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of stage 1 or 1 epoch of stage 2), or a rest without sleep 
by lying in a bed, between 13:00 and 14:00 hours in non-
shifted condition or 08:00 and 09:00 hours in shifted condi-
tion, after which anaerobic exercises were performed twice 
2 h apart. Core body temperature was recorded throughout 
the study period.
Results T he nap extended sleep onset latency from 
6.72 ± 3.83 to 11.84 ± 13.44 min, after shifted condition 
but did not modify sleep architecture of the post-trial night 
among athletes, whether shifted or not. Moreover, nap-
ping did not improve physical performance but it delayed 
acrophase and batyphase of core body temperature rhythm 
parameters.
Conclusion N apping showed no reliable benefit on short-
term performances of athletes exercising at local time or 
after a simulated jet lag.

Keywords  Simulated jet lag · Nap · Sleep · Exercise · 
Core body temperature

Abbreviations
AASM	� American Academy of Sleep Medicine
CBT	�C ore body temperature
EEG	� Electroencephalogram
Pmean	� Mean power
Ppeak	� Peak power
% N1	� Percentage in sleep stage 1
% N2	� Percentage in sleep stage 2
% N3	� Percentage in sleep stage 3
% REM	� Percentage in rapid eye movement
PSG	� Polysomnography
PTN1	� Post-tests night 1
PTN2	� Post-tests night 2
PTPAN1	� Post-tests night with phase advance 1
PTPAN2	� Post-tests night with phase advance 2

Abstract 
Purpose T he aim of the study was to examine the effects 
of a post-prandial 20  min nap on a short-term physical 
exercise and subsequent sleep in athletes keeping their 
usual sleep schedules and in 5-h phase-advance condition.
Methods  Sixteen healthy young male athletes (age 
22.2  ±  1.7  years, non-habitual nappers) participated in 
the study. After a baseline 8-h time in bed in normal and 
5-h advanced sleep schedules, a standardized morning 
and lunch in a laboratory environment, subjects under-
went either a nap (20 min of sleep elapsed from 3 epochs 
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SE	� Sleep efficiency
SOL	� Sleep onset latency
TST	�T otal sleep time
TTN1	�T otal time in stage 1
TTN2	�T otal time in stage 2
TTN3	�T otal time in stage 3
TTREM	�T otal time in stage REM

Introduction

The impact of transcontinental travel results in physiologic 
and sleep disturbances, sleepiness and intermittent fatigue. 
Jet lag and travel fatigue have been identified by athletes 
and their coaches as important but challenging problems 
that could benefit from practical solutions (Samuels 2012). 
The management of this fatigue is considered a key fac-
tor in sustaining alertness and performance (Belenky et al. 
2003). Therefore, to compensate sleep debt and subsequent 
fatigue during travel crossing multiple time zones, or to 
help athletes, especially during stressful training, napping 
is a behavioral measure that may be used to alleviate a 
number of sleep-related problems, promote waking func-
tion, reduce problems with arousal and counteract the del-
eterious effects of jet lag.

Different types of diurnal siestas: appetitive napping for 
pleasure of sleeping, prophylactic napping when a future 
debt is expected and replacement napping in response to 
subjective fatigue have all been described by Dinges and 
Broughton (1989). But in this review of the timing of self-
selected nap, Dinges reported that the afternoon is by far 
the most frequent period, with a nap taken closer to the 
afternoon circadian dip in alertness evidenced in a large-
scale survey of young students. Sleep efficiency is better, 
sleep latency is shorter, and the amount of slow wave sleep 
is greater than in a nap taken during the morning or evening 
forbidden zone for sleep (Lavie and Zvuluni 1992).

Naitoh (1981) cautioned that naps taken at the wrong 
time could lead to prolonged sleep inertia. As naps are 
influenced by circadian rhythms, one strategy involves 
varying the time of day a nap takes place during sustained 
wakefulness. Indeed, naps taken after 6 or 18  h of wake-
fulness showed more benefits than those taken after 30, 43 
or 54 h of wakefulness; also, naps taken after fewer hours 
of wakefulness prevented a mean drop in body temperature 
(Dinges et al. 1987).

According to several studies, healthy young adults 
should ideally nap for approximately 10–20 min to decrease 
fatigue, increase vigor, improve subjective alertness, objec-
tive alertness and cognitive performance (Brooks and Lack 
2006; Tietzel and Lack 2002; Hayashi et al. 1999). These 
short naps would be ideal for athletes whose performance 
is normally required immediately upon awakening. As 

described in the two-process model of sleep–wake regula-
tion, which predicts that longer sleep is required for resto-
ration and improvements in waking performance and cog-
nition, nap time duration is linked with the sleep-dependent 
process S as described by Borbely (1982).

Thus, homeostatic and circadian processes interact to 
determine the extent of restoration, e.g., the quality of the 
prior sleep period, the duration of the nap, the presence of 
sleep inertia, and the timing of the nap (Milner and Cote 
2009).

Most of the studies on daytime nap effects have been 
conducted in shift workers, medical staff, drivers, and 
pilots on alertness, but to our knowledge, very few in ath-
letes (Waterhouse et  al. 2007). Furthermore, while advice 
may seem reasonable, there appears to be little hard empiri-
cal evidence as to whether a nap is indeed helpful in shifted 
athletes. Thus, the first aim of the study was to examine the 
effects of a post-prandial 20 min nap on a short-term physi-
cal exercise and subsequent sleep in athletes keeping their 
usual sleep schedules. The second aim was to investigate 
whether this nap may have different effects after a simu-
lated jet lag.

Method

Participants

Twenty highly trained male subjects were recruited, 
of whom sixteen (age 22.2  ±  1.7  years, height 
178.3 ± 5.6 cm, body mass 73.6 ± 7.9 kg) participated in 
the study. Indeed, four subjects were excluded because of 
reporting sleep disturbances. They were selected accord-
ing to their oxygen uptake (VO2 max), measured directly 
during a rapidly progressive incremental exercise test 
until exhaustion on a cycle ergometer (Lode Excalibur, 
Lode B.V., Groningen, the Netherlands) 1  week before 
the experiment. The maximal power output and VO2 max 
averaged 384 ± 66 watts and 55.5 ± 9.1 ml min−1 kg−1, 
respectively. Subjects did not report any significant pre-
vious or present health problems, including substance 
abuse, and specifically, they did not have any sleep-
related complaints or partial sleep restrictions. All had 
normal sleep–wake habits. Moreover, they were selected 
on the basis of their circadian typology, according to the 
Horne and Östberg “morningness–eveningness” ques-
tionnaire and also based on a sleeping diary that they 
completed for 1  month before experimental procedures 
(Horne and Ostberg 1976). Circadian typology score 
averaged 52.88 ±  5.45; all subjects had an intermediate 
chronotype. Their sleep diaries averaged total sleep time 
per night of 491.44 ±  41.12 min, sleep onset latency of 
15.75 ± 12.18 min and sleep efficiency index (total sleep 
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time/time in bed × 100) of 94.81 ± 3.02 %. All subjects 
used to go to bed between 22:30 and 23:00 hours. None of 
them habitually napped.

Ethics

The study was approved by the local ethics committee 
(Protocol no. T/2009/06 “WINAP”). The study procedures 
were explained to all participants and any questions about 
the protocol were answered. All volunteers provided a writ-
ten informed consent and were informed about their right 
to withdraw from the study at any time. Upon completion, 
they received financial compensation.

Procedure

The experimental protocol is described in detail in Fig. 1.

Sleep conditions

The subjects spent a total of 9 nights consisting of one 
habituation night at the beginning of the study and 2 nights 
per week for each condition, for 4 consecutive weeks, in a 
sleep laboratory in a quiet, comfortable and soundproofed 
bedroom, with constant temperature (18–20  °C), noise 
(<40 dB), and dim light (<10 lux) conditions.

The subjects first spent one habituation night to ensure 
that they had no sleep disorders and to accustom them to 
sleeping in the laboratory. All times are expressed in “local 
time”.

The habituation night was followed by four randomized 
conditions. The conditions were counter-balanced so that 
participants experienced the conditions in an equal number 
of different orders:

–– One pre-trial night and one post-trial night in normal 
sleep condition (PTN1) with post-lunch rest (A),

–– One pre-trial night and one post-trial night in normal 
sleep condition (PTN2) with post-lunch nap (C),

–– One pre-trial night and one post-trial night in 5-h phase-
advance condition (PTPAN1) with post-lunch rest (B),

–– One pre-trial night and one post-trial night in 5-h phase-
advance condition (PTPAN2) with post-lunch nap (D).

For the habituation night and pre-trial nights in nor-
mal sleep condition, subjects reached the laboratory at 
19:00 hours for a standardized dinner. Time in bed was at 
22:30  hours and lights were turned off from 23:00  hours 
until 07:00 hours, corresponding to their breakfast time.

For the pre-trial nights in phase-advance condition, sub-
jects reached the laboratory at 14:00 hours for a standard-
ized dinner. They were asked to change their clocks and 
watches. Time in bed was at 17:30  hours and the lights 
were turned off from 18:00 to 02:00  hours; correspond-
ing to breakfast time. Participants did not leave the labora-
tory all along the experiment and were monitored by the 
experimenter.

Subjects stayed awake sitting, watching television, 
reading books or listening music while being controlled 
by polysomnography (PSG) and also under the constant 
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Fig. 1   Designed experimental protocol in athletes in normal sleep condition without nap (a), in phase-advance condition without nap (b), in 
normal sleep condition with nap (c), and in phase-advance condition with nap (d). All data are expressed in local time
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surveillance of a technician (to avoid micro-sleeping) dur-
ing standardized morning, i.e., from 07:00 to 12:00 hours in 
normal sleep conditions and from 02:00 to 07:00 hours dur-
ing 5-h phase-advance conditions. In the latter conditions, 
subjects were exposed to 5 h of room light once they woke 
up (Pharos Max, 10,000 Lux—76 cm) to keep them awake.

Identical lunches were offered either at 12:00 or 
07:00 hours. Subjects filled dietary diaries, indicating their 
diary intakes during 4  days, 1  week before experimenta-
tions, in usual quantity or in weight. These data were ana-
lyzed by GENI software (MICRO 6, CS 90172, Villers les 
Nancy Cedex). In this way, all meals during the protocol 
were prepared to contain appropriate energy require-
ments for each subject based on their dietary diaries, of 
2,500–3,500 Cal.

Intense physical activity and naps were prohibited dur-
ing the day before experiment. To evaluate this, daily motor 
activity was measured during the 24 h before the subjects 
came to the laboratory, and during the week between each 
condition, by recording movements of the non-dominant 
wrist with an Actiwatch activity monitoring system® (Acti-
watch AW7, CamNtech Ltd, Cambridge, UK).

Subjects were also required to abstain from caffeinated 
beverages the week before the experiments and on the days 
of the experimental sessions.

Sleep recordings

A camera constantly monitored subjects and EEG was 
transmitted in real-time to a computer manned by one of 
the experimenters. Sleep was assessed using standard PSG 
techniques using an 8-channel EEG device (i.e., F4, C4, 
02, M2, F3, C3, 01, M1 electroencephalogram, right and 
left electrooculogram, electromyogram). PSG data were 
recorded directly to a data acquisition, storage, and analy-
sis system (Schwarzer GmbH, Munich, Germany; OSG 
BrainRT, OSG Bvba, Rumst, Belgium). Night EEG record-
ings were scored using the AASM (American Academy of 
Sleep Medicine) standard rules to obtain the overnight pat-
tern of sleep stages (Iber et al. 2007). Morning EEG moni-
toring were screened to check for micro-sleeping.

Nap recordings

Post-lunch naps were scheduled at 13:00  hours after nor-
mal sleep condition (C) and at 08:00  hours in phase-
advance condition (D). They were continuously monitored 
and scored by PSG. Subjects were required to lie on a bed 
in a darkened room for 1 h and were awakened by intercom 
when about 20 min of sleep had elapsed from 3 epochs of 
stage 1 or 1 epoch of stage 2.

In post-lunch rest conditions (A and B), subjects 
remained lying in a bed in the same conditions as in 

post-lunch nap conditions, for 1  h, between 13:00 and 
14:00 hours and 08:00 and 09:00 hours after normal sleep 
and phase-advance conditions, respectively. They were 
asked not to take a nap. In case of any signs of sleep, they 
were awakened by intercom. EEG recordings confirmed 
that they did not sleep throughout this period. Subjects 
were not submitted to darkness, contrary to nap condition.

After post-lunch nap or rest, as for standardized morn-
ings, subjects stayed awake sitting, watching television, 
reading books or listening music while being controlled by 
PSG and under constant surveillance of a technician.

Exercise protocol

Wingate test

Following each pre-trial night, the subjects performed two 
Wingate tests per day, either at 15:30 and 17:30  hours, 
or at 10:30 and 12:30  hours, in normal sleep and phase-
advance conditions, respectively (Fig. 1). These tests were 
conducted on a mechanically braked Monark 814 E cycle 
ergometer (Monark Exercise AB, Varberg, Sweden), a 
Wingate test consisting of a 30  s maximal sprint against 
constant resistance. For each subject, the load was deter-
mined according to body mass using the optimization 
tables of Bar-Or (1987) (0.10 kg × kg−1 body mass). After 
10  min of cycling warm-up with 1  kg load, the subjects 
were requested to pedal as fast as possible from the start 
signal and to maintain maximal pedaling speed throughout 
the 30-s period. Strong verbal encouragements were given 
to subjects during the test. Active recovery lasted 15 min. 
The characteristics of the ergo cycle allowed the calcula-
tion of Ppeak, Pmean and fatigue index as follows: P (W) =  
F (kg) × V (rpm × min−1). Peak power (Ppeak) is the high-
est mechanical power elicited during the test. This index 
was taken as the highest average power during any 5-s 
period. Mean power (Pmean) is the average power sustained 
throughout the 30-s period. The fatigue index is determined 
from the decline in power; it is the difference between the  
highest and the lowest power divided by the highest power.

Blood lactates

Blood samples (100 μl) were collected by micro-method, 
in cycling position from one ear-lobe at the end of 30 s of 
exercise and fifth min of recovery. The samples were ana-
lyzed to determine lactate concentrations (EML 105 Radi-
ometer, Radiometer Medical ApS, Brønshøj, Denmark).

Core body temperature

A rectal probe was self-inserted by the participant  
12–15 cm past the rectal sphincter (Morris et al. 2009). Core  
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body temperature (CBT) was continuously recorded for 
the duration of time in laboratory, at 8-s intervals with a 
rectal thermistor (YSI 400, Rectal Temperature Probe, 
Smiths Medical ASD, Inc., Rockland, United States) con-
nected to a datalogger (SmartReader Plus 8, ACR Systems 
Inc., Canada).

Statistical analysis

Statistical analyses were performed using Stata/SE 10.1 
for Windows (Stata Corp, College, and Station, TX, 
USA). Quantitative data are expressed as mean ±  stand-
ard deviation (SD). A p value <0.05 was considered sta-
tistically significant. The effects of phase advance and nap 
were analyzed by two-way ANOVA measures, for sleep 
night parameters, Wingate variables and blood lactates 
and CBT values. In case of nap effect, a Newman–Keuls 
post hoc test was performed, to compare the data between 
conditions with nap vs without nap. Furthermore, the 
effects of time in phase-advance and nap conditions were 
analyzed by a three-way ANOVA for Wingate variables. 
In case of significant effects, a Newman–Keuls post hoc 
test was performed, to compare the data between trial 1 
and trial 2. To calculate intra-class correlation coefficient, 
two-way random, single measure was used. Each rater 
evaluated each subject, and raters have been randomly 
selected.

A paired Student t test and a Wilcoxon paired test were 
performed for continuous variables with and without nor-
mal distribution, respectively, to evaluate differences in 
sleep parameters of naps.

CBT data were used to generate circadian phase esti-
mates, using TrendReader2 software (TrendReader 2, 
ACR Systems Inc., Canada), Matlab (The MathWorks, 
Inc., version 7.11.0.584) and Cosinor analysis (Time 
Series Analysis Seriel Cosinor, Version 6.3, Expert 
Soft Technologie, Laboratory of Applied Statistics and 

BioMedical Computing, France). After removal of abnor-
mal values, raw data were smoothed at the precise period 
of exercise, using an algorithm based on a penalized least 
squares method, allowing fast smoothing of data in one 
and more dimensions by means of the discrete cosine 
transform (Garcia 2010; Khayam 2003). Establishment 
of the cosine model was done using Cosinor methodol-
ogy (Single and Population Mean Cosinor, Time Series 
Analysis Seriel Cosinor. http://www.eurostech.net), 
with an investigation of period comprised between 22 
and 26  h. A least squares linear regression analysis 
using Cosinor analysis was used to determine the best 
fit of a 24-h period cosine function (Nelson et al. 1979): 
(Y(ti) =  M +  A cos ώti + ϕ)), where M is the MESOR 
(Medline Estimating Statistic of Rhythm which corre-
sponds to the estimated mean level of the rhythm), A is 
the amplitude (equal to 0.5 of the peak-to-trough varia-
tion due to rhythmicity), and ϕ is the acrophase (clock 
time at the maximal level in circadian rhythm referenced 
to local 00:00 hours).

Results

Polysomnographic variables

During naps

The composition of post-lunch nap was similar after nor-
mal night or phase-advance night. The subjects slept for 
21–22 min in the hour they stayed in bed with sleep effi-
ciency that approximated 70  %. Percentages of stage 2 
(N2) and 3 (N3) were predominant (Table 1).

Only the number of awakenings decreased in phase-
advance condition (p < 0.05). Rapid eye movement (REM) 
sleep occurred after normal sleep night, and tended to 
increase after phase-advance night (p = 0.08).

Table 1   Student t and 
Wilcoxon tests for sleep 
variables of post-prandial nap 
in normal sleep condition and in 
5-h phase advance

Values are means and standard 
deviations (n = 16)

SOL sleep onset latency, 
REM rapid eye movement,% 
percentages are expressed in 
total sleep time

In normal sleep condition (C) In phase-advance condition (D) C vs D

Total sleep time (min) 21.72 ± 2.56 21.29 ± 1.58 ns

Sleep efficiency (%) 70.73 ± 14.29 70.44 ± 21.06 ns

Number of awakenings (n) 2.00 ± 2.71 1.13 ± 1.31 <0.05

SOL (min) 7.69 ± 4.14 7.94 ± 9.17 ns

Total time in stage 1 (min) 2.19 ± 2.06 1.53 ± 1.42 ns

N1 (%) 9.89 ± 7.15 9.49 ± 6.89 ns

Total time in stage 2 (min) 11.56 ± 5.49 12.14 ± 4.65 ns

N2 (%) 52.2 ± 20.82 56.01 ± 22.33 ns

Total time in stage 3 (min) 7.78 ± 5.22 7.09 ± 5.65 ns

N3 (%) 36.8 ± 25.47 32.06 ± 25.41 ns

Total time in stage REM (min) 0.19 ± 0.75 0.53 ± 1.36 0.08

REM (%) 1.11 ± 4.40 2.44 ± 5.58 0.08

http://www.eurostech.net
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During the post‑trial nights

There was a significant main effect of phase advance for 
total sleep time (TST; p  <  0.05), sleep efficiency (SE; 
p < 0.05), sleep onset latency (SOL; p < 0.01), total time in 
rapid eye movement (TTREM; p < 0.001), and REM per-
centage (% REM; p  <  0.001). Only a tendency in phase-
advance effect was observed in N3 percentage (% N3; 
p = 0.054). Furthermore, there was a significant effect of 
naps vs no-nap for sleep onset latency (p < 0.01). The inter-
action of phase advance and nap was significant only for 
sleep onset latency (p = 0.05; Table 2).

In normal sleep condition without napping, the 
sleep onset latency (SOL) in post-trial night was 
13.28  ±  5.52  min and increased significantly after post-
lunch naps reaching higher values (24.27  ±  11.77  min; 
p < 0.01; Table 2).

In the 5-h phase-advance condition, SOL in post-trial 
night was short in no-nap condition (6.72 ± 3.83 min) and 
reached higher values in nap condition (11.84 ± 13.44 min; 
p < 0.05; Table 2).

There were no significant differences in the other 
recorded sleep variables.

Physical performance variables

Table 3a summarizes ANOVA results from Wingate param-
eters and lactate levels after both trials. No significant main 
effect of phase advance or nap was observed. Furthermore, 
there were no significant interactions between the main 
factors.

Peak power, mean power or fatigue index were simi-
lar after normal sleep or phase-advance condition with or 
without napping and whatever the trial (Table 3).

Whatever the experimental conditions, no significant dif-
ference in lactate levels was observed after nap vs no-nap in 
trial 1 or 2 (Table 3). Nevertheless, in shifted or unshifted 
condition, with or without nap, lactates levels at the end of 
exercise or at the fifth of recovery, decreased significantly 
in trial 2 (p < 0.001), compared to that measured in trial 1.

Core body temperature

All CBT data are presented in Table 4 and Fig. 2. Times are 
expressed in local time.

ANOVAs showed that there were significant main effects 
of phase-advance condition for acrophase (p < 0.001), baty-
phase (p < 0.001), amplitude (p < 0.001), trough (p < 0.001) 
and mesor (p  <  0.05). There were also significant effects 
of nap for acrophase (p  <  0.01), peak (p  <  0.01), trough 
(p < 0.05) and mesor (p < 0.05, Table 4a). The interaction 
between phase advance and nap was significant on baty-
phase (p < 0.05), peak (p < 0.01) and mesor (p < 0.01).

In normal sleep condition, acrophase was delayed by 
25 min in nap condition compared to no-nap, although the 
difference was not significant. But, peak, trough and mesor 
significantly increased by 0.20  °C (p  <  0.001), 0.05  °C 
(p < 0.01) and 0.11 °C (p < 0.001; Table 4b), respectively, 
in nap vs no-nap condition.

In 5-h phase-advance condition, period, amplitude, 
peak, trough and mesor were similar after nap or no-nap 
condition. Acrophase and batyphase were 59 and 47  min 
delayed, respectively, in nap condition compared to no-nap 
(p < 0.01; Table 4).

Discussion

This study is the first in our knowledge to evaluate the 
effects of a 20-min nap scheduled during the post-prandial 
period on subsequent nocturnal sleep structure and physi-
cal performance in normal sleep or in 5-h phase-advance 
condition simulating home sleep or eastward transmerid-
ian travel, respectively. The main results of the study indi-
cate that a 20-min nap between 13:00 and 14:00 hours in 
non-shifted condition, and between 08:00 and 09:00 hours 
in shifted condition did not change sleep architecture of 
the post-trial night in athletes. Furthermore, naps did not 
improve physical performance while it modified the circa-
dian temperature parameters. Nevertheless, the only signif-
icant data are those obtained, whatever the conditions, in 
lactatemia, at the end of exercise and at recovery, which are 
lower in trial 2 compared to those obtained in trial 1.

The composition of naps in terms of quantity and quality 
was very similar when it was carried out at different times. 
In non-shifted situation, nap occurred at the post-lunch dip 
in vigilance, when sleep propensity increased (Krauchi 
et  al. 2006) and CBT fell. In shifted situation, naps took 
place in a forbidden zone for sleep (Lavie and Zvuluni 
1992) but the sleep onset is possible, in relationship with a 
decrease of CBT at this time.

Furthermore, naps were composed essentially of stage 
2 and stage 3 sleeps with a slight amount of REM, which 
increased in phase-advance condition, suggesting a good 
quality of daytime sleep. Milner et al. (2006) demonstrated 
that non-habitual young and healthy nappers, as the ath-
letes of our study, fall asleep faster and tend to have greater 
sleep efficiency in contrast to usual nappers. On the other 
hand, McDevitt et al. (2012) showed that frequent napping 
appears to be associated with lighter daytime sleep and 
increases sleepiness during the day. These reasons explain 
why some athletes are sometimes unwilling to take a nap.

In shifted condition, higher REM activity may be related 
to a rebound due to early awakening (02:00 hours) on the 
pre-trial night, prohibiting the appearance of enough REM 
sleep (data not shown), since REM is usually concentrated 
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at the end of night. At last, reduction of awakenings could 
be explained by a small sleep debt after the pre-trial phase-
advance night (data not shown), causing a compensation of 
sleep and a lesser fragmented sleep.

Regarding sleep night structure, only sleep latency 
which is already long in most conditions, except dur-
ing the PTPAN1, was lengthened by nap, which is rarely 
observed in athletes who usually fall asleep in about 5 min, 

Table 4   Newman–Keuls post hoc tests for Cosinor analysis of CBT data in normal sleep condition (A), in 5-h phase advance (B), in normal 
sleep condition with nap (C) and in 5-h phase advance with nap (D)

Values are means and standard deviations. Data are presented in local time (n = 16)

Phase-advance 
effect

Nap 
effect

Phase-advance ×  
nap effect

Without nap With nap A vs C B vs D

p p p In normal  
sleep  
condition (A)

In phase- 
advance  
condition (B)

In normal  
sleep  
condition (C)

In phase- 
advance  
condition (D)

Period (h) ns ns ns 24.71 ± 0.81 24.61 ± 0.74 24.81 ± 0.73 24.34 ± 0.98 ns ns

Acrophase (h) <0.001 <0.01 ns 16:42 ± 00:52 13:33 ± 00:25 17:07 ± 00:20 14:32 ± 1:06 ns <0.01

Batyphase (h) <0.001 0.07 <0.05 04:21 ± 00:34 01:09 ± 00:30 04:20 ± 00:34 01 :56 ± 0:58 ns <0.01

Amplitude (°C) <0.001 ns 0.05 0.54 ± 0.11 0.45 ± 0.09 0.61 ± 0.02 0.44 ± 0.09 ns ns

Peak (°C) 0.07 <0.01 <0.01 37.19 ± 0.17 37.21 ± 0.19 37.39 ± 0.12 37.24 ± 0.19 <0.001 ns

Trough (°C) <0.001 <0.05 ns 36.05 ± 0.17 36.29 ± 0.09 36.10 ± 0.04 36.36 ± 0.28 <0.01 ns

Mesor (°C) <0.05 <0.05 <0.01 36.65 ± 0.11 36.75 ± 0.11 36.76 ± 0.10 36.75 ± 0.14 <0.001 ns

Fig. 2   Cosine curve of core body temperature in normal sleep condi-
tion (a), in 5-h phase advance (b), in normal sleep condition with nap 
(c) and in 5-h phase advance with nap (d). Filled black bars indicate 
sleep episodes (a–d), suns indicate period of exposure to natural light 
(a, c) and light bulbs indicate period of exposure to bright light (b, d). 
The clock time on the destination time (5-h phase advance) is indi-

cated in the top axis (b, d). The corresponding clock time on the Paris 
time zone is indicated in the bottom axis (b, d). Downwards gray 
arrows indicate the minimum of endogenous CBT cycle. Upwards 
gray arrows indicate the time of post-lunch nap (c, d). The upwards 
black arrows indicate time of Wingate tests (a–d)
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as reported by Hayashi et al. (2005). These results could be 
explained by the change of environment (laboratory condi-
tions) and the nap itself delaying sleep. Previous research 
examined the effects of napping as a way to predict the 
degree of benefits gained from nap in young adults after 
sleep restriction (Brooks and Lack 2006), or on waking 
function in elderly people (Milner and Cote 2008), shift 
workers (Schweitzer et  al. 2006), and patients with sleep 
disorders (Reyes et al. 2013), but none in athletes. In light 
of our results, we may suggest that a short nap has little 
effect on the post-trial night’s sleep in athletes.

Moreover, to the best of our knowledge, no study to date 
has been specifically designed to examine the impact of 
napping on subsequent anaerobic performance performed 
either after a normal sleep or a 5-h phase advance. Most 
studies that have examined the effects of napping were 
conducted in the elderly, shift workers or young healthy 
subjects, on alertness (Asaoka et  al. 2012), cognitive per-
formances (Groeger et  al. 2011), or motor imagery learn-
ing (Debarnot et al. 2011), demonstrating that napping was 
effective in enhancing performance. However, few studies 
have evaluated the consequences of napping on the physi-
cal performance in athletes. To date, only Waterhouse et al. 
(2007) investigated the effects of a 30-min post-lunch nap 
in partially sleep-deprived athletes and showed an improve-
ment in sprint performance. These discrepancies with our 
findings are probably related to the duration of prior sleep. 
Indeed, in the latter study, subjects slept only 4 h during the 
previous night while in our study, subjects were not sleep 
deprived. However, the shifted athletes had a reduced dura-
tion of sleep of 1 h 20 min during the pre-trial night (data 
not shown). In our experimental protocol, the exercise or 
the duration of the nap may be too short to observe signifi-
cant changes. We also speculate that the absence of napping 
effects would be related to the fact that our athletes were in 
the same temperature and posture conditions in nap condi-
tion than in rest position, and only the light exposure being 
different; it would be also related to the timing of the nap 
that coincides with the peak of alertness. Furthermore, our 
results could be related to changes in the secretion of cor-
tisol and melatonin. As shown by Lemmer et al.(2002), the 
rhythm of these hormones are affected in their 24 h profiles 
and additionally modified, in well-trained athletes after an 
eastbound flight over 8 time zones. Similarly, Dijk et  al. 
(2012) demonstrated an amplitude reduction and phase 
shifts of melatonin and cortisol after a gradual advance of 
sleep and light exposure in humans. Thereby, in our study, 
the circadian process would have a greater impact than the 
homeostatic process.

Nevertheless, effects of napping in athletes in phase-
advance condition were found on acrophase which was 
59  min delayed and on batyphase which was 47  min 
delayed, suggesting that nap did not facilitate readjustment 

of CBT. On this subject, Krauchi et  al. (2006) showed 
close links between naps and CBT, through the relation-
ship between the components of the three-process model 
of sleepiness regulation (homeostatic, circadian, and sleep 
inertia) and the thermoregulatory system.

Conclusion

Consequently, from a sport performance perspective, we 
showed that a short post-lunch nap induced more difficul-
ties in falling asleep in subsequent nights at home or after 
crossing time zones. Moreover, napping had no benefi-
cial effect on short-term physical performance and did not 
facilitate readjustment of CBTs in phase-advance condition. 
Yet, it remains to be determined if nap opportunities of 40 
and 60 min would show more benefits as recommended for 
improvement in cognitive performance (Mulrine et al. 2012). 
Taking a nap at different times of the day would be also 
more effective (especially for athletes who have to perform 
twice a day, in training or competitions). Finally, it would be 
interesting to test our experimental procedure in longer track 
events and in a wider range of sporting activities.
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