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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; I’=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.'*”’
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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
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° © 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)
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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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