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Abstract
Sleep is vital to the physiological and cognitive functioning in humans, however, disruption to
sleep is a growing issue. Requirements of training in high performing adolescent athletes is
increasing but it is largely unknown what effect this has upon their sleep. Extra-curricular
activities such as sport, music, and part-time work are all contributing factors to the sleep
disturbances adolescents’ experience. Until now, limited research has been available on high
performing adolescent athletes sleep as most research has focused on sleep in elite adult
athletes. Research to date has illustrated that elite adult athletes experience disruptions to their
sleep due to training and competitions which subsequently impacts their recovery, performance
and fatigue. The few studies to investigate adolescent athletes have found that sleep has
significant effects on injury occurrence, academic performance, mental health, and obesity, as
discussed in the literature review in the first chapter of this thesis. Furthermore, through the
limited previous research, it has been found that adolescent athletes sleep is disrupted on nights
preceding early morning training sessions. The second chapter of this thesis includes an
original study investigating the sleep of highly trained adolescent swimmers. Fifteen adolescent
swimmers volunteered to participate in this study, where their sleep was measured via
subjective and objective measures over a two-week ‘normal’ in-season training phase.
Participants subjectively recorded their total sleep time (TST), sleep latency (SL), and wake
episodes (WE) through a daily sleep diary. In conjunction, objective sleep indices (TST, SL,
WE, total time in bed (TTB), wake after sleep onset (WASO), sleep efficiency (SE), sleep onset
time (SOT), and wake time (WT) were measured through a wrist actigraph device. Analysis
revealed that participants significantly overestimated their sleep duration by approximately one
hour per night compared to their objective TST. Furthermore, on evenings preceding early
morning training (EARLY), participants TST and TTB was significantly less compared to
nights preceding day trainings (DAY) and rest days (REST). Finally, the third chapter of this
thesis summarises the overall findings of the thesis, as well as highlighting practical
applications, and potential future research directions.

ii

Acknowledgements
I would like to take this opportunity to express my deepest appreciation for those who have
helped me along this journey.

Firstly, to my family, especially my Mum and Dad, you have been my biggest supporters
throughout my whole life and always encouraged me to pursue my dreams. You were there
through the highs and lows over the last 18 months and this thesis would not have been possible
without your constant love and support.

Secondly, to my primary supervisor Dr. Shannon O’Donnell. Your support and guidance on
this project has been amazing and so helpful. The time you put into me, and the countless
reading of drafts with opening sentences that didn’t work is something I greatly appreciate.
The advice and feedback you provided is something I will remember always. Thank you so
much! Also, to my secondary supervisor Dr. Matt Driller, despite moving countries just before
I started my thesis, your willingness to take me on board is something I really appreciate. You
helped me achieve a piece of work that I can be proud of, so thank you for your time you put
into reading and providing feedback on top of your busy schedule.

To Greg O’Carroll and the Sir Edmund Hillary Scholarship Programme. This journey would
not have been possible without the support throughout my undergraduate degree and now to
the end of my Master’s degree. Greg your open-door policy has been a life saver on many
occasions, popping in for a chat and your advice you offer has relieved my stress on more than
one occasion. I have learnt and gained so much from this Scholarship and I will be forever
grateful for that.

To Swimming New Zealand, Swimming Waikato and the participants in this study. Thank you
for showing interest in supporting this project and I hope the findings will be of benefit to you
and the youngsters in the sport of swimming in the years to come.

iii

To the wonderful librarian, Anne, who spent hours with me perfecting my referencing and
formatting. Thank you so much.

Finally, to my pal Courtney, I honestly could not have done this journey without you. We were
crazy in even suggesting this idea in undergrad but here we are, finally, at the end of our
journey. Constantly checking in on one another and after a bout of complaining every so often,
your positive encouragement helped get me through to the end so thank you and I can’t wait to
see where our journeys take us next.

iv

Table of Contents
Abstract.................................................................................................................................... ii
Acknowledgements ................................................................................................................ iii
List of Tables ......................................................................................................................... vii
Abbreviations ....................................................................................................................... viii
Thesis Organisation ................................................................................................................ix
Chapter One: Literature Review ............................................................................................ 1
Introduction ............................................................................................................................ 2
Sleep Physiology .................................................................................................................... 2
Measuring Sleep in Adolescent Athletes ............................................................................... 5
Polysomnography .............................................................................................................. 5
Actigraphy .......................................................................................................................... 5
Sleep Diaries and Questionnaires ..................................................................................... 7
Importance of Sleep ............................................................................................................. 10
Importance of Sleep for Athletes ...................................................................................... 10
Academic Performance ................................................................................................ 11
Physical and Mental Health ......................................................................................... 12
Electronic Device Usage .............................................................................................. 13
Importance of Sleep for Adolescent Athletes ................................................................... 16
Training, Competition and Rest Day Requirements ............................................................ 19
Training Day .................................................................................................................... 19
Competition Day .............................................................................................................. 20
Rest Day ........................................................................................................................... 21
Conclusion ........................................................................................................................... 23
Chapter Two: Original Study ............................................................................................... 24
Abstract ................................................................................................................................ 25
Introduction .......................................................................................................................... 26
Methods................................................................................................................................ 28
Participants ...................................................................................................................... 28
Design .............................................................................................................................. 29
Classifications of Nights .................................................................................................. 29
Measures .......................................................................................................................... 29
Sleep Questionnaires .................................................................................................... 29
Sleep Monitoring ......................................................................................................... 30
v

Sleep and Training Diaries........................................................................................... 30
Statistical Analysis ........................................................................................................... 31
Results .................................................................................................................................. 31
Discussion ............................................................................................................................ 35
Conclusion ........................................................................................................................... 39
Chapter Three: Summary, Practical Applications, Limitations and Future Research .. 40
Summary .............................................................................................................................. 41
Practical Applications .......................................................................................................... 42
Limitations ........................................................................................................................... 43
Future Research ................................................................................................................... 44
References ............................................................................................................................... 45
Appendices .............................................................................................................................. 60
Appendix 1: Participant Information Sheet ......................................................................... 61
Appendix 2: Participant Consent Form................................................................................ 62
Appendix 3: Ethics Approval............................................................................................... 63
Appendix 4: Questionnaires ................................................................................................. 64
Appendix 5: Daily Sleep Diary ............................................................................................ 66
Appendix 6: Daily Exercise Diary ....................................................................................... 67

vi

List of Tables
Table 1. Definitions of each sleep variable measured through wrist-actigraphy. Adapted from
M. Driller, J. McQuillan, and S. O’Donnell, 2016.\. ................................................................. 6
Table 2. Studies examining sleep measures in adolescents ....................................................... 9
Table 3. Studies examining the importance of sleep in adolescents ........................................ 14
Table 4. Studies examining the importance of sleep in adolescent athletes ............................ 18
Table 5. Studies examining training, competition and rest days of adolescent and elite athletes
.................................................................................................................................................. 22
Table 6: Mean ± SD values for the measured sleep questionnaires, objective sleep variables
and training load of the two-week monitoring period. Comparison of electronic device usage
to sleep indices using the Pearson’s moment correlation (r) ................................................... 32
Table 7: Mean ± SD values for the measured objective sleep variables and device usage on
the night preceding an early morning training session (EARLY), a day training session
(DAY) and a rest day (REST). ................................................................................................. 33
Table 8. Mean ± SD data for differences between nights for objective sleep indices and
device usage, including effect sizes (d) and 90% confidence limits (90% CL) for comparison
between conditions................................................................................................................... 34
Table 9. Mean ± SD data for differences between subjective and objective sleep for objective
sleep indices, including effect sizes (d) for comparison between conditions. ......................... 35

vii

Abbreviations
•

TST – Total Sleep Time

•

TTB – Total Time in Bed

•

SL – Sleep Latency

•

SE – Sleep Efficiency

•

WASO – Wake After Sleep Onset

•

WT – Wake Time

•

SOT – Sleep Onset Time

•

WE – Wake Episodes Per Night

•

ASBQ – Athlete Sleep Behaviour Questionnaire

•

SHI – Sleep Hygiene Index

•

ESS – Epworth Sleepiness Scale

•

PSQI – Pittsburgh Sleep Quality Index

•

ASSQ – Athlete Sleep Screening Questionnaire

•

EARLY – Pre 7am training

•

DAY – Post 7am day training

•

REST – Day with no training

•

PSG – Polysomnography

•

BMI – Body Mass Index

•

h – hour

•

min – minutes

•

h:min – hours:minutes

•

AASM – American Academy of Sleep Medicine

•

REM – Rapid-Eye Movement

•

NREM – Non-Rapid-Eye Movement

viii

Thesis Organisation
The current thesis comprises of three chapters. Chapter One presents a review of the literature
on the physiology of sleep, the importance of sleep, and the sleep disruptions and issues
experienced by adolescent athletes. Chapter Two details an original study investigating the
sleeping patterns of highly trained adolescent swimmers, comparing their subjective
(perceived) and objective (wrist actigraphy) measures of sleep. This chapter is formatted in the
required style of journal it was submitted to The Journal of Sport and Exercise Science, and
consequently some information throughout the thesis may be repeated. Chapter Three provides
a summary of the overall findings, along with practical applications, limitations and
recommendations for future research.
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Chapter One: Literature Review
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Introduction
Disruption to sleep behaviour is becoming an increasing issue in the athletic population, with
the added demand of training loads causing further disruption (Fullagar, Skorski, et al., 2015;
Watson & Brickson, 2018). Sleep is considered to be a fundamental aspect for recovery in
athletes (Leeder et al., 2012). Subsequently, if optimal sleep is not achieved it can then have
significant impacts upon training and competition performance, motivation, perception of
effort and cognition (Halson, 2014a). Sleep is also vital for adolescents as there are many
factors that influence their sleep/wake cycle, most commonly known is their delayed circadian
rhythm due to three (biological, psychological and socio-cultural) contributing factors
(Carskadon, 2011; Carskadon et al., 1993; Crowley et al., 2007; Garcia et al., 2001; Watson et
al., 2017). Therefore, sleep quality and quantity are important factors for adolescent’s health
and wellbeing including their cognitive and physical health (Leeder et al., 2012; Moore &
Meltzer, 2008; Park, 2011; Sarchiapone et al., 2014).

A major factor impacting adolescents sleep behaviour is their involvement in various extracurricular activities, such as, part-time work, sport, music lessons and social lives which makes
it challenging to achieve the later sleep offset required (Carskadon et al., 1998; Copenhaver &
Diamond, 2017; Moore & Meltzer, 2008; Suppiah et al., 2015; Watson et al., 2017). In
particular many adolescents are heavily involved in sporting activities which increases the need
for quality sleep hygiene practices and schedules. With training requirements for adolescent
athletes increasing such as high training loads, early/late trainings and competitions, sleep
disturbances are occurring more commonly in this population (Copenhaver & Diamond, 2017;
Ng et al., 2009). Therefore, the purpose of this review is to provide a background on the role
of sleep, the importance of sleep in the athletic population and the effect that training, and
performance requirements have on sleep. Furthermore, providing a background on the role of
sleep behaviours for adolescents and more specifically adolescent athletes. A secondary aim is
to review the different ways of measuring sleep behaviours in the adolescent athlete population.

Sleep Physiology
The circadian rhythm is the 24-hour internal clock of a human’s body that has to be reset every
24 hours, and in most adults the circadian rhythm follows the same patterns (Aschoff, 1998;
Beersma & Gordijn, 2007; Zee et al., 2013). Many physiological variables are influenced by
2

the circadian rhythm in humans, but most commonly known is the duration and timing of the
sleep and wake cycle (Aschoff, 1998). Sleep in America Polls (2018, 2020) reported that only
10% of adults prioritise sleep over other aspects of daily living including physical fitness, work,
and hobbies, and 72% reported feeling sleepy between two and seven days per week. If the
recommended 7-8 hours of sleep per night is not obtained by adults, abnormal sleep/wake
cycles may occur (National Sleep Foundation, 2014; Paruthi et al., 2016), with the potential to
result in sleep disorders such as; insomnia, sleep apnoea, sleep disordered breathing, restless
leg syndrome, and REM sleep-behaviour disorder (Crowley, 2011; Zee et al., 2013). Insomnia
can be associated with an abnormal timing of the biological clock resulting in an impairment
of daytime functioning often diagnosed after one month of difficulty falling asleep (Crowley,
2011; Zee et al., 2013). Furthermore, reduced daytime functioning can cause a lack of
concentration, decrease in memory, poor attention and slower reaction times (Halson, 2014b).
Crowley (2011) also reports that sleep apnoea can result in poor quality sleep, oxygen
desaturation and excessive daytime sleepiness. While disruption to sleep can be a result of
many factors, the current literature demonstrates the importance of sleep and the value in
following sleep recommendations for overall health and wellbeing.

In comparison to adults, adolescents experience a delayed circadian rhythm due to varying
factors including biological, psychological and socio-cultural influences. It is primarily a
change in the biologic timing mechanism that causes a delay in sleep onset (Carskadon et al.,
1993). A review by Garcia et al. (2001) showed that adolescents experienced a half hour longer
prolonged circadian period (25 hours) compared to the general population (24.5 hours). The
prolonged circadian period caused delayed sleep onset in adolescents and was found to be a
result of biological factors including pubertal stage and phase delay (Garcia et al., 2001).
Several other studies report that there is a delay in the sleep/wake cycle of adolescents mainly
occurring because of biological maturational processes. Data from Carskadon et al. (1993)
identifies adolescents who had higher puberty scores (were further developed) resulted in a
significantly later bedtime on weekdays due to their preferred later phase during pubertal
maturation. Carskadon and colleagues (1993) research suggest that there may be a potential
link between melatonin to circadian rhythms and maturational processes. Furthermore,
Giannotti et al. (2002) suggests that there is a link between circadian rhythms and pubertal
timing throughout pubertal development due to melatonin secretion. Melatonin is the hormone
naturally produced by the pineal gland in the brain which is then released into the bloodstream
3

to help initiate sleep onset (Arendt, 2000; Zhdanova & Tucci, 2003). The pineal gland is
prompted by darkness to start producing melatonin, whilst production is stopped when light is
present. Evidence has shown that the phase delay of melatonin secretion is significantly
correlated with maturation (r = .62) and age (r = .62) (Carskadon et al., 1997; Giannotti et al.,
2002). Therefore, a ‘healthy’ night of sleep for adolescents has been recommended to be 8-10
hours for optimal functioning (Paruthi et al., 2016; Watson et al., 2017).

Elite athletes also experience differing sleep behaviours to the general population and with the
training requirements of this population steadily increasing, sleep is being recognised as
essential for recovery due to the psychological and physiological functions that occur during
sleep (Nedelec et al., 2018). Sleep is divided into two stages, non-rapid eye movement (NREM)
and rapid eye movement (REM) to comprise of approximately 90-120 minutes sleep which
humans continuously cycle through throughout the night (Fullagar, Duffield, et al., 2015).
NREM sleep is further divided into four stages where during stages three and four, slow wave
(deep) sleep occurs and it is thought that physiological growth and repair peaks during this
slow wave sleep due to metabolic activity being at its lowest point (Venter, 2012). During
NREM sleep the body is also actively repairing and restoring itself due to the release of growth
hormone, which is vital to recovery in athletes as more than 95% of growth hormone is released
during NREM sleep (Gunning, 2001; Venter, 2012). The release of growth hormone influences
athletic recovery as muscle growth, repair, and bone building are all vital for recovery
following strenuous exercise (O'Donnell et al., 2018a).

NREM sleep is followed by REM sleep where the brain begins to reactivate, and cognitive
restoration occurs (Belenky et al., 2003; Hobson, 2005). Often known as ‘dream sleep’ (the
stage where dreams occur), it is thought that REM sleep forms 20-25% of adults sleep each
night (Venter, 2012). Whilst in REM sleep, periodic brain activation, localised recuperative
processes and emotional regulation take part (Fullagar, Skorski, et al., 2015). REM sleep is
thought to be important for memory consolidation and is therefore important when learning
new complex techniques or tactics and when new motor skills are being acquired (Venter,
2012). Both physiological and psychological recovery after exercise can be impaired by
disturbances to the timing of sleep phases or the quality and duration of sleep within NREM
and REM sleep phases (Samuels, 2008). Therefore, sleep plays a vital role in ensuring athletes
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are fully recovered and performance ready for both trainings and competitions (Copenhaver &
Diamond, 2017; Leeder et al., 2012; Sargent, Lastella, et al., 2014).

Measuring Sleep in Adolescent Athletes
Polysomnography
Polysomnography (PSG) is an objective measure considered the “gold standard” for measuring
sleep architecture, sleep indices and diagnosing sleep disorders in humans (Halson, 2014a;
Meltzer et al., 2012). Electrodes attached to the skin on the scalp monitor brain activity
(electroencephalogram),

eye

movements

(electrooculogram),

muscle

activity

(electromyogram), and cardiac activity (electrocardiogram) (Halson, 2014a). However, several
factors such as the large financial costs, only providing 1-2 nights worth of sleep information,
and an insufficient number of sleep labs being prepared to test young people (Meltzer et al.,
2012), means using PSG in children and adolescent populations is difficult and limiting. It
therefore makes it an impracticable option to measure sleep in adolescents. PSG may also not
be the preferred option of measuring sleep in athletes. While PSG is useful in suspected sleep
disorder research, athletes already experience many stressors and anxiety in their lives so
minimising this and monitoring sleep through less invasive strategies would be the preferred
option (Halson, 2019). However, if a medical sleep disorder is suspected it is recommended
that athletes should be referred to a sleep physician for more in depth monitoring (Halson,
2019). Measuring sleep through PSG is also highly impracticable for athletes in the sport
setting due to the sleep laboratory requirements not being the same as their usual sleep
environments, making it difficult to draw conclusions in this population (O'Donnell et al.,
2018a).

Actigraphy
A commonly used objective method for assessing sleep is through an actigraph wrist-watch
device. Actigraphy is a much less invasive and more accessible strategy compared to PSG
(Short et al., 2012). Sleep and wake is measured through the detection of movement the
actigraph device picks up over a period of time (Short et al., 2012). Actigraphy devices main
measurements of sleep include: total sleep time (TST), total time in bed (TTB), sleep efficiency
(SE), number of wake episodes per night (WE), wake after sleep onset (WASO), sleep latency
(SL), sleep onset time (SOT) and wake time (WT) (Table 4.) (Halson, 2014a; O'Donnell et al.,
5

2018a). Research has shown that actigraphy can provide reliable, important information in
good sleeping populations but it should not replace PSG (Ancoli-Israel et al., 2003; Sadeh,
2011). A study by Driller et al. (2016) showed the Readiband actigraph device to have high
levels of intra-device reliability. However, due to the inaccurate measurement of time at lights
out, caution should be taken when using sleep latency, sleep efficiency, and wake after sleep
onset results from actigraph devices, as it was reported to significantly underestimate or
overestimate depending on the indices compared to PSG (Dunican et al., 2017).
Table 1. Definitions of each sleep variable measured through wrist-actigraphy. Adapted from
M. Driller, J. McQuillan, and S. O’Donnell, 2016.\.
Sleep Indices

Units

Description

Total Sleep Time (TST)

Minutes

Total time spent asleep

Sleep Efficiency (SE)

%

Total Time in Bed (TTB)

Minutes

Total time in bed divided by
total sleep time
Total time spent in bed

Sleep Latency (SL)

Minutes

Time taken for sleep onset

Wake Episodes per Night
(WE)
Sleep Onset Variance (SOV)

Number count

Wake Variance (WV)

Minutes

Wake Episode Duration
(WED)
Sleep Onset Time (SOT)

Minutes

Total number of awakenings
per night
Sleep onset consistency
relative to mean
Wake time consistency relative
to mean
Mean wake episode duration

Wake Time (WT)

Time of day

Wake After Sleep Onset
(WASO)

Minutes

Minutes

Time of day

Time of transition from
wakefulness into sleep
Wake up time for the sleep
period
Time spent awake after sleep
onset per night

A study by Short et al. (2012) evaluated 385 perceived sleep patterns between sleep diaries and
an actigraph device. Sleep diary estimates of both WASO and TST were substantially less than
what the actigraphy device reported (Short et al., 2012). Furthermore, a study by de Zambotti
et al. (2015) found that in 65 adolescents, a night time fitness tracker showed good agreement
with PSG for TST, SE and WASO. Actigraphy devices provide a cost-effective alternative to
6

PSG and allow for sleep monitoring to occur in a person’s own sleep environment, making it
a more practical option.

Sleep Diaries and Questionnaires
Sleep diaries and sleep questionnaires are both subjective measures recorded or filled out by
individuals to give their perception of sleep quality and quantity, which can then be evaluated.
In regards to sleep diaries, a study by Short et al. (2013) investigated the comparison of 308
adolescents’ individually recorded sleep diaries to the data of an actigraph device over a seven
day period. Adolescents significantly estimated their bedtimes earlier than they were, had later
wake up times on weekends, and significantly overestimated how much sleep they were
obtaining (Short et al., 2013). Similarly, a study by Wolfson et al. (2003) evaluated the validity
of the Sleep Habits Survey of 302 adolescents, discovering that the sleep estimates adolescents
gave in the survey were similar to sleep diary and actigraph measures. While sleep diaries are
an affordable, accessible option to evaluate sleep, caution should be taken when interpreting
the results, and where possible, using actigraph devices in combination with sleep diaries to
improve the accuracy of the results.

There are a variety of sleep questionnaires and surveys used in sleep research including but not
limited to, the Pittsburgh Sleep Quality Index (PSQI), which assesses sleep quality and
disturbances over a one month period to give a global score relating to overall sleep quality
(Buysse et al., 1989); the Epworth Sleepiness Scale (ESS), which provides a measurement for
general daytime sleepiness rated on a scale of 0-3 for eight everyday different activities (Johns,
1991); and the Sleep Hygiene Index (SHI), which is a 13 question self-administered
questionnaire that assesses sleep behaviour and habits thought to compromise sleep hygiene
(Mastin et al., 2006). These three questionnaires have been commonly used in sleep research,
but it has been suggested that these are not specific to athletes and the unique challenges they
experience. However, two recent questionnaires have been developed that are representative
of the challenges and environments experienced by athletes and thus the impacts these have on
their sleep (O'Donnell et al., 2018a). These are the Athlete Sleep Behaviour Questionnaire
(ASBQ), which is an 18 question questionnaire that focuses on the specific challenges to the
sleeping behaviours of athletes (Driller et al., 2018); and the Athlete Sleep Screening
Questionnaire (ASSQ), which has 15 questions used to assess athletes sleep in four critical
7

domains (TST, insomnia, sleep quality, and chronotype) (Samuels et al., 2016). It would be
advantageous for sport practitioners working with athletes to use the ASBQ and ASSQ
questionnaires specifically designed for athletes as the situations experienced are unique to this
population (Driller et al., 2018; Samuels et al., 2016). These questionnaires include questions
relating to the use of stimulants for training/competition, traveling for sport, training/competing
late at night, and thinking/worrying about sporting performance in bed, all of which relate
specifically to athletes. Sleep questionnaires and surveys are also widely used amongst sleep
research in adolescents due to them being accessible and easy for participants to use.

Finally, a point of interest in sleep monitoring is the lack of agreement between the quality of
the PSQI and the ‘gold-standard’ PSG, despite subjective sleep measures such as the PSQI
being quick and easy to use (Landry et al., 2015). Dunican and colleagues (2017) assessment
of sleep efficiency in actigraphs showed that the devices overestimated sleep efficiency by
13%. Therefore, it can be difficult to quantify the quality of sleep in both subjective and
objective monitoring tools (Dunican et al., 2017; Landry et al., 2015) and caution is
recommended when using the term sleep quality.
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Table 2. Studies examining sleep measures in adolescents
Study

Subjects Topic
(n)

Population

Arora et al. (2013)

225

Actigraphy vs. self-reported

Adolescents (11-13 years)

65

Actigraphy vs. PSG

58

Actigraphy vs. PSG

Healthy adolescents (15.8 ± 2.5
years)
Adolescents (15-19 years)

Meltzer et al. (2012)

115

PSG in adolescents

Youth (3-18 years)

Short et al. (2012)

385

Actigraphy vs. self-reported

Adolescents (13-18 years)

de Zambotti et al.
(2015)
Lee and Sibley (2019)

Results
Self-reported TST = acceptable agreement with
actigraphy
Actigraph = good agreement with PSG for TST &
WASO
Wearables comparable to actigraphs but not PSG
Actigraph = good sensitivity but poor specificity
compared to PSG
TST ↓ & WASO increased in actigraph compared
to perceived#
Survey = valid compared to diaries & actigraphy

Wolfson et al. (2003)
302
Perceived vs. actual sleep
High school students (ANP)
#
Notes: ↓ = decrease. Statistically significant (p<0.05).
Abbreviations: PSG, polysomnography; TST, total sleep time; WASO, wake after sleep onset; ANP, age not provided
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Importance of Sleep
Importance of Sleep for Athletes
Poor sleep behaviours are common in athletes and research has shown that athletes experience
poorer sleep than the general population, especially those competing at higher levels (Andrade
et al., 2019; Leeder et al., 2012; Mah et al., 2018). A review by Gupta et al. (2017) analysed a
range of sleep indices attributed to sleep quality of elite athletes and concluded that high levels
of sleep disturbance (longer sleep latencies, greater sleep fragmentation, non-restorative sleep,
and excessive daytime fatigue) are commonly experienced by elite athletes. Leeder et al. (2012)
also studied the sleeping patterns of 46 elite Great British national squad members from a
variety of sports and found that although athletes appear to get similar sleep quantity to the
general population, all other variables (time in bed, sleep latency, time awake, sleep efficiency,
actual sleep percentage, moving minutes, percentage moving time, and fragmentation index)
suggest that the disruption to sleep indices is much worse than that of the general population
(sleep latency: 18.2 minutes in athletes vs. 5.0 minutes in control; time awake: 1:17 h:min in
athletes vs. 0:50 h:min in control; sleep efficiency: 80.6% in athletes vs. 88.7% in control). A
study by Mah et al. (2018) investigated the sleeping patterns of 628 collegiate athletes, finding
that 42.4% of athletes experienced poor sleep quality. It was also found that 51% reported high
levels of daytime sleepiness, while 39.1% of the athletes received less than seven hours of sleep
on weeknights (Mah et al., 2018). Similar findings by Knufinke and colleagues (2018) showed
that 41% of all athletes (98) could be classified as ‘poor sleepers’. Another study that
investigated the sleep complaints of 146 Olympic athletes found that 53% of all athletes
reported a sleep complaint of some form, with insufficient sleep/waking up tired accounting
for the most amount of complaints (32%), followed by snoring (21%), insomnia (19.2%), and
excessive daytime sleepiness (8.8%) (Silva et al., 2019). Furthermore, a study by Andrade et
al. (2019) found that of 1041 adult athletes, those who competed at an international level were
84% more likely to have poorer sleep compared to those who only competed at a regional level.
The findings from the previous research highlights the prevalence of poor sleep behaviours in
athletes, therefore warranting the need for continual research in this area.

Fatigue is also another result of poor sleep in athletes (Halson, 2014a; Sargent, Halson, et al.,
2014). A study by Sargent and colleagues (2014) focused on 70 nationally ranked athletes,
reporting that higher levels of pre-training fatigue were associated with shorter sleep durations
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(p = 0.02). Similarly, a study by Dickinson and Hanrahan (2009) looked at 59 elite athlete
scholarship holders from the Queensland Academy of Sport and the Australian Institute of
Sport, and found that although athletes obtained a good quantity of sleep they were still affected
by fatigue during the day which could be a result of poor sleep. Sleep is an essential part of
reducing fatigue in elite athletes (Robson-Ansley et al., 2009). By increasing good sleep
behaviours, the research has shown that fatigue can be largely eliminated (Dement, 2005;
Derman et al., 1997).

Importance of Sleep in Adolescents
Academic Performance
Adolescents are often involved in numerous extra-curricular activities outside their regular
school hours including sports, music, clubs and part-time work which may have an impact on
their sleep. Early school start times require adolescents to wake up earlier, but it does not
account for the delayed sleep/wake schedule that adolescents experience. Due to their delayed
circadian rhythm it has been reported that many adolescents struggle to fall asleep before 11pm
but despite needing to sleep till 7:30am or later, school start times do not allow for the later
sleep offset (Watson et al., 2017). Therefore, the American Academy of Sleep Medicine
(AASM) suggests school start times of 8:30am or later to allow adolescents to obtain enough
sleep on school nights (Watson et al., 2017). A study by Wolfson et al. (2007) found that of
205 middle school students, the 129 students who started school later (8:37am) receiving 65
minutes more sleep on school nights, were academically advantaged compared to their peers
who started school at an earlier time (7:15am). However, the results from this study only
reported significance for grade 8 students, not grade 7 students, furthermore it was found that
those students who were also athletes missed their last period of school due to sports trainings.
Therefore, it is hard to draw conclusions as the results from the study were not a true
representation of all middle school aged students and it is possible that athletes who missed
their last period of school may be disadvantaged in their academic grades due to missing out
on class time. Moreover, a study by Wahlstrom (2002) offers support to Wolfson and
colleagues research, as they found that high school students with a later start time (8:40am)
reported significantly less daytime sleepiness, less struggle to stay awake in class, less
sleepiness while doing homework as well as significantly better attendance and less depressive
feelings, resulting in a slight increase but non-significant in academic performance compared
to students with an earlier school start time (7:15am). Similarly, Carrell et al. (2011) looked at
11

the data of 6156 first year students at the United States Air Force Academy and found that,
although not significant, students who were randomly assigned to a first period class performed
worse and had lower academic performance throughout the day compared to those who did not
have a first period class. Edwards’ (2012) findings also suggest that a delay in school start time
would increase academic performance. Delaying school start times by one hour leads to a three
percentile point gain in both math and reading scores, which remained when re tested two years
later (Edwards, 2012). As shown through the previous research, the conflicting results reported
due to differing methods between the studies, make it difficult to draw definitive conclusions
on how sleep impacts academic performance. Therefore, future research is warranted in this
area, particularly for academic performance on later school start times where students were
given the opportunity to sleep in but also complete a whole day at school.

Physical and Mental Health
Adolescents who obtain the recommended amount of sleep (8-10 hours) also have more
positive associations with health promoting behaviours (Chen et al., 2006). Poor sleep in
adolescents can also be linked to obesity (Beebe et al., 2013), poor diet choices (Beebe et al.,
2013; Chen et al., 2006), severe mental health problems (Fredriksen et al., 2004; Sarchiapone
et al., 2014), low mental toughness (Brand et al., 2014), pain (Palermo et al., 2007), violence
(Hildenbrand et al., 2013), and a variety of sleep disorders (Yen et al., 2008). Furthermore, the
likelihood of obesity occurring in adolescents increases by 6.5% when a one hour decrease in
sleep occurs (Park, 2011). The increased risk of obesity occurs as foods with a higher glycemic
index are more likely to be consumed when sleep restriction occurs (Beebe et al., 2013). Park
(2011) analysed the survey data of 73,836 Korean adolescents finding that body mass index
(BMI) was highest amongst those who slept less than five hours per night and was lowest in
those who slept more than eight hours per night. Moreover, severe mental health problems may
also be a result of a lack of sleep occurring in adolescents (Sarchiapone et al., 2014). A study
by Sarchiapone et al. (2014) found that there was a negative correlation between mental health
(emotional problems, hyperactivity, anxiety problems and suicidal ideations) and the average
number of hours sleep adolescents were gaining per night. Similarly, a study by Zhang et al.
(2017) reported that later bedtimes and shorter sleep duration in adolescents resulted in the
likelihood of an increase in anxiety, behavioural disorders, suicidality and poor perceived
mental health. Alternatively, Fuligni et al. (2018) found that adolescents who achieved 8.75-9
hours of sleep on a school night were at their peak mental health. Although a generalisation,
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research in this review has shown that adolescents may be at a higher risk of physical and
mental health issues due to the disruption of sleep they experience, largely because of the busy
lifestyles they have.

Electronic Device Usage
Over the last 10 years there has also been an increase in the use of electronic light-emitting
devices amongst the adolescent population (Galland et al., 2020; Gamble et al., 2014; Twenge
et al., 2017). In 2014 it was reported that over 70% of adolescents had two or more electronic
devices in their room at night (Gamble et al., 2014), whilst in 2020 more than 84% of
adolescents used at least one device on three or more nights per week (Galland et al., 2017). It
has been reported that 35% of adolescents who use an electronic device for at least one hour
per day, sleep less than 7 hours per night (Twenge et al., 2017). While it is known that increased
device usage can be associated with shortened sleep duration (Mazzer et al., 2018), it is still
unclear on the effect device usage has amongst adolescent athletes. A study by Figueiro and
Overington (2015) found that a one and two hour exposure to light from self-luminous devices
(computers, tablets, and cell phones) supresses melatonin in adolescents by 23% and 28%
respectively. Similarly, a study by Chang et al. (2015) found that the use of electronic lightemitting devices suppressed evening levels of melatonin by 20% in adults. It is still unclear
whether exposure to electronic light-emitting devices further supresses melatonin in
adolescents, however, it has been reported that adolescents are more sensitive to light in the
evening compared to other populations (Nagare et al., 2018) which could cause further
disruption to sleep. Given the increase in electronic device usage observed in this population,
it is important that research on electronic device usage is undertaken in the adolescent athlete
population to understand the effects this may have on their sleep behaviour.
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Table 3. Studies examining the importance of sleep in adolescents
Study

Subjects Topic
(n)

Population

Results

Beebe et al. (2013)

41

Obesity & poor diet choices

Typically developing
adolescents (14-16 years)
Adolescents (18.26 ± 4.17
years)
Spanish adolescents (17-18
years)
First year US Airforce
Academy Students (ANP)

Sleep restriction = ↑ sweet food consumption#

Brand et al. (2014)

92

MT

Cabré-Riera et al.
(2019)

258

Device usage

Carrell et al. (2011)

6,156

AP

Chen et al. (2006)

656

Health promoting behaviours,
poor diet choices

Adolescents (13-18 years)

↓ sleep = ↓ health & ↑ poor diet choices#

58

Sleep hygiene

Brazilian adolescent students
(15.98 ± 0.93 years)

Sleep hygiene = ↓ sleep irregularity & SL#

796

Bedtime, social jet lag & AP

Adolescents (12-16 years)

-

AP

1,133

AP

Middle school students (ANP)
Spanish adolescents (12-16
years)

20

Device usage/melatonin
suppression

Adolescents (15-17 years)

↑ device usage = supressed melatonin levels#

2,259

Mental health

Students (11-14 years)

↓ sleep over time = ↑ depressive symptoms & ↓ selfesteem#

Fuligni et al. (2018)

421

Mental health

Galland et al. (2020)

4,192

Device usage

Gamble et al. (2014)

1,184

Device usage

14,782

Violence

Adolescents (ANP)

↓ sleep = ↑ violence-related behaviours

6,616

Device usage

UK adolescents (11-12 years)

Device usage = ↓ sleep duration

de Sousa et al.
(2007)
Díaz-Morales and
Escribano (2015)
Edwards (2012)
Escribano et al.
(2012)
Figueiro and
Overington (2015)
Fredriksen et al.
(2004)

Hildenbrand et al.
(2013)
Mireku et al. (2019)

Mexican-American
adolescents (15.03 ± 0.83
years)
New Zealand adolescents (1317 years)
Australian adolescents (11-17
years)

Low MT = ↓ SE, WASO & ↑ daytime sleepiness#
↑ device usage = ↓ SE sleep quality & ↑ WASO#
Earlier start times = ↓ AP#

Social jet lag negatively related to academic
achievement & cognitive abilities#
Later start time = ↑ AP#
↑ sleep = ↑ AP#

↑ sleep = ↑ mental health#
↑ device usage = ↓ sleep duration#
Device usage before bed = ↑ delayed SOT & WT
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Ng et al. (2009)

59

AP

Hong Kong students (16-18
years)

↓ sleep = ↓ mathematics performance#

Palermo et al. (2007)

40

Pain

Adolescents (12-17 years)

Chronic pain = ↓ sleep quality & SE, ↑ insomnia &
WASO

Korean adolescents (12-18
BMI highest in those who slept less than 5h per night#
years)
Peiró-Velert et al.
Spanish adolescents (12-18
3,095
Device usage & AP
↑ sleep & ↓ device usage = ↑ AP#
(2014)
years)
Sarchiapone et al.
European adolescents (14.9 ±
↓ sleep = ↑ emotional problems, hyperactivity, anxiety &
11,788
Mental health
(2014)
0.9 years)
suicidal ideations#
Secondary school students
Wahlstrom (2002)
12.000
AP
Later start time = ↑ AP
(ANP)
Wolfson et al. (2007) 205
AP
Middle school students (ANP) ↑ sleep = ↑ academic advantage
Taiwanese adolescent students
Yen et al. (2008)
8,004
Sleep disorders
↓ sleep = ↑ insomnia
(ANP)
Notes: ↑ = increase and ↓ = decrease. #Statistically significant (p<0.05).
Abbreviations: MT, mental toughness; SE, sleep efficiency; WASO, wake after sleep onset; AP, academic performance; SL, sleep latency; SOT, sleep onset
time; WT, wake time; h, hours; ANP, age not provided
Park (2011)

73,836

Obesity
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Importance of Sleep for Adolescent Athletes
At present the majority of sleep research in the athletic field setting has focused on the elite or
highly trained adult population, with few studies investigating the importance of sleep in the
adolescent athlete population. The few studies that have explored sleep in adolescents have
primarily focused on sleep deprivation and its relationship to injury occurrence (Copenhaver
& Diamond, 2017; Luke et al., 2011; Milewski et al., 2014; von Rosen et al., 2017b). A study
by Milewski et al. (2014) investigated the association of injury rates to sleep duration
retrospectively in 112 adolescent athletes. Results showed that athletes who slept less than 8
hours per night on average were 1.7 times more likely to have had an injury compared to those
who slept more than 8 hours per night. Similarly, von Rosen et al. (2017b) found that
adolescents who on average had more than 8 hours sleep per night reduced the chance of
obtaining a new injury by 61%.

Shortened sleep duration and inconsistent sleeping patterns have been found amongst
adolescent swimmers and rowers (Gudmundsdottir, 2020; Steenekamp et al., 2020). A study
involving 108 adolescent Icelandic swimmers found that total sleep time (TST) was
significantly shorter on nights preceding early morning training (5:21 h:min) compared with
later training or no training (6:37 h:min and 6:53 h:min respectively) (Gudmundsdottir, 2020).
Research by Steenekamp et al. (2020) supports this, also finding that for nights where early
morning training occurred, the next day sleep duration was significantly less (6:44 h:min)
compared to no early morning training (8:45 h:min). Sleep onset time (SOT) was also
significantly earlier for nights with morning training the preceding day during the week
(10:13pm) compared with a night preceding a weekend morning off (11:31pm) (Steenekamp
et al., 2020).

It has been recommended that adolescent athletes should not spend more hours per week than
their age playing sport, to avoid early specialisation (Murray, 2017). However, despite this
recommendation, sports such as gymnastics and swimming can be considered as early
specialisation sports, with research showing 15 year old gymnasts averaged 14.7 hours per
week (ranged 8.5 to 20 hours) , and 15 year old swimmers averaged over 13 hours (ranged 3.5
to 22.5 hours) (Maffulli et al., 1994). In comparison, 15 to 16 year old track and field athletes
averaged less than the age recommended amount of sport of 7.3 hours per week (Huxley et al.,
16

2014). However, due to the early specialisation in some sports and increased training loads,
there can be negative effects such as fatigue, bad moods, soreness and most significantly the
potential shortening of adolescents athletic careers (Murray, 2017; Watson & Brickson, 2018).
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Table 4. Studies examining the importance of sleep in adolescent athletes
Study

Subjects Topic
(n)

Population

Results

Brown et al. (2020)

12

Training day sleep

Time attempted to fall asleep & time of sleep
worse on days with evening training#
↑ emotional/physical exhaustion = ↑ burnout
symptoms at follow-up
Poor sleep = ↑ stress/anxiety & depression#

360
112

Psychological symptoms
Shortened sleep duration &
sleep in adolescent swimmers
Sleep/wake patterns during
camp
Injury
Injury

Adolescent academy football
players (14.18 ± 1.36 years)
Swiss young elite athletes (16.8 ±
1.4 years)
Adolescent athletes (10-19 years)
Icelandic adolescent swimmers
(ANP)
Junior national rowers (17.7 ± 0.6
years)
Adolescent athletes (6-18 years)
Student athletes (12-18 years)

Gerber et al. (2018)

257

Athlete burnout

Gomes et al. (2017)

309

Gudmundsdottir (2020)

108

Kölling et al. (2016)

55

Luke et al. (2011)
Milewski et al. (2014)
Sawczuk et al. (2018)

52

Training load

Youth athletes (16-18 years)

Steenekamp et al.
(2020)

32

Suppiah et al. (2015)

11

Sleep in adolescent swimmers
& rowers
Sleep & different intensities of
sport

Suppiah et al. (2016)

29

Psychomotor performance

von Rosen et al. (2017a)

496

Injury

von Rosen et al. (2017b)

340

Injury

von Rosen et al. (2019)

1016

Health

Adolescent swimmers & rowers
(13-18 years)
Singaporean male adolescent
athletes (14.8 ± 0.9 years)
High-level student athletes (14.7
± 1.3 years)
Elite adolescent athletes (15-19
years)
Elite adolescent athletes
Elite & non-elite adolescent
athletes (17.0 ± 1.0 years)
Youth female soccer players (1318 years)

Watson and Brickson
52
Specialised athletes
(2019)
#
Notes: ↑ = increase and ↓ = decrease. Statistically significant (p<0.05).
Abbreviations: TST, total sleep time; WT, wake time; h, hours; ANP, age not provided

TST ↓ when early morning training occurred#
↑ training volume & intensity = ↓ sleep#
↓ sleep = ↑ fatigue related injuries#
Less than 8h sleep = ↑ injury occurrence#
Daily wellbeing = no relationship with training
load
TST ↓ when early morning training occurred#
Higher-intensity sports = ↑ deep sleep & WT#
↓ sleep duration = ↓ psychomotor vigilance
performance#
↑ training load & ↓ sleep = ↑ injury risk#
Sleep longer than 8h = ↓ odds of injury#
Elite athletes = ↓ stress & ↑ sleep compared to
non-elite athletes#
Specialised athletes had worse fatigue, mood,
soreness & sleep quality#
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Training, Competition and Rest Day Requirements
Training Day
As previously mentioned, training loads in athletes are increasing and research is showing that
this can have significant impacts on sleep (Knufinke, Nieuwenhuys, Geurts, Møst, et al., 2018;
Roberts et al., 2019; Sargent, Lastella, et al., 2014). A study by Sargent and colleagues (2014)
discovered that for 70 nationally ranked athletes on nights prior to training days, athletes time
spent in bed (8:18 h:min) and the amount of sleep they obtained (6:30 h:min) was significantly
less than on rest days (8:42 h:min and 6:48 h:min respectively). It has also been found that
when acute training loads were increased in 65 female soccer players, was shown to have
negative effects on wellbeing (fatigue, mood, stress and soreness) due to a reduction in sleep
duration (Watson & Brickson, 2018). Interestingly, when sleep duration increased but training
loads stayed the same these factors were positively influenced (Watson & Brickson, 2018).

In regards to swimmers, it is widely known that they are required to get up early for training
sessions (Gudmundsdottir, 2020; Sargent, Halson, et al., 2014; Steenekamp et al., 2020). A
study by Sargent and colleagues (2014) assessed the sleep of seven world-class swimmers,
finding that over a two week period 12 out of 14 days started with a training session at 6am
and each swimmer only had two rest days. Subsequently, sleep duration was significantly less
on the nights that preceded a training day compared to a rest day (5.4 hours vs. 7.1 hours
respectively). Similarly, Forndran et al. (2012) measured the sleep of ten Olympic swimmers
and found that on training sessions that started before 6am athletes time in bed (7.7 hours) and
sleep duration (5.4 hours) were significantly less and wake time (5:18am) was significantly
earlier compared to training sessions that started after 6am which were broken down into three
categories of 6am to 9am (8.2 hours, 6.1 hours, and 6:06am respectively), 9am to 12pm (9.3
hours, 7.4 hours, and 7:06am respectively), >12pm (9 hours, 6.9 hours, and 7:06am
respectively) and rest days (8.2 hours, 6.5 hours, and 7:30am respectively). It was also
discovered that athletes training schedules were the main influence of their sleep/wake
behaviours. Moreover, Gudmundsdottir (2020) found that adolescent athletes who had three or
more early morning trainings a week had significantly less sleep than those who did not
participate in early morning training. It has been reported that early morning training restricts
the amount of sleep an athlete can obtain causing large amounts of sleep debt largely due to
athletes spending less time in bed, allowing for less sleep duration which in turn causes poorer
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sleep efficiency (Sargent, Halson, et al., 2014). In order to alleviate sleep debt many athletes
use napping strategies (Petit et al., 2014) which can result in improved performance and
recovery (Davies et al., 2010; O'Donnell et al., 2018b). For the most effective nap duration it
is recommended that naps should last less than 20 minutes to avoid waking up in slow-wave
sleep, or for 90 minutes so a full sleep cycle (NREM and REM) can be completed (Davies et
al., 2010; Petit et al., 2014). While previous research highlights the benefit of napping for
athletes including improved athletic performance, it is unlikely that adolescent athletes are able
to achieve naps due to daily school requirements (Copenhaver & Diamond, 2017). Therefore,
many adolescent swimmers for example, may incur large amounts of sleep debt due to early
morning trainings, high training loads and the inability to nap during the day.

Competition Day
Athletes experience extreme pressure during competitions, often resulting in poor sleep the
night before and the night of big competitions (Biggins et al., 2020; Juliff et al., 2015; Juliff et
al., 2018; O'Donnell et al., 2018c). A study by Biggins et al. (2020) discovered that 23% of
athletes (65) were found to have either a moderate or severe clinically significant sleep problem
during competition, whilst Juliff et al. (2015) found that 64% of athletes (283) indicated on at
least one instance in the nights prior to competition they experienced worse sleep. The main
sleep issue athletes reported having was difficulty falling asleep (82.1%), while the main reason
for poor sleep was caused by thoughts about the competition and nervousness making up 83.5%
and 43.8% respectively (Juliff et al., 2015). Similar findings by O'Donnell et al. (2018c) found
that in ten elite netballers sleep duration from both perceived and objective measures was
reduced by 1:42 h:min and 1:51 h:min respectively, on nights when a game occurred compared
to the night before a game. The results observed were most likely observed due to the change
in sleep onset time (11:57pm and 10:41pm respectively). Many athletes are required to travel
for competitions and are often sleeping in different environments. Pitchford and colleagues
(2017) assessed the sleep of 19 Australian rules football players across an eight day camp away
from home. It was found that athletes sleep efficiency was considerably worse (84.7% vs.
78.7%) when away from their home sleeping environments (Pitchford et al., 2017). Athletes
who have to travel overseas are also at risk of experiencing jet lag due to the rapid travel across
multiple time zones and their circadian rhythms being out of synch with the local day/night
cycle (Lee & Galvez, 2012). However, for adolescents it is not likely or less often that they
experience the effects of jet lag and foreign sleeping environments.
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For many athletes competition days are very demanding, especially for sports that require
multiple events to be performed in one day, such as swimming for example. Most swim meets
run for between two and eight days, consisting of two sessions per day (approximately two
hours long each). At larger, national and international swim meets, competition days consist of
a heat and a finals session where athletes are expected to race events in the morning and come
back in the evening to race the same event again (Goodman, 2021). It is very common for heats
sessions to be earlier in the morning, especially with the warm-up required, and for finals
sessions to be late in the evening, often for TV viewing (Arshat, n.d.; Fullagar, Duffield, et al.,
2015; Goodman, 2021). Adolescent athletes who compete at pinnacle competitions for the first
time or who may not have experienced jet lag before, may be more at risk of experiencing
impaired sleep due to the change of sleeping schedules and environments.

Rest Day
It is known that athletes experience a significant difference in sleep on training days compared
to rest days (Forndran et al., 2012; Sargent, Halson, et al., 2014). It has also been shown that
adolescent athletes experience similar sleeping patterns where sleep is significantly longer on
rest days compared to days where early morning training occurs (Steenekamp et al., 2020). In
regards to adolescents in particular, it has been shown that sleeping patterns vary greatly from
weekend to weekday, due to school start times that require adolescents to wake up earlier, often
causing a disruption to their sleep/wake cycle (Andrade & Menna-Barreto, 2002; Carskadon et
al., 1998; Giannotti et al., 2002; Orzech, 2013; Wahlstrom, 2002; Yang et al., 2005). However,
with no mandatory wake up times on weekends, adolescents get between one and two hours of
additional sleep due to the extra time available (Andrade & Menna-Barreto, 2002; Yang et al.,
2005). While it is recommended for sleep hygiene (Fullagar et al., 2016; O'Donnell & Driller,
2017) that similar sleep routines are maintained (maintain consistent sleep onset and wake
times), many adolescents experience inconsistent sleep routines due to the varying sleep/wake
times from weekdays to weekends, thus causing a potential impact on adolescents sleep indices
(de Sousa et al., 2007; Malone, 2011).
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Table 5. Studies examining training, competition and rest days of adolescent and elite athletes
Study

Fitness Level

Results

Biggins et al. (2020)

Subjects Type of Day
(n)
65
Competition

Elite international athletes

Brown et al. (2020)

12

Training

Adolescent football players

Forndran et al. (2012)
Gudmundsdottir (2020)
Juliff et al. (2015)
Knufinke,
Nieuwenhuys, Geurts,
Møst, et al. (2018)
O'Donnell et al. (2018c)

10
108
283

Training
Training
Competition

Olympic swimmers
Icelandic adolescent swimmers
Elite Australian athletes

Sleep disturbance = ↓ health &↑ mood#
Time attempted to fall asleep & time of sleep
worse on days with evening training#
Training <6am = ↓ TST, TTB & WT#
Early morning training = ↓ TST#
↓ sleep prior to competitions#

98

Training day load

Elite athletes

NS

10

Competition

PSD, TST, TTB & SOT effected by competition#

Pitchford et al. (2017)
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Training camp

Elite female netballers
Elite Australian rules football
players

Romyn et al. (2016)

8

Competition vs. training

State netball players

Sleep quality ↓ as TTB ↑ but TST did not#
Competition = ↑ SE & earlier SOT & WT
compared to training

Sanz-Milone et al.
8
Competition
Wheelchair rugby athletes
Competition = ↓ TST, SE & ↑ WASO
(2021)
Sargent, Halson, et al.
TST, TTB ↓ & SOT & WT earlier on training
70
Training/rest
Nationally ranked athletes
(2014)
compared to rest days#
Sargent, Lastella, et al.
TST, TTB ↓ & SOT & WT earlier on training
7
Training/rest
National swimmers
(2014)
compared to rest days#
Sargent and Roach
Professional male Australian rules
22
Competition
Sleep after competition = ↓ TST, TTB & ↑ SOT
(2016)
football players
Skein et al. (2013)
11
Competition
Amateur rugby league players
↓ sleep = ↓ recovery after competition#
Steenekamp et al.
Early morning training = ↓ TST & WT was
32
Training
Adolescent swimmers & rowers
(2020)
earlier#
Watson and Brickson
Adolescent female football
↓ TST & ↑ training load = impairment of well65
Training
(2018)
players
being#
Notes: ↑ = increase and ↓ = decrease. #Statistically significant (p<0.05).
Abbreviations: TST, total sleep time; TTB, total time in bed; WT, wake time; NS, non-significant; PSD, perceived sleep duration; SOT, sleep onset time;
WASO, wake after sleep onset
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Conclusion
The current review shows the complex relationship between sleep behaviours and adolescent
athletes, highlighting the multiple factors that can impact adolescents’ sleep. The current
review has highlighted that the previous sleep research on athletes has mainly been completed
in adult athlete populations and focused on the factors that impact sleep indices in adult
athletes. Previous research illustrates that the biological delay in the circadian rhythm causes a
delay to adolescents’ sleep/wake schedules. Poor sleep behaviours in adolescents can result in
severe mental health issues, obesity and an array of sleep disorders. Furthermore, both adult
and adolescent athletes have reduced sleep duration due to higher volumes of training, and
swimmers in particular are at higher risks of reduced sleep due to early morning training
sessions. Early morning training sessions also result in a difference of sleep durations between
weekdays and weekends in athletes to ensure they are ready for both training and competitions.

The current review has highlighted that at present, research into adolescent athletes’ sleep is
very limited. Given the fact that sleep provides a pivotal role in facilitating the recovery process
through a number of both psychologically and physiologically functions, a greater
understanding of the sleeping behaviours of adolescent athletes is needed. It is hypothesised
that findings in the original study in Chapter Two, will show that adolescent athletes will have
similar sleep behaviours and impairment to sleep indices as reported in elite adult athletes and
that less sleep will occur on nights prior to early morning training sessions.
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Chapter Two: Original Study

Sink or swim? Sleep in highly trained adolescent swimmers during the
in-season phase of training

This chapter appears in the same format as required for submission to The Journal of
Sport and Exercise Science
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Abstract
Introduction: The training requirements in high performing adolescent athletes is increasing,
however, it is largely unknown what effect this has upon their sleep. The aim of this study was
to investigate the sleeping patterns of highly trained adolescent swimmers and compare their
subjective (perceived) and objective (wrist actigraphy) measures of sleep.
Methods: 15 swimmers (mean age 16.4 ± 1.0 years) wore wrist actigraphs, whilst completing
sleep diaries over a two-week ‘normal’ in-season training period. Types of nights were
classified as early morning training (EARLY), day training (DAY), and no training (REST).
Results: Total sleep time (TST) was significantly shorter on nights preceding EARLY (6:55 ±
0:50 h:min) compared to nights preceding DAY (9:06 ± 1:01 h:min) and REST (9:43 ± 1:41
h:min). Participants overestimated subjective TST (7:42 ± 0:42 h:min) when compared to
objective TST (6:48 ± 0:42 h:min), whilst sleep latency (SL) and wake episodes (WE) were
also perceived to be significantly less than objectively-measured values.
Discussion: Early morning training decreased adolescents sleep by over two hours, whilst
adolescents overestimated their sleep duration by approximately one hour per night. Sleep
hygiene education may be required for adolescent athletes to emphasise the importance of sleep
on recovery and performance.
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Introduction
Poor sleep is a chronic issue in the general population and it has become common to see reports
of adults sleeping less than seven hours per night (Lee & Sibley, 2019; Sheehan et al., 2018).
In addition to the increasing issues with poor sleep in the general population, recent research
has also revealed that short sleep duration may be an issue in elite athletes (Fullagar, Skorski,
et al., 2015; Halson, 2008). Current research in elite athletes has shown that sleep disruption
has been found to have a negative effect on athletic performance characteristics including speed
(Skein et al., 2011), endurance (Oliver et al., 2009) attention (Simpson et al., 2017) and aerobic
capacity (Teece et al., 2021). Sleep is vital to elite athletes’ physical and cognitive recovery
including but not limited to their daily physiological growth and repair, conservation of energy
and reaction time (Leeder et al., 2012; Venter, 2012). It appears that adolescents may also be
susceptible to poor sleep habits, with reports that 39% of adolescents in New Zealand obtain
less than 7 hours sleep per night (Galland et al., 2020), less than the recommended 8-10 hours
for optimal health and performance in adolescents (Paruthi et al., 2016). Adolescent athletes in
particular, experience high levels of sleep disturbance due to increased academic and sporting
training demands, often requiring early wake up times and late night training sessions to fit in
with school schedules (Brown et al., 2020; Gudmundsdottir, 2020; Steenekamp et al., 2020).
Adolescents experience a delayed circadian rhythm due to many varying factors including
biological, psychological and socio-cultural influences (Carskadon, 2011). Sleep onset and
offset is usually much later in adolescents, and while social influences have some effect upon
delayed sleeping patterns, it is primarily a change in the biological timing mechanism that
causes a delay in sleep onset (Carskadon et al., 1993). The change is mainly due to their
pubertal development and the delay in the production of melatonin that they experience
(Carskadon et al., 1993; Garcia et al., 2001). Compared to the general population, adolescents
experience ~30 minutes longer circadian period, 25 hours for adolescents vs. 24.5 for the
general population (Garcia et al., 2001).

Increased device usage before bedtime may also have some effect on the delayed sleep onset
adolescents experience. A recent study by Galland et al. (2020) showed that more than 84% of
adolescents used at least one device on three or more nights per week. Previous research has
also shown that exposure to device usage before be supresses melatonin in adolescents
(Figueiro & Overington, 2015). The hormone melatonin, contributes to the initiation of sleep
in the circadian system through environmental cues (Escames et al., 2012). However, while it
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is known that shortened sleep duration can be associated with increased device usage, it is still
unclear the effects device usage has on adolescents sleep indices (Mazzer et al., 2018). With
the delayed sleep onset experienced by adolescents, sleep offset must also be later to cater for
the delayed sleep/wake cycle, allowing adequate sleep quantity. However, due to growing
demands, such as earlier school starts, extra-curricular activities, and part-time work, it often
does not allow for the later sleep offset that adolescents require (Carskadon et al., 1998;
Copenhaver & Diamond, 2017; Moore & Meltzer, 2008; Suppiah et al., 2015; Watson et al.,
2017). Much of the research on adolescent sleeping behaviour has shown that earlier school
start times can have a significant effect on academic performance (Carrell et al., 2011; Kelley
& Lee, 2014; Wahlstrom, 2002; Watson et al., 2017). Previous research has also shown that
sleep deprivation has been related to injury occurrence in adolescent athletes (Copenhaver &
Diamond, 2017; Milewski et al., 2014; von Rosen et al., 2017b). A study by Milewski et al.
(2014) in 112 adolescent athletes found that athletes who slept less than 8 hours per night on
average were 1.7 times more likely to have had an injury compared to those who slept more
than 8 hours per night which highlights the need for adolescent athletes to obtain the
recommended 8-10 hours’ sleep every night (Milewski et al., 2014; von Rosen et al., 2017b;
Watson et al., 2017).

Furthermore, the research to date has shown that periods of sustained sleep loss could
potentially compromise the recovery process, as less sleep restricts the opportunity for
important physiological and cognitive benefits that occur during the sleep cycles (Skein et al.,
2013). An important part of recovery for adolescent athletes is the production of growth
hormone, as 95% of daily growth hormone is released during non-rapid eye-movement
(NREM) sleep (Gunning, 2001), which is essential to body restoration and muscle growth and
repair (Davenne, 2009; Halson, 2008; Shapiro et al., 1981). It is known that elite adult athletes
experience higher levels of sleep disturbance due to a number of factors such as training
schedules, scheduling of competitions, sleeping environments and sponsorship requirements,
all of which impacts their sleep negatively (Gupta et al., 2017; Juliff et al., 2015; O'Donnell et
al., 2018a). To our knowledge, very few studies have investigated the sleep of adolescent
athletes and it would be valuable to assess if highly trained adolescent athletes experience
disturbances to their sleep. Two previous studies by Steenekamp et al. (2020) and
Gudmundsdottir (2020) have measured the sleep duration of adolescent swimmers using
actigraphy, finding that total sleep duration prior to early morning training (6:44 h:min and
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5:21 h:min respectively) was below the recommended 8-10 hours of sleep for adolescents
(Gudmundsdottir, 2020; Steenekamp et al., 2020). Adolescents and elite athletes have shown
to overestimate their sleep by 1:20 h:min and 19.8 minutes respectively. However, this is yet
to be established in adolescent athletes. Although it is known that both elite swimmers (Sargent,
Halson, et al., 2014) and adolescent swimmers (Steenekamp et al., 2020) experience similar
disruption to their sleeping patterns due to the scheduling of early morning training sessions, it
is still unknown how adolescent swimmers subjectively report on their sleep in this setting.

While there is an increase in sleep research occurring in the elite adult athlete population
(Lastella et al., 2020), there is a paucity of research on the high performing adolescent (15-18
years) athlete. Given the different circadian rhythms to that of adults, combined with the
training loads and extra-curricular activities that adolescent athletes experience, it is vital that
we understand their sleeping patterns to allow for adequate recovery for health and
performance in these young athletes. Therefore, the aim of the current study was to evaluate
sleeping patterns in highly trained adolescent aged swimmers across a two-week training phase
and compare their subjective sleep to objective sleep (actual sleep measured). A secondary aim
of the study was to determine if there is a correlation between device usage prior to sleep onset
and the effect on different sleep measures.

Methods
Participants
A total of 15 adolescent swimmers (between the ages of 15-18 years) volunteered to participate
in the current study (mean ± SD; age 16.4 ± 1.0 years, 12 females/3 males). Participants were
recruited through local and national swimming organisations in New Zealand. All participants
who took part in the study attended high school and had all either represented their country or
placed top three at a National event in the year prior to their recruitment. Ethics approval was
obtained through Institutions Human Research Ethics Committee. All participants provided
informed written consent before taking part in this study, and for participants under 16 years,
consent was also provided by a parent/caregiver.
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Design
In this cross-sectional study, participants completed four validated sleep questionnaires via an
electronic survey link (Survey Monkey, CA, USA). Upon completion of the questionnaires,
participants wore a wrist-actigraphy device for a two-week (14-day) period to monitor sleep.
The sleep monitoring period was completed during a normal, in-season training phase, where
participants on average had 10 training sessions per week, of which, seven were pool sessions
and three were gym sessions. The sleep monitoring period was also completed during a regular
school term. Each morning during the two-week sleep monitoring period, participants were
asked to fill out a subjective sleep diary and at the conclusion of each day asked to fill out a
daily training diary.

Classifications of Nights
Each night was coded based on the training schedule of the following day. Therefore, nights of
sleep were placed into three categories dependent on the schedule for the preceding day; early
morning training (EARLY) which consisted of any training commencing prior to 7am, daytime
training (DAY) which consisted of training commencing any time after 7am, and no training
(REST) which consisted of a full day rest with no training sessions.

Measures
Sleep Questionnaires
The sleep questionnaire contained personal characteristic questions, as well as four validated
and common sleep questionnaires; the Pittsburgh Sleep Quality Index (PSQI), the Sleep
Hygiene Index (SHI), the Epworth Sleepiness Scale (ESS), and the Athlete Sleep Behaviour
Questionnaire (ASBQ). The PSQI, assesses sleep quality and disturbances over a one month
period to give a global score relating to overall sleep quality (Buysse et al., 1989). Scores can
range from 0-21 and a global score >5 is a result of poor sleep. The SHI, is a 13 question selfadministered questionnaire that assesses sleep behaviour and habits thought to compromise
sleep hygiene (Mastin et al., 2006). Scores range between 0-52 with higher scores reflecting
poorer sleep hygiene practices. The ESS provides a measurement for general daytime
sleepiness rated on a scale of 0-3 for eight everyday different activities (Johns, 1991). Scoring
ranges between 0-24, with numbers greater than 16 indicating high levels of daytime
sleepiness, numbers between 10-15 indicating abnormal daytime sleepiness, and numbers from
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0-10 indicating normal daytime sleepiness. The ASBQ, is an 18 question questionnaire that
focuses on the specific challenges to the sleeping behaviours of athletes (Driller et al., 2018).
Athletes who score ≤36 are considered to have good sleep behaviour, whilst athletes who score
≥42 are considered to have poor sleep behaviour.

Sleep Monitoring
Participants were required to wear a wrist-actigraphy device (Fatigue Science, Readiband,
Vancouver, Canada) over a two-week period to monitor and objectively quantify sleep patterns.
The sleep indices obtained from the actigraph were: total sleep time (TST), total time in bed
(TTB), sleep latency (SL), wake episodes per night (WE), wake after sleep onset (WASO),
sleep efficiency (SE), sleep onset (SOT), and wake time (WT). The raw activity scores were
translated to sleep-wake scores, based on computerized scoring algorithms (Sadeh, 2011). The
Readiband is commonly used in the athletic setting as it is more practical and less intrusive
compared to polysomnography (PSG) (Shearer et al., 2015). Participants were instructed to
wear the actigraph device on the wrist they felt most comfortable (Driller et al., 2017),
continuously for the two-week monitoring period, with the exception of time spent in pool
training sessions and showering. Sleep indices were quantified via the Fatigue Science software
at a sampling rate of 16 Hz. The Readiband devices used in the current study have shown high
levels on intra-device reliability (Driller et al., 2016), and has been validated against the gold
standard PSG (Dunican et al., 2017).

Sleep and Training Diaries
For the duration of the sleep monitoring period participants were also required to fill out a sleep
and training diary each day. The sleep diary consisted of five subjective questions that asked
participants to estimate how long they were on an electronic light-emitting device in the two
hours prior to bedtime, how long it took them to fall asleep, how many times they woke during
the night, how long they slept for, and to rate their quality of sleep on a scale of 1-5 (1 = very
poor, 5 = very good). Similarly, the daily training diary asked participants to outline how many
training sessions they had per day, as well as the time, type, and duration of each session.
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Statistical Analysis
Simple group and descriptive statistics are reported as means ± standard deviations unless
stated otherwise. Statistical analyses were performed with the Statistical Package for Social
Science (V. 22.0, SPSS Inc., Chicago, IL). A one-way analysis of variance was performed to
determine if there was a significant difference for all sleep measures between the three types
of nights; EARLY, DAY, and REST. Games-Howell post hoc t tests were performed to locate
differences where main effects were evident (WE, TTB, & TST), with statistical significance
set at p ≤ 0.05. A Kruskal-Wallis test was conducted to determine if there were significant
differences for SL, WASO, SE, SOT & WT. Pairwise comparisons were performed using
Dunn’s (1964) procedure. Magnitudes of the standardized effects were calculated using
Cohen’s d and interpreted using thresholds of 0.2, 0.5, and 0.8 small, moderate, and large,
respectively (Batterham & Hopkins, 2006). An effect size of < 0.2 was considered to be trivial
and the effect was deemed unclear if its 90% confidence interval overlapped the thresholds for
small positive and negative effects (Hopkins et al., 2009). A Pearson’s product-moment
correlation was run to assess the relationship between device usage and all sleep indices. The
magnitude of correlation between device usage and the sleep indices was assessed using the
following thresholds: .00–.19, very weak; .20–.39, weak; .40–.59, moderate; .60–.79, strong;
and .80–1.0, very strong (Evans, 1996).

Results
The characteristics and measurements of the two-week monitoring period are presented in
Table 2. Participants averaged 7.1 pool training sessions and 3.5 gym sessions per week.
Electronic light-emitting devices were used on average for 63.7 ± 27.9 minutes in the two hours
prior to bedtime (Table 6).
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Table 6: Mean ± SD values for the measured sleep questionnaires, objective sleep variables and
training load of the two-week monitoring period. Comparison of electronic device usage to sleep
indices using the Pearson’s moment correlation (r)

Age (y)
Sleep Questionnaires
Pittsburgh Sleep Quality Index
Epworth Sleepiness Scale
Sleep Hygiene Index

All
(n = 15)

Correlations
(r)

16.4 ± 1.0

N/A

5.2 ± 1.4 (poor)

N/A

8.5 ± 4.0 (normal)

N/A

18.1 ± 6.1 (moderate)

N/A

Athlete Sleep Behaviour
36.1 ± 5.3 (good)
N/A
Questionnaire
Sleep Indices
Total Time in Bed
8:00 ± 0:30
0.14
(h:min)
Total Sleep Time
6:40 ± 0:46
0.17
(h:min)
Sleep Efficiency
84.3 ± 7.1
0.23
(%)
Sleep Latency
27.3 ± 13.2
-0.12
(min)
Wake Episodes per Night
3.8 ± 1.7
-0.32
(No.)
Wake After Sleep Onset
36.7 ± 30.5
-0.18
(min)
Sleep Onset Time
21:54 ± 0:34
0.06
(time of day)
Wake Time
5:40 ± 0:30
0.33
(time of day)
Training Load
Total Training Time per Week
16:35 ± 3:30
N/A
(h:min)
Pool Training Sessions per Week
7.1 ± 1.5
N/A
(No.)
Gym Training Sessions per Week
3.5 ± 1.5
N/A
(No.)
Device Usage
Time Spent on Device Before Bed
63.7 ± 27.9
N/A
(min)
Note: evaluation from the questionnaires based on scoring of each specific questionnaire
Correlation (r): sleep indices compared to device usage

The data set was distributed across the three types of nights as EARLY (102), DAY (49), and
REST (26). The values for the comparison of variables between EARLY, DAY and REST can
be observed in Table 7 and 8. On nights where training occurred EARLY the next day, TTB
averaged 6:55 ± 0:46 h:min. Games-Howell post-hoc analysis revealed substantial reductions
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in TST between EARLY and DAY (-1:47 ± 0:06 h:min, d = -1.68 ±0.54, p < 0.01, Table 8)
and between EARLY and REST (-2:06 ± 0:13 h:min, d = -2.02 ±0.68, p < 0.01, Table 8).
Substantial reductions were also observed in TTB between EARLY and DAY (-2:11 ± 0:11
h:min, d = -2.61 ±0.80, p < 0.01, Table 8) and between EARLY and REST (-2:48 ± 0:51 h:min,
d = -2.73 ±1.17, p < 0.01, Table 8). Dunn’s analysis revealed a significant difference for SOT
between EARLY and REST (0:58 ± 0:12 h:min, d = 1.15 ±0.73, p < 0.05, Table 8) and DAY
and REST (0:47 ± 0:12 h:min, d = 1.02 ±0.83, p < 0.05, Table 8). There were no significant
differences observed in SE and SL for comparison between nights (Table 7).

Table 7: Mean ± SD values for the measured objective sleep variables and device usage on the
night preceding an early morning training session (EARLY), a day training session (DAY) and a
rest day (REST).
EARLY
Sleep Indices
Total Time in Bed
6:55 ± 0:50#,^
(h:min)
Total Sleep Time
5:53 ± 1:06#,^
(h:min)
Sleep Efficiency
85.2 ± 7.0
(%)
Sleep Latency
26.5 ± 13.4
(min)
Wake Episodes per Night
3.0 ± 1.8^
(No.)
Wake After Sleep Onset
25.3 ± 22.6^
(min)
Sleep Onset Time
21:38 ± 0:49^
(time of day)
Wake Time
4:20 ± 0:27#,^
(time of day)
Device Usage
59.7 ± 27.7
(min)
#
significantly different to DAY (p < 0.05).
^
significantly different to REST (p < 0.05).

DAY

REST

9:06 ± 1:01

9:43 ± 1:41

7:40 ± 1:12

7:59 ± 1:19

84.2 ± 9.8

82.9 ± 6.9

28.5 ± 18.4

24.5 ± 12.9

4.3 ± 2.5

5.8 ± 2.0

43.7 ± 42.3

61.9 ± 43.2

21:49 ± 0:49^

22:36 ± 1:01

6:40 ± 0:41^

8:01 ± 1:16

65.1 ± 30.1

62.8 ± 40.4
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Table 8. Mean ± SD data for differences between nights for objective sleep indices and device
usage, including effect sizes (d) and 90% confidence limits (90% CL) for comparison between
conditions.
EARLY – DAY
(effect size)
Total Time in Bed
-2:11 ± 0:11#
(h:min)
-2.61 ±0.80
Very Large
Total Sleep Time
-1:47 ± 0:06#
(h:min)
-1.68 ±0.54
Large
Sleep Efficiency
1.0 ± 2.8
(%)
-0.09 ±0.46
Unclear
Sleep Latency
-2.0 ± 5.0
(min)
0.12 ±0.69
Unclear
Wake Episodes per Night
-1.3 ± 0.7
(No.)
1.06 ±0.61
Moderate
Wake After Sleep Onset
-41.4 ± 19.7
(min)
1.11 ±0.74
Moderate
Sleep Onset Time
0:11 ± 0:00
(h:min)
0.13 ±0.58
Unclear
Wake Time
2:20 ± 0:14#
(h:min)
4.43 ±0.63
Very Large
Device Usage
-5.4 ± 2.4
(min)
0.36 ±0.36
Small
#
significant difference between nights (p < 0.05).
Sleep Indices

EARLY – REST
(effect size)
-2:48 ± 0:51#
-2.73 ±1.17
Very Large
-2:06 ± 0:13#
-2.02 ±0.68
Very Large
2.3 ± 0.1
-0.16 ±0.53
Unclear
2.0 ± 0.5
-0.22 ±0.44
Unclear
-2.8 ± 0.2#
1.37 ±0.59
Large
-36.6 ± 20.6#
1.22 ±0.56
Large
0:58 ± 0:12#
1.15 ±0.73
Large
3:41 ± 0:49#
7.78 ±1.57
Very Large
-3.1 ± 12.7
0.04 ±0.51
Unclear

DAY – REST
(effect size)
-0:37 ± 0:40
0.09 ±0.73
Unclear
-0:19 ± 0:07
0.29 ±0.41
Unclear
1.3 ± 2.9
-0.05 ±0.56
Unclear
4.0 ± 5.5
-0.25 ±0.60
Unclear
1.5 ± 0.5
0.20 ±0.55
Unclear
18.2 ± 0.9
0.06 ±0.56
Unclear
0:47 ± 0:12#
1.02 ±0.83
Moderate
1:21 ± 0:35#
2.21 ±1.02
Very Large
2.3 ± 10.3
-0.29 ±0.59
Unclear

A Pearson’s product-moment correlation was run to assess the relationship between device
usage and sleep indices (TTB, TST, SE, SL, WE, WASO, SOT and WT). There was no
statistically significant correlation observed between device usage and sleep indices (p > 0.05).

There were significant differences observed for all three sleep indices (SL, WE & TST) when
comparing the participants objective sleep data to their subjective sleep diary data from the
two-week monitoring period (Table 9). Participants significantly underestimated their
subjective SL compared to actual SL (17.5 ± 5.6 minutes and 27.3 ± 13.2 minutes, respectively,
d = 0.97 ±0.55, p < 0.05, Table 9) and WE (0.8 ± 0.6 and 3.7 ± 1.8, respectively, d = 1.75
±0.63, p < 0.05, Table 9). Whereas participants significantly overestimated their subjective
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TST compared to objective TST (7:42 ± 0:42 h:min and 6:48 ± 0:42 h:min, respectively, d = 1.00 ±0.68, p < 0.05, Table 9).
Table 9. Mean ± SD data for differences between subjective and objective sleep for objective sleep
indices, including effect sizes (d) for comparison between conditions.
Sleep indices

Subjective
sleep

Objective
sleep

Subjective Sleep v
Objective Sleep
Difference
(raw)

Subjective Sleep v
Objective Sleep
(effect size ±90%
CL)
0.97 ±0.55
Moderate
1.75 ±0.63
Large

Sleep Latency
17.5 ± 5.6
27.3 ± 13.2
9.8 ± 7.6#
(min)
Wake Episodes per
night
0.8 ± 0.6
3.7 ± 1.8
2.9 ± 1.2#
(No.)
Total Sleep Time
-1.00 ±0.68
7:42 ± 0:54
6:48 ± 0:42
-0:54 ± -0:10#
(h:min)
Moderate
#
significant difference between subjective and objective measures of sleep (p < 0.05)

Discussion
The primary aim of this study was to investigate the sleeping patterns of highly trained
adolescent swimmers over a two-week period. Adolescent swimmers in this study averaged
6:40 h:min of total sleep duration over the two-week monitoring period, which falls below the
recommended sleep duration of 8-10 hours sleep for adolescents (Paruthi et al., 2016).
Furthermore, differences in sleep indices were observed between the three types of nights
(EARLY, DAY, and REST), with TST significantly reduced on the night preceding EARLY
training compared to both DAY training and REST by 1:47 h:min and 2:06 h:min, respectively.
When comparing to objective measures, adolescent swimmers in this study objectively
overestimated their TST by approximately one hour per night, whilst also substantially
underestimating SL and WE when compared to their objective sleep measures determined by
actigraphy.

As reported by Steenekamp and colleagues (2020), sleep duration was significantly reduced on
nights preceding early morning training (6:44 h:min) compared to nights with no early morning
training session (8:45 h:min) in 32 adolescent swimming and rowing athletes (Steenekamp et
al. (2020). A further study by Gudmundsdottir (2020) reported sleep duration was significantly
shorter on nights preceding early morning training (5:21 h:min) compared with later morning
training (6:37 h:min) and no morning training (6:53 h:min) the preceding day in 108 Icelandic
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adolescent swimmers (Gudmundsdottir, 2020). The results of the current study are consistent
with Steenekamp et al. (2020) and Gudmundsdottir (2020) findings, with TST significantly
reduced on the night prior to EARLY training sessions (5:53 h:min) compared to DAY training
sessions (7:40 h:min) and REST (7:59 h:min). It appears that the athletes in the current study
adjusted their bedtimes to offset the earlier wake times due to the early morning training, as
SOT was significantly earlier on nights preceding early morning and day training (EARLY and
DAY) compared with rest days (REST).

To our knowledge, the current study is the first to examine the difference between subjective
and objective sleep measures in adolescent athletes. In elite athletes, the use of subjective selfperceived sleep measures has been shown to be in agreement with objective actigraphy-derived
sleep measures (Caia et al., 2018). However, the current study indicates that adolescent
swimmers significantly overestimate TST and significantly underestimate SL and WE,
suggesting that subjective sleep measures are not in agreement with objective sleep measures
in adolescent athletes. These findings are similar to previous research in adolescents in the
general population who also significantly underestimate sleep when compared to objective
sleep measures (Short et al., 2012; Short et al., 2013). Moreover, to our knowledge this is also
the first study to examine perceived versus actual WE. It is interesting that adolescent athletes
significantly underestimated their WE and therefore warrants the need for further research in
this area. Despite subjective sleep measures providing a non-invasive and easily accessible way
of measuring sleep in adolescents (Saw et al., 2016), the current study suggests that objective
sleep measures should be used where possible for the most accurate data. Educating adolescent
athletes on the importance of sleep is essential so they can counteract the underestimates on
their sleep, as observed in the current study, and can consciously put more focus on their sleep.

Research from the current study suggests that adolescent athletes whose sleep is disrupted by
early morning training amass sleep debt throughout the week resulting in them trying to ‘catch
up’ on rest days. These sleeping patterns lead to disruption in the circadian timekeeping system
(Díaz-Morales & Escribano, 2015). Similarly, Steenekamp and colleagues (2020) research
found that adolescent athletes extended their sleep on weekends without training compared to
weekdays with early morning training. It is still unknown whether disruption to sleeping
patterns for adolescent athletes from early morning training further impairs the effects
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(negative metabolic and psychological health outcomes) of a disrupted circadian timekeeping
system (Díaz-Morales & Escribano, 2015; Malone et al., 2016). However, it is known that
adolescent athletes who obtain less than eight hours sleep per night are at a higher risk of
acquiring new injuries (Milewski et al., 2014; von Rosen et al., 2017b). Therefore, adolescent
athletes from the current study may be at risk of acquiring new injuries, as they did not reach
the recommended sleep duration (average 6:44 h:min per night), largely due to the high training
load and early morning training sessions they experience (Milewski et al., 2014; von Rosen et
al., 2017b). Early specialisation is also and issue amongst many sports, such as swimming,
where is has been recommended that adolescent athletes should not spend more hours per week
than their age playing sport to avoid this (Maffulli et al., 1994; Murray, 2017). Within the
current study, the training load of an average 16:35 h:min per week matched the particpants
average (16.4 years), which is an area of potential concern for early specialisation. Therefore,
the implementation of sleep hygiene education and strategies (Fullagar et al., 2016; O'Donnell
& Driller, 2017) may be beneficial for adolescent athletes in order to understand the importance
of sleep and tools to improve their sleep.

Scores from the PSQI suggest that adolescent athletes were poor sleepers (5.2), whilst the SHI
suggests that adolescent athletes were moderate sleepers (18.1). These results contrast what
Setyowati et al. (2020) found in 101 Indonesian adolescent school students. The students from
Setyowati and colleagues (2020) research scored on average 32 for the SHI, which would place
them one category worse (fair) compared to the adolescents in the current study, this could be
due to the predominately male population group in this study compared to the predominantly
female population group in the current study. Male and female adolescents experience
differences in their sex hormones, largely due to the female menstrual cycle and therefore this
could be reasoning why differences were found between the two studies (Alonso et al., 2021).
A further reasoning for the difference in SHI observed between the two studies could be the
differing school times, with a 7am start and 1pm finish in Indonesia compared to approximately
8:40am and 3:20pm in New Zealand. Results from the ASBQ also showed that adolescent
athletes have better sleep behaviours (36.1) than individual and team sport elite athletes, as
reported previously (44.3 and 42.6 respectively) (Driller et al., 2021). Adolescent athletes may
report having better sleep behaviours than elite athletes on the ASBQ due to the relevance of
certain questions. For example, questions relating to alcohol, travel, foreign sleeping
environments, sleeping pills and use of stimulants scored extremely low in adolescent athletes,
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which may offer a reason why adolescent athletes scored lower than elite athletes on the ASBQ.
It could be suggested that a modified version of the ASBQ be created for adolescent athletes
that is more relatable to this population

Another factor adolescent athletes’ experience is the effect of their academic requirements.
Furthermore, it is thought that academic outcomes may also be negatively impacted due to
disrupted sleep. When adolescents obtain more sleep and have a later school start time,
academic performance is improved (Carrell et al., 2011; Kelley & Lee, 2014; Wahlstrom, 2002;
Wolfson et al., 2007). Adolescents who receive over an hour more sleep on school nights are
far more academically advantaged to their peers and have significantly less daytime sleepiness
(Wahlstrom, 2002; Wolfson et al., 2007). If it were possible, scheduling of training would also
consider academic requirements for the benefit of the athlete, but this is difficult to achieve due
to the high volume of training that these athletes are required to do. Therefore, the schedules
of adolescent athletes should be further considered for both athletic and academic performance
benefits and outcomes. Interestingly, athletes from the current study ranked in the ‘normal’
range for daytime sleepiness in the ESS questionnaire which is surprising given the early
morning training session prior to school. However, there was a relatively large range (1-17)
which indicates that differences exist within the individual athletes in the sample group and
that some athletes did suffer from excessive daytime sleepiness.

Electronic light-emitting devices were used by adolescent athletes in this study on average for
~1h per night in the two hours prior to bedtime. It is known that increased device usage can be
associated with shortened sleep duration (11-24 minutes) (Galland et al., 2020; Mazzer et al.,
2018; Mireku et al., 2019; Twenge et al., 2017). Mazzer and colleagues (2018) found that over
one year, increased device usage was associated with less sleep in the future and a shortened
sleep duration was also related to using a device more often after one year. Interestingly, no
correlations were found for device usage and sleep indices (TTB, TST, SE, SL, WE, WASO,
SOT and WT) in the current study. Perhaps differences would have been found if some of the
participants abstained from any device usage in the lead-up to bedtime, however, this was not
the case, as all athletes used their devices for at least 30 minutes in the two hours prior to bed.
Despite the results in the current study, research that has focused specifically on adolescents
has found that a one and two hour exposure to light from self-luminous devices (computers,
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tablets, and cell phones) supresses melatonin in adolescents by 23% and 28% respectively
(Figueiro & Overington, 2015). Much like adolescents’, adults who use electronic lightemitting devices before bed, had suppressed evening levels of melatonin by 20% (Chang et al.,
2015). Previous research however, has focused on the effect electronic light-emitting devices
have had on adolescents in the general population, however it is still unclear the effect of device
usage on adolescent athletes (Galland et al., 2020; Gamble et al., 2014; Twenge et al., 2017).

One of the limitations of the current study was the recruitment of participants from a number
of different training programs around the country, which meant the schedule and intensity of
training sessions varied across the cohort. As this was a field-based study, there were multiple
variables (diet, caffeine intake, environment, and scheduling) that were unable to be controlled
for, which could have had an impact on the overall results of the study. Female menstruation
cycles were not controlled in this study, which could have had some impact on the female
athletes results. Although the current study had a relatively small sample size (n=15), the ability
to recruit highly trained adolescent swimmers in New Zealand is somewhat limited. Indeed,
the overall population to draw from that fits the inclusion criteria is small (n=~40), therefore,
we believe that our sample is representative of this cohort.

Conclusion
In summary, the results of the current study showed that across a two-week monitoring period,
early morning training resulted in a reduced sleep duration and time in bed in adolescent
swimmers in the night preceding. Additionally, adolescent athletes significantly overestimate
their sleep duration and underestimate their time to fall asleep. It was also found that electronic
device usage before bedtime showed no correlations to sleep indices. The findings of the
current study show the importance of coaches, parents and school administrators needing to be
aware of the sleeping habits of adolescent athletes and the subsequent impact that early
morning training sessions have on their sleep. Where possible, adjusting schedules so
adolescent athletes can better balance their sleep around training and school requirements has
the potential to benefit their sleep, reduce injury risk and improve academic performance.
Further research is required to investigate interventions that may enhance the sleep/wake
behaviour of adolescent athletes to support adolescent athletes in sport.
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Chapter Three: Summary, Practical Applications, Limitations
and Future Research
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Summary
The first chapter of this thesis comprised of a literature review, which examined the sleep of
adolescent athletes and the various factors that influence their sleep. Sleep is considered to be
vital to the physiological and cognitive function in humans and is also crucial for recovery in
athletes (Halson, 2014b). Adolescents experience a delay in their circadian rhythm due to a
change in their biologic timing mechanism (Carskadon et al., 1993). Whilst it is recommended
that adolescents obtain 8-10 hours sleep per night (Paruthi et al., 2016), key findings of this
literature review indicate that adolescent athletes experience sleep durations significantly
below the recommendation, and swimmers in particular are at a higher risk of poor sleep due
to the requirements of the early morning training sessions observed in this sport
(Gudmundsdottir, 2020; Steenekamp et al., 2020). Despite recommendations suggesting that
adolescent athletes should not spend more hours per week than their age playing sport (Murray,
2017), swimming is still considered to be an early specialisation sport with many adolescent
swimmers averaging training hours over their age each week (Maffulli et al., 1994).
Furthermore, adolescent swimmers experience differences in their sleep between weekdays
and weekends, where sleep durations on weekends are significantly longer than on weekdays
(Steenekamp et al., 2020). Moreover, research has also shown sleep has substantial impacts on
adolescents’ academic performance. Earlier school start times disadvantage adolescents
academic performance significantly, whilst simultaneously increasing daytime sleepiness and
causing more trouble to stay awake in classes (Carrell et al., 2011; Edwards, 2012; Wahlstrom,
2002; Wolfson et al., 2007). Finally, measuring sleep in adolescents from the general
population has also shown that adolescents significantly overestimate their total sleep duration
compared to their actual sleep duration (Short et al., 2012; Short et al., 2013). Using PSG in
adolescents is not favoured due to the large costs and many laboratories are not willing to test
young people (Meltzer et al., 2012). However, it has also been shown to be impractical in
athletes as well due to the laboratory setting and unusual sleep environments (O'Donnell et al.,
2018a). Therefore, wrist actigraphy, sleep diaries, and questionnaires are the preferred option
as they are accessible and easy to administer in both adolescents and athletes (Sadeh, 2011;
Short et al., 2012)

Sleep in highly trained adolescent athletes is still a relatively small research field. Therefore,
the aim of the original study in chapter two was to evaluate the sleeping patterns of highly
trained adolescent swimmers across a two-week ‘normal’ in-season training phase and
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compare their subjective sleep to their objective sleep. The main findings from this study
showed that early morning training sessions (EARLY) significantly reduced total sleep time
and total time in bed in adolescent swimmers compared to day training (DAY) and rest days
(REST). Athletes in this study also significantly adjusted their bedtime to be earlier on nights
preceding early morning training compared to rest days to account for the early wake up time.
Further findings showed that adolescent swimmers subjectively overestimated their sleep
duration to be significantly longer compared to their objective sleep duration, while
significantly underestimating their time to fall asleep and wake episodes per night compared
to their objective SL and WE. While electronic devices were used by all participants before
bedtime, no correlations were found when compared to different sleep indices. Whilst the
sleeping patterns of adolescent swimmers in this study show similar findings to previous
research, to our knowledge it is the first study to investigate adolescent athletes subjective sleep
versus objective sleep indices. The small number of previous studies that have investigated
sleep in adolescent athletes, alongside the findings from the current study in chapter two
warrants the need for further research in these areas. Not only would this provide those working
with adolescent athletes a greater understanding of how adolescents sleep, it may also lead to
the longevity of high performing adolescents in sport.

Practical Applications
The findings of the current study show the importance of coaches, parents and school
administrators needing to be aware of the sleeping habits of adolescent athletes and the
subsequent impact that early morning training sessions have on their sleep. Where possible,
adjusting adolescent athletes training schedules to better balance their sleep around training
and school requirements has the potential to benefit not only their sleep, but also reduce injury
risk and improve academic performance. In addition, educating coaches on the role of sleep
for adolescent athletes may help in coaches providing later start times of morning training,
which in turn may influence adolescent swimmers’ success in the sport. Furthermore, educating
adolescents on the importance of sleep and providing sleep hygiene practices could be
advantageous to improving their sleep indices. Further research is required to investigate
interventions that may enhance the sleep/wake behaviour of adolescent athletes to support the
longevity of adolescent athletes in sport.
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Limitations
•

A primary limitation of this study was the small sample size, which was largely due to
the overall population that fits the inclusion criteria is small (n=~40). The ability to
recruit highly trained adolescent swimmers in New Zealand was somewhat limited,
however, the small sample size is representative of this cohort.

•

Due to the small population that fitted the inclusion criteria, it meant that participants
came from a number of different training programs across the country. Therefore, the
schedule and intensity of training sessions may have varied across the cohort.

•

As this was a field-based study, there were variables that were unable to be controlled
for, such as diet, caffeine intake, environments and scheduling could have had an
impact on the sleep disturbances that adolescents experienced in this study.

•

A further limitation of the current study was finding a two-week period that was
representative of a ‘normal’ training phase that occurred during a normal school term
and did not involve competitions. Accordingly, the data collection period occurred
across several months and was completed in consultation with coaches and athletes to
ensure the two-week monitoring period was reflective of a ‘normal’ training phase
during a typical school period.

•

The Readiband device used for measuring objective sleep has limitations with the
accuracy of measuring sleep latency and sleep efficiency. It has been recommended to
interpret these indices with caution.

•

Female menstruation cycles were not controlled in this study, which could have had
some impact on the female athletes results and therefore, results were not interpreted
with this in mind.

•

Finally, as this study focused specifically on highly trained adolescent swimmers, there
were no adolescent athletes from other sports to compare sleep measures to. Our results
are therefore not reflective of a variety of highly trained adolescent athletes.
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Future Research
From the outcomes and results presented within this thesis, the following key areas for future
research are suggested.
•

Future research should endeavour to collect data from highly trained adolescent athletes
across a variety of sporting codes to gain a better overall picture of sleep behaviours in
a wide range of highly trained adolescent athletes.

•

Furthermore, investigating the sleep of adolescent athletes that have predominantly
evening based training sessions would be of interest, and would expand the knowledge
on the effects training time has on highly trained adolescent athletes sleep.

•

Future research investigating sleep hygiene in the highly trained adolescent athlete
population would be beneficial to see if education and implementation of sleep hygiene
strategies improves sleep amongst this population.

•

Research looking at both physical and cognitive performance markers across a season
would also be beneficial to investigate the effect that poor sleep has on performance
over a period of time.

•

Future research investigating the effects of competition on highly trained adolescent
athletes’ sleep would be worthwhile to further enhance our knowledge on variables that
may affect adolescent athletes sleep. It would also allow for comparisons to be made to
elite athletes and the effect competition has on their sleep indices.

•

Despite screen time showing no correlations in this study, extended device usage before
bedtime is known to be an issue in this population so further research would be valuable
to assess the specific impacts device usage has on the adolescent athlete population.

•

Assessing the impacts of the menstrual cycle in adolescent female athletes would be
beneficial as it may give some insight into how adolescent females sleep is affected by
their menstrual cycle.

44

References
Alonso, A., Genzel, L., & Gomez, A. (2021). Sex and menstrual phase influences on sleep
and memory. Current Sleep Medicine Reports, 7(1), 1-14.
https://doi.org/10.1007/s40675-020-00201-y
Ancoli-Israel, S., Cole, R., Alessi, C., Chambers, M., Moorcroft, W., & Pollak, C. P. (2003).
The role of actigraphy in the study of sleep and circadian rhythms. Sleep, 26(3), 342392. https://doi.org/10.1093/sleep/26.3.342
Andrade, A., Bevilacqua, G., Casagrande, P., Brandt, R., & Coimbra, D. (2019). Sleep
quality associated with mood in elite athletes. The Physician and Sportsmedicine,
47(3), 312-317. https://doi.org/10.1080/00913847.2018.1553467
Andrade, M., & Menna-Barreto, L. (2002). Sleep patterns of high school students living in
São Paulo, Brazil. In M. A. Carskadon (Ed.), Adolescent sleep patterns: Biological,
social, and psychological influences. (pp. 118-131). Cambridge University Press.
https://doi.org/10.1017/CBO9780511499999.010
Arendt, J. (2000). Melatonin, circadian rhythms, and sleep. New England Journal of
Medicine, 343(15), 1114-1116. https://doi.org/10.1056/nejm200010123431510
Arora, T., Broglia, E., Pushpakumar, D., Lodhi, T., & Taheri, S. (2013). An investigation into
the strength of the association and agreement levels between subjective and objective
sleep duration in adolescents. PloS One, 8(8), e72406.
https://doi.org/10.1371/journal.pone.0072406
Arshat, B. (n.d.). First time swim meet questions. https://novamasters.com/events/first-timeswim-meet-questions-by-brad-arshat/
Aschoff, J. (1998). Circadian parameters as individual characteristics. Journal of Biological
Rhythms, 13(2), 123-131. https://doi.org/10.1177/074873098128999970
Batterham, A. M., & Hopkins, W. G. (2006). Making meaningful inferences about
magnitudes. International Journal of Sports Physiology and Performance, 1(1), 5057. https://doi.org/10.1123/ijspp.1.1.50
Beebe, D. W., Simon, S., Summer, S., Hemmer, S., Strotman, D., & Dolan, L. M. (2013).
Dietary intake following experimentally restricted sleep in adolescents. Sleep, 36(6),
827-834. https://doi.org/10.5665/sleep.2704
Beersma, D. G. M., & Gordijn, M. C. M. (2007). Circadian control of the sleep–wake cycle.
Physiology & Behavior, 90(2), 190-195.
https://doi.org/10.1016/j.physbeh.2006.09.010

45

Belenky, G., Wesensten, N. J., Thorne, D. R., Thomas, M. L., Sing, H. C., Redmond, D. P.,
Russo, M. B., & Balkin, T. J. (2003). Patterns of performance degradation and
restoration during sleep restriction and subsequent recovery: A sleep dose-response
study. Journal of Sleep Research, 12(1), 1-12. https://doi.org/10.1046/j.13652869.2003.00337.x
Biggins, M., Purtill, H., Fowler, P., Bender, A., Sullivan, K. O., Samuels, C., & Cahalan, R.
(2020). Sleep, health, and well-being in elite athletes from different sports, before,
during, and after international competition. The Physician and Sportsmedicine, 1-9.
https://doi.org/10.1080/00913847.2020.1850149
Brand, S., Gerber, M., Kalak, N., Kirov, R., Lemola, S., Clough, P. J., Pühse, U., &
Holsboer-Trachsler, E. (2014). Adolescents with greater mental toughness show
higher sleep efficiency, more deep sleep and fewer awakenings after sleep onset.
Journal of Adolescent Health, 54(1), 109-113.
https://doi.org/10.1016/j.jadohealth.2013.07.017
Brown, G. A., Veith, S., Sampson, J. A., Whalan, M., & Fullagar, H. H. K. (2020). Influence
of training schedules on objective measures of sleep in adolescent academy football
players. The Journal of Strength & Conditioning Research, 34(9), 2515-2521.
https://doi.org/10.1519/jsc.0000000000003724
Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The
Pittsburgh Sleep Quality Index: A new instrument for psychiatric practice and
research. Psychiatry Research, 28(2), 193-213. https://doi.org/10.1016/01651781(89)90047-4
Cabré-Riera, A., Torrent, M., Donaire-Gonzalez, D., Vrijheid, M., Cardis, E., & Guxens, M.
(2019). Telecommunication devices use, screen time and sleep in adolescents.
Environmental Research, 171, 341-347. https://doi.org/10.1016/j.envres.2018.10.036
Caia, J., Thornton, H. R., Kelly, V. G., Scott, T. J., Halson, S. L., Cupples, B., & Driller, M.
W. (2018). Does self-perceived sleep reflect sleep estimated via activity monitors in
professional rugby league athletes? Journal of Sports Sciences, 36(13), 1492-1496.
https://doi.org/10.1080/02640414.2017.1398885
Carrell, S. E., Maghakian, T., & West, J. E. (2011). A's from Zzzz's? The causal effect of
school start time on the academic achievement of adolescents. American Economic
Journal: Economic Policy, 3(3), 62-81. https://doi.org/10.1257/pol.3.3.62
Carskadon, M. A. (2011). Sleep in adolescents: The perfect storm. Pediatric Clinics, 58(3),
637-647. https://doi.org/10.1016/j.pcl.2011.03.003
Carskadon, M. A., Acebo, C., Richardson, G. S., Tate, B. A., & Seifer, R. (1997). An
approach to studying circadian rhythms of adolescent humans. Journal of Biological
Rhythms, 12(3), 278-289. https://doi.org/10.1177/074873049701200309

46

Carskadon, M. A., Vieira, C., & Acebo, C. (1993). Association between puberty and delayed
phase preference. Sleep, 16(3), 258-262. https://doi.org/10.1093/sleep/16.3.258
Carskadon, M. A., Wolfson, A. R., Acebo, C., Tzischinsky, O., & Seifer, R. (1998).
Adolescent sleep patterns, circadian timing, and sleepiness at a transition to early
school days. Sleep, 21(8), 871-881. https://doi.org/10.1093/sleep/21.8.871
Chang, A.-M., Aeschbach, D., Duffy, J. F., & Czeisler, C. A. (2015). Evening use of lightemitting eReaders negatively affects sleep, circadian timing, and next-morning
alertness. Proceedings of the National Academy of Sciences, 112(4), 1232-1237.
https://doi.org/10.1073/pnas.1418490112
Chen, M.-Y., Wang, E. K., & Jeng, Y.-J. (2006). Adequate sleep among adolescents is
positively associated with health status and health-related behaviors. BMC Public
Health, 6(1), 59. https://doi.org/10.1186/1471-2458-6-59
Copenhaver, E. A., & Diamond, A. B. (2017). The value of sleep on athletic performance,
injury, and recovery in the young athlete. Pediatric Annals, 46(3), e106-e111.
https://doi.org/10.3928/19382359-20170221-01
Crowley, K. (2011). Sleep and sleep disorders in older adults. Neuropsychology Review,
21(1), 41-53. https://doi.org/10.1007/s11065-010-9154-6
Crowley, S. J., Christine, A., & Carskadon, M. A. (2007). Sleep, circadian rhythms, and
delayed phase in adolescence. Sleep Medicine, 8(6), 602-612.
https://doi.org/10.1016/j.sleep.2006.12.002
Davenne, D. (2009). Sleep of athletes – problems and possible solutions. Biological Rhythm
Research, 40(1), 45-52. https://doi.org/10.1080/09291010802067023
Davies, D. J., Graham, K. S., & Chow, C. M. (2010). The effect of prior endurance training
on nap sleep patterns. International Journal of Sports Physiology and Performance,
5(1), 87-97. https://doi.org/10.1123/ijspp.5.1.87
de Sousa, I. C., Araújo, J. F., & de Azevedo, C. V. M. (2007). The effect of a sleep hygiene
education program on the sleep-wake cycle of Brazilian adolescent students. Sleep
and Biological Rhythms, 5(4), 251-258. https://doi.org/10.1111/j.14798425.2007.00318.x
de Zambotti, M., Baker, F. C., & Colrain, I. M. (2015). Validation of sleep-tracking
technology compared with polysomnography in adolescents. Sleep, 38(9), 1461-1468.
https://doi.org/10.5665/sleep.4990
Dement, W. C. (2005). Sleep extension: Getting as much extra sleep as possible. Clinics in
Sports Medicine, 24(2), 251-268. https://doi.org/10.1016/j.csm.2004.12.014

47

Derman, W., Schwellnus, M. P., Lambert, M. I., Emms, M., Sinclair-Smith, C., Kirby, P., &
Noakes, T. D. (1997). The ‘worn-out athlete’: A clinical approach to chronic fatigue
in athletes. Journal of Sports Sciences, 15(3), 341-351.
https://doi.org/10.1080/026404197367353
Díaz-Morales, J. F., & Escribano, C. (2015). Social jetlag, academic achievement and
cognitive performance: Understanding gender/sex differences. Chronobiology
International, 32(6), 822-831. https://doi.org/10.3109/07420528.2015.1041599
Dickinson, R. K., & Hanrahan, S. J. (2009). An investigation of subjective sleep and fatigue
measures for use with elite athletes. Journal of Clinical Sport Psychology, 3(3), 244266. https://doi.org/10.1123/jcsp.3.3.244
Driller, M., McQuillan, J., & O’Donnell, S. (2016). Inter-device reliability of an automaticscoring actigraph for measuring sleep in healthy adults. Sleep Science, 9(3), 198-201.
https://doi.org/10.1016/j.slsci.2016.08.003
Driller, M., Suppiah, H., Rogerson, D., Ruddock, A., James, L., & Virgile, A. (2021).
Investigating the sleep habits in individual and team-sport athletes using the Athlete
Sleep Behavior Questionnaire and the Pittsburgh Sleep Quality Index [Ahead of
print]. Sleep Science, 1-6. https://doi.org/10.5935/1984-0063.20210031
Driller, M. W., Mah, C. D., & Halson, S. L. (2018). Development of the Athlete Sleep
Behavior Questionnaire: A tool for identifying maladaptive sleep practices in elite
athletes. Sleep Science, 11(1), 37-44. https://doi.org/10.5935/1984-0063.20180009
Driller, M. W., O'Donnell, S., & Tavares, F. (2017). What wrist should you wear your
actigraphy device on? Analysis of dominant vs. non-dominant wrist actigraphy for
measuring sleep in healthy adults. Sleep Science, 10(3), 132-135.
https://doi.org/10.5935/1984-0063.20170023
Dunican, I. C., Murray, K., Slater, J., Maddison, K., Jones, M., Dawson, B., Straker, L.,
Caldwell, J., Halson, S., & Eastwood, P. (2017). Laboratory and home comparison of
wrist-activity monitors and polysomnography in middle-aged adults. Sleep and
Biological Rhythms, 16, 85-97. https://doi.org/10.1007/s41105-017-0130-x
Dunn, O. J. (1964). Multiple comparisons using rank sums. Technometrics, 6(3), 241-252.
https://doi.org/10.1080/00401706.1964.10490181
Edwards, F. (2012). Early to rise? The effect of daily start times on academic performance.
Economics of Education Review, 31(6), 970-983.
https://doi.org/10.1016/j.econedurev.2012.07.006
Escames, G., Ozturk, G., Baño-Otálora, B., Pozo, M. J., Madrid, J. A., Reiter, R. J., Serrano,
E., Concepción, M., & Acuña-Castroviejo, D. (2012). Exercise and melatonin in
humans: Reciprocal benefits. Journal of Pineal Research, 52(1), 1-11.
https://doi.org/10.1111/j.1600-079X.2011.00924.x
48

Escribano, C., Díaz-Morales, J. F., Delgado, P., & Collado, M. J. (2012).
Morningness/eveningness and school performance among Spanish adolescents:
Further evidence. Learning and Individual Differences, 22(3), 409-413.
https://doi.org/10.1016/j.lindif.2011.12.008
Evans, J. D. (1996). Straightforward statistics for the behavioral sciences. Thomson
Brooks/Cole.
Figueiro, M., & Overington, D. (2015). Self-luminous devices and melatonin suppression in
adolescents. Lighting Research & Technology, 48(8), 966-975.
https://doi.org/10.1177/1477153515584979
Forndran, A., Lastella, M., Roach, G. D., Halson, S. L., & Sargent, C. (2012). Training
schedules in elite swimmers: No time to rest? In X. Zhou & C. Sargent (Eds.), Sleep
of different populations (pp. 6-10). Australasian Chronobiology Society.
Fredriksen, K., Rhodes, J., Reddy, R., & Way, N. (2004). Sleepless in Chicago: Tracking the
effects of adolescent sleep loss during the middle school years. Child Development,
75(1), 84-95. https://doi.org/10.1111/j.1467-8624.2004.00655.x
Fuligni, A. J., Arruda, E. H., Krull, J. L., & Gonzales, N. A. (2018). Adolescent sleep
duration, variability, and peak levels of achievement and mental health. Child
Development, 89(2), 18-28. https://doi.org/10.1111/cdev.12729
Fullagar, H. H., Duffield, R., Skorski, S., Coutts, A. J., Julian, R., & Meyer, T. (2015). Sleep
and recovery in team sport: Current sleep-related issues facing professional teamsport athletes. International Journal of Sports Physiology and Performance, 10(8),
950-957. https://doi.org/10.1123/ijspp.2014-0565
Fullagar, H. H., Skorski, S., Duffield, R., Hammes, D., Coutts, A. J., & Meyer, T. (2015).
Sleep and athletic performance: The effects of sleep loss on exercise performance,
and physiological and cognitive responses to exercise. Sports Medicine, 45(2), 161186. https://doi.org/10.1007/s40279-014-0260-0
Fullagar, H. H., Skorski, S., Duffield, R., & Meyer, T. (2016). The effect of an acute sleep
hygiene strategy following a late-night soccer match on recovery of players.
Chronobiology International, 33(5), 490-505.
https://doi.org/10.3109/07420528.2016.1149190
Galland, B. C., de Wilde, T., Taylor, R. W., & Smith, C. (2020). Sleep and pre-bedtime
activities in New Zealand adolescents: Differences by ethnicity. Sleep Health, 6(1),
23-31. https://doi.org/10.1016/j.sleh.2019.09.002
Galland, B. C., Gray, A. R., Penno, J., Smith, C., Lobb, C., & Taylor, R. W. (2017). Gender
differences in sleep hygiene practices and sleep quality in New Zealand adolescents
aged 15 to 17 years. Sleep Health, 3(2), 77-83.
https://doi.org/10.1016/j.sleh.2017.02.001
49

Gamble, A. L., D'Rozario, A. L., Bartlett, D. J., Williams, S., Bin, Y. S., Grunstein, R. R., &
Marshall, N. S. (2014). Adolescent sleep patterns and night-time technology use:
Results of the Australian broadcasting corporation's big sleep survey. PloS One,
9(11), 1-9. https://doi.org/10.1371/journal.pone.0111700
Garcia, J., Rosen, G., & Mahowald, M. (2001). Circadian rhythms and circadian rhythm
disorders in children and adolescents. Seminars in Pediatric Neurology, 8(4), 229240. https://doi.org/10.1053/spen.2001.29044
Gerber, M., Gustafsson, H., Seelig, H., Kellmann, M., Ludyga, S., Colledge, F., Brand, S.,
Isoard-Gautheur, S., & Bianchi, R. (2018). Usefulness of the Athlete Burnout
Questionnaire (ABQ) as a screening tool for the detection of clinically relevant
burnout symptoms among young elite athletes. Psychology of Sport and Exercise, 39,
104-113. https://doi.org/https://doi.org/10.1016/j.psychsport.2018.08.005
Giannotti, F., Cortesi, F., Sebastiani, T., & Ottaviano, S. (2002). Circadian preference, sleep
and daytime behaviour in adolescence. Journal of Sleep Research, 11(3), 191-199.
https://doi.org/10.1046/j.1365-2869.2002.00302.x
Gomes, G. C., dos Passos, M. H. P., Silva, H. A., de Oliveira, V. M. A., Novaes, W. A.,
Pitangui, A. C. R., & de Araújo, R. C. (2017). Sleep quality and its association with
psychological symptoms in adolescent athletes. Revista Paulista de Pediatria, 35,
316-321. https://doi.org/10.1590/1984-0462/;2017;35;3;00009
Goodman, E. (2021). Swimming 101: Competition format
https://www.nbcolympics.com/news/swimming-101-competition-format
Gudmundsdottir, S. L. (2020). Training schedule and sleep in adolescent swimmers.
Pediatric Exercise Science, 32(1), 16-22. https://doi.org/10.1123/pes.2019-0067
Gunning, L. (2001). Enhancing recovery: Impact of sleep on performance. Sports Coach,
23(4), 33-35.
Gupta, L., Morgan, K., & Gilchrist, S. (2017). Does elite sport degrade sleep quality? A
systematic review. Sports Medicine, 47(7), 1317-1333.
https://doi.org/10.1007/s40279-016-0650-6
Halson, S. L. (2008). Nutrition, sleep and recovery. European Journal of Sport Science, 8(2),
119-126. https://doi.org/10.1080/17461390801954794
Halson, S. L. (2014a). Monitoring training load to understand fatigue in athletes. Sports
Medicine, 44(2), 139-147. https://doi.org/10.1007/s40279-014-0253-z
Halson, S. L. (2014b). Sleep in elite athletes and nutritional interventions to enhance sleep.
Sports Medicine, 44(1), 13-23. https://doi.org/10.1007/s40279-014-0147-0

50

Halson, S. L. (2019). Sleep monitoring in athletes: Motivation, methods, miscalculations and
why it matters. Sports Medicine, 49(10), 1487-1497. https://doi.org/10.1007/s40279019-01119-4
Hildenbrand, A. K., Daly, B. P., Nicholls, E., Brooks-Holliday, S., & Kloss, J. D. (2013).
Increased risk for school violence-related behaviors among adolescents with
insufficient sleep. Journal of School Health, 83(6), 408-414.
https://doi.org/10.1111/josh.12044
Hobson, J. A. (2005). Sleep is of the brain, by the brain and for the brain. Nature, 437(7063),
1254-1256. https://doi.org/10.1038/nature04283
Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics
for studies in sports medicine and exercise science. Medicine & Science in Sports &
Exercise, 41(1), 3-13. https://doi.org/10.1249/MSS.0b013e31818cb278
Huxley, D. J., O'Connor, D., & Healey, P. A. (2014). An examination of the training profiles
and injuries in elite youth track and field athletes. European Journal of Sport Science,
14(2), 185-192. https://doi.org/10.1080/17461391.2013.809153
Johns, M. W. (1991). A new method for measuring daytime sleepiness: The Epworth
Sleepiness Scale. Sleep, 14(6), 540-545. https://doi.org/10.1093/sleep/14.6.540
Juliff, L. E., Halson, S., L., & Peiffer, J. J. (2015). Understanding sleep disturbance in
athletes prior to important competitions. Journal of Science and Medicine in Sport,
18(1), 13-18. https://doi.org/10.1016/j.jsams.2014.02.007
Juliff, L. E., Peiffer, J. J., & Halson, S. L. (2018). Night games and sleep: Physiological,
neuroendocrine, and psychometric mechanisms. International Journal of Sports
Physiology and Performance, 13(7), 867-873. https://doi.org/10.1123/ijspp.20160809
Kelley, P., & Lee, C. (2014). Later school start times in adolescence: Time for a change.
https://digitalcommons.law.umaryland.edu/home_sec_fac_pubs/1/
Knufinke, M., Nieuwenhuys, A., Geurts, S. A. E., Coenen, A. M. L., & Kompier, M. A. J.
(2018). Self-reported sleep quantity, quality and sleep hygiene in elite athletes.
Journal of Sleep Research, 27(1), 78-85. https://doi.org/10.1111/jsr.12509
Knufinke, M., Nieuwenhuys, A., Geurts, S. A. E., Møst, E. I. S., Maase, K., Moen, M. H.,
Coenen, A. M. L., & Kompier, M. A. J. (2018). Train hard, sleep well? Perceived
training load, sleep quantity and sleep stage distribution in elite level athletes. Journal
of Science and Medicine in Sport, 21(4), 427-432.
https://doi.org/10.1016/j.jsams.2017.07.003

51

Kölling, S., Steinacker, J. M., Endler, S., Ferrauti, A., Meyer, T., & Kellmann, M. (2016).
The longer the better: Sleep–wake patterns during preparation of the World Rowing
Junior Championships. Chronobiology International, 33(1), 73-84.
https://doi.org/10.3109/07420528.2015.1118384
Landry, G. J., Best, J. R., & Liu-Ambrose, T. (2015). Measuring sleep quality in older adults:
A comparison using subjective and objective methods. Frontiers in Ageing
Neuroscience, 7, 166. https://doi.org/10.3389/fnagi.2015.00166
Lastella, M., Memon, A. R., & Vincent, G. E. (2020). Global research output on sleep
research in athletes from 1966 to 2019: A bibliometric analysis. Clocks Sleep, 2(2),
99-119. https://doi.org/10.3390/clockssleep2020010
Lee, A., & Galvez, J. C. (2012). Jet lag in athletes. Sports Health, 4(3), 211-216.
https://doi.org/10.1177/1941738112442340
Lee, C. H. J., & Sibley, C. G. (2019). Sleep duration and psychological well-being among
New Zealanders. Sleep Health, 5(6), 606-614.
https://doi.org/10.1016/j.sleh.2019.06.008
Leeder, J., Glaister, M., Pizzoferro, K., Dawson, J., & Pedlar, C. (2012). Sleep duration and
quality in elite athletes measured using wristwatch actigraphy. Journal of Sports
Sciences, 30(6), 541-545. https://doi.org/10.1080/02640414.2012.660188
Luke, A., Lazaro, R. M., Bergeron, M. F., Keyser, L., Benjamin, H., Brenner, J.,
d'Hemecourt, P., Grady, M., Philpott, J., & Smith, A. (2011). Sports-related injuries in
youth athletes: Is overscheduling a risk factor? Clinical Journal of Sport Medicine,
21(4), 307-314. https://doi.org/10.1097/JSM.0b013e3182218f71
Maffulli, N., King, J. B., & Helms, P. (1994). Training in élite young athletes (the Training of
Young Athletes (TOYA) Study): Injuries, flexibility and isometric strength. British
Journal of Sports Medicine, 28(2), 123-136. https://doi.org/10.1136/bjsm.28.2.123
Mah, C. D., Kezirian, E. J., Marcello, B. M., & Dement, W. C. (2018). Poor sleep quality and
insufficient sleep of a collegiate student-athlete population. Sleep Health, 4(3), 251257. https://doi.org/10.1016/j.sleh.2018.02.005
Malone, S. K. (2011). Early to bed, early to rise?: An exploration of adolescent sleep hygiene
practices. The Journal of School Nursing, 27(5), 348-354.
https://doi.org/10.1177/1059840511410434
Malone, S. K., Zemel, B., Compher, C., Souders, M., Chittams, J., Thompson, A. L., Pack,
A., & Lipman, T. H. (2016). Social jet lag, chronotype and body mass index in 14-17year-old adolescents. Chronobiology International, 33(9), 1255-1266.
https://doi.org/10.1080/07420528.2016.1196697

52

Mastin, D. F., Bryson, J., & Corwyn, R. (2006). Assessment of sleep hygiene using the Sleep
Hygiene Index. Journal of Behavioral Medicine, 29(3), 223-227.
https://doi.org/10.1007/s10865-006-9047-6
Mazzer, K., Bauducco, S., Linton, S. J., & Boersma, K. (2018). Longitudinal associations
between time spent using technology and sleep duration among adolescents. Journal
of Adolescence, 66, 112-119. https://doi.org/10.1016/j.adolescence.2018.05.004
Meltzer, L. J., Walsh, C. M., Traylor, J., & Westin, A. M. L. (2012). Direct comparison of
two new actigraphs and polysomnography in children and adolescents. Sleep, 35(1),
159-166. https://doi.org/10.5665/sleep.1608
Milewski, M. D., Skaggs, D. L., Bishop, G. A., Pace, J. L., Ibrahim, D. A., Wren, T. A. L., &
Barzdukas, A. (2014). Chronic lack of sleep is associated with increased sports
injuries in adolescent athletes. Journal of Pediatric Orthopaedics, 34(2).
https://doi.org/10.1097/BPO.0000000000000151
Mireku, M. O., Barker, M. M., Mutz, J., Dumontheil, I., Thomas, M. S. C., Röösli, M.,
Elliott, P., & Toledano, M. B. (2019). Night-time screen-based media device use and
adolescents' sleep and health-related quality of life. Environment International, 124,
66-78. https://doi.org/10.1016/j.envint.2018.11.069
Moore, M., & Meltzer, L. J. (2008). The sleepy adolescent: Causes and consequences of
sleepiness in teens. Paediatric Respiratory Reviews, 9(2), 114-121.
https://doi.org/10.1016/j.prrv.2008.01.001
Murray, A. (2017). Managing the training load in adolescent athletes. International Jounal of
Sports Physiology and Performance, 12(Suppl 2), 242-249.
https://doi.org/10.1123/ijspp.2016-0334
Nagare, R., Plitnick, B., & Figueiro, M. G. (2018). Effect of exposure duration and light
spectra on nighttime melatonin suppression in adolescents and adults. Lighting
Research & Technology, 51(4), 530-543. https://doi.org/10.1177/1477153518763003
National Sleep Foundation. (2014). Sleep in America poll: Sleep in the modern family
https://www.sleepfoundation.org/professionals/sleep-americar-polls/2014-sleepmodern-family
Nedelec, M., Aloulou, A., Duforez, F., Meyer, T., & Dupont, G. (2018). The variability of
sleep among elite athletes. Sports Medicine - Open, 4(1), 34.
https://doi.org/10.1186/s40798-018-0151-2
Ng, E. P., Ng, D. K., & Chan, C. H. (2009). Sleep duration, wake/sleep symptoms, and
academic performance in Hong Kong secondary school children. Sleep and
Breathing, 13(4), 357-367. https://doi.org/10.1007/s11325-009-0255-5

53

O'Donnell, S., Beaven, C. M., & Driller, M. W. (2018a). From pillow to podium: A review
on understanding sleep for elite athletes. Nature and Science of Sleep, 10(1), 243-253.
https://doi.org/10.2147/NSS.S158598
O'Donnell, S., Beaven, C. M., & Driller, M. W. (2018b). The influence of match-day napping
in elite female netball athletes. International Journal of Sports Physiology and
Performance 13(9), 1143-1148. https://doi.org/10.1123/ijspp.2017-0793
O'Donnell, S., Beaven, C. M., & Driller, M. W. (2018c). Sleep/wake behavior prior to and
following competition in elite female netball athletes. Sport Sciences for Health,
14(2), 289-295. https://doi.org/10.1007/s11332-017-0425-y
O'Donnell, S., & Driller, M. W. (2017). Sleep-hygiene education improves sleep indices in
elite female athletes. International Journal of Exercise Science, 10(4), 522-530.
Oliver, S. J., Costa, R. J. S., Laing, S. J., Bilzon, J. L. J., & Walsh, N. P. (2009). One night of
sleep deprivation decreases treadmill endurance performance. European Journal of
Applied Physiology, 107(2), 155-161. https://doi.org/10.1007/s00421-009-1103-9
Orzech, K. M. (2013). A qualitative exploration of adolescent perceptions of healthy sleep in
Tucson, Arizona, USA. Social Science & Medicine, 79, 109-116.
https://doi.org/10.1016/j.socscimed.2012.05.001
Palermo, T. M., Toliver-Sokol, M., Fonareva, I., & Koh, J. L. (2007). Objective and
subjective assessment of sleep in adolescents with chronic pain compared to healthy
adolescents. The Clinical Journal of Pain, 23(9), 812-820.
https://doi.org/10.1097/AJP.0b013e318156ca63
Park, S. (2011). Association between short sleep duration and obesity among South Korean
adolescents. Western Journal of Nursing Research, 33(2), 207-223.
https://doi.org/10.1177/0193945910371317
Paruthi, S., Brooks, L. J., D'Ambrosio, C., Hall, W. A., Kotagal, S., Lloyd, R. M., Malow, B.
A., Maski, K., Nichols, C., Quan, S. F., Rosen, C. L., Troester, M. M., & Wise, M. S.
(2016). Consensus statement of the American Academy of Sleep Medicine on the
recommended amount of sleep for healthy children: Methodology and discussion.
Journal of Clinical Sleep Medicine: Official Journal of the American Academy of
Sleep Medicine, 12(11), 1549-1561. https://doi.org/10.5664/jcsm.6288
Peiró-Velert, C., Valencia-Peris, A., González, L. M., García-Massó, X., Serra-Añó, P., &
Devís-Devís, J. (2014). Screen media usage, sleep time and academic performance in
adolescents: Clustering a self-organizing maps analysis. PloS One, 9(6), e99478.
https://doi.org/10.1371/journal.pone.0099478

54

Petit, E., Mougin, F., Bourdin, H., Tio, G., & Haffen, E. (2014). A 20-min nap in athletes
changes subsequent sleep architecture but does not alter physical performances after
normal sleep or 5-h phase-advance conditions. European Journal of Applied
Physiology, 114(2), 305-315. https://doi.org/10.1007/s00421-013-2776-7
Pitchford, N. W., Robertson, S. J., Sargent, C., Cordy, J., Bishop, D. J., & Bartlett, J. D.
(2017). Sleep quality but not quantity altered with a change in training environment in
elite Australian rules football players. International Journal of Sports Physiology and
Performance, 12(1), 75-80. https://doi.org/10.1123/ijspp.2016-0009
Roberts, S. S. H., Teo, W.-P., & Warmington, S. A. (2019). Effects of training and
competition on the sleep of elite athletes: A systematic review and meta-analysis.
British Journal of Sports Medicine, 53(8), 513. https://doi.org/10.1136/bjsports-2018099322
Robson-Ansley, P. J., Gleeson, M., & Ansley, L. (2009). Fatigue management in the
preparation of Olympic athletes. Journal of Sports Sciences, 27(13), 1409-1420.
https://doi.org/10.1080/02640410802702186
Romyn, G., Robey, E., Dimmock, J. A., Halson, S. L., & Peeling, P. (2016). Sleep, anxiety
and electronic device use by athletes in the training and competition environments.
European Journal of Sport Science, 16(3), 301-308.
https://doi.org/10.1080/17461391.2015.1023221
Sadeh, A. (2011). The role and validity of actigraphy in sleep medicine: An update. Sleep
Medicine Reviews, 15(4), 259-267. https://doi.org/10.1016/j.smrv.2010.10.001
Samuels, C. (2008). Sleep, recovery, and performance: The new frontier in high-performance
athletics. Neurologic Clinics, 26(1), 169-180.
https://doi.org/10.1016/j.ncl.2007.11.012
Samuels, C., James, L., Lawson, D., & Meeuwisse, W. (2016). The Athlete Sleep Screening
Questionnaire: A new tool for assessing and managing sleep in elite athletes. British
Journal of Sports Medicine, 50(7), 418. https://doi.org/10.1136/bjsports-2014-094332
Sanz-Milone, V., Narciso, F. V., da Silva Cruz, A., Misuta, M., de Mello, M. T., & Esteves,
A. M. (2021). Sleep of wheelchair rugby athletes: Training, rest and competition.
International Journal of Sports Medicine, 42(2), 169-174. https://doi.org/10.1055/a1192-5845
Sarchiapone, M., Mandelli, L., Carli, V., Iosue, M., Wasserman, C., Hadlaczky, G., Hoven,
C. W., Apter, A., Balazs, J., Bobes, J., Brunner, R., Corcoran, P., Cosman, D., Haring,
C., Kaess, M., Keeley, H., Keresztény, A., Kahn, J.-P., Postuvan, V., Mars, U., Saiz,
P. A., Varnik, P., Sisask, M., & Wasserman, D. (2014). Hours of sleep in adolescents
and its association with anxiety, emotional concerns, and suicidal ideation. Sleep
Medicine, 15(2), 248-254. https://doi.org/10.1016/j.sleep.2013.11.780

55

Sargent, C., Halson, S., & Roach, G. D. (2014). Sleep or swim? Early-morning training
severely restricts the amount of sleep obtained by elite swimmers. European Journal
of Sport Science, 14(1), 310-315. https://doi.org/10.1080/17461391.2012.696711
Sargent, C., Lastella, M., Halson, S. L., & Roach, G. D. (2014). The impact of training
schedules on the sleep and fatigue of elite athletes. Chronobiology International,
31(10), 1160-1168. https://doi.org/10.3109/07420528.2014.957306
Sargent, C., & Roach, G. D. (2016). Sleep duration is reduced in elite athletes following
night-time competition. Chronobiology International, 33(6), 667-670.
https://doi.org/10.3109/07420528.2016.1167715
Saw, A. E., Main, L. C., & Gastin, P. B. (2016). Monitoring the athlete training response:
Subjective self-reported measures trump commonly used objective measures: A
systematic review. British Journal of Sports Medicine, 50(5), 281-291.
https://doi.org/10.1136/bjsports-2015-094758
Sawczuk, T., Jones, B., Scantlebury, S., & Till, K. (2018). Relationships between training
load, sleep duration, and daily well-being and recovery measures in youth athletes.
Pediatric Exercise Science, 30(3), 345-352. https://doi.org/10.1123/pes.2017-0190
Setyowati, A., Chung, M.-H., Yusuf, A., & Haksama, S. (2020). Psychometric properties of
Sleep Hygiene Index in Indonesian adolescents. Journal of Public Health Research,
9(2), 1806-1806. https://doi.org/10.4081/jphr.2020.1806
Shapiro, C. M., Bortz, R., Mitchell, D., Bartel, P., & Jooste, P. (1981). Slow-wave sleep: A
recovery period after exercise. Science, 214(4526), 1253-1254.
https://doi.org/10.1126/science.7302594
Shearer, D., Jones, M., Kilduff, L., & Cook, C. (2015). Effects of competition on the sleep
patterns of elite rugby union players. European Journal of Sport Science, 15(8), 681686. https://doi.org/10.1080/17461391.2015.1053419
Sheehan, C. M., Frochen, S. E., Walsemann, K. M., & Ailshire, J. A. (2018). Are U.S. adults
reporting less sleep?: Findings from sleep duration trends in the National Health
Interview Survey, 2004–2017. Sleep, 42(2), 1-8. https://doi.org/10.1093/sleep/zsy221
Short, M. A., Gradisar, M., Lack, L. C., Wright, H., & Carskadon, M. A. (2012). The
discrepancy between actigraphic and sleep diary measures of sleep in adolescents.
Sleep Medicine, 13(4), 378-384. https://doi.org/10.1016/j.sleep.2011.11.005
Short, M. A., Gradisar, M., Lack, L. C., Wright, H. R., & Chatburn, A. (2013). Estimating
adolescent sleep patterns: Parent reports versus adolescent self-report surveys, sleep
diaries, and actigraphy. Nature and Science of Sleep, 5, 23-26.
https://doi.org/10.2147/NSS.S38369

56

Silva, A., Narciso, F. V., Rosa, J. P., Rodrigues, D. F., da Silva Cruz, A. Â., Tufik, S., Viana,
F., Bichara, J. J., Pereira, S. R. D., da Silva, S. C., & De Mello, M. T. (2019). Gender
differences in sleep patterns and sleep complaints of elite athletes. Sleep Science
12(4), 242-248. https://doi.org/10.5935/1984-0063.20190084
Simpson, N. S., Gibbs, E. L., & Matheson, G. O. (2017). Optimizing sleep to maximize
performance: Implications and recommendations for elite athletes. Scandinavian
Journal of Medicine & Science in Sports, 27(3), 266-274.
https://doi.org/10.1111/sms.12703
Skein, M., Duffield, R., Edge, J., Short, M. J., & Mündel, T. (2011). Intermittent-sprint
performance and muscle glycogen after 30 h of sleep deprivation. Medicine & Science
in Sports & Exercise, 43(7), 1301-1311.
https://doi.org/10.1249/MSS.0b013e31820abc5a
Skein, M., Duffield, R., Minett, G. M., Snape, A., & Murphy, A. (2013). The effect of
overnight sleep deprivation after competitive rugby league matches on postmatch
physiological and perceptual recovery. International Journal of Sports Physiology
and Performance, 8(5), 556-564. https://doi.org/10.1123/ijspp.8.5.556
Sleep in America Polls. (2018). 2018 Sleep Prioritization and Personal Effectiveness
https://www.sleepfoundation.org/wp-content/uploads/2018/10/Sleep-in-America2018_prioritizing-sleep.pdf
Sleep in America Polls. (2020). 2020 Sleepiness and Low Levels of Action
https://www.sleepfoundation.org/wp-content/uploads/2020/03/SIA-2020-Q1Report.pdf
Steenekamp, T., Zaslona, J., Gander, P., Rowlands, D., & Signal, T. L. (2020). Sleep/wake
behaviour of competitive adolescent athletes in New Zealand: Insight into the impact
of early morning training. Sleep Medicine, 77(1), 88-95.
https://doi.org/10.1016/j.sleep.2020.11.023
Suppiah, H. T., Low, C. Y., & Chia, M. (2015). Effects of sports training on sleep
characteristics of Asian adolescent athletes. Biological Rhythm Research, 46(4), 523536. https://doi.org/10.1080/09291016.2015.1026673
Suppiah, H. T., Low, C. Y., & Chia, M. (2016). Effects of sport-specific training intensity on
sleep patterns and psychomotor performance in adolescent athletes. Pediatric
Exercise Science, 28(4), 588-595. https://doi.org/10.1123/pes.2015-0205
Teece, A. R., Argus, C. K., Gill, N., Beaven, M., Dunican, I. C., & Driller, M. W. (2021).
Sleep and performance during a preseason in elite rugby union athletes. International
Journal of Environmental Research and Public Health, 18(9), 4612.
https://doi.org/10.3390/ijerph18094612

57

Twenge, J. M., Krizan, Z., & Hisler, G. (2017). Decreases in self-reported sleep duration
among U.S. adolescents 2009–2015 and association with new media screen time.
Sleep Medicine, 39(1), 47-53. https://doi.org/10.1016/j.sleep.2017.08.013
Venter, R. (2012). Role of sleep in performance and recovery of athletes: A review article.
South African Journal for Research in Sport, Physical Education and Recreation,
34(1), 167-184.
von Rosen, P., Frohm, A., Kottorp, A., Fridén, C., & Heijne, A. (2017a). Multiple factors
explain injury risk in adolescent elite athletes: Applying a biopsychosocial
perspective. Scandinavian Journal of Medicine & Science in Sports, 27(12), 20592069. https://doi.org/10.1111/sms.12855
von Rosen, P., Frohm, A., Kottorp, A., Fridén, C., & Heijne, A. (2017b). Too little sleep and
an unhealthy diet could increase the risk of sustaining a new injury in adolescent elite
athletes. Scandinavian Journal of Medicine & Science in Sports, 27(11), 1364-1371.
https://doi.org/10.1111/sms.12735
von Rosen, P., Olofsson, O., Väsbom, S., & Heijne, A. (2019). Correlates of health in
adolescent elite athletes and adolescents: A cross-sectional study of 1016 adolescents.
European Journal of Sport Science, 19(5), 707-716.
https://doi.org/10.1080/17461391.2018.1552721
Wahlstrom, K. (2002). Changing times: Findings from the first longitudinal study of later
high school start times. NASSP Bulletin, 86(633), 3-21.
https://doi.org/10.1177/019263650208663302
Watson, A., & Brickson, S. (2018). Impaired sleep mediates the negative effects of training
load on subjective well-being in female youth athletes. Sports Health, 10(3), 244-249.
https://doi.org/10.1177/1941738118757422
Watson, A., & Brickson, S. (2019). Relationships between sport specialization, sleep, and
subjective well-being in female adolescent athletes. Clinical Journal of Sport
Medicine, 29(5), 384-390. https://doi.org/10.1097/jsm.0000000000000631
Watson, N. F., Martin, J. L., Wise, M. S., Carden, K. A., Kirsch, D. B., Kristo, D. A.,
Malhotra, R. K., Olson, E. J., Ramar, K., Rosen, I. M., Rowley, J. A., Weaver, T. E.,
& Chervin, R. D. (2017). Delaying middle school and high school start times
promotes student health and performance: An American Academy of Sleep Medicine
position statement. Journal of Clinical Sleep Medicine, 13(04), 623-625.
https://doi.org/doi:10.5664/jcsm.6558
Wolfson, A. R., Carskadon, M. A., Acebo, C., Seifer, R., Fallone, G., Labyak, S. E., &
Martin, J. L. (2003). Evidence for the validity of a sleep habits survey for adolescents.
Sleep, 26(2), 213-216. https://doi.org/10.1093/sleep/26.2.213

58

Wolfson, A. R., Spaulding, N. L., Dandrow, C., & Baroni, E. M. (2007). Middle school start
times: The importance of a good night's sleep for young adolescents. Behavioral
Sleep Medicine, 5(3), 194-209. https://doi.org/10.1080/15402000701263809
Yang, C.-K., Kim, J. K., Patel, S. R., & Lee, J.-H. (2005). Age-related changes in sleep/wake
patterns among Korean teenagers. Pediatrics, 115(1), 250-256.
https://doi.org/10.1542/peds.2004-0815G
Yen, C.-F., Ko, C.-H., Yen, J.-Y., & Cheng, C.-P. (2008). The multidimensional correlates
associated with short nocturnal sleep duration and subjective insomnia among
Taiwanese adolescents. Sleep, 31(11), 1515-1525.
https://doi.org/10.1093/sleep/31.11.1515
Zee, P. C., Attarian, H., & Videnovic, A. (2013). Circadian rhythm abnormalities. Continuum
19(1), 132-147. https://doi.org/10.1212/01.CON.0000427209.21177.aa
Zhang, J., Paksarian, D., Lamers, F., Hickie, I. B., He, J., & Merikangas, K. R. (2017). Sleep
patterns and mental health correlates in US adolescents. The Journal of Pediatrics,
182(1), 137-143. https://doi.org/10.1016/j.jpeds.2016.11.007
Zhdanova, I. V., & Tucci, V. (2003). Melatonin, circadian rhythms, and sleep. Current
Treatment Options in Neurology, 5(3), 225-229. https://doi.org/10.1007/s11940-0030013-0

59

Appendices

60

Appendix 1: Participant Information Sheet

61

Appendix 2: Participant Consent Form

62

Appendix 3: Ethics Approval

63

Appendix 4: Questionnaires

64

65

Appendix 5: Daily Sleep Diary

66

Appendix 6: Daily Exercise Diary

67

