6.03 | 816.60 | 91.10 | 8.96
Boukhris et al, 2019 17 35 min | PHYS BD 131.10 | 7.80 | 16.81 | 126.40 | 13.60 9.29
Boukhris et al, 2019 17 35 min | PHYS TD 720.50 | 52.20 | 13.80 | 697.10 | 74.10 9.41
Hsouna et al, 2019 20 35 min | PHYS | ASS5IT 2.77 0.05 | 55.40 | 2.67 0.05 53.40
Hsouna et al, 2020b 14 35 min | PHYS D 718.00 | 14.00 | 51.29 | 684.00 | 20.00 | 34.20
Hsouna et al, 2020b 14 35min | PHYS BD 129.00 | 2.00 | 64.50 | 124.00 | 3.00 | 41.33
Boukhris et al, 2020 14 40 min | PHYS HD 139.00 | 11.00 | 12.64 | 129.00 | 6.00 21.50
Boukhris et al, 2020 14 40 min | PHYS TD 759.00 | 71.00 | 10.69 | 704.00 | 37.00 | 19.03
Hsouna et al, 2022 12 40 min | PHYS TD 702.00 | 11.00 | 63.82 | 640.00 | 10.00 | 64.00
Hsouna et al, 2022 12 40 min | PHYS BD 126.00 | 1.00 |126.00| 116.00 | 2.00 58.00
Souabni et al, 2022 12 40 min | PHYS DA 562 | 0.06 [93.67| 6.00 | 0.04 | 150.00
Souabni et al, 2022 12 40 min | PHYS OA 8.48 0.08 |106.00| 8.72 0.14 62.29
Souabni et al, 2022 12 40 min | PHYS UBP 6.91 0.25 | 27.64| 6.52 0.23 28.35
Souabni et al, 2022 12 40 min | PHYS SST 87.00 | 9.00 | 9.67 | 86.00 |10.00 8.60
Boukhris et al, 2019 17 45 min | PHYS BD 139.60 | 15.90 | 8.78 | 126.40 | 13.60 9.29
Boukhris et al, 2019 17 45 min | PHYS D 755.10 | 63.30 | 11.93 | 697.10 | 74.10 9.41
Boukhris et al, 2022 15 45 min | PHYS GD 140.00 | 4.00 | 35.00 | 126.00 | 3.00 42.00
Boukhris et al, 2022 15 45 min | PHYS TD 758.00 | 14.00 | 54.14 | 694.00 | 20.00 | 34.70
Hsouna et al, 2019 20 45 min | PHYS | ASS5IT 2.78 0.06 | 46.33 | 2.67 0.05 53.40
Romyn et al, 2022 12 60 min | PHYS | 3MSPL | 0.83 0.09 | 9.22 0.81 0.08 10.13
Romyn et al, 2022 12 60 min | PHYS | 5MSPL | 1.18 | 0.09 |13.11| 1.18 | 0.07 | 16.86
Romyn et al, 2022 12 60 min | PHYS | 10MSPL| 1.98 0.08 | 24.75| 1.97 0.09 21.89
Romyn et al, 2022 12 60 min | PHYS | AGYL 2.45 0.11 | 22.27 | 2.47 0.11 22.45
Tanabe et al, 2020 7 60 min | PHYS | GSRH 47.40 | 7.60 | 6.24 | 47.10 | 5.80 8.12
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Tanabe et al, 2020 7 60 min | PHYS | GSLH 4320 | 5.80 | 7.45 | 44.60 | 7.00 6.37
Tanabe et al, 2020 7 60 min | PHYS BS 142.90 | 24.70 | 5.79 | 141.40 | 26.90 5.26
Tanabe et al, 2020 7 60 min | PHYS | WTMP | 625.90 | 65.90 | 9.50 | 625.00 | 76.70 8.15
Tanabe et al, 2020 7 60 min | PHYS | WTPP | 817.30 | 97.10 | 8.42 | 816.60 | 91.10 8.96
Boukhris et al, 2020 14 90 min | PHYS HD 142.00 | 13.00 | 10.92 | 129.00 | 6.00 | 21.50
Boukhris et al, 2020 14 90 min | PHYS D 793.00 | 64.00 | 12.39 | 704.00 | 37.00 | 19.03
Romdhani et al, 2021 14 90 min | PHYS | PMAX Hkx oAk
Romdhani et al, 2021 14 90 min | PHYS | PMEAN FEx *Ex
Tanabe et al, 2020 7 90 min | PHYS | GSRH 48.40 | 6.30 | 7.68 | 47.10 | 5.80 8.12
Tanabe et al, 2020 7 90 min | PHYS | GSLH 4540 | 5.10 | 890 | 44.60 | 7.00 6.37
Tanabe et al, 2020 7 90 min | PHYS BS 150.00 | 27.70 | 5.42 | 141.40 | 26.90 5.26
Tanabe et al, 2020 7 90 min | PHYS | WTMP | 628.10 | 69.00 | 9.10 | 625.00 | 76.70 | 8.15
Tanabe et al, 2020 7 90 min | PHYS | WTPP | 831.90 (105.80| 7.86 | 816.60 | 91.10 8.96
Romyn et al, 2022 12 120 min | PHYS | 3MSPL 0.82 0.07 | 11.71| 0.81 0.08 10.13
Romyn et al, 2022 12 |120 min| PHYS | 5MSPL | 1.20 | 0.08 | 15.00| 1.18 | 0.07 | 16.86
Romyn et al, 2022 12 120 min | PHYS | 10MSPL| 1.99 0.08 | 24.88 | 1.97 0.09 21.89
Romyn et al, 2022 12 120 min | PHYS | AGYL 2.48 0.11 | 22.55| 2.47 0.11 22.45

Yamamoto and Hayashi, 2006 10 10 min | FATG RPE 15.40 | 1.00 |15.40| 17.20 | 0.60 28.67

Blanchfield et al, 2018 11 20 min | FATG | FATGB 2.80 1.80 | 1.56 2.20 1.90 1.16
Petit et al, 2014 16 20 min | FATG Fl 53.96 | 8.70 | 6.20 | 53.92 | 7.40 7.29
Abdessalem et al, 2019 18 25 min | FATG RPE 4.40 1.60 | 2.75 4.70 1.20 3.92
Boukhris et al, 2019 17 25 min | FATG FI 13.30 | 6.00 | 2.22 | 11.70 | 3.20 3.66
Boukhris et al, 2019 17 25 min | FATG RPE 4.80 1.50 | 3.20 4.60 1.10 4.18
Boukhris et al, 2022 15 25 min | FATG FI 13.40 | 1.60 | 8.38 | 11.90 | 0.90 13.22
Boukhris et al, 2022 15 25 min | FATG RPE 5.00 0.30 | 16.67 | 4.70 0.30 15.67
Hsouna et al, 2019 20 25 min | FATG | FATG 4.05 0.20 | 20.25| 4.50 0.30 15.00
Hsouna et al, 2020a 12 25 min | FATG FI 12.30 | 1.40 | 879 | 11.20 | 0.90 12.44
Hsouna et al, 2020a 12 25 min | FATG RPE 4.83 1.31 | 3.69 4.54 0.73 6.22
Daaloul et al, 2019 13 30 min | FATG | FATG 4.10 1.20 | 3.42 4.40 0.80 5.50
Soussi et al, 2020 14 30 min | FATG Fl 11.00 | 0.90 |12.22 | 14.00 | 0.60 | 23.33
Boukhris et al, 2019 17 35min | FATG | FATG 10.50 | 5.80 |1.81* | 11.70 | 3.20 3.66
Boukhris et al, 2019 17 35min | FATG RPE 4.60 1.20 | 3.83 4.60 1.10 4.18
Hsouna et al, 2019 20 35min | FATG | FATG 3.95 0.28 | 14.11| 4.50 0.30 15.00
Hsouna et al, 2020b 14 35 min | FATG FI 10.40 | 1.60 | 6.50 | 11.70 | 0.90 13.00
Hsouna et al, 2020b 14 35 min | FATG RPE 4.22 0.18 | 23.44| 4.59 0.28 16.39
Boukhris et al, 2020 14 40 min | FATG FI 12.00 | 4.00 | 3.00 | 15.00 | 4.00 3.75
Hsouna et al, 2022 12 40 min | FATG FI 13.60 | 1.60 | 850 | 15.00 | 1.40 10.71
Hsouna et al, 2022 12 40 min | FATG RPE 4.62 0.17 | 27.18 | 5.65 0.19 29.74
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Souabni et al, 2022 12 40 min | FATG | FATG 1.00 1.54 |0.65**| 0.50 1.34 | 0.37**
Souabni et al, 2022 12 40 min | FATG RPE 10.30 | 1.30 | 7.92 | 11.00 | 2.00 5.50
Boukhris et al, 2019 17 45 min | FATG FI 10.80 | 2.40 | 450 | 11.70 | 3.20 3.66
Boukhris et al, 2019 17 45 min | FATG RPE 3.70 1.10 | 3.36 4.60 1.10 4.18
Boukhris et al, 2022 15 45 min | FATG FI 10.70 | 0.60 |17.83 | 11.90 | 0.90 13.22
Boukhris et al, 2022 15 45 min | FATG RPE 3.90 0.30 | 13.00 | 4.70 0.30 15.67
Hsouna et al, 2019 20 45 min | FATG | FATG 3.30 0.33 | 10.00 | 4.50 0.30 15.00
Romyn et al, 2022 12 60 min | FATG | PEREX | 12.00 | 2.30 | 5.22 | 11.20 | 2.30 4.87
Boukhris et al, 2020 14 90 min | FATG FI 10.00 | 3.00 | 3.33 | 15.00 | 4.00 3.75
Romyn et al, 2022 12 120 min | FATG | PEREX | 13.20 | 1.94 | 6.80 | 11.20 | 2.30 4.87

*Boukhris et al, 2019: FI: The Shapiro—Wilk test revealed that sleep quality, RPE, Fl, and BD data were normally distributed.

**Souabni et al, 2022: FATG: The Shapiro—Wilk W-test revealed that ESS, RPE, HR mean, HR peak, SST, Hooper’s fatigue and
total score were normally distributed.

***Romdhani et al, 2021: The Shapiro—Wilks revealed that data were normally distributed. The authors directly reported the
MD (95% Cl) between the N20 or N90 and No-Nap groups.
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Table S6. Recommendations for future studies on the effect of daytime napping on sport

performance and fatigue.

Study
Characteristic

Recommendations

Population

Considering gender differences in sleep,! in addition to the age-related physiological changes for
both sleep and sports practice,? 3 it is essential to conduct studies in both genders and at older
ages. Furthermore, although sample size calculations were presented in most of the studies, the
sample sizes were generally small (between 7 and 20 participants), which has led to an increase in
the measures of dispersion (i.e., compatibility interval, standard deviation) and small sample
bias.? Therefore, it is recommended to use more conservative parameters for sample size
calculation, such as those found in the results of this review, ensuring an increase in the statistical
power to detect differences. This is particularly important in studies with professional athletes, in
whose margin of improvement in sports performance is minimal.

Exposure
(napping)

Future studies on this topic should use PSG to assess napping, the gold-standard method for sleep
assessment. This would be useful not only to confirm that the participant has slept but also to
assess the architecture of the sleep period.5 In addition, both the timing of the nap (or of the
activities in the control group) and its duration are parameters to be noted. The optimal time to
assess napping seems to be after lunch and the sports activities in the afternoon or evening.
Although the usual time of the available studies was at 2 p.m., it is not reasonable to fix this time
as a recommendation because lunch time can vary according to cultural, labor and geographical
aspects. Regarding nap duration, it is recommended to evaluate at least two different durations
so that it can be assessed whether there is a dose—response effect, in addition to a ceiling effect
(i.e., a limit from which to increase the duration of the nap does not lead to additional benefits).

Outcomes

(sport
performance)

In addition to considering the most appropriate tests for this purpose in each sport modality, it
would be useful for future meta-analyses to also measure performance according to frequently
used tests, such as the 5-m shuttle run test for physical performance, the digital cancellation test
to measure cognitive performance, and the fatigue index to measure perceived fatigue.
Specifically, this would allow calculation of the nonstandardized effect of napping on each of
these indicators of sports performance, so that more easily interpretable and practically
applicable measures would be available.

Study design

The crossover controlled clinical trial with randomization of intervention (nap, no nap) has been
the most commonly used design thus far, with a washout time ranging from 1 to 7 days.
Considering that circadian rhythm dynamics, sleep needs and sports training rhythm may vary
according to the day of the week, a 7-day washout time is recommended in order to minimize the
impact of these variations on the results. On the other hand, considering what was observed in
the meta-regression on the effect of the time between the awakening from the nap and the
sports activity on the results, it seems that 60 minutes is the minimum time necessary to
overcome the feeling of sleep inertia before the test.

Other
recommendations

Despite the increase in costs and methodological complexity, repeating the two phases of the
experiment once or twice with the same participants would make it possible to control the effect
of intraindividual variability, enhancing the robustness of the findings. Finally, considering the
predominance of studies coming from the same country, Tunisia, it is also advisable to carry out
studies on this subject in other countries with different geographical positions, habits and
customs to broaden and reinforce the generalization of the findings.

References cited in this table: (1) Krishnan V, Collop NA. Gender differences in sleep disorders. Curr Opin Pulm Med
2006;12(6):383-9. (2).Cameron AFM, Perera N, Fulcher M. Professional Athletes Have Poorer Sleep Quality and Sleep Hygiene
Compared With an Age-Matched Cohort. Clin J Sport Med 2021;31(6):488-493. (3) Mander BA, Winer JR, Walker MP. Sleep
and Human Aging. Neuron 2017;94(1):19-36. (4) Lin L. Bias caused by sampling error in meta-analysis with small sample sizes.
PLoS One 2018;13(9):e0204056. (5) Rundo JV, Downey R, 3rd. Polysomnography. Handb Clin Neurol 2019;160:381-392.
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Deviations from intended

interventions
- Selection of the reported result

. Low risk
?
Some concerns

‘ High risk

Abdessalem et al, 2019
Ajjimaporn et al, 2020
Blanchfield et al, 2018
Boukhris et al, 2019
Boukhris et al, 2020
Boukhris et al, 2022
Brotherton et al, 2019
Daaloul etal, 2019
Hammouda et al, 2018
Hsouna et al, 2019
Hsouna et al, 2020a
Hsouna et al, 2020b
Hsouna et al, 2022
Petitetal, 2014

Petit et al, 2018
Romdhani et al, 2020
Romdhani et al, 2021
Romyn et al, 2022
Souabni et al, 2022
Souissi et al, 2020

Tanabe et al, 2018
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Figure S1. Risk of bias assessment.
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Figure S2. Publication bias in normal sleep.
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Cognitive performance

Normal Sleep

Partial Sleep Deprivation

Study omitted | Estimate (95% Conf. Interval] Study omitted | Estimate [(95% conf. Interval]
Petit et al, 2018 | +74375463 .43189207 1.0556172 Daaloul et al, 2019 | 1.73s54630 ~.14201489  3.6129410
Romdhani et al, 2021 | .65924382 33477163 9837159 Soussi et al, 2020 | 3693747 -.17604518  .9147946
‘Abde alem et al, 2019 | .70954275 .37671140 1.0423741 Romdhani et al, 2020 | 1.6651227 ~.01844214 3.3486876
19 | .67925209 34775278 1.0107514 Brotherton et al, 2019 | 2.0491927 -.48078853  4.5791740
et al 208 | .72851104 40435207 1.0526700 Ajjimapor et al, 2020 | 2.2384744 -04248931  4.4344597
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t al, 2020 | 66482997 33993813 9897217 Combined | 1.6090756 05431541 3.1638359
al, 2019 | .63504827 .32216755 .9479289
a1, 202 | .66002733 33676821 9832864
Boukhris et al, 2020 | .70042694 .36952978 1.0313241
Hsouna et al, 2019 | .61296946 .31379557 .9121433
Romyn et al, 2022 | .71205842 .38344508 1.0406718
Tanabe et al, 2020 | .67885143 35208920  1.0056137
Boukhris et al, 2020 | +69182670 .36128178 1.0223715
Romdhani et al, 2021 | .71725148 +37500557 1.0594975
Tanabe et al, 2020 | .67896575 35034215 1.0075893
Romyn et al, 2022 | .75798857 .45611396  1.0598632
Combined | .68762623 .37451298 1.0007395
Physical performance
Normal Sleep Partial Sleep Deprivation
study omitted | Estimate (95% Conf. Interval) Study omitted | Estimate (95% Conf. Interval)
Petit et al, 2014 1.0320410 1.3591934 Daaloul et al, 2019 | 1.0224391 58049077  1.4643874
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Figure S3. Sensitivity analyses in normal sleep and partial sleep-deprived conditions.
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Meta-Regression

For studies in a normal sleep condition, random effects (Sidik-Jonkman method) meta-regression
models were used to examine whether trial-level covariates (mean age of participants — ranging from
18.3 to 35.0 years—, nap duration — ranging from 10 to 120 —, and time from nap awakening to test —
ranging from 15 to 270 min) influenced heterogeneity.

Meta-regression was not performed with studies in a partial sleep deprivation condition because this
method is not recommended when fewer than 10 studies are available.

Because of the small number of studies, multivariate meta-regression models were not
recommended. Thus, univariate meta-regression models were estimated, as with any linear
regression model, to estimate the proportion of between-trial heterogeneity explained by the model,
as well as the change in the effect size estimate for each 1-unit change in the characteristic included
as a predictor in the model.

The variability explained by each model was tested using the Wald test, and residual heterogeneity
estimates (t, ©, I3, H?) were also calculated for each model. The normality assumption for meta-
regression was checked using bubble plots and residual value Q-Q, as presented in the following pages.
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Outcome: Cognitive performance
Covariate: age (years)

Fixed and Random Effects

Q df p

Omnibus test of Model Coefficients

Test of Residual Heterogeneity

0.722 1 0.396
59.727 16 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate  Standard Error z P
intercept -1.855 2999 -0.619 0.536
edadcont 0.122 0.144  0.850 0.396

Note. Wald test.

Residual Heterogeneity Estimates
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2
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2
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Covariate: nap duration (min)

Fixed and Random Effects

Q df p

Omnibus test of Model Coefficients

Test of Residual

Heterogeneity

1.705 1 0.192
58.534 16 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients
Estimate  Standard Error z p
intercept 1.027 0.305 3.366 <.001
napdur -0.007 0.005 -1.306 0.192
Note. Wald test.
Residual Heterogeneity Estimates
Estimate
s 0.302
T 0.550
12 (%) 70.333
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Covariate: time from nap awakening to test (min)

Fixed and Random Effects

Q df p

4.063 1 0.044
56.042 16 <.001

Omnibus test of Model Coefficients
Test of Residual Heterogeneity

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate Standard Error z p
intercept 0.172 0.299 0.576 0.564
washout 0.005 0.003 2.016 0.044

Note. Wald test.

Residual Heterogeneity Estimates

Estimate
@ 0.289
0.537
12 (%) 69.760
H? 3.307
Diagnostic Plots
Petit et al, 2018 | ] -0.06 [-0.44, 0.32 04
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Outcome: Physical performance

Covariate: age (years)

Fixed and Random Effects

df p

Omnibus test of Model Coefficients

Test of Residual Heterogeneity

0.023 1 0.880
238.659 25 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate

Standard Error

z

p

intercept
edadcont

0.792
0.013

1.850
0.085

0.428
0.151

0.668
0.880

Note. Wald test.

Residual Heterogeneity Estimates
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Covariate: nap duration (min)

Fixed and Random Effects

Q df p
Omnibus test of Model Coefficients 0.320 1 0.572
Test of Residual Heterogeneity 232.809 25 <.001

Note. p -values are approximate.

Note. The model was estimated using Restricted ML method.

Coefficients

Estimate  Standard Error z p
intercept 1.296 0.474 2.733 0.006
napdur -0.005 0.009 -0.565 0.572

Note. Wald test.

Residual Heterogeneity Estimates
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Covariate: time from nap awakening to test (min)

Fixed and Random Effects

Q

df »p

Omnibus test of Model Coefficients
Test of Residual Heterogeneity

8.241 1 0.004
183.417 25 <.001

Note. p -values are approximate.

Note. The model was estimated using Restricted ML method.

Coefficients
Estimate  Standard Error z p
intercept -0.006 0.422 -0.015 0.988
washout 0.010 0.003 2.871 0.004
Note. Wald test.
Residual Heterogeneity Estimates
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Outcome: Fatigue
Covariate: age (years)

Fixed and Random Effects

Q d  p
Omnibus test of Model Coefficients 0.487 1 0.485
Test of Residual Heterogeneity 197.668 20 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate  Standard Error z p
intercept -2.143 1.970 -1.088 0.277
edadcont 0.062 0.089  0.698 0.485

Note. Wald test.

Residual Heterogeneity Estimates

Estimate
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12 (%) 92.856
H2 13.997
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Covariate: nap duration (min)

Fixed and Random Effects

Q df p
Omnibus test of Model Coefficients 0.250 1 0.617
Test of Residual Heterogeneity 199.523 20 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate  Standard Error z p
intercept -1.027 0.569 -1.803 0.071
napdur 0.006 0.012 0.500 0.617

Note. Wald test.

Residual Heterogeneity Estimates

Estimate
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Covariate: time from nap awakening to test (min)

Fixed and Random Effects

Q df p
Omnibus test of Model Coefficients 3.854 1 0.050
Test of Residual Heterogeneity 191.116 20 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

Coefficients

Estimate  Standard Error z p
intercept 0.334 0.628 0.532 0.595
washout -0.009 0.005 -1.963 0.050

Note. Wald test.

Residual Heterogeneity Estimates

Estimate

© 1.452

T 1.205
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SUPPLEMENTAL MATERIAL

Is daytime napping an effective strategy to improve sport-related cognitive and physical
performance and reduce perceived fatigue? A systematic review and meta-analysis of

randomized controlled trials

Table S1. PRISMA checklist.

Location where

Sect_lon and Item # Checklist item
Topic -

item is reported

TITLE
Title 1 | Identify the report as a systematic review. Title page (p.1)
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. p.2
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing p.4-5
knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the | p.5
review addresses.
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how | p. 5-6
studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference | p.5
sources lists and other sources searched or consulted to identify studies.
Specify the date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and Table S2
websites, including any filters and limits used. (Supplementary
material)
Selection 8 | Specify the methods used to decide whether a study met the p. 6-7
process inclusion criteria of the review, including how many reviewers
screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation
tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including p. 6-7
process how many reviewers collected data from each report, whether
they worked independently, any processes for obtaining or
confirming data from study investigators, and if applicable, details
of automation tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify p.7-8
whether all results that were compatible with each outcome
domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which
results to collect.
10b | List and define all other variables for which data were sought (e.g. | p.7-8
participant and intervention characteristics, funding sources).
Describe any assumptions made about any missing or unclear
information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included p.7
assessment studies, including details of the tool(s) used, how many reviewers
assessed each study and whether they worked independently, and
if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, p. 89

mean difference) used in the synthesis or presentation of results.
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Synthesis 13a | Describe the processes used to decide which studies were eligible p. 89
methods for each synthesis (e.g. tabulating the study intervention
characteristics and comparing against the planned groups for each
synthesis (item #5)).
13b | Describe any methods required to prepare the data for p. 89
presentation or synthesis, such as handling of missing summary
statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results p. 89
of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a p. 89
rationale for the choice(s). If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of p. 89
heterogeneity among study results (e.g. subgroup analysis, meta-
regression).
13f | Describe any sensitivity analyses conducted to assess robustness p. 10
of the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing p. 10
assessment results in a synthesis (arising from reporting biases).
Certainty 15 | Describe any methods used to assess certainty (or confidence) in p. 8-10
assessment the body of evidence for an outcome.
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the p. 10-11 and
number of records identified in the search to the number of Figure 1
studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but Table S3
which were excluded, and explain why they were excluded. (Supplementary
material)
Study 17 | Cite each included study and present its characteristics. p. 11, Table 1 and
characteristics Table S4
(Supplementary
material)
Risk of bias in 18 | Present assessments of risk of bias for each included study. Figure S1
studies (Supplementary
material)
Results of 19 | For all outcomes, present, for each study: (a) summary statistics Figures 2 and 3,
individual for each group (where appropriate) and (b) an effect estimate and | and Table S5
studies its precision (e.g. confidence/credible interval), ideally using (Supplementary
structured tables or plots. material)
Results of 20a | For each synthesis, briefly summarize the characteristics and risk p. 12
syntheses of bias among contributing studies.
20b | Present results of all statistical syntheses conducted. If meta- p. 11, Tables 2 and
analysis was done, present for each the summary estimate and its | 3
precision (e.g. confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c | Present results of all investigations of possible causes of p. 11, Figures 2, 3
heterogeneity among study results. and 4
20d | Present results of all sensitivity analyses conducted to assess the p. 12 and Figure S3
robustness of the synthesized results. (Supplementary
material)
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Reporting biases 21 | Present assessments of risk of bias due to missing results (arising p. 12-13
from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of p. 11, Figures 2 and
evidence evidence for each outcome assessed. 3
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of p. 13-14
other evidence.
23b | Discuss any limitations of the evidence included in the review. p.17-18
23c | Discuss any limitations of the review processes used. p.17-18

23d | Discuss implications of the results for practice, policy, and future | p. 13-19 and Table S6

research. (Supplementary
material)
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including p.5
protocol register name and registration number, or state that the review

was not registered.

24b | Indicate where the review protocol can be accessed, or state p.5
that a protocol was not prepared.

24c | Describe and explain any amendments to information provided Not applicable
at registration or in the protocol.

Support 25 | Describe sources of financial or non-financial support for the Not applicable
review, and the role of the funders or sponsors in the review.
Competing 26 | Declare any competing interests of review authors. p. 19
interests
Availability of 27 | Report which of the following are publicly available and where Supplementary
data, code and they can be found: template data collection forms; data material: data
other materials extracted from included studies; data used for all analyses; extracted from
analytic code; any other materials used in the review. included studies; and
data used for all
analyses.
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