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ABSTRACT

Objective: Examining the correlation between physical activity measures and sleep in normal adolescents and
adult population.

Methods: A systematic review was conducted on the effects of exercise, its intensity, its frequency and its
timing and sleep outcome. Using the databases including MEDLINE, PsycINFO and SPORTDiscus, keywords used
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were “sleep”, “circadian rhythm”, “exercise”, and “physical activity”.

Results: To improve the general quality of sleep amongst adolescents and adults, individuals should engage in
physical activity at any time of day. It also appears very advantageous to engage in long-term physical activity to
maintain the positive effects on sleep. Nonetheless, it seems that sedentary individuals can also benefit from
occasional physical activity to improve the quality of their subsequent sleep period.

Conclusion: A virtuous relationship between physical activity and sleep may exist in normal adolescents and
adults. People should seek to benefit from this link to improve both the quality of their sleep and of their daily
functioning. However, larger scale studies, controlling for variables might help to better delineated this
relationship.
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Introduction

The American Academy of Sleep Medicine [1]
maintains that physical activity is a highly effective tool
of good sleep hygiene. Many authors [2-5] share this
view.

The World Health Organization [6] defines
physical activity by type, frequency, intensity, duration
and total quantity. These variables are often retained
during studies of physical activity and sleep. However,
most studies do not control for all of these variables
simultaneously. The findings are consequently less
conclusive because specific covariates need to be
examined in addressing the relationship between
physical activity and sleep.

Another variable of physical activity that may
influence sleep, not used by the World Health
Organization, is the time of day when it occurs. Some
authors [7,8] argue that physical activity performed
before the sleep period does not influence the quality of
sleep, whereas other researchers report opposite
results [9]. These results will be reviewed in this paper.

Links between physical activity and sleep

No meta-analysis exists about the links between
physical activity and sleep in the adolescent population.
However, regarding the adult population, three
meta-analyses [10-12] were performed before the 21st
century. The meta-analysis of Kubitz et al. [11]
examined 32 studies of acute exercise and 12 studies of
regular exercise, while the meta-analysis of Youngstedt
et al. [12] reviewed 38 studies of acute exercise.

The latest meta-analysis [10] included the
studies of the two previous meta-analyses and added
the most recent ones. Of the 66 studies included in the
analysis, 41 were studies of acute exercise and 25 were
studies of regular exercise. Results suggested that acute
exercise has a beneficial effect on many objective
indices of sleep: total sleep time (TST) (d = 0.22,
p < .001), slow-wave sleep (SWS) (d = 0.19, p = .03),
sleep efficiency (SE) (d = 0.25, p < .001), sleep onset
latency (SOL) (d = -0.17, p = 0.03), wake time after
sleep onset (d = -0.38, p < .001), and stage 1 sleep
(d = -0.35, p < .001). It means that TST, SE, and
duration of slow wave sleep were increased, and that
SOL, time awake after sleep onset and duration of
stage 1 were decreased, on days after acute exercise
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compared to control days of no exercise. Acute exercise
also had effect on rapid eye movement sleep (REM)
(d = -0.27, p = .005), indicating that REM was shorter
on days after acute exercise compared to control days.
Results also suggested that regular exercise has effects
on TST (d = 0.25, p = .005), SE (d = 0.30, p = .002)
and SOL (d = -0.35, p < .05), indicating that individuals
who participated in regular exercise training had
significantly greater TST and SE and shorter SOL than
individuals in control conditions. Effects were moderated
by sex, age, baseline physical activity level of
participants, as well as exercise type, time of day,
duration, and adherence. Significant moderation was
not found for exercise intensity, aerobic versus
anaerobic classification, or publication date.

The generalization of these findings to
adolescents is uncertain as adolescent sleep and
circadian rhythms may differ from that of adults.
Adolescence is a period of maturation and development
in which biological and environmental factors are likely
to cause changes in sleep patterns [13]. For example,
percentage of stage 2 sleep increases with age from
childhood until old age [14]. It is also known that SWS
decreases across adolescence by 40% from preteen
years and continues a slower decline into old age, even
when length of nocturnal sleep remains constant [15].
Moreover, adolescents are recognized to have a
biological delay in the timing of sleep onset, which can
result in them staying awake later [16].

Given the above, the purpose of this narrative
review is to present the studies that link physical activity
and sleep in adolescents and adults within the normal
population. Unlike previous meta-analyses, the following
review: (1) includes adolescents and adults, (2) focus
specifically on intensity, frequency, and time of day of
the physical activity, as well as on the subject physical
fitness; (3) includes studies without the presence of a
control group or of a control condition; (4) excludes
studies of populations with sleep disorders; (5) is
accessible to researchers, clinicians and people who
have no background in statistics or research.

Method

The databases used for this compilation of
studies are MEDLINE, PsycINFO and SPORTDiscus. The
keywords used for the research are: “sleep”, “circadian
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rhythm”, “exercise”, and “physical activity”.

Regarding the adolescent population, all of the
pertinent scientific papers were included regardless of
the date, until December 2015 inclusively. For the adult
population, all of the pertinent scientific papers from
August 1995 to December 2015 inclusively concerning
the links between physical activity and sleep were
retained. The articles retained were written in English.

The criteria for the inclusion of articles were:
(1) publication date of the article, depending on the
study population (see above); (2) objective of examining
links between physical activity and sleep; (3) presence
of at least one sleep variable studied (sleep quality,
stages of sleep, SOL, SE, TST or number of nighttime
awakenings after sleep onset {NAASO}); (4)
measurement of physical activity according to different
factors (time of day, intensity, frequency or physical
fitness of the sleeper); and (5) participants were
adolescents (ages 12 to 17) or adults under 65 years
old.

The criteria for the exclusion of articles were:
(1) featuring individuals who had a physical or a mental
health problem that might interfere with either their
sleep or ability to exercise; (2) presence of concomitant
clinical disorders (diagnoses); and (3) children younger
than 12 or adults older than 65.

Figure 1 presents a synthesis of the research
strategy used to compile the articles. Twenty-one
articles were excluded after review. Of them, 6 were
non-pertinent [5,17-21], 2 had no precise measure of
sleep [22,23], 2 had no precise measure of physical
activity [24,25], and 11 had a methodology that did not
respect the above inclusion and  exclusion
criteria [26-36].

Objective measures of sleep were based on
actigraphy  (e.g. SleepWatch ~ or  Actiwatch),
sleep-electroencephalography  (EEG)  devices or
polysomnography (PSG). Subjective measures were
provided by the Pittsburgh Sleep Quality Index [37] or
the Insomnia Severity Index [38].

Time of physical activity were examined across
studies and divided into: morning (just after the
awakening to three hours after awaking), early evening
(six to three hours before bedtime) and late evening
(three hours to 30 minutes before bedtime). In addition,
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physical activity was divided into: easy (usually
corresponding to 45% of maximal oxygen uptake
[VO2max]), moderate (60% of VOamax), and vigorous
(75% of VO3max) [39]. VOomax Was defined by Hill and
Lupton [40] as the oxygen uptake attained during
maximal exercise intensity that could not be increased
despite further increases in exercise workload, thereby
defining the limits of the cardiorespiratory system. A
moderate intensity can also refer to an exercise at
65-70% of maximal heart rate, while high-intensity
exercise is at 85-90% of heart rate [41]. Furthermore,
moderate-to-vigorous exercise can be defined as a
planned and continuous physical activity in which
conversation is not possible [42].

Subjects are usually labelled “unfit” if they are
described as having low or average fitness, if they did
not perform regular aerobic exercise, or if they
possessed low peak oxygen uptake (VOgzpeak) Values
(<50 or <40 ml x kg x minute for males and females,
respectively) in response to an exercise test. Subjects
are labelled “moderately fit” if they engaged in regular
aerobic exercise (three times per week for 220 minutes)
or if they have VOypea Values above 50 and 40 ml x kg
x minute™ for males and females, respectively. “Very fit”
subjects are competitive endurance athletes [21].

Results

The set of results obtained from the articles
retained will be discussed in this section. Note that the
results are reported by study population, namely
adolescents (section I) or adults (section II).

Section I — Influence of Physical Activity on Adolescents’
Sleep

Multiple links have been drawn between physical
activity and sleep. Consequently, in this section each
variable of physical activity (namely time, intensity and
frequency of physical activity as well as physical fitness
of sleepers) will be reviewed individually relative to the
benefits associated with sleep. Note that 8 articles
regarding adolescents were retained [41-48]. These
articles are listed in Table 1.

Time of Physical Activity

First, a study by Dworak et al. [41] involving 11
healthy males, demonstrates that physical activity early
in the evening has significant positive repercussions for
adolescents on polysomnographic measures. Three
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Figure 1. Research strategy for pertinent scientific articles.
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| Table 1. Articles retained regarding adolescents to achieve the research objectives. i
o ]
Study N % Male | Population
36 chronic and intense football players
Brand et al., 2009* rom ! player 100 Adolescents
! versus 34 controls
Brand et al., 2010a 12 football players versus 12 controls 100 Adolescents
Brand et al., 2010b 17 high exercisers versus 21 low exercisers | 53 Adolescents
Brand et al., 2010c 258 athletes versus 176 controls 36 Adolescents
Delisle et al., 2010 822 11th- and 12th-grade students 56 Adolescents
Dworak et al., 2008 11 healthy males 100 Adolescents
Foti et al., 2011 14,782 9th-12th-grade students 53 Adolescents
Kalak et al., 2012 51 participants 47 Adolescents
*Note: The sample in Brand et al. (2010a) is a subsample of the sample of Brand et al. (2009).
Otherwise, there is no overlap between the studies of Brand et al.

experimental conditions were compared: baseline
(no exercise), moderate exercise in early evening, and
high intensity exercise in early evening. The results
showed decreased SOL, while SE and SWS increased,
with rapid cycle going from the first to the fourth stage
of sleep, after high-intensity exercise compared to
moderate exercise and basal conditions. Note, that all of
the adolescents studied were considered normal. (In the
present article, the adjective “normal” is used to
designate individuals who are neither sedentary nor
extremely physically active; they are thus situated
between the two poles of this continuum). Therefore,
according to the results of this research, intense physical
activity in the early evenings may be advantageous.

Kalak et al. [42] conducted a study on 51
adolescents who engaged in physical activity in the
morning. Compared with the control group, who were
hardly physically active, they found that adolescents
who were regularly physically active had better
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subjective sleep quality as assessed by the Insomnia
Severity Index. This result is also supported by the
objective measures obtained, notably a larger proportion
of SWS, shorter SOL and prolonged REM latency.
Exercise in the morning may thus improve sleep.

Therefore, the positive effects of physical
activity on adolescents’ sleep are observed when
physical activity occurs in either the early evening or
morning.

Intensity of Physical Activity

Physical activity varies in intensity. For the same
individual, varying intensity of exercise may have
different effects on the subsequent sleep period.
Examining this variable is therefore important to
understand the links between physical activity and sleep.

Kalak et al. [42] examined 51 adolescents and
found that moderate physical activity has a favourable
impact on adolescents’ sleep. They note a larger
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proportion of SWS, along with short SOL, delayed onset
of REM sleep and better subjective sleep quality.

These results diverge from those obtained by
Dworak et al. [41], who find no significant objective
impact relative to the base measures in their group that
engages in moderate physical activity. In contrast, they
argue that intensive physical activity has positive and
significant repercussions. Particularly, they note that
intensive physical activity fosters better SE, shorter SOL,
more SWS, and an ability to move from the first to the
fourth stage of sleep at a faster rate. Analysis of the
methodology of the preceding two studies mentioned
shows that the divergence of results between them may
result from the frequency of physical activity. Therefore,
greater frequency of physical activity may suffice to
exert significant positive effects on adolescent sleep who
engage in moderate physical activity. In the study of
Kalak et al. [42], subjects went running every morning
for three consecutive weeks. In the study of Dworak et
al. [41], subjects performed exercise sessions on two
days only.

However, Foti et al. [48] did not find a
significant association between intensity (low, moderate
or sustained) of physical activity and the variable of
“sufficient sleep” in adolescents who participated in their
study. These results diverge from those obtained by
Delisle et al. [47], who affirm that only intensive physical
activity is associated with sufficient sleep, with the
exception of exercise at five times a week. Foti et al.
[48] also hypothesised that frequency could be more
important than intensity of physical activity. The study
by Foti et al. [48] examined nearly 15,000 adolescents,
whereas the second study involved only 822 students.
Lastly, it is difficult to draw conclusions of cause-and-
effect given the correlation in the research outlines of
these studies. Thus, several non-controllable variables
may have influenced the results obtained. Further, no
objective measure of sleep was defined (SWS, REM
sleep, SE, etc.).

Furthermore, two studies [44,46] report that
sustained physical activity has important and enduring
repercussions on sleep. The results show that compared
with a control group, intensive physical activity leads to
better objective and subjective sleep quality: better
subjective sleep quality [46], a larger proportion of SWS
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[44], a smaller proportion of REM sleep [44], shorter
SOL [44,46], and a decrease in NAASO [44,46].
However, as mentioned previously, the results of these
studies indicate that these benefits are possible only for
individuals who exercise regularly.

Brand et al. [45] obtained nearly identical
results amongst adolescents who engaged in sustained
physical activity. More effective sleep, more SWS and
less REM sleep were documented. However, the lack of
benefits observed regarding subjective sleep quality,
SOL and NAASO can be explained by the fact that the
methods used differed amongst the three studies that
Brand et al. conducted in 2010. Brand et al.
(1) compared 12 vigorous football players versus 12
controls with sleep-EEG registration and subjective
measures following a day without exercise; (2)
compared sleep-EEG patterns and data from subjective
measures of 17 higher leisure time exercisers and 21
controls following a day without exercise; and (3)
compared 258 athletes and 176 controls with subjective
measures 7 consecutive days.

Overall, it seems that physical activity performed
at a sustained intensity has enduring positive benefits
regarding the sleep period. Moderate physical activity
may also be beneficial, but the findings are very
heterogeneous, even less supportive to low intensity
exercise. It is also important to mention that the
frequency of physical activity also seems to explain
much of the results obtained.

Frequency of Physical Activity

Kalak et al. [42] found that regular physical
activity is a factor that favours better subjective and
objective sleep. These authors observed structural
changes in adolescents’ sleep who exercised five times a
week during a three-week short program to include a
larger proportion of SWS, shorter SOL and delayed onset
of REM sleep. These results converge with those of
other studies.

Brand et al. [45] compared two groups of
adolescents who engaged in frequent physical activity
after one day of inactivity. The two groups were formed
based on the frequency of their physical activity. The
authors observed that the more regular the physical
activity, the more efficient the sleep period. This
translated into a smaller proportion of REM sleep in
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favour of a larger proportion of SWS, fewer NAASO and
longer sleep period. Foti et al. [48] found other positive
results and affirm that regular physical activity over a
longer period lengthens the sleep period.

To summarise, all of the studies mentioned in
this section have favourable results that demonstrate
that the frequency of physical activity, be it high or
regular, has positive impact on adolescents’ sleep.

Physical Fitness of Sleepers

Roveda et al. [49] assert that the effect of
physical activity on sleep may differ between individuals
under the same protocol. A distinctive inter-individual
characteristic that may influence the results obtained in
the literature is the individual’s physical fitness level.

First, two studies [43,46] demonstrate that
physical fitness has a major impact on sleep. Amongst
athletes, a better night is reported compared with
sedentary peers. Sleep is much more restorative and of
better quality in individuals who are physically active.
These individuals also have shorter SOL and fewer
NAASO. Nearly identical results amongst other athletes
were found a year later by Brand et al. [44]. These
researchers also found a smaller proportion of REM
sleep in favour of a larger proportion of SWS. This
architectural pattern indicates more effective sleep that
promotes physical recovery.

In normal adolescents, positive effects of
physical activity have been demonstrated: a larger
proportion of SWS [41,42,45], a faster onset of
SWS [41], a shorter SOL [41,42], delayed onset of REM
sleep [42], a smaller proportion of REM sleep [45],
fewer NAASO [45], a longer sleep period [45], a more
efficient sleep period [41] and better quality subjective
of the sleep period [42]. In contrast, by analysing all of
the results of the studies mentioned in this paragraph,
the benefits of physical activity on sleep appear to be
strongly influenced by the frequency or intensity of the
physical activity.

Overall, a link seems to exist between
individuals’ physical fitness level and the quality of their
sleep. Higher physical fithess was associated with
improved sleep quality and its parameters.
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Section II — Influence of Physical Activity on Adults’
Sleep

After having examined the links between
physical activity and sleep in the adolescent population,
we report the results regarding the adult population in a
similar manner. Time, intensity and frequency of
physical activity as well as physical fitness of sleepers
are addressed. Seventeen articles were retained to
examine the effect of physical activity on sleep
parameters in adults [7-9,39,49-61]. These articles are
listed in Table 2.

Time of Physical Activity

First, Roveda et al. [49] examined 11 healthy
males and found important benefits related to physical
activity performed during the day and particularly the
morning: individuals fell asleep more quickly, their sleep
is more restorative, with longer sleep period. The latter
observation contradicts the findings of Tatum [55] that
physical activity in the morning is associated with a
shorter sleep period. The difference between the two
studies can be explained by the fact that the participants
in Tatum’s study were exclusively university students,
who generally go to sleep later than adults in the
general population [55], and by the time spent between
awakening and physical activity. This latter study also
included larger number of participants (1,003
individuals), mostly females, which might also contribute
to this difference.

In addition, engaging in physical activity late in
the evening has long been considered as impairing
individuals’ ability to sleep [1]. Because physical activity
increases the body temperature, consequences on the
subsequent sleep period are generally expected when
these two events occur at close intervals [62]. Taylor
[62] asserts that physical activity provokes a state of
alertness that prevents the body from achieving a state
of relaxation in order to prepare for the sleep period.
However, O'Connor et al. [9] had demonstrated a few
years earlier that the increase in body temperature
before the sleep period did not interfere at all with the
objective sleep quality. These results are supported by
the observation of stability in SOL, NAASO and SE
amongst their participants.

Lastly, Taylor [62] advances that an increase in
body temperature following physical activity in the early
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Table 2. Articles retained regarding adults to achieve the research objectives.

Study N % Male | Population
Bulckaert et al., 2011 9 participants 44 Adults
Flausino et al., 2012 17 good sleepers 100 Adults
Hague et al., 2003 16 healthy individuals 50 Adults
Kobaya"sh.i etal., 1999, cited in Sedentary participants - Adults
Myllymaki et al., 2011

Leopoldino et al., 2013 22 sedentary participants - Adults
Myllyméki et al., 2011%* 11 physically fit adults 64 Adults
Myllyméki et al., 2012 14 healthy males 100 Adults
O'Connor et al., 1998 16 male participants 100 Adults
Roveda et al., 2011 15 healthy, trained, males 100 Adults
Souissi et al., 2012 12 trained subjects - Adults
Tatum, 2011 1,003 participants 25 Adults

7 female swimmers, competitive at a na-

Taylor et al., 1997 . 0 Adults
tional level

Tsunoda et al., 2015 5,349 participants 51 Adults

Wong et al., 2013 12 sedentary participants 25 Adults

Wu et al., 2015 4,747 college students 42 Adults

Yoshida et al., 1998 5 healthy university students 100 Adults

Youngstedt et al., 1999 16 highly fit male cyclists 100 Adults

*Note: The subjects in the two studies of Myllymaki et al. are different, so there is no overlap between
these studies.
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evening helps promote sleep. The author notes that the
decrease in body temperature when the sleep period
approaches is a normal biological process. Given that
physical activity increases body temperature, the body
seeks to regain its homeostasis and thereby uses the
same processes as during the approach of the sleep
period to decrease body temperature, namely dilation of
blood vessels and increased blood flow to the peripheral
regions of the body [62]. This process therefore acts as
a catalyst of sleep initiation. Morin et al. [63]
corroborate these findings by affirming that physical
activity early in the evening improves the general quality
of sleep in different members of the population.

By controlling for body temperature, Souissi et
al. [54] found important differences concerning the
effects of physical activity early in the evening on the
sleep period. The authors observed lower SE in 12
adults when physical activity occurs late in the evening
compared with more SWS, fewer NAASO and shorter
SOL when physical activity occurs earlier. Similarly,
Bulckaert et al. [50] observe negative effects on SWS
when physical activity occurs in the late evening for 9
participants. In contrast, Yoshida et al. [60] also
compared the effect of physical activity on sleep
depending on the time it occurred, and found different
results. Notably, the study analysed physical activity at
three different periods, namely the morning, early
evening and late evening. The authors observed better
subjective sleep quality and more SWS during the first
cycle of sleep when the 5 participants were physically
active in the late evening. The difference between the
results reported in this paragraph may be explained by
important methodological weaknesses, specifically the
low number of participants: between 5 and 12
participants for the three studies.

Wong et al. [58] examined 12 participants and
found that physical activity does not influence negatively
the main parameters of sleep (namely TST, SOL, wake
after sleep onset, REM onset, SE, and SWS) when it
occurs in the early evening. Indeed, this study
demonstrates that the only significant effect is an
increase in the time spent in the first two stages of
sleep.

Other studies have also investigated the effect
of the timing of physical activity on sleep, including that
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of Kobayashi et al. [52]. The authors demonstrated that
physical activity in late evening significantly reduces the
SOL compared with physical activity at another time of
day. Another study by Myllymaki et al. [8], involving 11
adults, found a better sleep period after physical activity
in the late evening. Specifically, better SE, less time
spent in the first stage of sleep, and fewer NAASO were
reported. In addition, the authors observed significantly
more time spent in the first four stages of sleep amongst
participants of the experimental group compared with
the control group. All of these results were corroborated
a year later by Flausino et al. [7], who used a similar
methodology to Myllymaki et al. [8], with the exception
of time spent in the first four stages of sleep.

Further, it seems that the increase in body
temperature following physical activity does not
systematically interfere with sleep quality, notably SOL.
However, other variables linked to physical activity
before the sleep period may need to be considered.
Since exercise may increase heart rate (HR) even after
the exercise is completed, this variable has often been
considered by authors.

First, Bulckaert et al. [50] reported that physical
activity late in the evening may have a negative effect
on SWS in adults. Their study measured HR at different
stages of sleep. Compared with the base measure, HR
was highest during SWS in participants who had gone
cycling before sleeping. This increase in HR putatively
competes with SWS, in which a state of deep relaxation
is optimal. A rapid HR would impede the body from
recovering optimally. More than a decade earlier,
Youngstedt et al. [61] had maintained that physical
activity just before the sleep period had no effect on the
HR of physically active individuals. They explained this
result by the possibility that these individuals had
developed a different metabolism from others, and that
their parasympathetic nervous system could recover
more easily following physical activation. This would
help them decrease their HR rapidly before the sleep
period.

In addition, Myllyméki et al. [39] studied the
effect of physical activity during the evening in other
adults. These authors filled a gap in study by Youngstedt
et al. [61] conducted in 1999 by investigating the
architecture of sleep. Supported by a highly rigorous
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methodology, this study reached the same conclusions
as that of Youngstedt et al.: (1) individuals’ metabolism
seems to play an important role in an individual’s
capacity to recover following physical activity; and (2)
physical activity in the evening does not seem to have a
negative effect on objective and subjective sleep quality.

To summarise, HR has no effect on objective
and subjective sleep quality when individuals are
physically active before the sleep period. The
hypotheses formulated by Bulckaert et al. [50] are
theoretically probable, but contradict the results
obtained by other studies that used a similar
methodology [9,52,60] where participants generally had
good or satisfactory sleep quality. The methodological
weaknesses reported above may explain these divergent
results, but several other variables linked to physical
activity may also affect the results, including the
intensity of physical activity.

In sum, the results suggest that adults should
engage in physical activity at any time of day.

Intensity of Physical Activity

Some studies conclude that light, moderate or
sustained physical activity has no negative or positive
effect on the sleep period [9,39,61]. In contrast, Tatum
[55] reports a positive association between SE and
intensity of physical activity.

Several studies report benefits related to the
intensity of physical activity. Moderate activity was
associated with better SE [7], shorter SOL [52], less
time spent in the first stage of sleep [7] and fewer
NAASO [7]. In addition, an increase in the proportion of
SWS in the first cycle of sleep and better subjective
sleep quality were observed [60]. The diverging results
obtained in the two preceding paragraphs may be
explained by the fact that the studies that did not find a
favourable result for sleep included solely physically
active participants. Indeed, in general, moderate
physical activity seems to have an effect only on
individuals considered normal or sedentary.

Taylor et al. [56] reported similar findings
among 7 female athletes, namely that the variation in
intensity of physical activity over a long period affects
objective sleep quality in female athletes. Specifically,
the authors conclude that the higher the effort of
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physical activity, the more the sleep architecture is
modified to increase the proportion of SWS during the
first cycle of sleep, which corroborates the energy
conservation theory of Berger and Phillips [64]. In
contrast, the athletes studied did not report any changes
in the subjective quality of the sleep period, which
contradicts the results obtained by Tsunoda et al. [57],
who noted a subjective improvement in the sleep period
in their participants who engaged in moderate to
sustained physical activity. The divergence between
these results can be explained by the fact that the study
by Tsunoda included over 5,000 participants, whereas
the study by Taylor et al. involved only seven
participants. In addition, the research was correlational
for the study by Tsunoda et al., and experimental for
that of Taylor. It is therefore difficult to draw precise
conclusions given the limitations of the methods used
for the two studies.

Further, an increase in time spent in the first
two stages of sleep was observed in individuals who
engage in sustained physical activity [58]. In addition,
Roveda et al. [49] report better SE, a longer sleep
period and a reduction in SOL amongst individuals who
engage in sustained physical activity. Lastly, a larger
proportion of time spent in the first four stages of sleep
was observed in respondents who engage in sustained
physical activity [8].

Souissi et al. [54] report similar results. They
also observe the benefits of intensive physical activity on
sleep: an increase in SWS, fewer NAASO and shorter
SOL. However, these characteristics are present only
when physical activity takes place in the afternoon.
When intensive physical activity occurs in the evening,
the authors report less efficient sleep. Therefore,
although the intensity of physical activity may affect
sleep quality, it seems that the time it occurs may also
have a significant impact on sleep.

To summarise, moderate physical activity can
improve sleep in normal or sedentary individuals. In
athletes, more intense exercise seems required to
achieve the same benefits. In that case, the afternoon
seems like a particularly good time to train.

Frequency of Physical Activity

A study by Leopoldino et al. [53] among 22
individuals demonstrates that doing exercise for one
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hour twice a week decreases daytime sleepiness in
sedentary individuals. The authors also conclude that
their program, which lasted only 12 weeks, suffices to
improve sleep quality, concomitantly increasing
participants’ quality of life. Leopoldino et al. maintain
that the benefits of the training program are an increase
in SWS and a decrease of SOL. However, Wu et al. [59]
did not find an association between physical activity
three times a week and better sleep quality. This later
study involved 4,747 college students.

Hague et al. [51] examined 16 healthy
individuals and found that one day without physical
activity had a negative impact on subsequent sleep.
Specifically, Hague et al. observed an increase in REM
sleep, an increase in SOL, and a decrease in SWS in
their participants. Given that the participants were
physically active adults, these conclusions point to a
structural change in the sleep period amongst individuals
who have a stable lifestyle, after only one day that
deviates from their usual routine. Similarly, Tatum [55]
observed a positive association between frequency of
physical activity and SE, which highlights the importance
of the frequency variable.

In short, it appears very advantageous to
engage in long-term physical activity to maintain the
positive effects on sleep. Nonetheless, it seems that
sedentary adults can also benefit from occasional
physical activity to improve the quality of their
subsequent sleep period.

Physical Fitness of Sleepers

Several studies show that physical activity
amongst normal people has a positive impact on sleep:
better SE, less time spent in the first stage of sleep,
fewer NAASO [7,54], more SWS [54], and more time
spent in the first four stages of sleep [8].

Amongst individuals considered as sedentary,
physical activity promotes SE and reduced daytime
sleepiness [53,60]. The latter change is attributed to an
increase in SWS [53,60]. Amongst these participants,
physical activity has other benefits, including an increase
in the subjective quality of the sleep period [60], and a
decrease in SOL [53]. Further, the decrease in SOL is
also observed in another study of the same type of
participants [52]. However, these results are not
corroborated by Wong et al. [58], who observe only a
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minor improvement in the sleep parameters when
sedentary individuals engage in physical activity, namely
more time spent in the first two stages of sleep. It is
possible that these divergent results arise from
methodological weaknesses such as the number of
participants, which was low in some studies [58,60].

Regarding physically active individuals, several
authors [9,39,61] found no effect of physical activity on
sleep.

These results run counter to those of Roveda et
al. [49] and of Hague et al. [51]. Roveda et al. found
that physically active adults slept better when they
engaged in physical activity than when they stopped.
Accordingly, the authors observed a longer sleep period
characterised by a reduction in SOL, along with higher
SE, when participants were physically active. Other
results demonstrating the importance of remaining
physically active were obtained by Hague et al. Notably,
they noticed an increase in REM sleep, an increase in
SOL, a reduction in the time required to achieve REM
sleep and a reduction in SWS after one day without
physical activity. Therefore, for individuals who are
physically active, stopping physical activity may have
important negative consequences on sleep.

In summary, benefits of physical activity on
sleep appear more important in sedentary individuals
compared to physically active adults. In return, stopping
physical activity in the latter group may interfere with
sleep.

Discussion

In general, given the results compiled in this
article, physical activity seems to have a positive impact
on both objective and subjective sleep quality.
Therefore, individuals who want to improve their sleep
should adopt a physical activity program that considers
the variables reviewed in this article. Specifically, the
results of this review generally demonstrate that the
proportion of SWS increases during the sleep period
following physical activity. This is very beneficial for
individuals who are physically active because it is during
SWS that the growth hormone is secreted, which is
responsible for the body’'s recovery [65]. However,
exercise decreases REM which is where consolidation of
memory [66] and emotional memory processing occur
[67]. The decreased REM propensity may be due to an
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increased need for non-REM or alternatively an indicator
of sleep fragmentation [68]. Another plausible
mechanism for the alteration of REM episodes is the
elevation of catecholamine levels, rather than some
direct brain function response [69].

Researchers have observed that the frequency
of physical activity amongst adolescents has a significant
impact on sleep duration [45,47,48]. However, other
variables linked to physical activity in the studies
examined were not associated with an increase in sleep
duration. Therefore, adolescents who want to increase
their sleep period to the prescribed number of hours by
engaging in physical activity should attempt to increase
the frequency of exercise. For the adult population, only
one study [49] observed a significant increase in sleep
time following physical activity. Specifically, the sleep
period is longer when physically active individuals
engage in intense physical activity.

Further, in the literature several results diverge
concerning links between exercise and sleep. Given
these inconsistencies, it is possible that some non-
isolated and non-considered covariates or potential
moderators may have influenced the results. As Torsvall
[70] argued, many divergences of opinions found in the
literature on the effect of physical activity on sleep
originate in the methodologies used.

Before exploring the covariates or potential
moderators, it is important to point out that the
relationship between physical activity and sleep is
complex [28] and that is difficult to control all the
variables simultaneously. Our inventory of the
concomitant variables is therefore not a judgment on the
quality of studies consulted for this article, but rather
recommendations for the methodological orientation of
future research on physical activity and sleep.

First, it is known that light exposure affects
sleep via circadian rhythms [26,71,72]. Light exposure
affects individuals in all situations, not necessarily during
physical activity exclusively. Most studies reviewed for
this article did not control exposure to daylight
(or artificial light) during the data collection. Future
research could control this variable. Given the diversity
of lifestyles and ways to engage in physical activity, it
would be advisable to consider inter-individual
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differences in light exposure, which could bias the
results.

Some results may have been influenced by the
participants’ level of sleep disturbance, which may
create a floor or ceiling effect. Even if people with
significant sleep difficulties were eliminated from the
studies selected to attain our research objectives, some
floor or ceiling effects may have been present in the
studies. For example, Youngstedt [73] and Driver and
Taylor [3] mention that the more an individual’s sleep is
disturbed, the greater their potential for improvement,
and vice-versa. It may therefore be relevant to consider
this possibility when results diverge between two studies
with similar methodologies. For instance, the sleep of
participants in the first study may be more or less
disturbed (as indicated by base measures, for example)
than that of their peers in the second study. Although it
may seem difficult or unrealistic to control each of these
individual differences in sleep disturbance, it would be
interesting for researchers and readers to keep this
possible variance in sleep disruption in mind when they
observe studies with similar methodologies but disparate
results.

Further, other variables associated with ceiling
effects were reported by several authors [3,21,58]:
healthy lifestyle that improves sleep, and physically
active individuals who may have developed optimal

sleep before the data collection. Several studies
compiled in this article did not control for these
variables. Therefore, future research could have

respondents complete questionnaires on lifestyle, and
use protocols where sleep is studied in active individuals
after withdrawal from physical activity or in comparison
with a control group.

In a similar vein, Driver and Taylor [3]
emphasise the importance of adding subjective
measures to studies of the links between physical
activity and sleep, for example: the feeling of waking up
in fine form, the feeling that sleep was restorative, etc.
Not all studies addressed this dimension. We must bear
in mind that collection of subjective data may support
objective data, which can reinforce the results obtained.
However, as Youngstedt et al. [74] report, the use of
self-reported measures has limitations. Specifically, this
approach is biased by nonconformity to the norm and
the lack of precision when participants report their data.
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Overall, given these particularities, studies of this
subject should include more subjective measures to
support the objective measures, to partly isolate the
disadvantages of each type of measure.

Another important point to consider concerns
research protocols. As Youngstedt et al. [74] assert,
several studies of the links between physical activity and
sleep examined sleep after only one or two days of
physical activity. Yet given that sleep is influenced by
several other variables, it seems difficult to attribute a
unique effect of physical activity to sleep when
interpreting the results. To fill this gap, Youngstedt et al.
propose that the effect of physical activity on sleep be
observed for several days, notably by manipulating the
daily level of physical activity. They argue that this level
may vary on a continuum from a completely sedentary
day to a day where participants must engage in physical
activity more intensely and longer than usual.

Our findings are consistent with the meta-
analysis performed by Kredlow et al. [10] in
demonstrating that exercise has a beneficial effect on
sleep. In a similar vein, the results of this meta-analysis
indicated that physical fitness of sleepers as well as time
of day and frequency of exercise moderate the
relationship between exercise and sleep. In contrast,
Kredlow et al. found no significant differences in effect
size across light, moderate, and vigorous intensity for
acute exercise. Due to power constraints, they were
unable to examine intensity as a moderator of the
effects of regular exercise on sleep. They found,
however, that exercise type moderates sleep outcomes.
When comparing different types of acute exercise,
cycling appeared to be more beneficial than running.
The authors stated that this might be because cycling is
low impact and tends to result in fewer injuries than
running. We can hypothesize that the patients with
insomnia or other disorders included in the meta-
analysis were particularly sensitive to this, which can
explain the discrepancies between our review and the
meta-analysis.

Many mechanisms to explain the relationship
between exercise and sleep have been proposed.
Studies have reported effects of exercise on (1)
temperature during sleep, (2) cardiac and autonomic
function during sleep, (3) endocrine function during
sleep, (4) metabolic function during sleep, (5) the
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immune-inflammation response during sleep, (6) mood
during the night. These mechanisms will not be
explained here. For a review, interested readers can see
Buman & King [18], Chennaoui et al. [75] and Uchida et
al. [76].

It is important to state the limitations of this
article. First, the type of physical activity was not
considered in the data analysis. However, contrary to
what Kredlow et al. [10] argued but as Tatum [55]
contends, it seems difficult to determine the effect of the
type of physical activity on sleep because it may be
confounded with the effect of the intensity of the
physical activity. Therefore, Tatum affirms that the
intensity of the activity is more important to consider
than the type of physical activity. In addition, only one
person compiled the literature review. It is therefore
impossible to calculate inter-rater agreement regarding
the application of the inclusion and exclusion criteria for
the articles compiled. Furthermore, few studies of
adolescents could be analysed in this paper, which
limited the quantity of data regarding the time of
physical activity and the physical fitness of the sleepers
in this population. Lastly, effect sizes of results obtained
in the scientific papers were not considered during the
analysis of the results of this research.

Conclusion

To improve the general quality of sleep amongst
adolescents and adults in the normal population, the
results of this article suggest that individuals should
engage in physical activity at any time of day. Further, it
seems that moderate to sustained physical activity must
be practised at least twice a week for significant
changes in sleep to be observed. It also appears very
advantageous to engage in long-term physical activity to
maintain the positive effects on sleep. Nonetheless,
sedentary and normal individuals can also benefit from
occasional physical activity to improve the quality of
their subsequent sleep period. However, the benefits will
endure only if the physical activity is regular.

Physical activity offers several health-related
advantages [6,77-80]. This is why its promotion is
particularly important. In a similar vein, it is now
established that prolonged sedentary behaviour,
characterized by a sitting or reclining posture and
low-energy expenditure, tends to be associated with an
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elevated risk of insomnia and sleep disturbance [81].
Poor sleep, in turn, has several effects on the health of
individuals and on society as a whole. It is associated
with lower performance and productivity, higher rates of
physical and mental disorders, increased accidents,
substance use and abuse, mortality and morbidity, and
elevated costs of prescriptions, therapies, diagnostic
testing, and doctor visits [82].

Sleep and exercise influence each other through
complex, reciprocal interactions including multiple
physiological and psychological pathways [75]. People
should seek to benefit from this link to improve both the
quality of their sleep and of their daily functioning.

Regarding the orientation of future studies on
the effects of physical activity on sleep, researchers
should include a sufficiently high number of participants
to improve the generalisability of the results. During the
data collection, many of these studies were found to
involve a low number of participants. In addition, it is
important to rigorously control the concomitant variables
and to seek ecological validity. Future studies with
experimental design and longer follow-up periods are
warranted. A review on the effects of physical activity on
sleep among the elderly would also be pertinent.
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