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ABSTRACT: To compare the effects of two nap opportunities (20 and 90 min) to countermeasure the transient
naturally occurring increased sleepiness and decreased performances during the post-lunch dip (PLD). Fourteen
highly trained judokas completed in a counterbalanced and randomized order three test sessions (control (No-
nap), 20- (N20) and 90-min (N90) nap opportunities). Test sessions consisted of the running-based anaerobic
sprint test (RAST), simple and multiple-choice reaction times (MCRT) and the Epworth sleepiness scale (ESS).
From the RAST, the maximum (P,.,), mean (P, and minimum (P;,) powers were calculated. Blood samples
were taken before and after the RAST to measure the effect of pre-exercise napping on energetic and muscle
damage biomarkers and antioxidant defense. N20 increased Py, and Py, compared to No-nap (p < 0.001,
d = 0.59; d = 0.66) and N90 (p < 0.001, d = 0.98; d = 0.72), respectively. Besides, plasma lactate and
creatinine increased only when the exercise was performed after N20. Both N20 (p < 0.001, d = 1.18) and
N90 (p < 0.01, d = 0.78) enhanced post-exercise superoxide dismutase activity compared to No-nap. However,
only N20 enhanced post-exercise glutathione peroxidase activity (p < 0.001, d = 1.01) compared to pre-nap.
Further, MCRT performance was higher after N20 compared to No-nap and N90 (p < 0.001, d = 1.15; d = 0.81,
respectively). Subjective sleepiness was lower after N20 compared to No-nap (p < 0.05, d = 0.92) and N90
(p < 0.01, d = 0.89). The opportunity to nap for 20 min in the PLD enhanced RAST, MCRT performances, and
antioxidant defense, and decreased sleepiness. However, the opportunity of 90 min nap was associated with
decreased repeated sprint performances and increased sleepiness, probably because of the sleep inertia.
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Human physical and cognitive performances are not stable throughout
the waking day. Most performances (e.g., attention, short-term high-
intensity exercise, etc.) fluctuate between a bathyphase in the morning
and an acrophase in the afternoon [1]. However, for some individuals
and some variables, a dip in the early afternoon is observed [2, 31.
The post-lunch dip (PLD) is the time of day where sleepiness increases
and attention falls, which make it a suitable time for rest rather than

activity [3]. Although its name is linked with lunch, which could be
somehow misleading, the PLD is a part of human biological rhythms
and it still occurs even without having lunch and/or under constant
routine [2]. However, this is subject to an interpersonal variability,
where some people could be more affected than others.

Elite athletes are recognized for having poorer sleep quality and
quantity than the general population [4]. This is due to the higher
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need for recovery, the stress of competitions, and for some of them
to the higher frequency of traveling [5]. As sleep is the major mean
for athletes’ recovery [5], strategies such as nocturnal sleep extension
and napping could benefit exercise performance. Horne et al. [6] re-
ported that 90 min nocturnal sleep extension had little effects com-
pared to 15-20 min nap on PLD’s sleepiness and psychomotor vigi-
lance. Consequently, a huge number of studies focused on the effects
of napping on physical performances in the last few years, though,
reporting conflicting results [1, 7-13]. Petit et al. [7] reported a neutral
effect of napping on Wingate test performance in physical education
students after normal sleep night (NSN) and after simulated jet lag.
Likewise, Suppiah et al. [9] showed that 20 min nap after NSN had
no effect on sprinting performance but declined shooting performance
in highly trained adolescent athletes. Studies that failed to report
beneficial effects of a short nap on physical performances, suggested
that a longer nap might be more beneficial [7, 9]. Indeed, it has been
reported that 45 min nap opportunity after NSN enhanced 5 jump
test [12] and 5 m shuttle run [13] performances more than 25 or
35 min nap opportunities. Also, it was recently shown that 90 min
nap opportunity after partial sleep deprivation (PSD) was more efficient
than 20 min nap in enhancing repeated sprint performance [11].
However, there is no information on the effects of a relatively longer
nap (e.g., 90 min) on repeated sprint performances after NSN. It has
been suggested that the long nap produces more enhancing effects
because it contains slow wave sleep (SWS) [14]. While the amount
of SWS in a long nap is associated with a higher recuperative val-
ue [14], it is also associated with the severity of sleep inertia [15].
Sleep inertia refers to the drowsy feeling and the transient impaired
cognitive performance immediately at the awakening [15-17]. Sur-
prisingly, Wertz et al. [18] showed that the effect of sleep inertia could
be more severe than 26 h of sleep deprivation on a short-term memory
task. The intensity and the duration of sleep inertia depend on the
time of the day, the awakening duration before the nap, and also the
duration of SWS during the nap [15-17]. It has been shown that
sleep inertia lasts between 10-15 min after a 50 min nap [19] and
no more than 15 min after napping for 60 min or less [20].

On the other hand, it was reported that repeated sprint exercise
caused an increase in biomarkers of muscle and cardiac damage
and a lower antioxidant defense after NSN [21] and after PSD [22].
Interestingly, napping was associated with lower levels of biomarkers
of muscle damage and higher antioxidant defense after PSD [11].
However, to our knowledge, there is no existing information on the
effect of napping after NSN on the exercise induced increase in
muscle damage and oxidative stress. Therefore, we aimed to evaluate
the effects of two naps lengths during the PLD on sleepiness, bio-
chemical responses and reaction time to repeated sprint exercise.
We hypothesize that napping will enhance repeated sprint and reac-
tion time performances and reduce sleepiness and biomarkers of
muscle damage. Further, we expect that the longer nap opportunity
will result in better enhancement than the short one.
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MATERIALS AND METHODS /15
Ethics

The present study was approved by the local Institutional Review
Board (P-SC N° 009/15) and conducted according to the ethical
guidelines of the Declaration of Helsinki (64" World Medical Associa-
tion General Assembly, Fortaleza, Brazil, October 2013). All partici-
pants provided an informed consent form after being informed about
the study design and risks. They were also informed about their right
to withdraw from the study without any penalty.

Participants

The sample size was a priori calculated using the G*power soft-
ware [23], and following the suggested procedure by Beck [24]. The
probability of type | (p < 0.05) and Type Il (1 - B > 0.95) errors were
both fixed at 0.05. Based on an earlier study with a similar para-
digm [22], the smallest Cohen’s d (i.e., P.,,) was retained (d = 0.54).
Further, the lowest correlation between repeated measure was retained
(GPx; r = 0.44) [22]. The G*power software indicated a minimal
required sample size of 12 participants. With the abovementioned
considerations, the actual power of the study design was 0.96.

At first, twenty volunteers were screened, from them, sixteen were
involved and completed the protocol. It was expected that not all the
participants will finish the protocol appropriately [11]. Indeed, only
fourteen participants’ data are included in the statistical analysis.
They were all good sleepers, non-habitual nappers, non-smokers and
free of drugs (20.43 + 1.22 years, 174.86 = 8.77 cm,
73.07 + 11.72 kg, BMI = 23.85 + 3.12 kg'm?). They were all
major males, highly trained judokas (at least 1%t Dan black-belt),
regularly engaged in at least ~2 hours/day, 5 days/week of training
for at least 5 years and competing at the international level. All of
them were moderate or intermediate chronotype (scored between
31 and 69) according to the Horne and Ostberg morningness/eve-
ningness questionnaire [25]. Participants provided their last month’s
routine sleep schedule and participants who scored > 5 according
to the Pittsburg Sleep Quality Index [26] were excluded.

Experimental design (Figure 1)

Before starting the main experiment, participants underwent two
habitational sessions. In which, they were familiarized with the ex-
perimenters, laboratory, used material/devices, the sleeping room,
tests, and questionnaires.

Three test sessions after normal sleep night (NSN) were accom-
plished at least one week apart in a counterbalanced and randomized
order (No-nap, ~20 min (N20) and ~90 min (N90) nap opportuni-
ties). During different protocol sessions, participants showed-up at
the laboratory at ~20h00, consumed a standardized dinner at
~20h30. After that, they were free to watch television, play video-
games or surf on the internet, until 22h00 when they were sent to
bed to fall asleep (all lights and devices off). Participants were aroused
at 06h30 (~08h30 of time in bed “TIB"), which corresponds to their
daily routines. After a qualitatively and quantitatively standardized
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FIG. 1. Simplified experimental protocol. N20: 20 min nap opportunity, N90: 90 min nap opportunity, RAST; the running-based
anaerobic sprint test, h; hour, min; minute, TEM: temperature, SRT, Simple Reaction Time, MCRT; Multiple Choice Reaction Time,
ESS; Epworth Sleepiness Scale and POMS; the Profile of Mood State.

breakfast at 07h00, they stayed awake until 12h00 doing the same
passive activities as in the previous evening (no food allowed, drinking
water ad /ibitum). The Iso-caloric lunch at 12h00 was followed by
40 min of rest. After this, pre-nap blood samples were collected and
oral temperature (TEM; micro life, France with precision ~0.05°C)
was recorded. Then, simple (SRT) and multiple-choice (MCRT) reac-
tion time, the Profile of Mood State (POMS) and the Epworth Sleepi-
ness Scale (ESS) were administered. In the N90O condition, partici-
pants entered the sleeping room (i.e., comfortable temperature,
entirely dark and quiet) and went to bed at ~12h50. They were free
to use a blanket. After being given ~10 min to get used to their
surroundings, they wore earplugs and eye-masks and the 90 min
naptime started (from ~13h00 to ~14h30). During the N20 condi-
tion, participants were watching a neutral documentary between
12h50 and 14h00. They were sitting on comfortable armchairs and
got in the napping room at ~14h00, acclimatized for ~10 min, then
wore earplugs and eye-masks and the 20 min naptime started (from
~14h10 to ~14h30). Participants’ activities was monitored by an
infrared camera connected to the experimenter’s computer. At awak-
ening, participants subjectively rated their sleep quality during the
nap on a 100 mm analog scale; ranging from O “no sleep at all” to
100 “deep, uninterrupted sleep”. Then, a period of ~30 min sepa-
rated wake-up from testing to overcome any sleep inertia that might
have existed [1, 11]. After that, TEM, SRT, and MCRT were recorded
and questionnaires were filled at ~14h50 in the same pre-nap/rest
order. Participants spent the period between 13h00 and 15h00
during the No-nap condition watching a neutral documentary, in
semi-recumbent position. Afterwards, each participant performed
a 5 min warm-up followed by a recovery period of 3 min. Finally, the
Running-based anaerobic sprint test (RAST) started at ~15h00,
followed by a blood sampling after 5 min of post-exercise passive
recovery.

The laboratory conditions were fixed during all experimental days;
temperature ~25°C (= 1.8°C), humidity ~35% (= 3.2%), and
luminosity (i) ~2000 lux during tests, and (ii) < 5 lux during sleep.
Protocols
The Running-based Anaerobic Sprint Test (RAST)

RAST (six 35 m straight-line sprints with 10 s recovery in between
for the turnaround) was performed [27].

Simple and multiple-choice reaction times

Participants performed simple (SRT) and multiple-choice (MCRT)
reaction times using REACT V0.9 software (Claude Bernard Lyon
1 University, Lyon, France).

Profile of Mood State (POMS)
POMS standard validated psychological test formulated by Mc-
Nair [28] was administered.

Epworth Sleepiness Scale (ESS)

ESS score defines subjective daytime sleepiness. Its score was cor-
related with Multiple-Sleep Latency Tests during overnight
polysomnography [29].

Rating of perceived exertion (RPE)
The CR-10 psycho-physiological scale given score assessed the exer-
tion which the athlete experience during the exercise [30].

Blood sampling and analysis

Blood samples were collected and analyzed according to Romdhani
etal [11, 22]. Table 1 presents all the methods used in the sample
analysis.
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TABLE 1. Different methods used in blood analysis

Biochemical variables Method
Plasma Lactate [La] Lactate oxidase peroxidase method (intra and inter-assay CV were: 0.91% and 1.9%, respectively)
Plasma Glucose (GLC) Glucose hexokinase method (intra and inter-assay CVs were: 0.94% and 1.31%, respectively)
Creatinine (CRE) Colorimetric (intra and inter-assay CV were 2.75% and 2.93%, respectively).
Urea (URE) Kinetic enzymatic method (intra and inter-assay CV were: 0.33% and 5.66%, respectively).

Lactate Dehydrogenase (LDH) NADH consumption method (intra and inter-assay CV were: 3.72% and 4.31%, respectively).

Glutathione Peroxidase (GPx) Spectrophotometric method based on Paglia and Valentine method (1967; with kit from Randox Lab;
Ransel RS. 505). The intra and inter assays CV% were: 7.31 and 4.86, respectively.

Superoxide Dismutase (SOD) SOD activity in erythrocytes was measured by the rate of inhibition of 2-(4-iodophenyl)-3-(4-nitrophenol)-
5-phenyltetrazolium chloride (INT) reduction. The kit used in this method was from Randox Lab
(Ransod, RX MONZA). 0.5 ml of whole blood was centrifuged and then separated from the plasma.
Erythrocytes were washed four times with 3 ml of 0.9% NaCl solution and centrifuged after each
wash. 2.0 ml with cold redistilled water was added to the resulting erythrocytes, mixed and left to
stand at +4°C for 15 minutes. A 25 fold dilution of lysate was then added. The intra and inter
assays CV% were: 5.96 and 4.64, respectively.
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FIG. 2. Individual maximum (P.; A), minimum (P,; B) and mean (Ppean; C) powers, and [Lal: Plasma lactate (D) after control
(No-nap @), 20 min nap (N20 o) and 90 min nap (N90O e). Significance is assessed with a one-way ANOVA and Bonferroni multiple
comparison tests. ", ““and ™ presents a significant difference in comparison with No-nap values at p < 0.05, p < 0.01 and p < 0.001,
respectively; *, ** and *** presents a significant difference in comparison with N20 values at p < 0.05, p < 0.01 and p < 0.001,
respectively. Horizontal and vertical bars represent the group means and standard deviations, respectively.

632 .




Daytime napping and athletic performance

(A) . (B)
37.5- ' ]
*%k%
r—
O 37.04 T £)
= T T g
W 36.5- i
36.0' T T T
R él? &Q
&
(C) hk it (D)
0.50- o
000
s 0.45 T T El
|_
@ 0.404 T g
Q o
= (.35 o
Q Q
& & &
eo

10 * ,+ Nap/Rest
oo @8 Before
8 f ' After
o T
2' T T T
éos\“’Q & &
*%k% ++
r ..... s
20- M~
151 l
10+
5-
0' T T T
‘\0&"8 & &

FIG. 3. Means = SD of Temperature (TEM; A), Epworth Sleepiness Scale (ESS; B), Multiple Choice Reaction Time (MCRT; C) and
the Profile of Mood State (POMS; D), before and after the nap/rest during different protocol conditions; (No-nap), 20 min nap
opportunity (N20) and 90 min nap opportunity (N90). Significance is assessed with the Two-way repeated measure ANOVA and
Bonferroni post hoc tests. °, *® and **® presents a significant difference in comparison with pre-nap/rest values at p < 0.05, p < 0.01 and
p < 0.001 respectively; ", “"and ™" presents a significant difference in comparison with No-nap values at p < 0.05, p < 0.01 and
p < 0.001 respectively; *, ** and *** presents a significant difference in comparison with N20 values at p < 0.05, p < 0.01 and
p < 0.001 respectively. s; second, °C: Celsius, au; arbitrary unit.

Statistical analyses

The statistical tests were processed using GraphPad Prism 6 (Graph-
Pad Software, San Diego, CA, USA). The Shapiro-Wilks revealed
that data were normally distributed. Hence, parametric tests were
used. For RAST and [Lal, a One-Way analysis of variance (ANOVA)
with repeated measures (3 napping conditions) was used. For TEM,
SRT, MCRT, and self-administered questionnaires, Two-Way repeated
measures ANOVA was used (before/after the nap/rest x 3 napping
conditions). For biochemical parameters, Two-Way repeated mea-
sures ANOVA was used (before the nap/after the exercise x 3
napping conditions). To assess the ANOVA practical significance,
Eta-squared (n?) was calculated. Once the ANOVA indicated a sig-
nificant main effect or interaction effect, the Bonferroni post-hoc
test was used to check differences. Furthermore, the Effect Size (d)
was calculated according to Cohen [31] to determine the amplitude
of the difference in pairwise comparisons. The magnitude of d was

classified as small (0.2 < d < 0.5), moderate (0.5 < d < 0.8)
and large (d > 0.8). Further, Mean Difference (MD) and the 95%
Confidence Interval (95% Cl) were provided for pairwise comparison.
All values within the text, figures, and tables are reported as
mean = standard deviation (SD). The level of significance was set
at p < 0.05.

RES U LT S 15
Sleep quality during the nap

Participants rated their sleep quality during the nap immediately at
the awakening. The one-way ANOVA showed a significant effect of
napping (Fip.13 = 60.48, p < 0.001, n? = 0.82). Sleep quality was
higher after N20 (p < 0.001, d = 3.21, MD = -3.71, 95%
Cl =-4.811t0-2.62) and N90 (p < 0.001,d = 5.43, MD = -5.01,
95% Cl = -5.95 to -4.04) compared to No-nap, with no difference
between N20 and N9O.
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TABLE 2a: RAST and [Lal's ANOVA output and pairwise comparison

ANOVA (One-way) N20 vs No-Nap N90 vs No-Nap N20 vs N90
Fio, 13 p n° p d MD 95% Cl p d MD 95% ClI p d MD 95% Cl
-120 to 30.3 to 98.9 to
Pmax (W) 344 < 0.001 0.78 < 0.001 0.59 -72.9 5.4 < 0.001 0.52 56.9 83.4 < 0.001 0.98 130 161
Pmean -106 to -26.8 to 44.9 to
w) 147 < 0.001 065 <0.01 066 -57.7 944 NS 0.21 21.1 679 < 0.001 0.72 78.8 113
[Lal -2.87 to -1.54 to 0.27 to
(mmol) 848 < 0.001 054 < 0.001 092 -1.64 039 NS 0.05 -0.14 125 < 0.01 0.88 1.49 271
TABLE 2b: TEM and psycho-cognitive parameters’ ANOVA output and pairwise comparison
ANOVA (interaction) N20 vs No-Nap N90 vs No-Nap N20 vs N90
Fo ey P n° p d MD 95% Cl ) d MD 95% Cl p d MD 95%Cl
TEM 0.08 to 0.11to -0.17 to
) 4.09 <0.01 041 <0.001 081 0.27 0.47 < 0.001 0.92 0.31 0.49 NS 0.03 0.02 0.21
MCRT 0.03 to -0.01 to -0.05 to
(s) 8.77 < 0.001 0.52 < 0.001 1.15 0.05 0.07 NS 0.37 0.01 0.03 < 0.001 0.81 -0.03 001
POMS 2.33 10 -7.09 to -14.2 to
(au) 104 < 0.01 0.34 <0.001 1.07 9.14 15.91 NS 0.21 -0.28 6.5 <0.01 0.72 -7.36 051
ESS -0.08 to -1.95 to -3.23 1o
(au) 3.59 <005 037 <0.05 092 1.29 266 NS 0.26 -0.57 0.8l <001 0.89 -1.86 048
TABLE 2c: Biochemical parameters’ ANOVA output and pairwise comparison
ANOVA (interaction) N20 vs No-Nap N90 vs No-Nap N20 vs N90
Fi2.26) p n? p d MD 95%Cl p d MD 95% Cl p d MD 95% Cl
LDH -45.1 to 27.5 10 36.7 to
U 5,563 < 0.01 0.38 NS 0.17 -9.21 6.5 < 0.001 1.13 63.3 99.3 < 0.001 1.19 725 108.3
SOD -680 to -667 to -150 to
(U.gHB™) 5.19 <0.05 0.32 <0.001 1.18 -417 155 < 0.01 0.78 -305 41 NS 0.25 113 375
GLC 1, 385 <0.05 023 <0.001 031 -0.24 -0.6t0 0.1 <0.001 0.53 -0.33 06910 NS -0.11 -0.08 04410
(mmol-I') 0.02 0.27

RAST; the Running-based Anaerobic test, [Lal: Plasma Lactate, Pmax: maximum power during the RAST, Pmean; mean power during

the RAST, W; watts, ANOVA; analysis of variance, N20; 20 min

nap opportunity, N90; 90 min nap opportunity, F; F de Fisher, p;

probability, n?; Eta-squared, d; Cohen’s effect size, MD; Mean difference, 95% Cl; 95% confidence Interval, au; arbitrary unit, NS;

Non-significant, TEM; Oral Temperature, C°; Celsius, s; second, M

CRT; Multiple Choice Reaction Time, POMS; Profile Of Mood State,

ESS; Epworth Sleepiness Scale, LDH; Lactate Dehydrogenase, SOD; Superoxide Dismutase and GLC; Plasma Glucose.

The running-based anaerobic sprint test and Plasma lactate

P max Pmean @nd [Lal were higher after N20 compared to No-nap and
N90. However, P, was lower after N9O compared to No-nap. Py,
Prean @and [Lal's ANOVA and pairwise comparison are presented in
Figure 2 and Table 2a. P,,,, RPE and FI were unchanged across
different nap conditions.

Oral temperature and psycho-cognitive parameters

There was no difference between pre- and post-nap during all condi-
tions in TEM. However, TEM was lower after N20 and N90 compared
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to No-nap. MCRT was lower after N20 compared to pre-nap
(p < 0.001,d = 1.25, MD = 0.04 s, 95% Cl = 0.02 to 0.06 s)
indicating a better performance. Also, MCRT was lower after N20
compared to No-nap and N90. The number of errors during MCRT
was lower after N20 (p < 0.001, d = 1.31, MD = 1.36, 95%
Cl =0.29t02.27) and N90 (p < 0.001,d = 1.03, MD = 1.14,
95% Cl = 0.08t0 2.21) compared to pre-nap. ESS scores decreased
after N20 compared to pre-nap (p < 0.01,d = 0.71, MD = 0.86,
95% Cl

-0.59 10 2.23) indicating a lower sleepiness. Further, ESS
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FIG. 4. Plasma Glucose (GLC: A), lactate dehydrogenase (LDH:
(SOD: D). For legend, please see Fig. 3.

scores were significantly lower after N20 compared to No-nap and
N90. N20 decreased POMS score compared to pre-nap (p < 0.001,
d=1.05MD=9.21,95%Cl = 2.41 t0 16.01), indicating a better
mood. The SRT was unaffected by neither napping nor the timing of
testing. TEM, POMS, ESS and MCRT's ANOVA and pairwise com-
parison are presented in Figure 3 and Table 2b.

Biochemical parameters

Post-exercise urea (URE) increased only after No-nap compared to
pre-exercise (p < 0.001, d = 0.65, MD = -0.53 mmol-I"}, 95%
Cl = -0.95 to -0.12 mmol-I") and both N20 and N90 blunted this
increase. Post-exercise lactate dehydrogenase (LDH) was lower after
N90 compared to No-nap and N20 (Figure 4 and Table 2c). Post-
exercise glutathione peroxidase (GPx) increased only after N20
(p <0.001,d = 1.01, MD = -29.8 Ul.gHB™}, 95% CI = -50.1 to
-9.4 Ul.gHB™!) compared to pre-nap. Both N20 and N90 enhanced
post-exercise superoxide dismutase (SOD) compared to No-nap (Fig-
ure 4 and Table 2c). Post-exercise plasma glucose (GLC) increased

B), Glutathione Peroxidase (GPx: C) and Superoxide Dismutase

regardless of nap condition. However, this increase was more impor-
tant after N20 and N90 than No-nap (Figure 4 and Table 2c). Post-
exercise Creatinine (CRE) increased significantly only after N20
(p < 0.001, d = 2.03, MD = -30.9 mmol-I*, 95% Cl| = -46.4 to
-15.4 mmol-I"Y) compared to pre-nap.

DISCU'S'S 1O /N 15
We showed that a short 20-min nap opportunity (N20) enhanced
repeated sprint, reaction time performance, mood, and antioxidant
status and reduced sleepiness and biomarkers of muscle damage
compared to No-nap and N90. However, contrary to our second hy-
pothesis, the longer nap (N90) resulted in a decreased repeated sprint
performance, increased sleepiness and had no effects on reaction time
compared to N20.

The current data showed that RAST's P, and P.., were higher
after N20 compared to No-nap. This finding is in accordance with
earlier studies that reported an increased short intensive intermittent
physical performance after a brief daytime nap the day after
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NSN [12, 13]. Contrarily, several studies reported a neutral effect of
a brief nap on all-out short-term exercise after NSN [7, 9, 10]. The
duration and the nature of the exercise could explain this discrepancy.
In the current study, participants performed a discontinued repeated
sprint of less than 100 s. However, participants in other studies per-
formed a continuous effort (i.e., 20 m straight-line sprint in the study
of Suppiah et al. [9] and 30 s Wingate test in the study of Petit
et al. [7]. Moreover, Daaloul et al. [10] participants’ performed a spe-
cific karate test that lasts more than 13 min. It could be possible that
the nap enhances repeated sprint performances by enhancing between
sprint recovery [11].

The current study is the first to examine the effect of a relatively
long nap opportunity (90 min) on repeated sprint performances after
NSN. N9O decreased RAST’s P,,... The current results could be
explained by the severity of sleep inertia after N90 compared to N20.
Lovato and Lack [14] reported that longer naps tend to result in
greater sleep inertia. Besides, Tietzel and Lack [32] reported that
brief naps were associated with shorter periods, and sometimes, did
not cause sleep inertia. The higher subjective sleepiness after N9O
compared to N20 in the present study confirms this suggestion.
Consequently, we suggest that after NSN, athletes should avoid long
naps if they have to perform an intermittent exercise at the
awakening.

The current results also showed an enhancement of mood and
MCRT performance and a lower subjective sleepiness after N20
compared to No-nap. This is in accordance with earlier reports and
confirms the beneficial effects of a short nap on psycho-cognitive
performances and sleepiness [1, 11, 14, 32]. Contrarily, N9O in-
creased subjective sleepiness, assessed 30 min after awakening.
This finding indicates that the 30 min that separated awakening from
starting the assessment was not long enough to dissipate sleep resi-
dues after the long nap. Indeed, Takahashi et al. [33] reported that
sleep inertia could last as long as 2 h after a 90 min nap. It has been
also reported that after NSN, naps of 20 min or less do not contain
slow wave sleep (SWS), and therefore most likely avoid sleep iner-
tia [17]. Similarly to our current finding, a 10 min nap after NSN
produced immediate enhancement of sleepiness and mood [34].
Nonetheless, sleepiness was still high 35 min after awakening from
a 30 min nap [34]. This suggests that the short nap in the current
study probably have not caused sleep inertia. It could also be possible
that the short nap caused sleep inertia that was dissipated during
the 30 min that separated awakening from assessments. However,
gains obtained from the long nap opportunity -if they exist- require
more than 30 min to become tangible, as far as the present study
variables are concerned. Hence, further studies are warranted to
inspect the effects of a similar nap length on repeated sprint and the
time course of sleep inertia.

The nap opportunities per se did not decrease oral temperature
(TEM). However, post-napping TEM was lower compared to control.
It was suggested that the drop of TEM after N9O contributed to re-
peated sprint performance enhancement [11]. Although, this does
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not apply to the current findings since TEM decreased and so did
repeated sprint performances.

Post-exercise [Lal and CRE were higher after N20 compared to
N9O, probably because of the higher power output performance after
the short nap. Moreover, GLC levels were higher after napping com-
pared to No-nap. These results are in line with earlier findings showing
that napping enhances energy availability during the exercise [11, 35].
Both nap opportunities decreased post-exercise URE. Higher URE
is an indicator of higher ammonia, which is a toxic waste for the
brain and muscles. This confirms earlier suggestions that napping
decreases muscle damage [11, 35]. Also, post-exercise LDH was
lower after N90 compared to N20. This enzyme interconverts pyruvate
and lactate. Thus, the decreased post-exercise LDH levels after N90
could be explained by the decreased lactate production and muscle
damage. These results confirm early suggestions, that LDH levels
are tributary to the power output and independent of napping and
PSD [11, 22].

The current results showed an enhancement of the antioxidant
response to the exercise when it was performed after napping, which
is in line with previous results [11]. This implies that even a short
sleep episode enhances the defense toward the exercise-induced
oxidative stress. It was suggested that the increase in enzymatic
antioxidant defense after N90 contributes to enhancing repeated
sprint performances after PSD [11]. Nevertheless, this does not apply
to daytime napping after NSN, since enzymatic antioxidant concen-
tration increased after N9O while performance decreased.

The present study is the first to compare the effects of a short nap
with the effects of a long nap opportunity after NSN on mood, reac-
tion time and the biochemical responses to repeated sprint exercise.
It has been previously shown that both nap opportunities enhanced
repeated sprint performance and decreased subjective sleepiness
after PSD, with N90 having a stronger enhancing effect than
N20 [11]. For instance, sleep deprivation results in substantial ho-
meostatic disruptions [36-38] that are exacerbated during the
PLD [22]. Probably for this reason, the long nap was more beneficial
for physical and cognitive performances than the short one [11].
However, the current results showed that the short nap was more
beneficial than the long one after NSN. In fact, the PLD is a transient
naturally occurring decline in performances even when athletes obtain
a sufficient amount of nocturnal sleep [2, 3]. Therefore, a short nap
could be scheduled when athletes feel sleepy during the day, despite
having a normal sleep during the previous night. Indeed, a brief nap
could be beneficial, particularly during the home-confinement peri-
od [39, 40], and during rehabilitation programs post-injuries (e.g.,
post ACL reconstruction) [41].

The current results could be consequent to the chosen protocol.
First, the selected participants were non-habitual nappers. It was
reported that non-habitual nappers displayed a heavier sleep inertia
at the awakening compared to habitual nappers [42]. Thus, results
could be different if habitual nappers were included instead of non-
habitual nappers. Second, only one test session took place 30 min
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after the nap. It could be possible that a delayed start of the evalu-
ation might result in different outcomes. Therefore, more studies are
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needed on this specific point.

CONCLU SO N S 5
After a previous normal sleep night, the short nap opportunity in the
post-lunch dip enhanced repeated sprint and multiple-choice reaction
time performances, and antioxidant defense while decreasing sleepi-
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