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Purpose: To compare the effect of different durations of nap opportunity during the
daytime on repeated high-intensity short-duration performance and rating of perceived
exertion (RPE).

Methods: Seventeen physically active men (age: 21.3 ± 3.4 years, height:
176.7 ± 5.9 cm, body mass: 71.8 ± 10.2 kg) performed a 5 m shuttle run test
[to determine best distance (BD), total distance (TD), and fatigue index (FI)] under
four conditions: a 25 min nap opportunity (N25), a 35 min nap opportunity (N35),
a 45 min nap opportunity (N45), and control condition (no-nap) (N0). The sleep quality
of each nap opportunity was evaluated using a scale ranging from 0 “no sleep” to
10 “uninterrupted, deep sleep throughout.” The four conditions were performed in a
random order. RPE was recorded after each repetition of the 5 m shuttle run test and
the mean score was calculated.

Results: BD increased after N25 (+6%) and N45 (+9%) compared to N0 (p< 0.05) and
was significantly higher after N45 compared to N35 (p < 0.05). Compared to N0, the
three nap opportunity durations enhanced TD (p< 0.05) with greater enhancement after
N45 compared to N25 (+8% vs. +3%) and N35 (+8% vs. +3%). For FI, no-significant
differences were observed between the three nap opportunity durations and N0. The
mean RPE score was significantly higher after N25 (+20%) and N0 (+19%) compared
to N45 (p < 0.05). All participants were able to fall asleep during each nap condition with
a sleep quality score of 6.9 ± 1.0, 7.0 ± 0.7, and 7.1 ± 0.8 for N25, N35, and N45.

Conclusion: A nap opportunity during the daytime was beneficial for physical
performance and perceived exertion with the N45 being the most effective for improving
performance and reducing fatigue during the 5 m shuttle run test. The implication of the
present study is that athletes might benefit from a nap opportunity of 25, 35 or 45 min
before practice or before a competition.
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INTRODUCTION

Wakefulness and sleep are modulated by the internal biological
clock located in the brain at the hypothalamus, and precisely,
in the suprachiasmatic nuclei (Van Dongen and Dinges, 2000).
The impact of the biological clock goes beyond governing
sleep and wake processes (Van Dongen and Dinges, 2000).
It regulates the sleep/wake system and many other functions,
such as blood pressure, hormone levels, body temperature,
physical performance, alertness, mood and intellectual abilities
that fluctuate during the day (Davenne, 2009).

It is well known that the majority of human cognitive
performance follows a circadian rhythm with peak performance
occurring in the early evening and lower performance in the
afternoon (the so-called “post-lunch dip”) (Schmidt et al., 2007).
The post-lunch dip is a period of sleepiness that occurs between
13h00 and 16h00 due in part to a slight reduction in core body
temperature, which promotes a tendency to sleep (Van Dongen
and Dinges, 2000) and causes a temporary decrease in vigilance
(Monk, 2005). The post lunch-dip is not completely explained by
meal ingestion, but, rather reflects the 12 h harmony (i.e., 12 h
sinusoids; e.g., the size of the 12 h component rhythm amplitude
of core temperature) of the circadian clock (Monk, 2005).

Athletes must face the potential impact of the post-lunch dip
when they compete or train in the afternoon (Winget et al., 1985).
The magnitude of sleepiness caused by the post-lunch dip is
increased by fatigue, stress, and/or sleep loss (Winget et al., 1985;
Nédélec et al., 2015). Since a nap longer than 30 min is
composed of slow-wave sleep, which helps in recovery
(Waterhouse et al., 2007), athletes could implement a short
sleeping period during the daytime (napping strategy) to
overcome the decline in alertness and performance caused by
the post-lunch dip (Ficca et al., 2010). In this context, it has
been reported that subjective sleepiness decreased after a nap
of 15–45 min during the post-lunch dip (i.e., around 14h00)
(Hayashi et al., 1999; Horne and Reyner, 2001). Additionally,
several studies suggest that a nap could reduce fatigue
and improve vigor, subjective alertness, objective vigilance,
and cognitive performance (Brooks and Lack, 2006;
Verweij et al., 2016). Recently, Petit et al. (2018) showed that
a 20 min nap has a beneficial effect on information processing
(using the P300 test which measures the positive deflection at
about 300 ms in response to a rare stimulus), alertness, and
cognitive processing in athletes. O’Donnell et al. (2018) showed
that a short nap (i.e., <20 min) opportunity enhanced the
subjective estimation of performance in elite netball players
(i.e., by coaches) and the jump velocity during the day of
the competition. A few studies have examined the effects of
napping on physical performance (Waterhouse et al., 2007;
Petit et al., 2014; Blanchfield et al., 2018; Hammouda et al., 2018;
Keramidas et al., 2018; Daaloul et al., 2019). In this context,
Waterhouse et al. (2007) examined the effects of a 30 min post-
lunch nap in partially sleep-deprived athletes and showed that a
20 m sprint performance was improved with napping. Recently,
Hammouda et al. (2018) reported that a 20 min nap and a 90 min
nap, taken after partial sleep deprivation, improved repeated-
sprint performance and that the longer the nap duration, the

greater was the improvement. Similarly, Blanchfield et al. (2018)
reported that a short afternoon nap (34 ± 12 min in bed with
20 ± 10 min asleep time) improved endurance performance
in runners who had obtained less than 7 h of night-time sleep.
In addition, Keramidas et al. (2018) showed that a 30-min nap
may lessen physical performance reduction engendered by
short-term multi-stressor military training. In the same way,
Daaloul et al. (2019) reported that a 30-min nap has a beneficial
effect on physical performance (i.e., karate specific test, squat
jump and counter movement jump). However, Petit et al. (2014)
found no significant effects of a 20-min nap on peak 5 s power
during the Wingate test in athletes either after normal sleep or
after a 5-h phase advance sleep.

In light of the existing literature, while advising athletes
to include a nap during the day seems reasonable, there
seems to be little empirical evidence as to whether a nap
really is beneficial for athletic performance and, if it is, what
nap duration is best for recovery. The effect of a nap on
repeated-sprint performance has been studied after a night of
disrupted sleep, but to the best of our knowledge, no previous
study has examined this effect after one night of normal
sleep. In addition, previous studies have demonstrated that the
length of a nap affects its effectiveness in improving short-
duration high-intensity performance (Hammouda et al., 2018).
Therefore, the purpose of this study was to examine the
effect of different nap opportunity durations on short-duration
high-intensity repetitive performance and the corresponding
rating of perceived exertion (RPE). The present study examined
three durations of nap opportunity during the daytime:
25 min (N25), 35 min (N35), and 45 min (N45). Based
on previous studies showing an improvement (or a greater
improvement) in physical performance when nap durations
were 30 min or more (e.g., Keramidas et al., 2018; Blanchfield
et al., 2018; Daaloul et al., 2019), we hypothesized that a greater
improvement in a short-duration high-intensity performance
and a greater reduction in RPE scores would be observed in the
N45 condition than in the N35 condition, the N25 condition, and
the control no-nap condition (N0).

MATERIALS AND METHODS

Participants
Seventeen physically active men (age: 21.3 ± 3.4 years, height:
176.7 ± 5.9 cm, body mass: 71.8 ± 10.2 kg) voluntarily
participated in the present study. After receiving a description of
the protocol, including potential risks, and benefits, participants
gave their written consent to participate in the study. The
criteria for participants’ inclusion were: they were non-smokers,
they did not have pathological sleep disorders, they did not
consume alcohol, and they were regularly engaged in training
(e.g., jogging) for≈1 h per day, 3 days per week.

Additionally, to avoid any undesirable effect of sleep
deprivation, participants were asked to keep usual sleep duration
(≈7 h) throughout the experimental period. Although there
was no objective measurement of sleep, compliance with this
instruction was verified using sleep diaries (i.e., a sleep duration
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TABLE 1 | Best distance (BD), total distance (TD), fatigue index (FI), rating of
perceived exertion scale (RPE) and sleep quality recorded after the no-sleep
condition (N0) and the 25-min (N25), the 35-min (N35) and the 45-min (N45)
of nap opportunity during the daytime.

N0 N25 N35 N45

BD (m) 126.4 ± 13.6 134.1 ± 13.4∗ 131.1 ± 7.8# 139.6 ± 15.9∗

TD (m) 697.1 ± 74.1 719.9 ± 65.5∗# 720.5 ± 52.2∗# 755.1 ± 63.3∗

FI (%) 11.7 ± 3.2 13.3 ± 6.0 10.5 ± 5.8 10.8 ± 2.4

RPE 4.6 ± 1.1# 4.8 ± 1.5# 4.6 ± 1.2 3.7 ± 1.1

Sleep quality − 6.9 ± 1.0 7.0 ± 0.7 7.1 ± 0.8

∗Significant difference compared to N0; #Significant difference compared to N45.

recorded in sleep diaries of ∼8 h for all conditions; for details
see Table 1) and the Pittsburgh Sleep Quality Index (PSQI)
(i.e., a total PSQI score of 2.9 ± 1.7) (Suleiman et al., 2010). The
present study was conducted according to the Code of Ethics
for human experimentation, the Declaration of Helsinki (World
Medical Association, 2013) and the protocol was fully approved
by the Research Ethics Committee of the High Institute of Sport
and Physical Education of Sfax, University of Sfax, Tunisia before
the commencement of the assessments.

Experimental Design
After an initial familiarization session for the study protocol,
participants randomly attended four test sessions (N0, N25, N35,
and N45) with at least 72 h in-between. A free-online software
resource1 was utilized to counterbalance and randomize the order
of the test sessions. For each test session, participants woke up at
07h30± 30min and ate a standardized iso-caloric lunch at 12h30.
From 12h30 onward, participants were allowed to consume only
drinking water. After a rest period of 75 min, they got into bed at
13h45 in sleep rooms that were favorable to sleep (i.e., fully dark,
and quiet). After 15 min to become accustomed to their new place
of sleep, participants were asked to take a nap opportunity from
14h00 to (i) 14h25 for N25, (ii) 14h35 for N35, or (iii) 14h45 for
N45. For the N0 and the nap opportunity conditions, participants
spent the remaining time until 17h00 reading books, watching
videos on television, or playing video games in a comfortable arm
chair. In order to observe the participants’ activities, sleep rooms

1http://www.randomization.com

were constantly monitored using an infra-red camera connected,
in real-time, to the experimenter’s computer. Although, there was
no objective measurement of sleep during the nap opportunity,
participants were asked about their subjective sleep quality after
awakening using a scale of 0–10 points, where 0 indicated
“no sleep,” 5 indicated “some sleep with some interruptions,”
and 10 indicated “uninterrupted, deep sleep throughout.”
All participants were able to fall asleep during each nap condition
(i.e., a sleep quality score of ∼7 for all conditions; for details
see Table 1). To overcome any sleep inertia that might have
existed, exercise tests were performed at 17h00 (Figure 1).

5-m Shuttle Run Test
At each session (N0, N25, N35, N45), participants performed
a 5-min warm-up consisting of two min of easy running followed
by three min of a series of dynamic exercises performed over
a 10-m distance (i.e., internal–external hip rotations, lateral
shuffles, high knees, heel kicks, lunges, and straight leg marches)
at 17h00. Then, participants performed the 5-m shuttle run test.
The test consisted of six repetitions of 30-s maximal shuttle
sprints over 5 m, 10, 15, and 20 m alternatively (Figure 2)
with a recovery period of 35 s in-between (Maso et al., 2002).
The 5-m shuttle run test was utilized as it measures physical
performance capacities that are related to speed and change of
direction ability, and it stimulates both the aerobic and anaerobic
pathways (Boddington et al., 2001; Maso et al., 2002).

For each turn, the participant must put a foot on the line
without making a large arc (i.e., block to return using a 180◦
change of direction). The completed distance was recorded by an
observer to the nearest 1 m. For the full description of the 5-m
shuttle run test see Boddington et al. (2001).

From the distance data obtained in each test, the following
parameters were calculated (Boddington et al., 2001):

- Total distance (TD) (m) = sum of distances covered during
the 6× 30 s shuttles

- Best distance (BD) (m) = highest distance covered during
one of the 6× 30 s shuttles

- Fatigue index (FI) (%)=

FI (%) =

[
shuttle 1+shuttle 2

2 −
shuttle 5+shuttle 6

2

]
shuttle 1+shuttle 2

2

× 100

FIGURE 1 | Schematic representation of the experimental protocol. RPE, Rating of perceived exertion.
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FIGURE 2 | Schematic representation of the 5-m shuttle run test. D/, starting line.

Rating of Perceived Exertion Scale (RPE)
The Borg CR10 scale ranges from 0 (very very light) to 10 (very
very hard) and allows participants to give a subjective RPE for
a physical task. The French version of the CR10 scale, validated
by Haddad et al. (2013), was used in this study. Immediately
after the completion of each 30-s repetition, the participant was
shown the RPE scale and asked to say the number from 0 to 10
which best described their feeling of exertion at the completion of
that 30-s effort.

The RPE value that was reported and used in the statistical
analyses was the mean score during the 5 m shuttle run test and
was calculated using the following formula:

RPE =
∑
(RPE after each 30 s effort)

Number of repetitions

Statistical Analyses
All statistical tests were performed using SPSS version 21.0
software (SPSS Inc., Armonk, NY). Mean and standard
deviation (SD) values were calculated for each variable.
G∗power software (Faul et al., 2007) was used to calculate
the required sample size. Values for α were set at 0.05 and
power at 0.80. Based on the study of Waterhouse et al. (2007)
and discussions between the authors, effect size was
estimated to be 0.7 (medium effect). The required sample
size was fifteen.

The Shapiro–Wilk test revealed that sleep quality, RPE, FI,
and BD data were normally distributed. Once the assumption
of normality was confirmed, parametric tests were performed.
Sleep quality, RPE, FI, and BD data were analyzed using a
one-way analysis of variance (ANOVA) across four conditions
(N0, N25, N35, and N45). When appropriate, post hoc
coparisons were performed and the differences interpreted
using a Bonferroni correction. The Shapiro–Wilk test was
significant (p < 0.05) for TD; so a Friedman one-way
ANOVA was used. Pairwise comparisons were conducted using
a Wilcoxon test.

Effect sizes for the normally distributed variables, sleep
quality, RPE, FI, and BD, were calculated as partial eta-
squared (ηp

2) to estimate the meaningfulness of significant
findings. To estimate practical relevance, partial eta-squared
values of 0.01, 0.06, and 0.13 represent small, moderate, and
large effect sizes, respectively (Clark-Carter, 1997). For TD,

the effect size was estimated by the Kendall’s coefficient
of concordance. Relationships between RPE and the three
performance measures (BD, TD, and FI) were described using
Bland and Altman (1995) correlations.

Significance was accepted for all analyses at the level
of p < 0.05. Exact p-values have been given; results given
as “0.000” in the statistics output have been reported
as “<0.0005.”

Also, in order to calculate the percentage of gain or decrease
for all parameters, a difference score or 1 score was calculated
as follow:

1 (%) =
[
(Higher value − Minimal value)

Higher value

]
× 100

RESULTS

5-m Shuttle Run Test
Best Distance (BD)
There was a significant main effect of Condition (F = 9.08,
p< 0.0005, ηp

2 = 0.36 (large effect)) on BD. The post hoc analysis
showed that BD was 6% higher (p = 0.03) in N25, and 9% higher
(p < 0.0005) in N45 than in N0. However, BD in N35 was not
different (p = 0.46) from BD in N0. In addition, BD in N45 was
6% higher (p = 0.01) than in N35 (Table 1).

Total Distance (TD)
A Friedman test conducted on TD data revealed a significant
effect of Condition (test = 33.23, p< 0.0005, Kendall’s W = 0.65).
Pairwise comparisons revealed that TD was 3% higher
(p = 0.01) in N25, 3% higher (p = 0.009) in N35, and
8% higher (p < 0.000) in N45 than in the N0. In addition,
TD was 5% higher (p = 0.001) in N45 than in N25, and 4% higher
(p< 0.0005) than in N35 (Table 1).

Fatigue Index (FI)
There was no-significant main effect of Condition [F = 1.66,
p = 0.18, ηp

2 = 0.09 (moderate effect)] for FI (Table 1).

Rating of Perceived Exertion (RPE)
There was a significant main effect of Condition on RPE (F = 4.25,
p = 0.009, ηp

2 = 0.20 (large effect)). The post hoc analysis
showed that RPE were 19% lower (p = 0.04) in N45 than in
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N0; in addition, RPE were 20% lower (p = 0.01) in N45 than
in N25 (Table 1).

Sleep Quality During the Nap
Opportunities
There was no significant main effect of Condition on sleep quality
[F = 0.20, p = 0.81, ηp

2 = 0.01 (small effect)]. Mean values
are in Table 1.

Sleep Duration During the Night
Preceding Testing
There was no significant main effect of condition on nighttime
sleep duration preceding each experimental condition
(F = 0.23, p = 0.87, ηp

2 = 0.01 (small effect)).

Correlations Between RPE and
Performance Measures (BD, TD, and FI)
The correlation between RPE and BD was not significant
(r = -0.06; p = 0.623). However, there were significant correlations
between RPE and TD (r = -0.43; p = 0.0015) and between RPE and
FI (r = 0.50; p< 0.0005).

DISCUSSION

The main finding of the current study was that nap opportunity
during the daytime has a positive effect on physical performance
and perceived exertion in a high intensity shuttle run test that is
performed after a normal night’s sleep (i.e., ≈7 h). Importantly,
the beneficial effects seem positively related to the duration of the
nap opportunity.

The benefits of napping on human performance
previously have been confirmed following normal sleep
(Hayashi and Hori, 1998) and partial sleep deprivation (Brooks
and Lack, 2006) nights. These studies reported that naps
improve cognitive (Brooks and Lack, 2006) and psychomotor
performance (Verweij et al., 2016), enhance short-term
memory and mood (Brooks and Lack, 2006) and reduce both
subjective sleepiness and fatigue (Hayashi and Hori, 1998;
Brooks and Lack, 2006).

A few studies have been conducted analyzing the
impact of napping on athletic or physical performance
(Waterhouse et al., 2007; Petit et al., 2014; Blanchfield
et al., 2018; Hammouda et al., 2018; Keramidas
et al., 2018; Suppiah et al., 2018; Daaloul et al., 2019).
Waterhouse et al. (2007) showed a better sprint performance
following a 30-min post-lunch nap in partially sleep-deprived
athletes, with reduced mean time for both 2-m (−0.04 s) and
20 m (−0.09 s) sprints in comparison to a no-nap condition.
However, Petit et al. (2014) reported that the a 20-min nap
did not improve performance during the 30-s Wingate test
after normal or 5-h phase advanced sleep. This contradiction
might be explained because the nap duration was short or
because the subjects were not sleep-deprived. In fact, the
participants in the study of Waterhouse et al. (2007) slept
only 4 h during the previous night with a 30-min napping

opportunity prior to the exercise, while, in the study of Petit
et al. (2014), the participants were not deprived of sleep and
only 20 min of napping was allowed prior to the exercise. In
addition, sleep inertia could affect the results of the previous
studies. For example, the duration between the nap and the
physical task was only 30 min in the study of Waterhouse
et al. (2007). Sleep inertia usually takes approximately 1 h to
dissipate (Brotherton et al., 2019). Therefore, in the present
study, there are more than 2 h between the nap opportunity and
the test session.

Hammouda et al. (2018) who demonstrated that an afternoon
nap enhanced repeated-sprint performances after partial sleep
deprivation, with the greatest beneficial effect using 90-min
naps in comparison with 20-min naps. However, it has been
shown that napping had no-effect on shooting performance,
autonomic function (i.e., heart rate variability during simulated
20-min shooting competition), reaction time, and both 10 and
20-m sprint performance (Suppiah et al., 2018). Also, Suppiah
et al. (2018) reported a significant negative effect of a nap
(i.e., maximum duration 30 min) on 2-m sprint performance.
These findings are in contradiction with the results of the present
study and those of Waterhouse et al. (2007). These discrepancies
could be explained by the reduced sleep at night in the study
of Suppiah et al. (2018). In fact, the participants in the study
of Suppiah et al. (2018) were high-level Asian youth athletes
who trained regularly. Indeed, it is known that participation
in vigorous exercise and sports training can elicit alterations
of sleep patterns in adolescent and chronically shortened
sleep durations (Suppiah et al., 2018), therefore, potentially
carrying a greater sleep debt. Recently, Blanchfield et al.
(2018) confirmed the present study’s observations, reporting
that a short afternoon nap (34 ± 12 min in bed with
20 ± 10 min asleep time) improved endurance performance
in runners who typically slept less than 7–9 h. Likewise,
Keramidas et al. (2018) reported that a 30-min nap may
attenuate the reductions in performance of an anaerobic
endurance task. Recently, Daaloul et al. (2019) reported that
a 30-min nap has a beneficial effect on performance during
a karate-specific test and vertical jump tests after partial
sleep deprivation.

The improvement of short-duration high-intensity
performance after an afternoon short-nap could be explained
by an improvement in alertness (Brooks and Lack, 2006) and a
reduction of sleepiness (Waterhouse et al., 2007) and subjective
fatigue (Brooks and Lack, 2006). In this context, Waterhouse
et al. (2007) showed that the improvement in performance of
both a 2-m test and a 20-m test is associated with an increase
in alertness and a decrease in sleepiness following a 30-min
nap. In the same way, Brooks and Lack (2006) reported that
10-min naps were beneficial for cognitive performance (i.e., letter
cancellation test, symbol digit substitution task) and that this
improvement is associated with an increase in vigor and a
reduction in subjective fatigue. The present study reported
that the RPE mean scores during the 5-m shuttle run test were
significantly lower after N45 in comparison to N0 which could
explain the increases in performance during this short-duration
high-intensity exercise.
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Concerning the best duration of nap opportunity during
the daytime, the N45 seems to be the best duration to
improve BD and TD and to reduce the RPE scores during
the 5-m shuttle run test. In this context, TD increased by
3% after N25, 3% after N35 and 8% after N45. Likewise, BD
increased by 9% following N45 vs. 6% after N25 and N35.
Also, 1 RPE scores were better after N45 than after N25
and N35 (−19% vs. −6% and −1%, respectively). Thus, it
could be posited that the participants performed better during
N45 because they perceived the exercise to be less strenuous
in that condition. The observed lower RPE scores for the
longer nap opportunity could be explained by the amount
of time spent in slow wave sleep. Indeed, slow-wave sleep is
important for a good recovery and helps to restores physical
damage and reduces stress and anxiety (Shapiro et al., 1981;
Mulrine et al., 2012). However, as there was no-objective
measurement of sleep, it is not possible to confirm whether this is
actually the case in the present study.

Previous studies reported that improvements in physical
performance were greater after naps longer than 30 min (Lovato
and Lack, 2010; Hammouda et al., 2018). In this context,
Hammouda et al. (2018) reported that the highest power, the
lowest power, and the mean power during a running-based
anaerobic sprint test were higher after a 90-min nap than after
a 20-min nap. Also, Lumley et al. (1986) reported that, after one
night of total sleep deprivation, naps of 60–120 min resulted
in decreased sleepiness in healthy participants compared to
a nap of 15 min.

It has been suggested that a long afternoon nap may be
comparable to a night’s sleep in terms of sleep quality (Jiang
et al., 2018). Also, it has been suggested that the improvement
in physical performance after longer naps of 40–90 min could
be explained by the greater amount of time spent in slow-wave
sleep (Mulrine et al., 2012). Therefore, in the present study,
the greater increases in performance during the 5-m shuttle
run test in the N45 condition might be due to the role of
slow-wave sleep.

The major limitation of the present study is the lack of
an objective measurement of the previous night’s sleep and
the sleep during the daytime nap opportunity (e.g., by the
use of actigraphy or polysomnography). However, actigraphy
is not effective to evaluate a short nap because it estimates
sleep time by recording the movements of the body; in a
short nap, it is possible that the participant does not move
but is not sleeping. Thus, an objective measurement of the nap
using polysomnography equipment would be required. However,
polysomnography equipment may affect participants’ sleep for
these short-period naps. Thus, a familiarization session to the
nap using polysomnography equipment would be required to
quantify the sleep quality during a short duration nap. Also,
previous studies (e.g., Waterhouse et al., 2007) have used a
questionnaire to quantify participants’ sleepiness (i.e., how they
felt). These measures could help for better interpretations of the
findings. Thus, the results of the present study must be confirmed
by other studies while checking the states of sleepiness of the
participants before performing a nap and utilizing some objective

measurement of sleep quality (e.g., by the use of actigraphy
or polysomnography).

STRENGTHS AND WEAKNESSES

The present study is the first to investigate the effect of different
durations of nap opportunity during the daytime on subsequent
performance in individuals who had not experienced prior
sleep disturbance. Above, we addressed the main limitation of
the study, the lack of objective measurement if participants
were able to fall asleep during each nap condition (as opposed
to resting with eyes closed) as well as the lack of objective
measures of sleep during the various nap opportunities.
Since the scientific literature presents limited data about nap
opportunity during the daytime and/or napping, the present
study could help to improve the experimental design of
future investigations.

CONCLUSION

Results of the present study showed that a post-lunch nap
opportunity has a beneficial effect on physical performance
and perceived exertion. In addition, although N25 was
similar to N45 for BD and N35 was similar to N45 for
RPE, 45 min was the most effective afternoon nap opportunity
duration (i.e., compared to 25 and 35 min) for improving
performance and reducing RPE scores during the 5-m
shuttle run test.

PRACTICAL RECOMMENDATION

From a sports performance perspective, the implication of
the present study is that athletes might benefit from a nap
opportunity during the daytime before practice or before a
competition, even if they have had a full night’s sleep.

ETHICS STATEMENT

After receiving a description of the protocol, including potential
risks, and benefits, participants gave their written consent to
participate in the study. The criteria for participants’ inclusion
were: they were non-smokers, they did not have pathological
sleep disorders, they did not consume alcohol, and they were
regularly engaged in training (e.g., jogging) for ≈1 h per day,
3 days per week. Additionally, to avoid any undesirable effect
of sleep deprivation, participants were asked to keep usual
sleep duration (≈7 h) throughout the experimental period.
The present study was conducted according to the Code of
Ethics for human experimentation, the Declaration of Helsinki
(World Medical Association, 2013) and the protocol was fully
approved by the Research Ethics Committee of the High
Institute of Sport and Physical Education of Sfax, University
of Sfax, Tunisia before the commencement of the assessments.

Frontiers in Physiology | www.frontiersin.org 6 June 2019 | Volume 10 | Article 779

https://www.frontiersin.org/journals/physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-10-00779 June 20, 2019 Time: 11:35 # 7

Boukhris et al. Nap Opportunity Affects Repeated-Sprint Performance

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This work was supported by the Deutsche Forschungsge-
meinschaft within the funding program Open Access Publishing,

by the Baden-Württemberg Ministry of Science, Research and
the Arts and by Ruprecht-Karls-Universität Heidelberg. This
research did not receive any specific grant from the funding
agencies in the public, commercial, or non-profit sectors, except
the above-mentioned funding for Open Access Publishing.

ACKNOWLEDGMENTS

We thank all the participants for their effort and cooperation.

REFERENCES
Blanchfield, A. W., Lewis-Jones, T. M., Wignall, J. R., Roberts, J. B., and Oliver, S. J.

(2018). The influence of an afternoon nap on the endurance performance of
trained runners. Eur. J. Sport Sci. 18, 1177–1184. doi: 10.1080/17461391.2018.
1477180

Bland, J. M., and Altman, D. G. (1995). Statistics notes: calculating correlation
coefficients with repeated observations: part 1—correlation within subjects.
BMJ 310:446. doi: 10.1136/bmj.310.6977.446

Boddington, M. K., Lambert, M. I., Gibson, A. S. C., and Noakes, T. D.
(2001). Reliability of a 5-m multiple shuttle test. J. Sports Sci. 19, 223–228.
doi: 10.1080/026404101750095394

Brooks, A., and Lack, L. (2006). A brief afternoon nap following nocturnal sleep
restriction: which nap duration is most recuperative? Sleep 29, 831–840.
doi: 10.1093/sleep/29.6.831

Brotherton, E. J., Moseley, S. E., Langan-Evans, C., Pullinger, S. A., Robertson,
C. M., Burniston, J. G., et al. (2019). Effects of two nights partial sleep
deprivation on an evening submaximal weightlifting performance; are 1 h
powernaps useful on the day of competition? Chronobiol. Int. 36, 407–426.
doi: 10.1080/07420528.2018.1552702

Clark-Carter, D. (1997). Doing Quantitative Psychological Research: From Design to
Report. Hove: Psychology Press.

Daaloul, H., Souissi, N., and Davenne, D. (2019). Effects of napping on alertness,
cognitive, and physical outcomes of karate athletes. Med. Sci. Sports Exerc. 51,
338–345. doi: 10.1249/MSS.0000000000001786

Davenne, D. (2009). Sleep of athletes–problems and possible solutions. Biol.
Rhythm Res. 40, 45–52. doi: 10.1080/09291010802067023

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. (2007). GPower 3:
a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/
bf03193146

Ficca, G., Axelsson, J., Mollicone, D. J., Muto, V., and Vitiello, M. V. (2010). Naps,
cognition and performance. Sleep Med. Rev. 14, 249–258. doi: 10.1016/j.smrv.
2009.09.005

Haddad, M., Chaouachi, A., Castagna, C., Hue, O., Wong, D. P., Tabben, M.,
et al. (2013). Validity and psychometric evaluation of the french version of
RPE scale in young fit males when monitoring training loads. Sci. Sports 28,
29–35.

Hammouda, O., Romdhani, M., Chaabouni, Y., Mahdouani, K., Driss, T., and
Souissi, N. (2018). Diurnal napping after partial sleep deprivation affected
hematological and biochemical responses during repeated sprint. Biol. Rhythm
Res. 49, 927–939.

Hayashi, M., and Hori, T. (1998). The effects of a 20-min nap before post-lunch
dip. Psychiatr. Clin. Neurosci. 52, 203–204. doi: 10.1111/j.1440-1819.1998.
tb01031.x

Hayashi, M., Ito, S., and Hori, T. (1999). The effects of a 20-min nap at noon on
sleepiness, performance and EEG activity. Int. J. Psychophysiol. 32, 173–180.
doi: 10.1016/s0167-8760(99)00009-4

Horne, J., and Reyner, L. (2001). Sleep-related vehicle accidents: some guides
for road safety policies. Transp. Res. Part F Traffic Psychol. Behav. 4, 63–74.
doi: 10.1016/s1369-8478(01)00014-6

Jiang, F., Kobayashi, T., Ichihashi, T., and Nomura, S. (2018). Effect of a relatively
long afternoon nap on autonomous nervous activity, sleep architecture, and

subjective sleep quality. IEEJ Trans. Electr. Electron. Eng. 13, 1357–1361.
doi: 10.1002/tee.22702

Keramidas, M. E., Siebenmann, C., Norrbrand, L., Gadefors, M., and Eiken,
O. (2018). A brief pre-exercise nap may alleviate physical performance
impairments induced by short-term sustained operations with partial sleep
deprivation–A field-based study. Chronobiol. Int. 35, 1464–1470. doi: 10.1080/
07420528.2018.1490316

Lovato, N., and Lack, L. (2010). The effects of napping on cognitive
functioning. Prog. Brain Res. 185, 155–166. doi: 10.1016/B978-0-444-53702-7.
00009-9

Lumley, M., Roehrs, T., Zorick, F., Lamphere, J., and Roth, T. (1986). The
alerting effects of naps in sleep-deprived subjects. Psychophysiol 23, 403–408.
doi: 10.1111/j.1469-8986.1986.tb00653.x

Maso, F., Cazorla, G., Godemet, M., Lac, G., and Robert, A. (2002).
Physiological features of rugby players of French team. Sci. Sports 17,
297–301.

Monk, T. H. (2005). The post-lunch dip in performance. Clin. Sports Med. 24,
15–23.

Mulrine, H. M., Signal, T. L., Berg, M. J. V. D., and Gander, P. H. (2012). Post-
sleep inertia performance benefits of longer naps in simulated night work and
extended operations. Chronobiol. Int. 29, 1249–1257. doi: 10.3109/07420528.
2012.719957

Nédélec, M., Halson, S., Abaidia, A. E., Ahmaidi, S., and Dupont, G. (2015). Stress,
sleep and recovery in elite soccer: a critical review of the literature. Sports Med.
45, 1387–1400. doi: 10.1007/s40279-015-0358-z

O’Donnell, S., Beaven, C. M., and Driller, M. (2018). The influence of match-
day napping in elite female netball athletes. Int. J. Sports Physiol. Perform. 13,
1143–1148. doi: 10.1123/ijspp.2017-0793

Petit, E., Bourdin, H., Tio, G., Yenil, O., Haffen, E., and Mougin, F. (2018).
Effects of a 20-min nap post normal and jet lag conditions on P300
components in athletes. Int. J. Sports Med. 39, 508–516. doi: 10.1055/a-0599-
0888

Petit, E., Mougin, F., Bourdin, H., Tio, G., and Haffen, E. (2014). A
20-min nap in athletes changes subsequent sleep architecture but does
not alter physical performances after normal sleep or 5-h phase-advance
conditions. Eur. J. Appl. Physiol. 114, 305–315. doi: 10.1007/s00421-013-
2776-7

Schmidt, C., Collette, F., Cajochen, C., and Peigneux, P. A. (2007). Time to think:
circadian rhythms in human cognition. Cogn. Neuropsychol. 24, 755–789.
doi: 10.1080/02643290701754158

Shapiro, C. M., Bortz, R., Mitchell, D., Bartel, P., and Jooste, P. (1981). Slow-wave
sleep: a recovery period after exercise. Science 214, 1253–1254. doi: 10.1126/
science.7302594

Suleiman, K. H., Yates, B. C., Berger, A. M., Pozehl, B., and Meza, J. (2010).
Translating the pittsburgh sleep quality index into Arabic. West. J. Nurs. Res.
32, 250–268. doi: 10.1177/0193945909348230

Suppiah, H. T., Yong, L. C., Choong, G., and Chia, M. (2018). Effects of
a short daytime nap on shooting and sprint performance in high-level
adolescent athletes. Int. J. Sports Physiol. Perform. 12, 1–25. doi: 10.1123/ijspp.
2018-0107

Van Dongen, H. P., and Dinges, D. F. (2000). Circadian rhythms in
fatigue, alertness, and performance. Princ. Pract. Sleep Med. 20,
391–399.

Frontiers in Physiology | www.frontiersin.org 7 June 2019 | Volume 10 | Article 779

https://doi.org/10.1080/17461391.2018.1477180
https://doi.org/10.1080/17461391.2018.1477180
https://doi.org/10.1136/bmj.310.6977.446
https://doi.org/10.1080/026404101750095394
https://doi.org/10.1093/sleep/29.6.831
https://doi.org/10.1080/07420528.2018.1552702
https://doi.org/10.1249/MSS.0000000000001786
https://doi.org/10.1080/09291010802067023
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.1016/j.smrv.2009.09.005
https://doi.org/10.1016/j.smrv.2009.09.005
https://doi.org/10.1111/j.1440-1819.1998.tb01031.x
https://doi.org/10.1111/j.1440-1819.1998.tb01031.x
https://doi.org/10.1016/s0167-8760(99)00009-4
https://doi.org/10.1016/s1369-8478(01)00014-6
https://doi.org/10.1002/tee.22702
https://doi.org/10.1080/07420528.2018.1490316
https://doi.org/10.1080/07420528.2018.1490316
https://doi.org/10.1016/B978-0-444-53702-7.00009-9
https://doi.org/10.1016/B978-0-444-53702-7.00009-9
https://doi.org/10.1111/j.1469-8986.1986.tb00653.x
https://doi.org/10.3109/07420528.2012.719957
https://doi.org/10.3109/07420528.2012.719957
https://doi.org/10.1007/s40279-015-0358-z
https://doi.org/10.1123/ijspp.2017-0793
https://doi.org/10.1055/a-0599-0888
https://doi.org/10.1055/a-0599-0888
https://doi.org/10.1007/s00421-013-2776-7
https://doi.org/10.1007/s00421-013-2776-7
https://doi.org/10.1080/02643290701754158
https://doi.org/10.1126/science.7302594
https://doi.org/10.1126/science.7302594
https://doi.org/10.1177/0193945909348230
https://doi.org/10.1123/ijspp.2018-0107
https://doi.org/10.1123/ijspp.2018-0107
https://www.frontiersin.org/journals/physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-10-00779 June 20, 2019 Time: 11:35 # 8

Boukhris et al. Nap Opportunity Affects Repeated-Sprint Performance

Verweij, I. M., Onuki, Y., Van Someren, E. J., and Van der Werf, Y. D. (2016).
Sleep to the beat: a nap favours consolidation of timing. Behav. Neurosci. 130,
298–304. doi: 10.1037/bne0000146

Waterhouse, J., Atkinson, G., Edwards, B., and Reilly, T. (2007). The role of a
short post-lunch nap in improving cognitive, motor, and sprint performance
in participants with partial sleep deprivation. J. Sports Sci. 25, 1557–1566.
doi: 10.1080/02640410701244983

Winget, C. M., DeRoshia, C. W., and Holley, D. C. (1985). Circadian rhythms and
athletic performance. Med. Sci. Sports Exerc. 17, 498–516.

World Medical Association (2013). Declaration of helsinki: ethical principles for
medical research involving human subjects. JAMA 310, 2191–2194.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Boukhris, Abdessalem, Ammar, Hsouna, Trabelsi, Engel, Sperlich,
Hill and Chtourou. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 8 June 2019 | Volume 10 | Article 779

https://doi.org/10.1037/bne0000146
https://doi.org/10.1080/02640410701244983
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

	Nap Opportunity During the Daytime Affects Performance and Perceived Exertion in 5-m Shuttle Run Test
	Introduction
	Materials and Methods
	Participants
	Experimental Design
	5-m Shuttle Run Test
	Rating of Perceived Exertion Scale (RPE)
	Statistical Analyses

	Results
	5-m Shuttle Run Test
	Best Distance (BD)
	Total Distance (TD)
	Fatigue Index (FI)

	Rating of Perceived Exertion (RPE)
	Sleep Quality During the Nap Opportunities
	Sleep Duration During the Night Preceding Testing
	Correlations Between RPE and Performance Measures (BD, TD, and FI)

	Discussion
	Strengths and Weaknesses
	Conclusion
	Practical Recommendation
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


