ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/273785092

Effects of early or late-evening fatiguing physical activity on sleep quality in

non-professional sportsmen

Article in The Journal of sports medicine and physical fitness - March 2015

Source: PubMed

CITATIONS
6

5 authors, including:

A & Pablo Arias
'-é? University of A Corufia

58 PUBLICATIONS 1,065 CITATIONS

SEE PROFILE

Verénica Robles-Garcia
University of A Coruia
26 PUBLICATIONS 242 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roiet  Understanding of finger tapping fatigue. View project

All content following this page was uploaded by Pablo Arias on 24 August 2015,

The user has requested enhancement of the downloaded file.

READS
330

Elena Madinabeitia Mancebo
% University of A Corufia
11 PUBLICATIONS 18 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/273785092_Effects_of_early_or_late-evening_fatiguing_physical_activity_on_sleep_quality_in_non-professional_sportsmen?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/273785092_Effects_of_early_or_late-evening_fatiguing_physical_activity_on_sleep_quality_in_non-professional_sportsmen?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Understanding-of-finger-tapping-fatigue?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo-Arias-6?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo-Arias-6?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-A-Coruna?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo-Arias-6?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Madinabeitia-Mancebo?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Madinabeitia-Mancebo?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-A-Coruna?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Madinabeitia-Mancebo?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Veronica-Robles-Garcia?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Veronica-Robles-Garcia?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-A-Coruna?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Veronica-Robles-Garcia?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pablo-Arias-6?enrichId=rgreq-314d438eaf66f9b67c7eb13d9d2e1891-XXX&enrichSource=Y292ZXJQYWdlOzI3Mzc4NTA5MjtBUzoyNjU5NzYxMzQ1MDAzNTRAMTQ0MDQyNTA2MDQyOA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS
EDIZIONI MINERVA MEDICA

This provisional PDF corresponds to the article as it appeared upon acceptance.
A copyedited and fully formatted version will be made available soon.
The final version may contain major or minor changes.

Effects of early or late-evening fatiguing physical activity on
sleep quality in non-professional sportsmen

Pablo ARIAS, Elena MADINABEITIA-MANCEBO, Miguel SANTIAGO, Yoanna
CORRAL-BERGANTIAOS, Veronica ROBLES-GARCIA

J Sports Med Phys Fitness 2015 Mar 18 [Epub ahead of print]

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

Rivista di Medicina, Traumatologia e Psicologia dello Sport
pISSN 0022-4707 - elISSN 1827-1928
Article type: Original Article

The online version of this article is located at http://www.minervamedica.it

Subscription: Information about subscribing to Minerva Medica journals is online at:
http://www.minervamedica.it/en/how-to-order-journals.php
Reprints and permissions: For information about reprints and permissions send an email to:
journals.dept@minervamedica.it - journals2.dept@minervamedica.it - journals6.dept@minervamedica.it

COPYRIGHT®© 2015 EDIZIONI MINERVA MEDICA


http://www.minervamedica.it/en/how-to-order-journals.php
mailto:journals.dept@minervamedica.it
mailto:journals2.dept@minervamedica.it
mailto:journals6.dept@minervamedica.it

EFFECTS OF EARLY OR LATE-EVENING FATIGUING PHYSICAL
ACTIVITY ON SLEEP QUALITY IN NON-PROFESSIONAL SPORTSMEN

Pablo Arias , Elena Madinabeitia-Mancebo , Miguel Santiag , Yoanna

Corral-Bergantifio and Verdnica Robles-Garcia .

Neuroscience and Motor Control Group (NEUROcom), Faculty of Health Sciences.
INEF-Galicia, and Faculty of Physiotherapy, Universidade da Corufia (Spain) and

Institute of Biomedical Research of A Coruna;.

Congress: The manuscript has not been presented to any congress

Acknowledgements: YCB and VRG are supported by the FPU-MEC Spanish Grants.
FPU-MECD AP2010-2775 & AP2010-2774, respectively. We want to thank Professor
Javier Cudeiro from the University of A Coruna, and Dr. Kenneth L Grieve from the

University of Manchester, for the useful comments on this work.

Word count: Abstract (249); Main text (3063)

Contflict of interest: Nothing to declare

Corresponding Author:

Pablo Arias

Neuroscience and Motor Control Group

Facultade de CC do Deporte e a EF

Univerisidade da Coruiia

Avd. Ernesto Che Guevara, 121, Pazos, Lians, Oleiros
15179 A Coruia, Spain

pabloarias.neurocom(@udc.es

his document is protected by infemational copyright laws. No additional reproduction is authorized. It is pemitted for personal use fo download and save only one file and print only on
sopy of this Arficle. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Arficle for any purpose. It is not permitted to distribut
he electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or ar


mailto:pabloarias.neurocom@udc.es
mailto:pabloarias.neurocom@udc.es
mailto:pabloarias.neurocom@udc.es
mailto:pabloarias.neurocom@udc.es

Abstract
Aims: This study aims to understand whether night sleep-quality is distorted by

fatiguing physical activity (PA) when conducted early or late in the evening.

Methods: Participants and Intervention: 9 males (18-38yrs) performed sessions of
fatiguing-PA over 3 consecutive days (Mon-Wed), for 2 weeks. One week the PA was
performed at 17h, and in the other week at 21h. A Control-week included no PA

(PA gsent)- The fatiguing-PA sessions comprised several sets of the 20m
Shuttle-Run-Test (20mSRT). Sleep was assessed by actigraphic recordings acquired
over 3 nights each week. It included the nights following the PA-sessions and the same
days in the week of PA ,zqenr- Sleep-quality perception was evaluated by mean of the
National Sleep Foundation-Sleep Diary. The heart-rate (HR) and body-temperature (BT)

at bed-time and waking-up were also registered.

Results: Neither the 20mSTR-estimated VO nor the number of maximal 20mSRT

2max
sets were different in the PA ,, and PA,,, sessions. Compared to the PA , zp\r, the PA |,
and PA,,, sessions increased the HR at bedtime, which recovered to baseline level after
the night of sleep. BT was also reduced when waking-up compared to bed-time, but this
was also observed in PA , ;o\ r- Sleep parameters measured by means of actigraphy

were not modified by fatiguing activity when compared to PA , 5 Nevertheless, the

subjective perception of sleep-quality was negatively altered by fatiguing PA.

Conclusions: Fatiguing PA performed early or late at the evening has no impact on
objective sleep-quality but, subjectively, a deterioration of sleep-quality is perceived by

the subjects.

Key words: Physical Activities; Sleep; Fatigue
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Introduction

The relation between physical activity (PA) and sleep has been studied from different
perspectives, mainly trying to understand how sleep quality influences PA physiological
processes . On the other side, PA is recommended in a number of diseases in which
sleep disturbances are major signs *7; nonetheless, the effect of some PA features on
sleep seems not to have been fully investigated. For instance, the time of the day at
which the PA is performed might impact on sleep quality. This is why the American
Academy of Sleep Medicine (AASM) recommends absence of vigorous exercise close
to bed-time ’, but this point might have mixed support °. In this regard it has recently
been shown that high intensity cycloergometer or treadmill PA in a laboratory setting
did not distort sleep, as assessed by actigraphy ° and polysomnography *; and such effect

also seems to be unrelated to exercise duration °.

Taking into account the proliferation of public and private sport facilities which offer
high intensive PA programs late in evening for non-professional sportsmen, it is of
interest to know the effects of fatiguing PA on sleep when studied within the daily
living activities, away from laboratory settings, in non-professional sportsmen. It is also
important to consider the effect of the same activity scheduled earlier in the evening, to

compare both to the absence of PA &,

Therefore, our study included a group of young non-professional sportsmen and was
conducted so that the subjects kept all their daily activities unmodified. Sleep
assessments (actigraphy and sleep diary) were performed in their own homes. Our
hypothesis was that late-evening fatiguing PA distorts sleep quality compared to

early-evening fatiguing PA, or PA absence.
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Materials and Methods

Subjects

12 healthy males initiated the study (18-38 yrs). All subjects were used to performing
exercise about 3 times per week, for at least one hour per day, but none were
professional sportsmen. 3 subjects experienced muscle cramps or sprains due to the high
intensity of the protocols. 9 subjects performed all the scheduled sessions and were

included in the study the analyses.

All subjects were screened for incompatibilities with high intensity exercise by means of
the AHA/ACSM Health/Fitness Facility Pre-participation Screening Questionnaire '°,
and were informed about the nature and risks of the maximal effort protocol. Subjects
consented to participate in the study, which conformed to the Declaration of Helsinki

and was approved by the Ethics Committee of the University of A Corufia.

Fatiguing Physical Activity Protocol

The protocol involved the evaluation of the effect of early and late evening fatiguing PA
on sleep quality (Figure 1). Sleep parameters (see below) were recorded by means of
actigraphic sensors during 3 consecutive days and nights (from Monday to Wednesday).
The experimental blocks (organized in weeks) included the execution of fatiguing PA at
17h (PA,,,), fatiguing PA at 21h (PA,,,), and Control condition (lack of PA; PA , zoent)s

the order of the weeks was randomized. Subjects refrained from performing any other
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PA the day of testing, but also from consuming any food, drink or drug known to affect

the arousal state. They were not allowed to take a nap on the days of testing.

Fatiguing PA

The fatiguing PA was the 20m Shuttle Run Test (20m-SRT) '3, and subjects executed
several sets of the 20m-SRT each PA session (Figure 1). Briefly, for each set, subjects
were asked to cover 20m as many times as possible (shuttle-way) at increasing
velocities. Velocity feed-back was provided by auditory signals progressively more
frequent, so that subjects had to increase their running velocity to cover the 20m in time
with the auditory signals, until subjects could not keep up with the velocity demands.
The start velocity of the test was 8.5 km/h (Stage 1) which was increased by 0.5 km/h

every minute (subsequent Stages).

The subjects completed up to 5 sets of the 20mSRT each day (see Fig. 1 for details of
the protocol). Periods of 6 min rest between sets, during which subjects walked and
hydrated, were allowed. The number of sets executed during each day of the 2™ week of

PA was the same as during the 1% week.

A light standardized warm-up was scheduled each day before the first 20m-SRT set.
The subjects performed 15 min of active joint mobilization. No stretching was allowed

before or during the protocol, but it was standardized at the end of each session.

Sleep quality evaluation
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The Actiwatch system (Actiwatch, CamNtech Ltd., Cambridge, UK) registered the sleep
parameters. Actigraphy is useful for the assessment of sleep quality '* and its use has
been validated in reference to polysomnography '°. Actiwatch recordings are based on
registration of movement by the means of a piezo-electric accelerometer (built into the
wrist-watch-like device), sampled at 0.5Hz. Determination of sleep and wakefulness
relies on an algorithm which looks at each data point and its surroundings (Cambridge
NeuroTech Ltd.). Subjects wore the Actiwatch attached to the wrist of the non-dominant
hand for a period of three days and three nights during each of the experimental weeks
(Control PA,geents PA, PA,,,). Participants were instructed to press the Actiwatch
button when turning lights off and again when getting out of bed. Subjects woke-up
with alarm clock-watches, at their usual daily schedule. In addition, to obtain an

estimation of subjective sleep quality (see below), the National Sleep Foundation Sleep

Diary (NSFSD '*'®) was filled in.

Objective Sleep Assessment

Actigraphic variables considered (all their units are defined in the figures):

- Sleep latency: Latency before sleep onset following bed-time.

- Sleep efficiency: Percentage of time spent asleep whilst in bed.

- Movement and fragmentation index: It is an indicator of restlessness, defined as the
addition of “ the percentage time spent moving” and “the percentage immobility phases
of 1 minute”; where the “percentage time spent moving” is the percentage of time
moving while assumed sleep (so higher during poorer sleep), and “the percentage of

immobility phases of 1 minute” is the percentage of immobility phases lasting up to 1
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min with regards to the total number of immobility phases (so again higher, means

poorer sleep).

Subjective Sleep Assessment, NSF diary

After each night, the subjects rated how the sleep quality of the previous night was
self-perceived ''® reporting if they felt “Refreshed”, “Somewhat Refreshed”, or
“Fatigued”. Due to ethical reasons, subjects were not asked to report their sexual

activity before bed-time.

Effect of fatiguing PA on basal Heart Rate and body temperature

The heart rate (HR) and the body temperature (BT) were registered at bed-time, and
after waking up, before getting out of bed. Temperature values were recorded (3 times,
1 min apart) by means of a digital skin thermometer. The subjects also self-recorded
their HR for 30s, (3 times, 1 min apart). When this procedure was performed at
bed-time, it was done after 10 minutes spent recumbent on the bed. At waking up, it was
done before getting out of bed. Subjects were instructed on the procedure before starting

the experiments to obtain good to excellent intra-subjects test-retest reliability.

Environmental conditions during PA sessions

The temperature and the relative humidity in the air were recorded at the beginning and
at the end of each of the PA sessions by means of an electronic Thermo-Hygrometer

LUFFT-E200. The mean was calculated for every session.

The experiments were conducted at a time of the year when it dusked between 20.10h

and 18.00h in A Coruiia (Spain).
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Statistical Analysis

Physical performance during the 20mSRT

All subjects performed the same number of sets of the 20mSRT for each of the days of
the PA,,, and the PA,,,. Therefore, for each subject, we computed the mean maximal

oxygen consumption (VO,, ) across all sets, for the three days of PA,, and the PA,,,.

2max

Then we compared whether the mean VO, in the PA ,, sessions differed from that of

2max
the PA,,, days by means of a Student T-test, after normality checking
(Kolgomorov-Smirnov test for one sample (KS test). Provided all subjects were adult

males, the VO was defined as 2.75 x Number of Half Stages Completed in the

2max

20mSRT + 28.8,".

Environmental conditions

The mean temperature at PA,,, and PA,,, were compared by using a Student’s t Test,
after normality checking. The same procedure was followed for the level of humidity on

air.

Impact of fatiguing PA on Sleep Quality

The impact of fatiguing PA on Sleep Quality was analyzed with an ANOVA;,, test with
repeated measures, after checking normality. The same model, explained below, was
repeated for the three sleep variables evaluated: Sleep Latency, Sleep Efficiency and

Fragmentation Index.

Initially, we analyzed whether the quality of sleep was impaired along the days by a

putative effect of fatigue accumulation day after day of PA. For this, the ANOVA
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included two within-factors: factor PA, . accounting for the time of the day when PA
was taken (PA,,, or PA, ) and DAY (the first and the last days of PA). The analysis
revealed (see results section) that the sleep parameters did not worsen at the third day of
PA vs. the first. Therefore, for the subsequent analyses, we averaged the recordings
from the three nights, either for PA,,, and PA,,,, and these analyses also included the

average value of the three days with no PA (PA ,zqpnt)-

Then, to compare the effect of PA,;; and PA,, on sleep quality, in relation to PA ey
we performed an ANOVA,,. The only within-subjects factor was the kind of PA, which

included three levels (PA ,zqent> PA,7, and PA, ).

Impact of fatiguing PA on actigraphic variables in the first hours of sleep

It has been reported that maximal PA executed late in the evening impacts on autonomic
responses (HR) during the three first hours of sleep’. For this reason we evaluated if
actigraphic sleep parameters were modified during the three first sleep hours after PA
protocols. We performed an ANOVA, similar to that mentioned above, but including a
factor allowing the evaluation of the sleep quality in the 1%, 2™ and 3™ first-hours after
bed-time. The variable sleep latency was not analyzed with this last ANOVA model,
because in all the cases the sleep latency parameter is included within the first hour of

sleep.

Association between sleep quality and time elapsing from PA to bed-time

We performed a correlation analysis to evaluate a putative association between the time

taken from the moment activity started (17h or 21h) to the bed-time, and how this
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lag-period was related to the actigraphic variables evaluated. For this, Pearson’s

correlation coefficients were calculated.

Impact of fatiguing PA on Subjective Sleep Quality (NSF-Diary)

Finally we evaluated the sleep quality perception reported by the subjects. The
difference on how the subjects felt after sleep (“Refreshed”, “Somewhat Refreshed”, or
“Fatigued”) was analyzed as a function of the kind of PA in the preceding evening
(PA .gsents PAy, and PA, ). This was done by means of a 3x3 Chi-Square. If
significant, follow-up One-way Chi-Square was performed for each kind of PA. The
analysis included the absolute frequencies, even though they were expressed as

percentages in the results section.

Normality of distribution was assessed of by means of the K-S test for one sample.
During the ANOVA analysis, the sphericity was assessed by means the Mauchly’s Test,
and, if in violation, the degrees of freedom were corrected by Greenhouse-Geisser

coefficients. In all cases the differences were considered significant if p<0.05.

Results

Physical Performance and Environmental Conditions

The mean temperature and the level of air humidity during the sessions at 17h and 21h
were not significantly different, t,,,,,=0.527 p=0.609, and t,,=0.338 p=0.740,
respectively. The three days mean temperature was 20.7°C (SEM 0.3) at PA ., and
21.0°C (SEM 0.6) at PA,,. The mean level of air humidity in the three days of PA was

56.1% (SEM 5.7) during PA,,, and 59.3 (SEM 7.7) for PA,,,.
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Under these environmental conditions the estimated mean VO, (ml-kg'-min™') was

2max
not significantly different for the PA,,, and PA,,, sessions, t;=1.088 p=0.308 (50.8 SEM
1.0 for the PA,,, sessions; and 51.4 SEM 1.1 for the PA,,, sessions), and the subjects

executed the same number of 20mSRT sets both weeks (Fig. 2a).
Sleep Evaluation

The subjects took longer to go to the bed after PA ., (vs. PA, ,), t,=20.984 p<0.001
(498.5 min SEM 15.4 vs. 275.9 SEM 12.1), but they remained in bed a comparable
number of minutes regardless which set of nights were evaluated F, ,,=0.412 p=0.669.
Thus the subjects remained in bed a mean of 413.4min SEM 10.7 after the three days of

PA , zoenrs 410.1min SEM 13.2 after PA,,; and 399.8 SEM 19.4 after PA,,,.

Lack of worsening of objective sleep quality with the progression of the PA sessions

Afterwards, we analyzed if fatigue accumulation with progression of PA sessions
impacted sleep quality. Its putative effect was not observed for any sleep variable. The
example of the Sleep Latency (with the smaller p-value) shows that the difference
between the 1% and 3™ days of PA was not significant F 15=1.931 p=0.202, and this was

not different for PA ;, or PA,, F,(=0.492 p=0.503.
Effect of fatiguing PA on objective sleep evaluation

The analysis (averaging the three consecutive days of PA) shows that Sleep Efficiency
was not significantly different between PA ,pgpnr, PA 7, and PA,, F, 1,=0.503 p=0.614

(Fig. 2b). The same is true for the Sleep Latency, F, ,=0.318 p=0.732, and for the
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Fragmentation Index, F, ,=0.404 p=0.674 (Fig. 2cd). Thus, the fatiguing PA at 17h or

21h did not distort sleep quality compared to a day without PA.

If focusing on the three first hours of sleep time, the Fragmentation Index was not
different for PA  ggpnrs PA,5, and PA,,, F, |,=1.057 p=0.371, and this was not different
for the first, the two first, or the three first hours of sleep F, ;,=0.264¢_ ,; p=0.757 (Fig.
3a). The same was true for the Sleep Efficiency: it did not depend of PA, F, ;,=0.528
¢—0.501 P=0.525; and this was not different for the first, the two first or the three first

hours of sleep F, 3,70.260 ¢_ ;.5 p=0.902 (Fig. 3b).

Association between the time-lag from the fatiguing PA and sleep quality

None of scores of the three objective sleep quality variables was significantly associated
to the time elapsing from the fatiguing PA to the time of going to bed (CC=-0.14
p=0.317 for Fragmentation Index; CC=0.04 p=0.774 for sleep latency; and CC=0.09

p=0.514 for sleep efficiency).

Heart Rate and Body Temperature before and after Sleep

We found a trend showing the HR to be different at waking-up and bed-time, depending
on the kind of PA, F, (=3.008 p=0.078. We therefore performed follow-up analysis split
by PA, showing that for PA,, and PA,,, the HR’s were significantly higher compared
to PA , gqenr at bed-time (p=0.023; and p=0.016 respectively), but no differences were
observed between PA ., and PA,, (p=0.278). At wake-up time, the significant

differences were absent, therefore HR recovered over night (Fig. 3c).

On the other hand, the night-sleep reduced the body temperature significantly,

F, ¢=14.381 p=0.005; notwithstanding this pattern was not different as a function of the
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PA, F, ¢=1.348 p=0.288 (i.e. the BT was always lowered at waking-up compared to the

time of getting bed; Fig. 3d).

Effect of fatiguing PA on subjective sleep quality during the night following exercise

Finally, Figure 4 shows the different proportion in the rates of perceived sleep quality. A
3x3 Chi-square analysis showed a significant effect of the kind PA on the proportions of
the sleep quality ratings. Subsequent One-Way Chi-square, split by kind of PA, showed
that the subjects perceived a refreshing sleep after PA , yp\r, Which was distorted if

fatiguing PA was executed before going bed (Fig. 4).

Discussion

This work shows that objective sleep quality is not distorted by fatiguing PA.
Interestingly, subjects subjectively perceived a lack of refreshing sleep after early or
late-evening fatiguing PA. These results enlarge previous reported effects of
late-evening fatiguing PA on sleep quality ®°, and add new (and complementary) data
including the effect of the same kind of activity in an earlier-schedule. Based on our
results, recommendation of the AASM to avoid high intensity exercise late in the

evening cannot be supported *°.

However, the lack of objective sleep distortion subsequent to fatiguing PA is not
matched if evaluated subjectively. Subjective sleep quality is reported while subjects are
awake; so it is possible that sleep quality is poorly rated in the mornings after PA
because subjects have not fully recovered from PA. For instance, subjects might be
experiencing delayed physical manifestations related to high intensity exercise, like

delay onset muscle soreness 22!, In agreement with this possibility, there are reports
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indicating that physiological adaptations after fatiguing activity are maintained during
sleep without distorting its quality 2. It seems also relevant the role of the PA intensity

and duration on sleep quality, previously 1set PA at 75% of the VO, did not distort

2max
subjective sleep quality, if PA was executed 5h prior to bed time °, however, our
protocol included several sets of maximal intensity PA. Our results are based,
exclusively, on the different schedule of the PA, controlling the number of sets executed
in both protocols (the same), and their maximal intensity. Notwithstanding, the high
intensity of PA might have an impact on outcomes; thus, an improvement in sleep

patterns after PA if light in intensity ® might not have been revealed in our protocol due

to the higher intensity of the PA.

PA raised the HR at rest after activity ®. Body temperature decreased significantly
throughout the night-time %, but this was observed regardless of the presence of
fatiguing PA in the preceding day, thus resembling a classic circadian profile. An earlier
study had suggested that an increase in the BT subsequent to PA had a sleep-inducing

effect 2

, but the time-lag to bed time in this study was shorter than in our study.
Finally, despite our results support the view that high intensity PA does not distort sleep
quality, there might be some un-addressed variables related to fatiguing PA with a
significant impact on sleep quality. Thus, the emotional load in our protocol and other
studies *? is hardly comparable to that induced by fatiguing PA with an emotional

reward, such as an Olympic or Championship medal event. Stressful events have an

impact on sleep quality *°, so this aspect might deserve further research.

Conclusions
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Fatiguing PA, performed early or late in the evening, has not a distorting effect on sleep
quality if assessed objectively, but it does impact self-reported sleep parameters. Further
research is needed in order to clarify whether AASM recommendations on avoiding
intensive PA close to bed-time are grounded on a known physiological substrate or,

conversely, if this kind of activity does not distort a good sleep at night.

his document is protected by infemational copyright laws. No additional reproduction is authorized. It is pemitted for personal use fo download and save only one file and print only on
sopy of this Arficle. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribut
he electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or ar



REFERENCES

1. Dettoni JL, Consolim-Colombo FM, Drager LF, et al. Cardiovascular effects of
partial sleep deprivation in healthy volunteers. J Appl Physiol 2012;113(2):232-236.

2. Fabbri M, Martoni M, Esposito MJ, Brighetti G, Natale V. Postural control after
a night without sleep. Neuropsychologia 2006;44(12):2520-2525.

3. Racinais S, Hue O, Blonc S, Le Gallais D. Effect of sleep deprivation on shuttle
run score in middle-aged amateur athletes. Influence of initial score. J Sports Med Phys
Fitness 2004;44(3):246-248.

4. Yang PY, Ho KH, Chen HC, Chien MY. Exercise training improves sleep
quality in middle-aged and older adults with sleep problems: a systematic review. J
Physiother 2012;58(3):157-163.

5. Awad KM, Malhotra A, Barnet JH, Quan SF, Peppard PE. Exercise is associated
with a reduced incidence of sleep-disordered breathing. Am J Med
2012;125(5):485-490.

6. Passos GS, Poyares DL, Santana MG, Tufik S, Mello MT. Is exercise an
alternative treatment for chronic insomnia? Clinics (Sao Paulo) 2012;67(6):653-660.

7. Medicine. AAoS. International classification of sleep disorders, revised:
Diagnostic and coding manual. Chicago, Illinois: American Academy of Sleep
Medicine; 2001.

8. Myllymaki T, Kyrolainen H, Savolainen K, et al. Effects of vigorous late-night
exercise on sleep quality and cardiac autonomic activity. J Sleep Res 2011;20(1 Pt
2):146-153.

9. Myllymaki T, Rusko H, Syvaoja H, Juuti T, Kinnunen ML, Kyrolainen H.
Effects of exercise intensity and duration on nocturnal heart rate variability and sleep
quality. Eur J Appl Physiol 2012;112(3):801-809.

10. Balady GJ, Chaitman B, Driscoll D, et al. Recommendations for cardiovascular
screening, staffing, and emergency policies at health/fitness facilities. Circulation
1998;97(22):2283-2293.

11. Leger LA, Lambert J. A maximal multistage 20-m shuttle run test to predict
VO2 max. Eur J Appl Physiol Occup Physiol 1982;49(1):1-12.

12.  Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle
run test for aerobic fitness. J Sports Sci 1988;6(2):93-101.

13.  Leger L, Gadoury C. Validity of the 20 m shuttle run test with 1 min stages to
predict VO2max in adults. Can J Sport Sci 1989;14(1):21-26.

14. Sadeh A, Hauri PJ, Kripke DF, Lavie P. The role of actigraphy in the evaluation
of sleep disorders. Sleep 1995;18(4):288-302.

15. Kushida CA, Chang A, Gadkary C, Guilleminault C, Carrillo O, Dement WC.
Comparison of actigraphic, polysomnographic, and subjective assessment of sleep
parameters in sleep-disordered patients. Sleep Med 2001;2(5):389-396.

16. Ancoli-Israel S, Roth T. Characteristics of insomnia in the United States: results
of the 1991 National Sleep Foundation Survey. L. Sleep 1999;22 Suppl 2:S347-353.
17. Roth T, Ancoli-Israel S. Daytime consequences and correlates of insomnia in the

United States: results of the 1991 National Sleep Foundation Survey. II. Sleep 1999;22
Suppl 2:S354-358.

18. Foley D, Ancoli-Israel S, Britz P, Walsh J. Sleep disturbances and chronic
disease in older adults: results of the 2003 National Sleep Foundation Sleep in America
Survey. J Psychosom Res 2004;56(5):497-502.

his document is protected by infemational copyright laws. No additional reproduction is authorized. It is pemitted for personal use fo download and save only one file and print only on
sopy of this Arficle. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribut
he electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or ar



19. Stickland MK, Petersen SR, Bouffard M. Prediction of maximal aerobic power
from the 20-m multi-stage shuttle run test. Can J Appl Physiol 2003;28(2):272-282.
20. Lewis PB, Ruby D, Bush-Joseph CA. Muscle soreness and delayed-onset muscle
soreness. Clin Sports Med 2012;31(2):255-262.

21. Maclntyre DL, Reid WD, McKenzie DC. Delayed muscle soreness. The
inflammatory response to muscle injury and its clinical implications. Sports Med
1995;20(1):24-40.

22.  Hauri P. Effects of evening activity on early night sleep. Psychophysiology
1968;4(3):266-277.

23. Henane R, Buguet A, Roussel B, Bittel J. Variations in evaporation and body
temperatures during sleep in man. J Appl Physiol 1977;42(1):50-55.

24, O'Connor PJ, Breus MJ, Youngstedt SD. Exercise-induced increase in core
temperature does not disrupt a behavioral measure of sleep. Physiol Behav
1998;64(3):213-217.

25.  Morin CM, Rodrigue S, Ivers H. Role of stress, arousal, and coping skills in
primary insomnia. Psychosom Med 2003;65(2):259-267.

his document is protected by infemational copyright laws. No additional reproduction is authorized. It is pemitted for personal use fo download and save only one file and print only on
sopy of this Arficle. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribut
he electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or ar



TITLE OF FIGURES
Figure 1. Protocol. Sleep was evaluated over three consecutive nights, each following a

fatiguing PA session. PA sessions were performed from Monday to Wednesday, for
three weeks. In one of the weeks subjects performed the fatiguing PA at 17h, in another
week at 21h. A control-week included absence of PA, and the order was randomized.
Sleep evaluations included Actigraphic recordings throughout night and day, and a sleep
diary; the HR and BT were also recorded, both at bed-time and at waking-up. The
fatiguing PA comprised the execution of several sets the 20mSRT. During each day of
the first week of PA, the subjects perform up to 5 sets of the 20mSRT (with a 6 min
inter-set rest interval); the progression of the sets was cancelled when the performance
in a given set was below the 80% of the previous best, within the session. In all cases,
one set included the execution of the 20mSRT to the point when subjects could not keep
up with the velocity demands. Velocity was controlled by an auditory beep of increasing
frequency, pacing the time allowed to cover the 20m. The physiological impact of the
PA,,, and PA,, weeks was controlled, so that the amount of sets performed during each
of the three days in the first PA week was repeated in the second PA week.

Figure 2. Amount of fatiguing sets executed by each subject and effect of fatiguing
PA on objective sleep quality parameters. a) Number of fatiguing 20mSRT executed
by each subject on the three days of testing. The same number of sets was performed in
the PA ., and PA,,, b) The efficiency of sleep was not influenced by fatiguing PA
sessions at 17h or 21h, if compared to lack of PA. ¢) The sleep latency was not
significantly changed by the fatiguing PA. d) The movement and fragmentation index,
indicator of sleep restlessness, was not significantly different in the three conditions
evaluated.

Figure 3. Effect of fatiguing PA on objective sleep quality parameters in the three
first hours of sleep, and on Heart Rate and Body Temperature at bed-time and
waking up. Neither the Sleep Efficiency a), nor the Movement and Fragmentation
Index b) were significantly impacted by taking fatiguing PA at 17h or 21h, compared to
PA absent. In all the three conditions, the Sleep efficiency was lower within the first
hour of sleep-time. The HR ¢) was significantly increased at bed-time after fatiguing
PA; and this was observed regardless of whether sessions had been performed at 17h or
21h (with a lack of significant difference between them). However, at waking up, all
differences were not significant. d) The body temperature was not significantly different
at bed-time if comparing days with or without PA. For all kinds of PA, however, BT
reduced overnight, to become significantly different at the moment of waking up
compared to the bed-time.

Figure 4. Effect of fatiguing PA on subjective sleep quality. Subject’s sleep quality
perception differed depending on the kind of PA prior to sleep ¥2(4)=23.14 p<0.001.
Subsequent analysis for each kind of PA (statistics within the corresponding circle)
reflects than if PA was absent a significantly greater proportion of subjects perceived
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their sleep was refreshing. This was not the case if the sleep night was preceded by
fatiguing PA. Each whole circle represents 100% of the nights tested for each condition.
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