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Abstract

Background Daytime napping is used by athletes as a strategy to supplement night time sleep and aid physical performance.
However, no meta-analytical overview regarding the impact of napping following a night of normal sleep (7-9 h) on physical
performance is available.

Objective The aim of this study was to evaluate the effect of daytime napping following normal night-time sleep on physical
performance in physically active individuals and athletes.

Methods This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Seven electronic databases (i.e., PubMed, Web of Science,
Scopus, SPORTDiscus, CINAHL, SCIELO, and EBSCOhost) were used to search for relevant studies that investigated the
impact of daytime napping, following normal night-time sleep, on physical performance in physically active individuals
and athletes, published in any language, and available before September 01, 2022. Studies that included assessments of
any physical performance measures were included. QualSyst was used to assess the methodological quality of the studies.
Results Of 18 selected articles, 15 were of strong quality and 3 were of moderate quality. Compared with no-nap conditions,
physically active individuals and athletes who napped experienced an increase in highest distance (effect size [ES] 1.026;
p<0.001) and total distance (ES 0.737; p <0.001), and a decrease in fatigue index (ES 0.839, p=0.008) during the 5-m
shuttle run test (SMSRT). However, napping yielded no effect on muscle force (ES 0.175; p=0.267). No effect of napping
was found in one study that measured sprint performance and in two studies that measured performance during the 30-s
Wingate test. Two of three studies reported an increase in jump performance after napping. Two of three studies reported an
increase in repeated sprints after napping. One study reported an increase in upper-body power performance after napping,
and napping was beneficial for endurance performance in one of two studies.

Conclusion Following normal sleep, napping is beneficial for the performance of the SMSRT, with no significant effect on muscle
force. No firm conclusions can be drawn regarding other physical performance measures due to the limited number of studies.

Daytime napping before afternoon training sessions and/or In order to attain peak performance, optimization of the
competition could be recommended as a way to supplement recovery process is important, with sleep being one of the

night-time sleep as well as enhance athletic performance. cru01f:11 components, especially for athletes [1]. In this con-
text, it has been suggested that athletes may need a greater

Longer naps might be more beneficial in optimizing sleep duration than the general population because of aug-
physical performance. mented physical and mental demands on their bodies, result-
The impact of a diurnal nap may be affected by (i) nap ing from repeated exposure to competition and high-inten-
durations, (ii) time of day of naps, (iii) sleep inertia, and sity training [2]. Indeed, while healthy adults are encouraged
(iv) exercise type. to sleep 7-9 h per night [3], it has been recommended that

athletes obtain 9-10 h of sleep per night for optimal recovery
[4]. Nevertheless, due to several factors, such as training
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early in the morning, late-night competition, bright light
exposure at night, jetlag, high training loads, and/or dis-
turbed sleep before a competition, athletes often do not have
adequate sleep quality and quantity [5—7]. Therefore, while
night-time sleep is often curtailed in athletes, they may seek
to use napping as a strategy to further complement their
night-time sleep.

Importantly, human performance (i.e., tasks that require
concentration, alertness, and attention, as well as physical
tasks that require speed and muscle strength) tends to be
reduced in response to the post-lunch dip phenomenon
[8—=10], which occurs between 13:00 h and 16:00 h, due
to an increase in the tendency to sleep and decreases in
core temperature and vigilance [11]. Therefore, daytime
napping is regarded as a recovery strategy often used to
counteract impaired performances as a consequence of
the post-lunch dip [12]. Moreover, as athletes have been
recommended to get 9-10 h of sleep per night [4], day-
time napping could be used as a prophylactic supplement
to a full night’s sleep to achieve peak performances. The
nap, as a performance/recovery tool, has piqued the inter-
est of sports science researchers as it has several positive
effects, especially in recovery and boosting physical per-
formance [11-14]. In this context, Chtourou et al. [11]
concluded that daytime napping following normal sleep
was beneficial in improving physical performance during
the 5-m shuttle run test (SMSRT). Furthermore, according
to a narrative review by Botonis et al. [12], a diurnal nap
could improve physical performance after a full night's
sleep and could also be a strategy for maintaining physi-
cal performance when sleep loss is faced. Recently, two
systematic reviews on the effect of daytime napping on
physical performance [13, 14] recommended napping to
enhance physical performance following sleep deprivation
or even after a night of normal sleep. Furthermore, the
authors suggested how certain factors, such as the previous
night’s sleep, sleep inertia, nap duration, and/or exercise
type, could influence the effect of napping on physical
performance [13, 14].

Nevertheless, firm conclusions cannot be drawn from
these narrative and systematic reviews as, to our knowl-
edge, no meta-analytical overview regarding the impact
of napping on physical performance is available. There-
fore, a meta-analysis is needed to quantitatively synthe-
size the results of pooled studies, potentially permitting
more meaningful insights with a higher level of evidence
compared with systematic reviews [15, 16]. In addition,
optimization of sleep is considered an imperative element
for athletes, with sleep extension potentially improving
athletic performance [2, 17]. Therefore, it is worthwhile
to gain a better understanding from studies that examined
the impact of napping following a full night’s sleep, rather

than those that have investigated the use of napping after
sleep deprivation or restriction.

Therefore, the purpose of this paper was to systemati-
cally review the expanding evidence base and, where pos-
sible, conduct meta-analyses to investigate the effects of
daytime napping following normal night-time sleep (e.g.,
not sleep restricted or deprived) on athletic performance.
We hypothesized that daytime napping following normal
night-time sleep would enhance physical performance in
physically active individuals and athletes.

2 Methods
2.1 Protocol

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [18, 19]. A protocol
was created in advance and is available upon request from
the corresponding author.

2.2 Eligibility Criteria

Peer-reviewed journal articles, written in any language,
that examined the impact of daytime napping on ath-
letes (i.e., individuals who train regularly ~3 times per
week with the purpose to completed [20]) or physically
active individuals (i.e., those who completed at least
150-300 min moderate-intensity activity or 75—150 min
of vigorous-intensity activity a week for health, fitness, or
recreational purposes [20]), were considered. Descriptive
or review articles, conference proceedings, and articles
based on sleep deprivation or sedentary individuals or
without physical exercise performed after napping were
excluded. However, no restrictions were applied in terms
of study design, setting, country, or time frame. Assess-
ments examining physical performance were included.

2.3 Information Sources and Search

Seven electronic databases (PubMed, Web of Science,
Scopus, SPORTDiscus, CINAHL, SCIELO, and EBSCO-
host) were searched, without applying any time limits or
filters, using the following keywords: [(nap) OR (napping)
OR (daytime nap) OR (daytime sleep) OR (siesta)] AND
[(physically active) OR (physical activity) OR (athletes)]
AND [(sports) OR (sport) OR (performance) OR (ath-
letic performance) OR (physical functional performance)
OR (physical performance) OR (jump performance) OR
(repeated sprint) OR (sprint) OR (sprint performance) OR
(speed) OR (muscle strength) OR (strength) OR (anaerobic
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performance) OR (aerobic performance) OR (power) OR
(physical endurance) OR (endurance) OR (exercise) OR
(high-intensity exercise) OR (repeated high-intensity
exercise)]. Wild-card options (i.e., truncated words) and
medical subject heading (MeSH) terms were also used
where appropriate. Searches were completed on Septem-
ber 01, 2022. In addition, a review of the reference lists of
included studies, as well as citations from other journals,
identified via Google Scholar, was undertaken. Specialists
in the field were also contacted for information on pos-
sible upcoming studies. Furthermore, specific target jour-
nals (i.e., Journal of Sports Sciences, Biological Rhythm
Research, International Journal of Sport Physiology and
Performance, British Journal of Sports Medicine, Euro-
pean Journal of Sport Sciences, Sleep Medicine, Sleep,
International Journal of Environmental Research and Pub-
lic Health, Sports, Chronobiology International, Journal
of Sleep Research, Asian Journal of Sports Medicine)
were hand-searched for relevant manuscripts. Details on
the search strategy used are provided in Table S1 of the
electronic supplementary material (ESM).

2.4 Study Selection

The process for selecting articles is summarized in Fig. 1.
Zotero was used in order to eliminate duplicate arti-
cles recorded in the initial search. Screening of titles and
abstracts of all unique hits were conducted by two authors
(OB and KT) for eligibility, and disagreements were resolved
by consensus. Selected articles were then reviewed fully for
the purpose of finalizing eligibility or exclusion, and reasons
for exclusion were cited.

2.5 Data Collection Process

A pilot-tested extraction form was used in order to collect
data by two authors (OB and KT), and disagreements were
resolved by consensus. Participant characteristics (number,
sex, age, level of practice, and activity), study characteristics
(nap duration, time of day of napping, time between the end
of napping and the exercise), and key findings were included
in the data extracted.

2.6 Quality Assessment

QualSyst was utilized as an assessment tool for the methodo-
logical quality of each study [21]. A 3-point scale (yes=2,
partial=1, no=0) was used to rate the 14 items included in
QualSyst. ‘NA’ was marked for items that were not applicable
to a particular study design. Each article had a summary score,
which was based on the total relevant items divided by the
total possible score. The assessment of studies was conducted

by two authors (OB and KT), and disagreements over ratings
were solved by discussion or by the intervention of a third
author (MD) when necessary. Studies were considered of
strong quality if they scored >75%, moderate quality if they
scored 55%—75%, and weak quality if they scored <55%. The
proportion of lost points for each item was also calculated.

2.7 Meta-analysis

The commercial software Comprehensive Meta-Analysis
(CMA for Windows, version 3, Biostat, Englewood, NJ 2013,
USA) was utilized for the purpose of conducting a meta-
analysis. Random-effects meta-analysis models were used.
According to Cohen, effect sizes (ES) with 95% confidence
intervals (CI) were determined, reflecting standardized differ-
ences in means between no-nap condition and nap condition
for physical performance, that is, highest distance (HD) (i.e.,
the greatest distance covered during a 30-s shuttle), total dis-
tance (TD) (i.e., the total distance covered during the six 30-s
shuttles), fatigue index (FI) during SMSRT, and muscle force.
Effect sizes were considered extremely large (ES >4.0), very
large (ES >2.0), large (ES 1.2-2.0), moderate (ES 0.6-1.2),
small (ES 0.2-0.6), and trivial (ES <0.2) [22]. Statistical het-
erogeneity was assessed by Q [23] and I [24]. Evidence of
substantial heterogeneity was considered when the > value
was > 50% [24]. I value was rated as low (25%), moderate
(50%), and high (75%) statistical heterogeneity [24].

When an article contained a control group (i.e., no-nap)
and more than one nap group (i.e., nap duration), we sepa-
rately labeled each nap group and divided the sample size of
the control group by the number of nap groups [25].

Further stratification, related to the most important char-
acteristics, was conducted to identify potential sources of
variance and heterogeneity; meta-regression analyses investi-
gated quantitative relationships between dependent variables
and covariates. Moderators included population size, age,
level of practice, activity, nap duration, time of day of nap-
ping, and time between the end of napping and the exercise.

The stability of the pooled ES was assessed by sensitiv-
ity analyses computing the impact of excluding individual
studies from the analysis. In addition, in order to confirm
the stability and reliability of the results, a cumulative meta-
analysis, which aims to aggregate accumulating evidence
with additional studies based on their chronological order,
was executed to further ensure the stability and reliability
of the results. Funnel plots examined probable publication
bias, seeking possible asymmetries on visual inspection,
and performing Begg and Mazumdar’s rank correlation test
(Kendall’s S statistic P-Q) [26], Egger’s linear regression
test [27], and Duval and Tweedie’s trim-and-fill test [28]. A
significance level of p < 0.05 was adopted for all analyses.
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Fig.1 PRISMA flow diagram

3 Results
3.1 Study Selection

The initial search resulted in 1210 individual records, of
which 551 remained after excluding duplicates. Then,
25 published articles remained after screening titles and
abstracts (Fig. 1). After a careful review of the 25 full texts,
16 articles were included. A review of reference lists and
related citations identified via Google Scholar added two
further appropriate articles, yielding a total of 18.

3.2 Study Characteristics

A total of 18 studies, comprising 269 participants, were
included in this meta-analysis. The studies were published
between the years 2014 and 2022. The characteristics of the
18 studies are presented in Table 1. The highest number of
participants was 27, in the study of Pelka et al. [29]; numbers
ranged between seven and 27 in the remaining reports. The
average age of participants ranged from 15 to 35 years. Of
all the studies reviewed, only O'Donnell et al. [30] included
female athletes; the remaining studies focused exclusively on
male participants. The study population included physically
active participants who were considered moderately trained
in five studies, and trained athletes in 13 studies. Included

studies focused on the acute impacts of daytime napping
on physical performance (i.e., SMSRT, muscle force, sprint
performance, jump performance, 30-s Wingate test, repeated
sprint, and endurance performance).

3.3 Quality Assessment

Of the 18 selected articles, 15 were of strong quality, and
three were moderate (Table 2). Quality scores for the
included studies ranged from 67.9% (moderate) to 89.3%
(strong). The largest number of points were lost due to
the lack of participants (94.4%) and researchers' blinding
(88.9%), and the lack of control of confounding factors
(44.4%) (Table 2).

3.4 Impacts of Daytime Napping Following Normal
Sleep on Physical Performance

3.4.1 Impacts of Napping on 5-m Shuttle Run Test

3.4.1.1 Highest Distance (HD) Data from seven stud-
ies (n=106 athletes), including 13 comparisons (no-nap
vs nap), were pooled in the meta-analysis [31-37]. Pool-
ing findings yielded a significant positive moderate ES of
1.026 (standard error [SE] 0.157; 95% CI 0.718-1.334;
Z value=6.528; p<0.001; Fig. 2), with non-significant het-
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§ erogeneity (Q=17.157; df=12; p=0.144; ?=30.1%). The
g § § § o ES was translated to a difference in means of 8.2 m (95%
é § § § g CI 5.4-11.1). Visual inspection of the funnel plot (Fig. 3)
@ S “ Z | E showed no evidence of publication bias, a conclusion con-
E £8£8 _ £8 <£§ § firmed by Begg and Mazumdar’s rank correlation test and by
& - e A e - g Egger’s linear regression test (Table 3). Duval and Tweed-
» g = ie’s trim-and-fill test identified two studies to trim and a
é é z é g ‘true ES’ of 1.155. Both sensitivity analysis and cumulative
< = [} = > N . . aqe ey
£ g S _ & & meta-analysis confirmed the reliability and stability of the
% 8 “é\f/ z 3 current findings (Figs. S1, S2, see ESM).
s g 28l g
B % E saly & '
s @ B g g~ == 3 § 3.4.1.2 Total Distance (TD) Data from seven studies
. . “g’ g (n=106 athletes), including 13 comparisons (no-nap vs
E § é . %E -%E s Q nap), were pooled in the meta-analysis [31-37]. Pooling
2Lg8 a= a= E g findings yielded a significant positive moderate ES of
= = g ‘é 0.737 (SE 0.127; 95% CI 0.488-0.985; Z value =5.807;
2 %—g £ § Z p<0.001; Fig. 4), with non-significant heterogeneity
0 = 5% . =
S B2 5 S (Q=11.916; df=12; p=0.452; ’=0%). The ES was
Eg g% g ) g g translated to a difference in means of 38.5 m (95% CI
- g g 18.4-58.6). Visual inspection of the funnel plot (Fig. 5)
§ 2 ° E showed no evidence of publication bias, a conclusion
(<) = .
é g § § ‘QE'S E confirmed by Begg and Mazumdar’s rank correlation test
E%s 3 = ¢ g and by Egger’s linear regression test (Table 3). Duval and
& T z g Tweedie’s trim-and-fill test did not identify any missing
S E £ EN studies. Both sensitivity analysis and cumulative meta-
§ § = = e g analysis confirmed the reliability and stability of the cur-
5 o e . E § rent findings (Figs. S3, S4, see ESM).
228832 |=3 g_ E g 3.4.1.3 Fatigue Index (FI) Data from six studies (n=S88
5S53582 |78 =z S 19 -
25325 23 é © g NG § Q athletes), including 10 comparisons (no-nap vs nap), were
‘ _ . R-? pooled in the meta-analysis [32-37]. Pooling findings
= 8 -5 S yielded a significant, positive, moderate ES of 0.839 (SE
> &2 &8 _ g E 0.316; 95% CI 0.211-1.458; Z value =2.660; p=0.008;
2 £2 EEF 1 § Fig. 6), with significant heterogeneity (Q =40.679; df=9;
< & & E 2 p<0.001; 12=77.9%). The ES was translated to a differ-
5 g 8 8 s £ ence in means of 2.5% (95% CI 1.6-3.5). Visual inspection
=3 o] o] 2 = . . .
23 = = g = of the funnel plot (Fig. 7) showed evidence of publication
== < < 3 E bias, a conclusion confirmed by Begg and Mazumdar’s
7 3 25 rank correlation test and by Egger’s linear regression test
B = - 2 = (Table 3). However, Duval and Tweedie’s trim-and-fill
};0 oy g % § test did not identify any missing study. Both sensitivity
g E analysis and cumulative meta-analysis confirmed the reli-
8 8 2 ability and stability of the current findings (Figs. S5, S6,
@ 5]
o % 2 2 SRS see ESM).
gé’ & 8 é i Meta-regressions showed no impact of age (coef-
2= - - £ g ficient =—0.38; SE 0.35; 95% CI —1.07 to 0.30;
= = N i g Zvalue=—-1.10; p=0.27), level of practice (0=0.09; df=1;
2 § § % 5 @ p=0.76), activity (Q=0.09; df=1; p=0.76), and nap dura-
El e = = & § tion (coefficient=0.01; SE=0.01; 95% CI —0.01 to 0.04,
g = = E < Z value=0.86; p=0.39). However, meta-regressions showed
= 8 2 %‘f § an impact of time between the end of napping and the exer-
2|z § & § ) g é cise (coefficient=0.01; SE=0.007; 95% CI 0.0003-0.027;
= E z 3~ palre Z=2.0; p=0.04).
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Std diff Standard Lower Upper
Study inmeans error Variance limit limit Z-Value p-Value Std diff in means and 95% Cl
Abdessalem et al. [31] (13:00 h) 0.137 0.472 0.223 -0.788 1.061 0.289 0.772 _._
Abdessalem etal. [31] (14:00 m) 0700  0.482  0.232 -0.245 1.645 1.452 0.146 +—Hi—
Abdessalem et al. [31] (15:00 h) 0.659 0.481 0.231 -0.284 1.601 1.370 0.171 -+
Boukhris et al. [32] (25 min) 0.573 0.482 0.233 -0.373 1.518 1.187 0.235 -+
Boukhris et al. [32] (35 min) 0.494 0.480 0.231 -0.447 1436 1.029 0.303 —|—
Boukhris et al. [32] (45 min) 0.858  0.491 0241 -0.105 1.821 1.746 0.081 —il—
Boukhris et al. [33] (40 min) 1.031 0.489 0.240 0.071 1.990 2.105 0.035 ——
Boukhris et al. [33] (90 min) 1.154 0.496 0.246 0.182 2126 2.326 0.020 —i—
Souissi et al. [36] (30 min) 2.333 0.490 0.240 1.373 3.294 4762 0.000 —i—
Boukhris et al. [34] (40 min) 1.242 0.399 0.159 0460 2.023 3.113 0.002 +
Boukhris et al. [35] (40 min) 1.157 0.464 0.215 0.247 2.066 2492 0.013 —il—
Boukhris et al. [35] (90 min) 1.171 0.465 0.216 0260 2.082 2520 0.012 +
Hsouna et al. [37] (40 min) 1.822 0.486 0.236 0870 2.773 3.751 0.000 —ﬂ—
Mean 1.026 0.157 0.025 0.718 1.334 6.528 0.000 ’
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours nap

Fig.2 Forest plot for the impact of daytime napping following normal sleep on highest distance during the 5-m shuttle run test. Std diff standard

difference, CI confidence intervals
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Fig.3 Funnel plot for highest distance during the 5-m shuttle run test showing no evidence of publication bias. Std diff standard difference

3.4.2 Impacts of Napping on Muscle Force

Data from two studies (n=21 athletes), including 11 com-
parisons (no-nap vs nap), were pooled in the meta-analysis
[33, 38]. Pooling findings yielded a non-significant, positive,
and small ES of 0.175 (SE 0.157; 95% CI —0.134 to 0.483;
Z value=1.109; p=0.267; Fig. 8), with non-significant
heterogeneity (Q=2.95; df=10; p=0.98; I’=0%). Visual
inspection of the funnel plot (Fig. 9) showed evidence of
publication bias, a conclusion confirmed by Egger’s linear
regression test (Table 3). However, Begg and Mazumdar’s
rank correlation test showed no evidence of publication bias
(Table 3). Duval and Tweedie’s trim-and-fill test identified

three studies to trim and a ‘true ES’ of 0.27 was calculated.
Both sensitivity analysis and cumulative meta-analysis con-
firmed the reliability and stability of the current findings
(Figs. S7, S8, see ESM).

3.4.3 Impacts of Napping on Sprint Performance

One study examined the impact of napping following nor-
mal sleep on sprint performance [39]. The authors failed
to observe any significant positive effect of a 30-min nap
on mean 2-m sprint, mean 10-m sprint, mean 20-m sprint,
fastest 2-m sprint, and fastest 10-m sprint. However, for
the fastest 20-m sprint, a significant increase in 20-m
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Table 3 Results of the Begg and Mazumdar’s rank correlation test and Egger’s linear regression test

Egger’s linear regression test

Begg and Mazumdar’s rank correlation test

df

95% confidence interval t

SE

Intercept

p

7 with continuity z

correction

Z

7 without continu-
ity correction

Kendall’s S

statistic P-Q

0.45
0.38

0.12
0.28
3.49
3.78

—13.99 t0 12.46
—6.10t07.95
3.75to 18.34

6.01
3.19
3.16
2.12

-0.76
0.92

0.29
0.21

0.54
0.79
2.5

0.31

0.11

0.27
0.19

0.61
0.85
2.59
0.38

0.12
0.17
0.64
—-0.09

10.00
14.00
29.00
—5.00

Highest distance

0.16
0.62
-0.07

Total distance

0.004
0.002

8
9

11.04
-8.03

0.006
0.37

0.004
0.34

Fatigue index

—12.84t0-3.23

Muscle force

df degrees of freedom, SE standard error

sprint time was observed after napping compared with the
no-nap condition. Specifically, the mean 20-m sprint time
increased from 3.385 s in the no-nap condition to 3.411 s
after the nap condition.

3.4.4 Impacts of Napping on Power Performance

Only one study measured best and mean upper body power
[40] after a 40-min nap, and both were increased signifi-
cantly, by 6.8% and 5.8% respectively, compared with the
no-nap condition.

3.4.5 Impacts of Napping on Jump Performance

In relation to jumping performance, three studies examined
the impact of napping following normal sleep on jump per-
formance [30, 41, 42]. It was reported that short naps (i.e.,
<20 min) enhanced the peak jump velocity, without any sig-
nificant effect on mean jump velocity and height jump [30].
However, long naps (i.e., > 20 min) enhanced the mean jump
velocity, without any significant effect on peak jump velocity
and height jump [30]. Moreover, Hsouna et al. [42] reported
that the 5-jump test performance was improved following a
35-min and a 45-min nap in comparison with a no-nap con-
dition. However, Daaloul et al. [41] observed no significant
effects of a 30-min nap on squat jump and counter movement
jump performance before an exhaustive task (i.e., the karate-
specific test). In contrast, squat jump and countermovement
jump performance recorded after an exhaustive task were
improved after napping compared with a no-nap condition.
Specifically, the difference between the squat jump perfor-
mances pre to post the exhaustive task was —0.8 £2.3 cm in
the nap condition compared with —2.1 +3.8 cm in the no-
nap condition. The difference in countermovement jump per-
formance pre to post the exhaustive task was —3.1+1.3 cm
in the nap condition compared with —3.6 + 1.7 cm in the
no-nap condition.

3.4.6 Impacts of Napping on 30-Second Wingate Test

For the 30-s Wingate test, two studies failed to observe
any significant effect of napping (i.e., 20 min [43], 30 min,
60 min, and 90 min [38]).

3.4.7 Impacts of Napping on Repeated Sprint

Three studies examined the impact of napping following nor-
mal sleep on repeated sprint performance [29, 44, 45]. Pelka
et al. [29] reported that a 25-min nap increased the average
maximum speed of the 6 X4 s sprints. Conversely, Romdhani
et al. [45] showed a significant increase in maximum speed
and power after a 20-min nap, without any improvement
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Std diff Standard Lower Upper L
Study inmeans error Variance limit limit Z-Value p-Value Std diff in means and 95% ClI
Abdessalem et al. [31] (13:00 h) -0.014 0.471 0.222 -0.938 0910 -0.029 0.977
Abdessalem et al. [31] (14:00 h) 0.444 0.476 0.226 -0.489 1.376 0.933 0.351
Abdessalem et al. [31] (15:00 h) 0.276 0.473 0.224 -0.651 1.203 0.583 0.560
Boukhris et al. [32] (25 min) 0.337 0.477 0.228 -0.599 1.273 0.706 0.480 —Hi—
Boukhris et al. [32] (35 min) 0402 0479 0229 -0.536 1.340 0.841 0.401 —i—
Boukhris et al. [32] (45 min) 0.878 0.492 0.242 -0.086 1.843 1.785 0.074 —i—
Boukhris et al. [33] (40 min) 0.883 0483 0233 -0.063 1.829 1.830 0.067 —il—
Boukhris et al. [33] (90 min) 1.565 0.522 0.273 0.542 2.588 2.997 0.003 ——
Souissi et al. [36] (30 min) 0.666 0.388 0.151 -0.095 1427 1.715 0.086 —.—
Boukhris et al. [34] (40 min) 1.059 0.390 0.152 0.295 1.823 2717 0.007 +
Boukhris et al. [35] (40 min) 0.964 0.455 0.207 0.073 1855 2120 0.034 ——
Boukhris et al. [35] (90 min) 1.606 0.491 0.241 0.643 2568 3.269 0.001 ——
Hsouna et al. [37] (40 min) 0.621 0.418 0.175 -0.198 1440 1486 0.137 '-.—
Mean 0.737 0.127 0.016 0.488 0.985 5.807 0.000 0
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours nap

Fig.4 Forest plot for the impact of daytime napping following normal sleep on total distance during the 5-m shuttle run test. CI confidence

intervals, Std diff standard difference
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Fig. 5 Funnel plot for total distance during the 5-m shuttle run test showing no evidence of publication bias. Std diff standard difference

after a 90-min nap. However, Nishida et al. [44] failed to
observe any significant effect of napping (i.e., 20-min and
60-min naps) in a repeated sequential trial consisting of a
20-m consecutive turnaround run, and 10-m run with a load.

3.4.8 Impacts of Napping on Endurance Performance

Two studies examined the impact of napping following nor-
mal sleep on endurance performance [41, 46]. Blanchfield
et al. [46] reported that running time to exhaustion at 90%

maximum oxygen consumption (VO,,,,.) was not improved
after napping compared with a no-nap condition for the
whole group tested. However, the authors found that running
time to exhaustion was improved for only five runners who
had lower duration of sleep than the remaining participants
(382 +39 min vs 449 +24 min) the previous night. However,
Daaloul et al. [41] failed to observe any significant effect of
napping (i.e., 30-min nap) in time to exhaustion during the
Karate-specific test.
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Study Std diff Standard

inmeans error Variance limit limit
Boukhris et al. [32] (25 min)  -0.293 0.477 0.227 -1.227
Boukhris et al. [32] (35 min) 0.227 0.476 0.227 -0.707
Boukhris et al. [32] (45 min) 0.344 0.478 0.228 -0.592
Boukhris et al. [33] (40 min) 0.750 0.477 0.228 -0.185
Boukhris et al. [33] (90 min) 1.493 0.517 0.267 0.480
Souissi et al. [36] (30 min) 4.143 0.670 0.449 2.829
Boukhris et al. [34] (40 min) 0.250 0.367 0.134 -0.468
Boukhris et al. [35] (40 min) 0.424 0.437 0.191 -0.433
Boukbhris et al. [35] (90 min) 1.546 0.487 0.237 0.591
Hsouna et al. [37] (40 min) 0.259 0.410 0.168 -0.545
Mean 0.839 0.316 0.100 0.221

Lower Upper

0.642
1.160
1.280
1.685
2.507
5.457
0.968
1.281
2.500
1.062
1.458

Z-Value p-Value Std diff in means and 95% CI

0614 0.539
0.476  0.634
0.721  0.471
1572  0.116
2.888 0.004 -
6.180  0.000 ——
0.682 0.495
0.970 0.332
3173 0.002 -
0.631 0.528
2.660 0.008 <

-8.00 -4.00 0.00 4.00 8.00

Favours control Favours nap

Fig.6 Forest plot for the impact of daytime napping following normal sleep on fatigue index during the 5-m shuttle run test. CI confidence inter-

vals, Std diff standard difference
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Fig.7 Funnel plot for fatigue index during the 5-m shuttle run test showing evidence of publication bias. Std diff standard difference

4 Discussion

This is the first meta-analysis evaluating the effects of day-
time napping, following normal night-time sleep, on athletic
performance. The present findings showed that diurnal nap-
ping enhanced physical performance during the 5-m shut-
tle run test, but did not enhance measures of muscle force.
However, the low number of studies on sprint performance,
jump performance, Wingate test, repeated sprint, and endur-
ance performance precluded drawing firm conclusions on
these outcomes. Our results are in agreement with the previ-
ous reviews (i.e., two systematic reviews [13, 14] and one

narrative review [12]) that support the use of daytime nap-
ping to enhance athletic performance.

4.1 Effect of Daytime Napping on 5-m Shuttle Run
Test (5MSRT)

The results of the current meta-analysis demonstrated that
daytime napping following a full night of sleep improved
physical performance (i.e., HD, TD, and FI) during the
SMSRT in athletes and physically active men. The meta-ana-
Iytic pooling of HD data showed that HD increased by 8.2 m
in favor of napping compared with the no-nap condition.
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Std diff Standard Lower Upper
Study inmeans error Variance limit limit Z-Value p-Value Std diff in means and 95% ClI
Tanabe et al. [38] (30 min, RH) 0.000 0.535 0.286 -1.048 1.048 0.000 1.000
Tanabe et al. [38] (60 min, RH) 0.044 0.535 0.286 -1.003 1.092 0.083 0.934
Tanabe et al. [38] (90 min, RH) 0.215 0.536 0.287 -0.836 1.265 0.401 0.689 L
Tanabe et al. [38] (30 min, LH) (143 0.535 0.286 -1.192 0.906 -0.267 0.789 .l
Tanabe et al. [38] (60 min, LH) (0218 0.536 0.287 -1.269 0.833 -0.406 0.685 L
Tanabe et al. [38] (90 min, LH) 0.131 0.535 0.286 -0.918 1.179 0.244 0.807
Tanabe et al. [38] (30 min, BS) 0.087 0.535 0.286 -0.961 1.135 0.163 0.871
Tanabe et al. [38] (60 min, BS) 0.070 0.535 0.286 -0.978 1.118 0.130 0.896
Tanabe et al. [38] (90 min, BS) 0.326 0.538 0.290 -0.729 1.381 0.606 0.545 L
Boukhris et al. [35] (40 min) 0.438 0.468 0.219 -0.479 1.355 0.937 0.349 L
Boukhris et al. [35] (90 min) 0.743 0.477 0.227 -0.191 1.678 1.559 0.119 L
Mean 0.175 0.157 0.025 -0.134 0.483 1.109 0.267 ’
-2.00 -1.00 0.00 1.00 2.00

Favours control Favours nap

Fig. 8 Forest plot for the impact of daytime napping following normal sleep on muscle force. Std diff standard difference, CI confidence inter-

vals, RH right hand, LH left hand, BS back strength
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Fig. 9 Funnel plot for muscle force showing evidence of publication bias. Std diff standard difference

Many physiological elements are part of the measure of HD,
particularly agility, speed, and alactic or adenosine triphos-
phate and phosphocreatine (ATP-PCr) capacity [31]. During
the first 30-s shuttle (i.e., HD), almost all the creatine phos-
phate store is utilized, and the capacity to do muscle work is
associated with the ability to utilize the high-energy phos-
phate pool [47]. Indeed, the participant could generate more
mechanical work and run faster if there is greater assistance
of more chemical energy from the high-energy phosphate
pool [47], which could potentially be due to napping.

In addition, the meta-analytic pooling of TD data showed
that TD increased by 38.5 m in favor of napping compared
with the no-nap condition. Therefore, daytime napping
appears to have a positive influence on anaerobic capacity

and metabolic recovery, as TD covered during the six 30-s
shuttle runs is an indicator of anaerobic capacity and the
ability to recover rapidly between sprints.

Furthermore, the meta-analytic pooling of FI data showed
that FI increased by 2.5% in favor of napping compared with
the no-nap condition, which also reflects the positive impact
of napping on the ability to recover quickly between sprints
during the SMSRT. For FI, the meta-regression conducted in
the current study indicates that FI during the SMSRT may be
influenced by the time between the end of napping and the
exercise, indicating that a longer duration between the end
of napping and the exercise’s start time may generate a larger
decrease in FI. This suggests that sufficient time should be
provided to athletes’ post-nap to avoid the negative effect
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of sleep inertia that appears immediately after waking from
sleep. Indeed, sleep inertia is defined as “the transitional
state between sleep and wakefulness characterized by a
short-term decrease in arousal and performance” [48]. In
addition, it was reported that fatigue perception increased
after waking, apparently due to sleep inertia [49]. There-
fore, to recover quickly between sprints during the SMSRT
and achieve lower FI, athletes should allow sufficient time
before beginning exercise for the purpose of avoiding the
negative effects of sleep inertia. It is worth noting that meta-
regression is ineffective for demonstrating a cause-and-effect
relationship, and therefore, the results should be interpreted
with caution [50]. Additionally, more research is required
to specify the exact duration needed to avoid these effects
following naps of varying durations.

4.2 Effect of Daytime Napping on Muscle Force

The current meta-analysis showed that muscle force
remained unchanged after napping compared with the no-
nap condition. A possible explanation for the absence of
significant improvement of muscle force following a diurnal
nap is the difference between the mode of exercise tested
in the included studies. For example, Tanabe et al. [38]
tested the grip strength of the right and left hand, and back
strength, following three nap durations (i.e., 30 min, 60 min,
and 90 min), and did not find any significant impact of any
nap durations. However, Boukhris et al. [33] tested maxi-
mal voluntary isometric contraction of the right leg follow-
ing two nap durations (i.e., 40 min and 90 min), and found
significant improvements after both nap durations with a
greater improvement after the 90-min nap. Another possible
explanation for the absence of significant improvement in
muscle force is the difference between the time of day of
napping in the included studies. Indeed, 12:30 h, 13:00 h,
and 13:30 h were the times of napping for the three durations
(i.e., 30 min, 60 min, and 90 min, respectively) in the study
of Tanabe et al. [38], while 1400 h was the time of napping
for the two durations (i.e., 40 min and 90 min) in the study of
Boukhris et al. [33]. In this context, it was reported that nap-
ping following normal sleep at 14:00 h and 15:00 h produced
a significant enhancement of physical performance, whereas
napping at 13:00 h did not influence physical performance
[31]. Therefore, a nap taken between 14:00 h and 15:00 h
could be more beneficial than earlier naps, especially fol-
lowing normal sleep. In this context, Lastella et al. [13] sug-
gested that between 13:00 h and 16:00 h is the optimal time
to nap due to the high level of sleepiness that occurs during
that period. However, Lastella et al. [13] did not mention if
this period was better suited to individuals who slept nor-
mally or experienced sleep restriction. Accordingly, Abdes-
salem et al. [31] suggested taking an earlier nap following
sleep restriction, because of the high level of fatigue faced,

and later naps following normal sleep. Although this sug-
gestion seems feasible, future studies are required to deter-
mine the best time of day for napping following normal or
restricted sleep. Future studies are also required to clarify the
effect of napping following normal sleep on muscle force.

4.3 Effect of Daytime Napping on Performance
During Short-Term Maximal Exercise

Relatively few studies have investigated the effect of day-
time napping following normal sleep on performance dur-
ing short-term maximal exercise. For example, only one
study examined the effect of a 30-min nap following nor-
mal sleep on sprint performance, and no improvement was
detected [39]. Suppiah et al. [39] suggested that sleep iner-
tia was responsible for the absence of physical performance
enhancement after napping. In reality, in order to avoid the
negative effect of sleep inertia, around 1 h after waking
should be allowed for athletes before exercise [33], which
was not the case in the study by Suppiah et al. [39], who
allowed 45 min before exercise. However, regarding jump
performance, three studies investigated the effect of napping
following normal sleep, and the results were conflicting.
Indeed, no improvements were detected in squat jump and
countermovement jump after a 30-min nap in the study by
Daaloul et al. [41], while significant improvements in peak
and mean jump velocity during countermovement jump were
detected in the study by O’Donnell et al. [30]. In addition,
significant improvement in the 5-jump test was observed in
the study by Hsouna et al. [42]. The contrasting results could
be related to the differences in study design (i.e., tests used,
nap durations, and time to avoid sleep inertia).

4.4 Effect of Daytime Napping on Performance
During the 30-s Wingate Test and Repeated
Short-Term Maximal Exercises

Only two studies investigated the effect of daytime napping
following normal sleep on performance during the 30-s Win-
gate test [38, 43], and they failed to observe any improve-
ments after napping. However, three studies investigated
the effect of daytime napping following normal sleep on
performance during repeated sprints, and the results were in
favor of napping [29, 44, 45]. The contrasting results could
be related to the type of exercise. Indeed, the 30-s Wingate
test is a different testing modality than the other sprint exer-
cises used [14]. Repeated sprint exercises may recruit more
muscle mass compared with cycle ergometer exercise dur-
ing the Wingate test, and the repetition of maximal effort in
repeated sprint exercises results in a high accumulation of
lactate as opposed to a one-off performance [14]. Accord-
ingly, it could be that napping has a powerful effect on
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highly fatiguing exercises. The longer and more intense the
exercise, the more recovery is needed before the exercise to
increase energy stock, which could explain the significant
effect of napping on repeated sprint exercises more than
other maximal short-term exercises. Nevertheless, future
studies are required to clarify the effect of napping follow-
ing normal sleep on performance during the 30-s Wingate
test and repeated short-term maximal exercises, as current
studies are limited in number.

4.5 Effect of Daytime Napping on Endurance
Performance

Only two studies investigated the effect of daytime napping
following normal sleep on endurance performance [41, 46],
and the results were conflicting. In fact, no improvements
were detected after a 30-min nap in the study by Daaloul
et al. [41], while significant improvements were reported
after a 40-min nap in the study by Blanchfield et al. [46].
These contrasting results could be related to sleep inertia.
Indeed, only 30 min was allowed for participants in the study
by Daaloul et al. [41] to avoid sleep inertia, which may not
be sufficient. In addition, a nap duration of 30 min could be
too short to observe any physical performance improvement.
Nevertheless, future studies are required to clarify the effect
of different nap durations following normal sleep on endur-
ance performance, as current studies are limited in number.

4.6 Potential Mechanisms Underlying the Beneficial
Effect of Daytime Napping on Physical
Performance

Thirteen studies [29-37, 40-42, 45] included in the current
review showed an improvement in physical performance
after napping; however, five studies [38, 39, 43, 44, 46]
failed to observe an improvement in physical performance
following a nap. These contradictions could be related to
the duration of napping used in each study [33]. Indeed,
it has been reported that the duration of a nap influenced
its efficacy in enhancing physical performance [32]. More
importantly, the beneficial effect shown after napping could
be related to perceptual/psychological and physiologi-
cal aspects of napping [12, 33, 35, 46]. In this context, a
nap could enhance physical performance as it can signifi-
cantly increase alertness [33, 36] and decrease sleepiness
[33-35]. As physical performance is related to alertness
level, a diurnal nap could decrease the level of sleepiness
[33-35], allowing athletes to feel more alert, which in turn
may be responsible for enhancing physical performance [33,
36]. Moreover, it has been revealed that physical perfor-
mance and mood states have a direct relationship with sleep
quantity and quality [51, 52]. Therefore, the improvement

of mood states shown after napping could help individu-
als to reach peak physical performance. Additionally, tak-
ing a nap could help lower feelings of stress by allowing a
brief period of calmness and relaxation [42]. During this
period, physiological and psychological systems undergo
a restorative process, which can lower the body's levels of
stress hormones (e.g., cortisol and epinephrine) [53]. Addi-
tionally, taking a nap could give athletes a mental break
from the stresses of training and competition. Furthermore,
some studies reported that daytime napping has a positive
impact on sports performance by reducing the sense of effort
(i.e., rating of perceived exertion) [33-35, 46]. In addition,
the amount of slow-wave sleep during napping could also
explain the improvement in physical performance [32, 33].
Indeed, slow-wave sleep is imperative for good recupera-
tion, aids in the restoration of physical damage, and low-
ers anxiety and stress [32, 33]. Slow-wave sleep episodes
during napping could potentially ease peripheral and neural
cellular restoration, and have a role in energy conservation,
most apparently because of higher parasympathetic activa-
tion [12]. Furthermore, it seems that the higher the propor-
tion of slow-wave sleep contained in the nap, the greater
the benefits for athletic performance [12]. The amount of
time spent in slow-wave sleep increases continuously with
increasing nap duration [12]. In this context, Tanabe et al.
[38] reported that 1.4 min, 13.7 min, and 16.0 min of slow-
wave sleep are observed in 30 min, 60 min, and 90 min naps,
respectively. Moreover, when rapid eye movement (REM)
sleep is observed during a nap, muscle contraction efficiency
might be improved, with greater enhancement of athletic
performance [54]. However, future studies examining
naps including REM sleep or with a full cycle of sleep are
required. In addition, it has been shown that a diurnal nap is
considered an efficient method of minimizing the increase
in muscle damage and inflammation during repeated maxi-
mal running sprints [34]. Therefore, beginning each physical
exercise with lower muscle damage and inflammation due to
the impact of napping could potentially slow down the onset
of fatigue and, consequently, lead to enhanced performance.

Another plausible reason for the benefits following nap-
ping might relate to cardiac function. Sleep is profoundly
responsible for cardiovascular regulation, and the connec-
tion between sleep and the cardiovascular system has to be
considered bidirectional [55]. There is an augmentation in
the parasympathetic effect on the heart during the switch
from wake to non-REM sleep [35]. An increase in para-
sympathetic activity in response to napping contributes to
enhanced physical performance, and longer daytime naps
were more effective in the study by Boukhris et al. [35]. In
this context, Boukhris et al. [35] illustrated that a 90-min
nap resulted in a greater influence on parasympathetic activ-
ity in comparison with a 40-min nap, potentially due to the
fact that a 90-min nap opportunity could contain all stages
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of sleep. Indeed, higher parasympathetic activity during
napping is evidenced by a decline in heart rate and a rise
in heart rate variability [35], which is used as an indicator
of the recovery state. Boukhris et al. [35] explained that
the enhancement of physical performance after napping
is related to reducing sympathetic hyperactivity and pro-
inflammatory cytokines, which are the result of increased
parasympathetic activity. This indicates that daytime nap-
ping could work as a ‘mini-cardiovascular’ break [35], and,
as a result, napping would engender greater recovery, which
is crucial for an athlete's performance.

4.7 Methodological Considerations When
Implementing Napping

Objective measurement of sleep during napping was the
main limitation of the majority of studies in the current
review. Only two studies used polysomnography (i.e., the
gold standard of sleep measurement) [38, 43]. In contrast,
six studies did not use any objective tool to measure sleep
during napping; instead, they only provided an estimate
of nap duration [29-31, 36, 42, 45]. Other studies opted
to measure napping using subjective measures [32], Acti-
heart [44], and a wireless dry electroencephalogram [39].
Seven studies measured sleep during napping using actig-
raphy [33-35, 37, 40, 41, 46]. All the methods, other than
polysomnography, used to measure sleep during napping did
not give information about sleep stages, which is crucial for
understanding the underlying mechanisms of the benefits
of napping. Therefore, using an objective measurement for
sleep during napping, which differentiates the sleep stages,
is required for future studies. Nevertheless, participants'
sleep during napping could be affected by polysomnography
equipment. Hence, technological advancements (e.g., Somfit
or Dreem [56]) that can accurately measure electroencepha-
logram (EEG), electrocardiogram (ECG), electrooculogram
(EOG) and other signals similar to polysomnography, but
that are less intrusive and can be utilized at home, will make
it much easier to evaluate sleep staging during naps.

Sleep inertia is one factor that should be taken into con-
sideration when implementing a diurnal nap. Unfortunately,
no studies confirmed the exact time needed to avoid the
negative effect of sleep inertia for athletes. However, for
non-athletes (i.e., inactive individuals), it was reported that
performances could be impaired for up to 2 h post-wake
[13]. The time allowed for participants to overcome sleep
inertia in the included studies varied from 30 to 270 min
[30—-45]. Accordingly, future research should examine the
effect of sleep inertia following daytime napping on athletic
performance, focusing on which strategies should be added
to minimize the effect of sleep inertia.

A diurnal nap could perturb the following night's sleep,
especially sleep onset latency, which is another factor that
should be taken into consideration. A number of factors
could be responsible, such as prior sleep debt, nap duration,
and time of day of napping [13]. Petit et al. [43] reported
that after a 20-min nap, there was an increase in sleep onset
latency. Although there is currently insufficient evidence to
support a causal relationship between daytime napping and
reduced quality or quantity of nighttime sleep in the general
population [57, 58], certain studies have reported potential
negative effects. For example, Campbell et al. [59] reported
that it took older healthy men and women who had taken a
nap 6.3 min longer to fall asleep compared with those who
had not taken a nap. As a consequence, future studies should
examine if daytime napping will affect the following night's
sleep, and if so, which strategies could be implemented in
order to avoid this disruption.

4.8 Strengths and Weaknesses

This is the first systematic review and meta-analysis on the
impacts of daytime napping following normal night-time
sleep on physical performance in physically active individu-
als and athletes. The strengths of the current study are the
comprehensive coverage of the available literature and a
careful appraisal of its quality. Moreover, seven databases
were searched without time limitations and studies published
in all languages were included. The paucity of studies that
objectively assessed nap and nocturnal sleep durations is a
limitation. Another limitation is that the results may not be
generalizable to the broader population, as only physically
active individuals and athletes were included as partici-
pants. All studies that implemented napping following sleep
restriction or deprivation were excluded in the present meta-
analysis due to the limited number of studies, and therefore,
analysis of those studies is beyond the scope of this paper.
Moreover, meta-analytical calculations were necessarily lim-
ited to SMSRT (i.e., HD, TD, and FI) and muscle force due
to the limited number of studies and diverse methodology
and outcome data for other aspects of physical performance.
Only two studies among the 18 included studies used the
gold standard of sleep measurement (i.e., polysomnogra-
phy). Therefore, further studies, preferably based on objec-
tive sleep measures that provide information about sleep
stages, are warranted. Moreover, it is worth noting that none
of the studies included in this review assessed participants'
sleep habits over a prolonged period prior to testing. There-
fore, future studies should incorporate a minimum 1-week
assessment of participants' sleep to ensure that chronic sleep
deprivation is not a confounding factor.
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5 Conclusion

Napping from 25 to 90 min, following normal night-time
sleep, increases physical performance during the 5-m shuttle
run test in physically active individuals and athletes. On the
other hand, the present meta-analysis does not demonstrate
that a diurnal nap could improve muscle force. No firm con-
clusions can be drawn regarding the impacts of napping on
other physical performance (e.g., sprint, jump, power, 30-s
Wingate, and endurance performance) due to the limited
number of available studies. Our meta-regression analysis
revealed that moderator variables such as population size,
age, level of practice, activity, time of day of napping, and
nap duration may not influence the effects of napping on
highest distance and total distance during the 5-m shuttle
run test, nor muscle force during grip strength and maximal
voluntary isometric contraction. However, fatigue index may
be influenced by the time between the end of napping and
the exercise.
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