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Abstract 
 
Despite the known restorative effects of sleep and the important role it may play in minimising 

fatigue and optimising adaptation from training, it has been suggested that athletes exhibit poorer 

sleep characteristics when compared to the general population. Whilst there have been 

investigations of the sleep characteristics exhibited during competition, analysis of the objective 

sleep characteristics of team sport athletes prior to and during important competition is limited, 

particularly in elite female athletes. In addition to the competition itself, there are a number of 

factors that may influence an athlete’s sleep. These include the training and competition schedule, 

phases of training and competition, internal and external training load, the athlete’s sleep 

environment, and domestic and international travel. However, the impact of a combination of these 

factors on objective sleep has rarely been explored in elite team sport athletes. Therefore, the main 

aim of this thesis was to investigate the objective sleep characteristics of elite male and female team 

sport athletes during competition. Three studies were conducted in a high performance sport 

environments to assess: (1) the impact of match start time and days relative to a match on sleep; (2) 

the relationships between sleep, training load and well-being; and (3) the impact of the quality and 

quantity of sleep obtained during a long-haul flight on competition sleep and perceptual measures 

including well-being and jetlag.  

 

Study 1 assessed the objective sleep characteristics, via wrist worn actigraphy, of 45 elite male 

Australian Football (AF) players during the pre-season (habitual) and across four home matches 

during the competitive season. For each match start time, the 22 participants who were selected to 

play were assigned an activity monitor to be worn the night before (-1), night of (0), one night after 

(+1), and two nights after (+2) each match.  Differences observed in sleep onset latency (ES=0.11 ± 

0.16), sleep rating (ES=0.08 ± 0.14) and sleep duration (ES=0.08 ± 0.01) between competition and 

habitual periods were trivial. Sleep efficiency (%) was almost certainly higher during competition 

than habitual, however this was not reflected in the subjective rating of sleep quality. In many cases, 

the differences between match start times were trivial or unclear. The evening match start time, 

compared to all other start times, resulted in the clearest differences (e.g., evening matches had a 

likely longer sleep latency and almost certainly lower sleep efficiency). The differences in sleep 

characteristics based on days relative to the match were primarily trivial, however there were 

almost certain decreases in sleep duration for the night of the match compared to +1 and +2 nights 

post-match. The findings of this study indicated that, in general, elite AF competition does not 
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appear to cause substantial disruption to sleep characteristics when compared to habitual sleep.  

Whilst the match start time had some impact on sleep variables, it appears that any match, 

regardless of match start time, may cause disruption to players’ sleep characteristics. The clearest 

disruption to AF players’ sleep occurred in the nights (+1 and +2) immediately following a match, 

which provides an ideal opportunity for intervention to optimise sleep and recovery.  Importantly, 

the subjective ratings of sleep from shortened well-being questionnaires, used routinely in the high 

performance environment appear limited in their ability to accurately provide an indication of sleep 

quality. 

It is recognised that numerous factors may influence the sleep characteristics of AF players, 

including player well-being and training and match day load. Nevertheless, the relationships 

between load, well-being and sleep prior to and following training and matches are not well 

understood.1 Study 2 assessed the association between objective sleep characteristics, self-reported 

measures of well-being and external load of 38 elite male AF players over a 15-day pre-season 

training period. External load was assessed during main field sessions and self-ratings of well-being 

were collected daily.  Canonical correlations were moderate between pre training sleep and training 

load (r range = 0.32–0.49), pre training sleep and well-being (r = 0.32), and well-being and post 

training sleep (r = 0.36). Moderate-to-strong canonical correlations were observed between 

dimensions representing training load and post training sleep (r range = 0.31 to 0.67). Player Load 

TM (PL) and Player Load TM 2D (PL2D) showed the greatest association to pre and post training 

objective sleep characteristics and well-being. External load metrics PL and PL2D showed the 

greatest association between both objective sleep characteristics and well-being measures in AF 

players. This association was observed both prior to and following main AF training sessions. 

Fragmented sleep was associated with players completing the following training session with a 

higher PL2D, and increased wake bouts were associated with lower mood and higher soreness 

ratings. Our findings highlight that the relationship between objective sleep characteristics, training 

load and well-being are not defined by one measure (e.g., sleep duration). Instead, a complex 

interaction of sleep variables may influence both external load and the well-being of AF players. 

These findings have implications for practitioners, particularly when choosing variables to monitor 

AF players’ sleep to assist in the planning and evaluation of training.  

 

The sleep characteristics for both Study 1 and 2 were assessed in players’ habitual sleep 

environments, however it is often a requirement for an elite team sport athlete to travel both 

domestically and internationally for competition.2-5 In order to investigate the impact of 

international travel on the sleep characteristics, well-being and performance of elite team sport 
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athletes,6 the participant group for Study 3 was extended to elite female cricket players, as players 

are required to travel both domestically and internationally for competition. There have been no 

assessments of the objective in-flight sleep characteristics when athletes have the ability to lie flat 

whilst travelling in business class, however the difficulties of obtaining good quantity and quantity 

of sleep during long-haul travel are well documented,4,7 Study 3 assessed the impact of the quality 

and quantity of sleep during an international flight on subsequent objective sleep characteristics, 

training and match day load, self-reported well-being, and perceptions of jetlag in 11 elite female 

cricketers during an International Cricket Council T20 Women’s World Cup. To our knowledge, 

Study 3 is the first objective assessment of the in-flight sleep of elite team sport athletes seated in 

business class during an international flight. The results of Study 3 indicate that maximising the 

opportunity for in-flight sleep quality and quantity by planning the team departure time and 

business class seat selection appear to benefit elite female cricket players’ recovery and sleep 

exhibited during competition. The quality of sleep obtained in-flight had an impact on the self-

reported measures of fatigue during the tournament. Players with a lower in-flight sleep efficiency 

reported higher levels of fatigue during the tournament. Study 2 highlighted that fragmented sleep 

prior to a main training session was associated with lower ratings of mood and increased ratings of 

soreness. This further supports that the quality and quantity of in-flight sleep may have had a 

positive impact on an athlete’s overall well-being and readiness to train upon arrival at the 

international competition destination. The preservation of both the sleep quality and quantity during 

long-haul travel may also be an important strategy to manage jetlag.3,8 Players that slept for longer 

during the flight presented with minimal perceptions of jetlag and this was maintained across the 

monitoring period. In contrast, players with lower in-flight sleep duration reported some 

perceptions of jetlag, which improved two days after arrival at the destination. It is acknowledged 

that the financial constraints of travelling business class may be a limitation for elite team sporting 

organisations, however the investment to achieve sleep quality and quantity similar to habitual 

values prior to an important international competition may outweigh the costs associated with the 

alternative approach of an arriving days earlier (e.g., accommodation) to facilitate recovery from 

travel. 

In summary, the three studies in this thesis add to the knowledge of the objective sleep 

characteristics of elite male and female team sport athletes exhibited during competition. Our 

findings demonstrate that the sleep characteristics during competition are not compromised when 

compared to habitual. However, the habitual characteristics were not optimal, providing the greatest 

opportunity for intervention. The findings provide high performance practitioners and coaches with 
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information to assist with the implementation of individualised and team strategies to optimise the 

sleep, well-being and performance of elite team sport athletes. Furthermore, preserving the sleep 

quality and quantity during international travel should be considered when planning travel and 

training upon arrival at the international competition destination. 
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Chapter 1: Introduction and Overview  
 
Performance in elite sport is influenced by the interaction of fitness and fatigue.9 For positive 

adaptation to occur, a balance between the training dose and recovery is required and, as a result, 

managing training dose and the individual response is critical.10 Optimising the training dose is 

important for improving physical capacity and minising negative training states such as non-

functional overreaching.11 In order to achieve this, high performance programs typically quantify 

training and competition loads and the psychophysiological responses to those loads.12  

Training and competition load can be measured using both external load and internal load metrics. 

External load refers to “what the athlete did” and may include duration, distance and speed which in 

team sports are commonly measured with microtechnology devices including Global Positioning 

Systems (GPS) and accelerometers.12 Internal load refers to “how the athlete responded” and can be 

measured both subjectively (e.g., rating of perceived exertion (RPE)) and objectively (e.g., heart 

rate).12 In addition, athletes regularly undergo assessments to monitor their status during training 

and competition.12 Common examples of these include tests of neuromuscular function and 

hormonal profile.13 However, one of the most common approaches is the requirement for athletes to 

subjectively rate their fatigue, muscle soreness, mood and sleep, amongst other variables, using 

various tools known as athlete reported outcome measures (AROMs).14 

 

There are a number of psychometric inventories that have been validated to assess an athlete’s 

status.15 These inventories may be used to assess; sleep quality (via the Pittsburgh Sleep Quality 

Index (PSQI)); symptoms of stress and life stress (via Daily Analyses of Life Demands for Athletes 

(DALDA)), both physical and mental stress (via Recovery Stress Questionnaire for Athletes 

(RESTQ-Sport)) and mood (via the Profile of Mood States (POMS)).15 However, these inventories 

are not routinely administered in high performance environments due to their length and potential 

burden on the athlete.15 As a result, high performance programs commonly use customised 

shortened well-being questionnaires which are administered daily to obtain global assessments of 

how athletes are tolerating training, competition and life outside of sport.15 These customised 

questionnaires have demonstrated their ability to provide insight into an athlete’s status in areas 

such as muscle soreness, fatigue, mood, stress and sleep.13 However, the sleep items on well-being 

questionnaires, which often include measures of sleep quality and quantity, have received limited 

attention.16  
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The subjective ratings of sleep are routinely collected in high performance programs. However, 

reports of athletes’ inability to recall the sleep duration that they obtain each night questions the use 

of subjective assessments of sleep in team sport athletes.17 It has been suggested that the self-rating 

of poor sleep quality may encompasses a variety of sleep issues and may include; frequent waking; 

a prolonged time to fall asleep or a reduced sleep quality or duration.16 Conversely, good sleep 

quality may represent minimal wake time and waking feeling refreshed with minimal daytime 

sleepiness.16 As a result, subjective ratings of sleep quality may represent several objective sleep 

characteristics.16 It is unknown whether subjective ratings of sleep quality and quantity are reflected 

in measures of objective sleep quality measured via actigraphy in elite team sport athletes.  

 

Despite the known restorative effects of sleep, it has been suggested that athletes’ exhibit poorer 

sleep characteristics when compared to the general population.18 As a result, there is an increased 

focus to objectively measure athletes’ sleep quality and quantity, in an attempt to optimise 

performance and well-being. Polysomnography (PSG) is considered the gold standard for 

monitoring sleep. A PSG assessment monitors brain activity (via electroencephalogram (EEG)), eye 

movement, muscle activity and heart rhythm (via electrocardiogram (ECG)) during sleep, and 

generally requires the participant to spend a night in a sleep laboratory with a technician in 

attendance. For that reason, it is often not viable to complete long-term sleep monitoring studies in 

elite athletes, particularly prior to and during competition.19 Activity monitors provide a practical 

alternative to PSG in the high performance environment and have been validated for sleep 

estimation in athletic populations.20,21 To date, objective assessments of athletes’ sleep 

characteristics using activity monitors have focused on the impact of training schedules,22,23 training 

load,24,25 air travel,4,26,27 the night prior to competition,28,29 and a particular focus on competition 

scheduled in the evening.30 Whilst there have been investigations regarding the sleep characteristics 

exhibited during competition periods,29,31,32 the analysis of the objective sleep characteristics of 

team sport athletes prior to and throughout important competition periods is limited, particularly in 

elite female athletes. There are a number of investigations that do not compare findings during 

competition to how athletes usually sleep in their home and training environment.31 This may lead 

to assumptions regarding the impact that competition has on athletes’ sleep without consideration of 

athletes’ habitual sleep characteristics. In other cases, the analysis of competition objective sleep 

characteristics have been captured during pre-season competition30 or during the competitive season 

without the inclusion of matches.33 Although providing insight into the sleep characteristics 

exhibited during these phases, they may not reflect actual behaviour and sleep characteristics 

exhibited during a competition phase. Developing an understanding of how an elite athlete usually 
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sleeps will allow practitioners to establish an appropriate baseline for comparison with the sleep 

characteristics exhibited during competition. This will provide both the practitioner and athlete with 

insight into the opportunities to optimise sleep during training at home and competition.   

 

In addition to the competition itself, a number of factors may impact an athlete’s sleep. These 

include the training and competition schedule,30 phases of training and competition,32 internal and 

external training load,25,34,35 the athlete’s sleep environment,36 and domestic and international 

travel.5,23-25 However, the impact of a combination of these factors on objective sleep has rarely 

been investigated in elite team sport athletes. For example, although internal and external load 

measures are routinely collected in high performance environments, the interactions between 

internal and external load and objective sleep characteristics of elite team sport athletes prior to and 

following training sessions have not been thoroughly investigated. To date, investigations have 

focused on the relationship between internal and external load and the sleep characteristics 

exhibited following a training session. For example, in rugby league, higher external training loads 

have been associated with small increases in objective sleep quality and quantity following a pre-

season training session.25 This relationship has also been explored in Australian Football (AF) 

where changes in session RPE (sRPE) showed a moderate negative correlation with the sleep 

duration of players during a pre-season training camp.36 However, the sleep characteristics of 

players in this study may have been confounded by the shared living environment and altered daily 

schedule during the training camp. Importantly, the impact of the sleep characteristics prior to the 

training session on the internal and external load of team sport athletes has not been investigated 

and warrants further investigation. 

 

For some athletes, international travel forms a large part of their yearly schedule, both for training 

and competition. The changes in time zone, sleep environment, sleep-wake routines and markers of 

circadian rhythm (e.g., core body temperature and melatonin) associated with international travel 

also have the potential to impact the sleep, well-being and performance of athletes.4 The mismatch 

between players’ body clocks and local time associated with international travel may result in 

symptoms of jetlag, which may impact sleep characteristics and self-reported well-being measures, 

including fatigue and mood.8 The challenge of obtaining good quality and quantity of sleep during 

plane travel is well documented.4,8 Professional football players reported 5.5 h of truncated sleep 

during an 18 h international flight, well below the sleep duration recommendations for the general 

population.4 A shorter mean sleep duration (2.5 h) reported during a 24 h of simulated long-haul 

travel was associated with a reduced intermittent-sprint performance following simulated travel.7 
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The implications of a reduced in-flight sleep quality and quantity on subsequent sleep 

characteristics, symptoms of jetlag and well-being in elite athletes during a competition phase are 

not well understood and remain to be confirmed with further research.3  

Therefore, the first aim of this research was to assess the sleep characteristics of elite team sport 

athletes during the competitive season in response to different match times and to compare in-

season sleep characteristics to habitual sleep characteristics. The second aim was to assess the 

relationships between subjective ratings of well-being, measures of external load and objective 

sleep characteristics prior to and following the main training sessions completed by elite team sport 

athletes. The final aim was to determine the impact of the quality and quantity of sleep obtained 

during an international flight on subsequent objective sleep characteristics, self-reported well-being, 

and perceptions of jetlag during a competition.  

Specifically, this thesis aimed to answer the following research questions; 
 

1. What are the sleep characteristics of elite male Australian Football (AF) players during the 

competitive season in response to different match times and how do these compare to 

habitual sleep characteristics? 

 

2. What are the relationships between external loads, subjective ratings of athlete well-being 

and sleep characteristics in elite AF players during a pre-season training period? 

 

3. What is the impact of an international flight on objective sleep characteristics, perceptions 

of jetlag, and self-reported well-being following an international flight and over the course 

of an international T20 tournament in elite female cricket players.
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Chapter 2: Literature Review  
 
Sleep 

Sleep serves a number of functions including; the restoration of energy, memory 

consolidation and learning, recovery from daily tasks, in addition to protection from potential 

danger (resting at night).11 The importance of sleep can be reflected through the impact that 

inadequate sleep can have on how well the human body functions.11 For example, the absence 

of sleep can have harmful consequences including a negative influence on cognitive 

processes, feeding behaviour, the regulation of glucose, in addition to the hypothalamic 

pituitary adrenal (HPA) axis.37,38 Sleep is strongly linked with improving daily functioning, 

memory, learning capacity and academic performance.11 The requirement for sleep is defined 

as “the optimum amount of sleep required to remain alert and fully awake and to function 

adequately throughout the day”.39 The recommended sleep duration for the general population 

is approximately 7.5–8h.39 Adequate sleep efficiency, suitable timing of sleep and the absense 

of sleep disorders are also essential for healthy sleep.40 Genetic, behavioural and 

environmental factors may also determine an individuals sleep requirements.41 It has been 

suggested that the daily sleep requirement of elite athletes to recover from the rigors of 

physical training and competition may be increased in comparison to the general population.40  

There are two distinct phases of sleep, non-rapid eye movement (NREM) and rapid eye 

movement (REM) sleep.42 These two sleep phases rotate in a ‘sleep cycle’, with each cycle 

lasting between 90 to 110 mins.39 Healthy adults will experience 4–6 sleep cycles during a 

normal sleep oppourtunity.39 Non Rapid Eye Movement sleep is divided into four stages 

(Stages 1, 2, 3 and 4).42 The sleep stages 3 and 4 are together defined as slow-wave sleep 

(SWS). 42 The phases and stages of sleep are outlined in Figure 1. 
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Figure 1: The Progression of Sleep Stages Across a Single Night in a Normal Young Adult is 

Illustrated in this Sleep Histogram. (Halson S.L. Sleep in elite athletes and nutritional 

interventions to enhance sleep. Sports Medicine. 2014;44(1):13-23) 

It has been suggested that SWS has an important role in the recovery function of sleep.14,13 

Compared to periods of wakefulness, SWS is coupled with a decrease in brain glucose 

utilisation, blood pressure, heart rate and sympathetic nervous system activity.14,13 

Throughout the SWS stage, the stress hormone cortisol is inhibited whilst growth hormone is 

released, which stimulates protein synthesis necessary for tissue repair and growth.14,37 It is 

these restorative processes that occur during SWS that may be important for elite athletes to 

recover from the daily rigors of training and competition.  

The REM phase of sleep has been described as “an activated brain in a paralyzed body”.43 

Rapid Eye Movement sleep, is charactertised by periods of rapid eye movement, EEG 

activation and a loss of muscle strength.43 During this stage of sleep, the brain displays similar 

brain wave patterns to those observed during wakefulness.43 However, spinal motor neurons 

are inhibited, suppressing muscle activation during the REM sleep phase.43 The REM phase 

of sleep has a critical role in the consolidation of memories and protein synthesis.43 

 

Sleep is one of the most apparent behaviours that is under circadian regulation.44 Circadian 

rhythms are biological activities that occur over a ~24h period in human metabolism.44 The 

physiological and psychological variables that change rhythmically over a ~24h period 

include core body temperature, cortisol, blood pressure, heart rate, hunger, cognitive 

performance, strength, flexibility, alertness and fatigue.45 These variables are controlled by 

environmental signals  or ‘zietgebers’ via a central circadian pacemaker which is loacted in 

the hypothalamus.45 For humans, the most powerful zeitgeber is light and as a result the sleep-
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wake cycle may influence the circadian system via exposure to periods of light and dark.44,45 

Light exposure has a major influence on the circadian system and numerous functions rise and 

fall over an ~24 hour period.12 For this reason, an increased level of alertness and performance 

occur during the daytime.16  

 

Sleep propensity, or the drive to sleep, is inversely related to core body temperature (CBT), 

peaking before usual bedtime and decreases in the latter half of the evening.44 The stress 

hormone cortisol and blood pressure decrease in the evening and rise in the morning.44 In 

contrast, the hormone melatonin increases in the evening prior to usual bedtime and peaks in 

the middle of the night, with levels decreasing in the morning.44 Other stimuli including social 

contact, consuming food, and physical activity, may also assist in the regulation of the 

sleep/wake cycle.45 Humans can voluntarily adjust their sleep/wake behaviour, which may 

impact ability to remain alert during the day and capacity to sleep at night.44 For an elite 

athlete, abrupt changes in sleep/wake behaviour may occur as a result of the scheduling of 

training and competition, or due to time zone changes associated with transmeridian travel.46 

 

Sleep Measurement in Elite Athletes   
 
Despite the known restorative effects of sleep, it has been reported that athletes exhibit poorer 

sleep characteristics when compared to the general population.18 As a result, there is a focus 

on measuring athletes sleep quality and quantity during training and competition, in an 

attempt to optimise performance and well-being.47 Polysomnography is the gold standard for 

monitoring sleep and is used to identify sleep disorders.19 Polysomnography provides detailed 

information regarding sleep architecture, sleep duration and sleep quality.20 Polysomnography 

typically incorporates the measurement of brain activity (via electroencephalography EEG), 

eye movement (via electrooculogram ECG), muscle activity (via electromyograms EMG) and 

heart rhythm (via electrocardiogram ECG) during sleep.19 Overnight PSG requires the 

participant to spend a night in a sleep laboratory and a technician to be in attendance. This 

measurement process is costly and time consuming and therefore it is often not viable to 

complete during long term monitoring in elite athletic populations, particularly prior to and 

during important competitions.19   

The measurement of sleep in elite athletes is often performed using both objective and 

subjective techniques with activity monitoring the most common objective measure of sleep 

that is used in a high performance environment.48 In addition to objective measurements, 

sleep is often assessed using subjective measures including validated sleep questionaires, 
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shortened well-being questionaires and the use of sleep diaries.49 Both objective and 

subjective methods to measure sleep have benefits and limitations within the elite athlete 

polulation and will be outined below. 

Activity monitors provide a practical alternative to PSG in the high performance environment 

and have been validated for sleep estimation in athletic populations.20,21 Activity monitors are 

a useful way to identify sleep and wake behaviour of elite athletes in the habitual training 

environment,23,24,50 during periods of travel,2,5,27 training and competition.28,31,51 Activity 

monitors are portable, non-invasive and can be operated remotely without the need of a 

technician, allowing large numbers of athletes (e.g., a team) to be monitored at the same time.  

Activity monitors house accelerometer that can estimate sleep characteristics, including sleep 

duration and sleep efficiency via the detection of movement during sleep.20 Sleep wake 

estimates are then calculated using validated algorithms.20 Threshold (low, medium and high) 

based algorithms estimate periods of sleep and wake determined when the activity count fall 

above or below the activity threshold during the sleep monitoring period.20 Epochs (30 or 60s) 

with activity scores that are above the threshold setting used during the sleep monitoring 

period are scored as “wake”.20 Considering that activity monitors are based on the principle 

that movement is increased when people are awake, it is acknowledged that activity monitors 

may overestimate sleep when people lie still in bed, but are not asleep.21 However, when 

activity monitors are used in combination with a sleep diary to assist in the detection of 

periods of sleep, the bias of an activity monitor to measure sleep has been deemed to be 

minimal.20 

There have been a number of investigations to determine the validity of the thesholds used to 

estimate sleep when using activity monitors.21,48 The validity of activity monitors compared to 

PSG in healthy adults demonstrated that the ability of an activity monitor to detect sleep was 

high (91-96%), however it was found that the capacity to detect wake was low (38-54%).20 

The authors reported that when using the medium sleep-wake threshold in healthy adults, the 

sleep duration was underestimated by approximatley 50 minutes and wake duration is 

overestimated by approximatley 40 minutes. This highlights the importance of the selection of 

the sleep/wake threshold, in addition to the interpretation and feedback to the individual 

(coach and athlete) when using activity monitors to assess sleep.  

Compared to the general population, athletes display different movement patterns during 

sleep, and this is particularly apparent during heavy training phases.52 It is possible that sleep 

may be underestimated in athletes if they display high movement levels during sleep.21 For 
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this reason, the population specific validity of the use of activity monitors has also been 

investigated in elite team sport athletes.48 For example, it has been suggested that the ability of 

an acitvity monitor (Actical® Philips Respironics, Inc., Bend, Oregon, USA) to detect wake in 

elite athletes is lower than their ability to detect sleep.48 The specificity in a sample of elite 

athletes (67%-82%) were higher than values reported in healthy adults (38-54%).21,48 In 

comparison to the gold standard PSG, the medium threshold selected when using the 

Actiware software had the smallest mean bias for the following sleep characteristics; wake 

after sleep onset (WASO), sleep duration and sleep efficiency.48 The authors suggest that 

practitioners using Actical activity monitors to asses the sleep of elite team-sport athletes 

should select the medium threshold, which has been show to be moderately sensitive to 

sleep.48 These findings reinforce that when using activity monitors, selecting an appropriate 

sleep/wake threshold is imperative when measuring sleep in the athlete population.21 

Subjective Assessment of Sleep in Elite Sport  
 
There have been numerous assessments of the sleep characteristics of elite athletes prior to 

and during competition that have been completed by subjective assessments alone.53 54 The 

qualitative methods used to assess the sleep characteristics in elite sport have included the 

Competitive Sports, Sleep and Dreams questionnaire, The Pittsburgh Sleep Quality Index 

(PSQI), The Epworth Sleepiness Scale (ESS) and more recently The Athlete Sleep Behaviour 

Questionnaire (ASBQ).49,50,54-56 

The PSQI provides practitioners with a valid and reliable measure of sleep quality.57 The 

PSQI may provide practitioners with the ability to identify “good” and “poor” sleepers and in 

addition may assist with the identification of sleep disturbances that may impact sleep 

quality.57 The PSQI is a simple tool, consisting of 19 self-rated questions that are used to 

assess sleep quality over a month period.57 The 19 self-rated questions (weighted on a 0-3 

scale) are grouped into the following seven score categories including; 1) sleep duration, 2) 

subjective sleep quality 3) sleep onset latency, 4) sleep disturbances 5) sleep efficiency 6) 

sleeping medication use and 7) daytime dysfunction.57 The seven category scores are summed 

to produce a PSQI score, which may range from 0-21.57 A higher PSQI score indicates lower 

sleep quality.57 Although the PSQI is not routinely administered in elite sport, it has been used 

to identify ‘good’ or ‘poor’ sleepers in this population.54   

 

The Epworth Sleepiness Scale (ESS), is an 8 item questionaire that provides a measurement 

of the subject's level of daytime sleepiness. The ESS can be self-administered and produces 

scores from 0 to 24, with scores >10 suggesting increased levels of daytime sleepiness. The 



 28 

ESS correlates with objective measures of daytime sleepiness measured by the multiple sleep 

latency test (MSLT), and has the ability to distinguish individuals with and without sleep 

disorders and those who are and are not sleep deprived.58 This measurement tool has been 

used to assess alterations in mood and daytime sleepiness during a period of sleep extension 

in collegiate basketball players.17 It has been hypothesised that the combination of an athletes 

chronotype and training schedule may influence an athletes ability to perform, therefore the 

ESS has also been used in conjunction with Morningness-Eveningness questionnaire (MEQ) 

to determine the chronotype of elite athletes from a number of sports.56 The MEQ can be used 

to classify athletes’ based on their preference to performing activities in either the morning or 

the evening.56 The MEQ comprises of 19 questions which produce a score ranging from 16 to 

96.56 The lower scores suggest the athletes’ preference to complete an activity in the evening 

and higher scores indicating preference for the morning.56 The Horne and Ostberg 

classification system is used to determine the participants chronotype score (evening type (16-

41), intermediate type (42-58) and morning type (59-86)).56 Chronotype scores may be used 

to assist in the timing of training sessions in high performance environments.56  

 

Athlete specific inventories have been developed to assist in the assessment of the sleep/wake 

behaviors of elite athletes.49 The ASBQ is a practical tool for high performance practitioners 

to assess the sleep behaviours of elite athletes which has been validated against established 

sleep questionnaires including the ESS and PSQI.49 The ASBQ may be useful for monitoring 

changes in athletes sleep/wake behaviour over the course of a season or for assessing 

strategies implemented to in high performance programs to optimise sleep.59 The ASBQ is an 

18-item questionnaire that assesses the sleeping behaviour of athletes and includes areas that 

may impact an athletes sleep/wake behaviour including; muscle soreness, dehydration and 

changes in sleep and wake times.49 The ASBQ asks participants to report how frequently they 

participate in certain behaviours and the score of each response (1= never, 2 = rarely, 3 = 

sometimes, 4 = frequently, 5 = always) are combined to provide an ASBQ score.49 A higher 

ASBQ score is reflective or poor sleep behaviour.49 

To provide a more targeted insight into the sleep characteristics of athletes during 

competition, The Competitive Sports, Sleep, and Dreams questionnaire inventory has been 

developed.55 This qualitative assessment tool has primarily been developed to establish the 

incidence of sleep problems prior to important competition.54,55 The Competitive Sports, 

Sleep, and Dreams questionnaire obtains information on the sleep habits of athletes prior to 

competition or matches.54,55 Athletes are required to report the number of occasions they slept 

worse, better or as usual prior to competitions over the past 12 months.54,55 If an athlete 
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reports experiencing poor sleep prior to competition they are required to answer a series of 

closed response questions identifying; problems experienced falling asleep, the reasons for 

sleep disturbances, the perceived effect of disrupted sleep and the strategies used, if any to 

assist with the sleeping difficulties prior to competition.54,55 When asked about their sleep 

prior to competition 65.8% of athletes indicated that they experienced disturbed sleep prior to  

a sporting event at least once in their career and 62.3% of athletes had experienced this in the 

past 12 months.55 An inability to fall asleep was identified as the major factor effecting 

sleep.55 This study and the use of this qualitative assessment tool provided an insight into the 

self-reported difficulties athletes experience sleeping prior to a competition. However, this 

sleep assessment tool has not undergone the same validation as the ASBQ and may not 

provide a true indication of the sleep difficulties experienced prior to and during competition. 

More recently, The Competitive Sports, Sleep, and Dreams questionaire has been used in 

conjuction with the PSQI to assess the competition sleep habits of a large sample of 

Australian athletes.54 Similar to previous findings employing the questionaire, 64% of athletes 

reported sleep difficulties before to competition at least once time in the previous 12 month 

period.54 The main sleep disruption reported prior to competition was a prolonged time to fall 

asleep due to anxiety regarding competition.54 Interestingly, a large number (59.1%) of team 

sport athletes did not have any strategies in place to assist with the poor sleep experienced 

during competition when compared with individual athletes.54 This investigation highlighted 

the need for education and strategies to optimise sleep in the elite athlete population group.54 

The assessment of sleep difficulties in this study were restricted only to periods of 

competition,, suggesting that further investigation into the habitual sleep habits of elite 

athletes is warranted.  

The above-mentioned qualitative methods to assess the sleep characteristics of elite athletes 

may provide insight to sleep habits or identify poor sleepers in large groups of elite athletes. 

However these questionnaires are rarely routinely administered in elite sport due to their 

length and potential burden on the athlete.15 As a result, due to the ease of adminstration with 

large groups (e.g., team sport athletes), practitioners often implement customised shortened 

questionnaires which include subjective ratings of both sleep quality and quantity as part of 

routine monitoring practices in high performance environments.60 It has been suggested that 

memory biases, mood and personality may affect self-reported assessments of sleep therefore 

the sleep items in shortened well-being questionnaires may not give an accurate evaluation of 

an athletes sleep quality.61 In additon, it has also been highlighted that subjects perceive a 

longer time to fall asleep, recall less wake episodes and either over or underestimate total 

sleep time.62 Other research has observed that athletes perceive a good night’s sleep, which 
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was in contrast to objective measures of sleep quality.55,2 These reports of an athletes inability 

to accurately report their sleep/wake behaviour, questions the usefullness of subjective 

assessments of sleep quality in team sport athletes.17 The mismatch of subjective and 

objective sleep duration has been observed in collegiate basketball players, where players self 

report of total sleep duration was significantly higher than sleep duration measured by 

actigraphy.17 In contrast, a strong agreement between the self-reported and activity monitor 

derived sleep duration has been observed in a group of elite rugby league players.16 These 

contrary findings emphasise the need to investigate the accuracy of the sleep items in 

shortened well-being questionnaires to assess sleep in other team sport populations. It has 

been suggested that the self-rating of poor sleep quality may encompasses a range of sleep 

related issues including, an extended sleep onset latency, frequent awakenings or an 

inadequate sleep duration.16 Conversely, good sleep quality may represent limited 

awakenings, waking feeling refreshed with minimal daytime sleepiness.16 As a result, 

subjective ratings of sleep quality can reflect several objective sleep characteristics, including 

sleep efficiency.16 It is therefore unknown if the sleep items in shortened well-being 

questionnaires are reflected in measures of objective sleep measured via actigraphy including 

sleep efficiency, sleep onset latency and WASO in elite team sport athletes.  

Sleep Characteristics of Elite Athletes 
 
It has been suggested that obtaining sufficient quality and quantity of sleep is the most 

important recovery tool for elite athletes.63 The physical recovery provided by the restorative 

role of SWS is considered critical to recovery effectively from the rigors of training and 

competion.64 However, the emphasis on sleep as a key recovery modality may be overlooked 

or not prioritised when scheduling training in high performance environments.22 In order to 

prevent neurobehavioral deficits in daytime performance, at least 8h of sleep each night is 

recommended, and increasing habitual sleep duration from 7 to 8h per night has been shown 

to result in faster reaction time and improvements in daytime alertness and mood.65,66  

 

Despite the known restorative effects of sleep and the important role sleep may play in 

minimising fatigue and optimising adaptation from training, previous investigations have 

demonstrated that elite athletes exhibit poorer sleep characteristics when compared to the 

general population.17,18,23,50,51,67 In particular, disturbed sleep has been reported to be high 

among elite athletes. 4,27,30,32,54,55,68,69 In particular, the sleep quality of elite athletes appears to 

be at risk prior to competition and matches, following international travel to training and 

competition and also during periods of intense training.4,27,30,32,54,55,68,69 Two underlying 
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mechanisms have been identified that contribute to the sport related insomnia symptoms in 

the athletic population, these include; cognitive arousal prior to sleep and sleep restriction.68 It 

has been proposed that elite sport itself may degrade the sleep quality of elite athletes and as a 

result, the objective assessments of elite athletes sleep have focused on factors that may 

negatively impact sleep, with particular emphasis on the sleep prior to and during 

competition.68,30,53,70,71 As outlined previously, a number of investigations do not compare the 

findings prior to and during competition to an athlete’s sleep in their habitual and training 

environments.31,30 This may lead to assumptions regarding the impact competition has on 

athletes sleep, without consideration of athletes habitual sleep characteristics. In other cases, 

the analysis of competition objectively measured sleep characteristics have been captured 

during pre-season competition30 or during the competitive season without the inclusion of 

matches.33 Although providing insight into the sleep characteristics exhibited during these 

phases, they may not reflect actual behaviour and sleep characteristics exhibited during a 

competition phase. 

 

Habitual Sleep Characteristics  
 

The quality of the literature that has investigated the habitual sleep of elite athletes is low, 

with limited controlled comparisons of athlete and non-athlete sleep.68 Using activity 

monitors, Leeder et. al., reported normative sleep data for elite athletes by collecting ‘out of 

competition’ data in the athletes home sleep environment.18 The sleep data was collected from 

a number of Olympic sport athletes (individual and team sports) and was compared to an age 

and sex matched non-athletic control group.18 The main finding was that the athlete group 

appeared to have a similar sleep duration when compared to the control group.18 There were, 

however, significant differences between the athletes and controls for all other sleep variables 

which may indicate that the quality of sleep of athletes was compromised when compared to 

the controls.18 In particular, the athlete group had a longer sleep onset latency, a lower sleep 

efficiency, spent more time in bed not sleeping and experienced a higher awakenings.18 When 

compared to controls, the athlete group had considerably larger individual variation for each 

sleep variable (e.g., sleep latency 18.2+16.5 min, moving min 87.6+32.6 min and time awake 

1:17+0:31 min).18 The ‘out of competition’ sleep characteristics reported by Leeder et. al, are 

similar to findings from a systematic review which identified a high overall incidence of sleep 

disturbances in elite athletes, including; longer sleep latencies, greater awakenings and reports 

of day time fatigue.68 Despite being collected out of competition, the normative sleep data 
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reported that the mean sleep duration of 6.55+0.43 (h:min) fell below the National Sleep 

Foundation sleep duration recommendation of between 7-9h of sleep for healthy adults.72,73  

 

The comparison between ‘out of competition’ athletes and non-athletic controls provided 

some insight into the habitual sleep characteristics of elite athletes, however the assessment 

duration of four nights may have not been long enough to obtain reliable habitual measures.74 

More recently, the habitual sleep/wake behaviour of elite athletes has been assessed over 

seven consecutive nights during an out of season phase and comparing the sleep/wake 

behaviours of individual athletes with those of team sport athletes.75 Sleep data was collected 

from Australian athletes across nine sports including basketball, cycling, football, mountain 

biking, race walking, Australian football, rugby union, swimming and triathlon.75 The average 

sleep duration of 6.8h is similar to previous findings,18 indicating that both Australian elite 

team sport and individual athletes were obtaining below the general population 

recommendations for sleep duration.18,75 In particular, it was observed that individual athletes 

obtained on average less sleep (6.5h compared to 7.0h) and had a lower sleep efficiency when 

compared to athletes from team sports.75 It has been speculated that the shorter sleep duration 

of individual sport athletes may be attributed to training starting early in the morning.47 

Training sessions that start early have been reported to severely restrict the sleep duration of  

elite swimmers.23 Early morning training schedules may limit the efficacy of training, given 

the impact that chronic sleep restriction can have on both mental and physical performance.23 

It has been demonstrated that perception of effort increases under sleep deprivation which 

may influence an athletes time to fatigue during training.11 Similarly, when sleep duration is 

less than 6h per night, there are disturbances in glucose metabolism and appetitie regulation, 

cognitive function and immune function, all of which can impact an athletes ability to 

perform.23 

With this in mind, future investigations should aim to further increase the understanding of 

the sleep of both individual and team sport elite athletes. Firstly, it is recommended that 

establishing an appropriate baseline through the collection of habitual sleep data over a 

sufficient time period (5 or more nights) in order to provide an insight to how an athlete 

usually sleeps.74 Establishing an appropriate baseline will allow the comparison to the sleep 

characteristics exhibited over a number of scenarios that elite athletes experience during both 

training and competition including; domestic and international travel,2,5,27,45 a change in sleep 

environment,36 evening competition30,70,71, the training load and the athletes schedule.22,23,34,76-

79 This will provide both the practitioner and athlete with an insight into the opportunities to 

optimise sleep during periods of training at home and competition. 
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Competition Sleep Characteristics 
 
The sleep characteristics exhibited during competiton is of importance to both athletes, 

coaches and performance support staff.54 Previous work assessing sleep during competition 

include; the night/s prior to competition, the night of competiton and the night/s immediatley 

following competition.47 The assessment of one of these categories in isolation e.g., the night 

of competition may not be an accurate reflection of the sleep characteristics of elite athletes. 

In addition, a recent systematic review revealed that the majority of studies assessing sleep 

during competition have recruited male team sport sport athletes, therefore these findings may 

not be reflective of athletic populations, including elite female team sport athletes.47 This 

emphasises the need to assess the sleep of elite team athletes over a number of competition 

scenarios, including a variety of competition start times; the nights prior to and following 

competition; during and following an international flight to an international competition 

destination and to include elite female athletes in future investigations.  

The Night Prior to Competition 
 
Previous investigations have indicated that athletes percieve their sleep quality is impaired the 

night prior to competition.54,55 The main sleep difficulty reported was trouble initiating sleep 

due to nervouseness and thoughts about the competition.54 Recent work assessing subjective 

ratings of sleep support the findings of impaired subjective sleep quality prior to 

competition.80 In this investigation, athletes rated their sleep quality significantly worse on the 

morning of competition compared to four nights prior to competition.80 There was, however, 

no significant change observed for ratings of “feeling refreshed”, suggesting the athletes 

perceived a recovery effect of their sleep.80 In addition, the athletes did not report difficulties 

initiating sleep and did not report waking up more frequently the night prior to competition 

when compared to other nights.80 Despite the peception of poor sleep quality not being 

mirrored in the percieved non-restorative effects of sleep, or in the sleep difficulties reported, 

the authors concluded that the poor sleep experienced prior to competition is an issue for elite 

athletes and therefore needs be considered by high performance support staff.80  Furthermore, 

the authors indicated that it is not clear if the impaired perceptions of sleep quality impact 

training or competition performance and that more research in the field is required.80 

However, a recent systematic review and meta analysis did not find consistent evidence of the 

prevalence of pre-competition sleep disturbances, further highlighting the potential limitation 

of subjective assessments of sleep.47 The mismatch between objective and subjective 

assessments of sleep during competition suggest that the sleep of elite athletes should not be 

assessed by subjective measures alone.   
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Contrary to previous reports of impaired sleep prior to important competition, elite Australian 

football players slept for longer, relative to baseline, prior to matches played both home and 

away.26 Similar findings have been reported in elite female basketball players, where the sleep 

duration the night prior to competiton was longer when compared to a habitual baseline.81 The 

authors hypothesised that elite team sport athletes may have developed effective strategies to 

assist with pre-competition anxiety, therfore the players ability to fall asleep was not 

impacted.81 Interestingly, the sleep duration prior to a netball competition was longer than the 

night after (+1) competition.82 A similar increase in pre-competition sleep duration and 

efficiency in comparison to nights following (+2) competition has also been observed in elite 

male volleyball players.83 However, it is unknown how the sleep duration the night prior to 

competition in both of these investigations compare to how the players usually sleep.82,83  

The Night Following Competition 
 
It has been suggested that it is diffcult for athletes to achieve the sleep duration and sleep 

efficiency recommendations on the night of competiton.47 This may be due to cognitive 

arousal prior to sleep and sleep restriction as a result to a delay in bedtime following 

competition.47 A delay in bedtime following competiton may be attributed to a number of 

factors including post-match recovery and media commitments, travel immediatley following 

competiton, muscle pain, elevated core body temperature, increased circulating cortisol, 

sympatetic hyperactivity, the use of caffiene during competition and the use of alcohol 

following competition.84 Athletes may also experience a lengthened sleep onset latency 

following competiton, further delaying sleep and shortening sleep duration.51 

Competition Scheduled in the Evening  
 

There has been a particular focus on the assessment of sleep following competition scheduled 

in the evening.30,70,71,83 A significant decrease in sleep duration and later bedtime has been 

reported in elite male football players, with the authors attributing the sleep reduction to a 

later bedtime as a result of the timing of the match.53 Sargent et. al assessed the impact of 

match start time on the sleep/wake behaviour of elite Australian football players.30 The 

authors concluded that match start time impacted the sleep/wake behaviour in the sleep 

opportunity following the match.30 It was reported that sleep onset was later, the total time in 

bed was shorter and the sleep duration following the evening match was less than following 

the match scheduled in during the day.30 However, these findings may have been confounded 

by the change in the sleep environment following the night match. 
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There are number of possible contributing factors to poor sleep following an evening match. 

The mechanisms responsible for disturbed sleep in elite netball players following evening 

matches has been investigated71 and found that players experienced a lower sleep qualty, 

lower sleep duration, and a reduced perception of sleep quality following a night game when 

compared to a recovery day.71 In addition adrenaline and noradrenaline concentrations were 

reported to be increased prior to and following night matches in comparison with a time 

matched rest day.71 The authors also reported a strong negative correlation (r = -0.611, p = < 

0.01) between sleep efficiency and the players hyperarousal trait score.71 Therefore, there is a 

potential for players with a higher hyperarousal scale rating to be susceptible to disturbed 

sleep during competition or during periods of stress.71 Although this investigation provided 

insight into the possible mechanisms for poor sleep following night matches in team sport 

athletes, the comparisons made were to a rest day, not matches scheduled at different times of 

the day, which limits the ability to assess the effect of competition on sleep.71 In addition, 

only one match was included in the assessment. A longitudinal investigation including more 

than one match and a number of match start times may provide further insight into the effect 

of competition start time on players sleep. The sleep characteristics of elite athletes across a 

number of different competition timetabling scenarios has yet to be investigated.  

In addition to the competition itself, there are a number of factors that may influence athlete’s 

sleep. These include the training and competition schedule,30 phases of training and 

competition,32 internal and external training load,25,34,35 the athletes sleep environment36 and 

domestic and international travel.5,23-25 However, the impact of a combination of these factors 

on objective sleep has rarely been investigated in elite team sport athletes. 

 
Training and Competition Schedule 
 
The schedule of an elite athlete, including early morning training sessions and competition 

scheduled in the evening, may contribute to inconsistent sleep/wake cycles.75 Shift work 

patterns, typified by extremely early or late start times, often leading to individuals incurring a 

sleep debt, have been shown to negatively impact both sleep and recovery.66 Accumulating a 

sleep debt may influence an athletes mood, reaction time, level of daytime sleepiness, 

cognitive functioning and the ability to complete memory tasks.8 It is possible that the 

training and competition schedule of an elite athlete which includes a variety of early morning 

and late evening training and competition start times, may have a similar impact on athletes 

sleep and recovery.   
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An athletes training schedule or the sport they engage in may influence their habitual sleep 

duration by impacting an athletes sleep/wake behavior.22 For example, the difference in sleep 

characteristics of team versus individual athletes has been attributed to the training demands 

and potential early morning scheduling of training in individual sports, which may impact the 

quality and quantity of sleep an athlete obtains.23,75 A number of investigations have reported 

that the sleep/wake behaviour of an athlete may be dependant on the training and competition 

schedule.22,23,85 Sargent et. al assessed the sleep/wake behaviours of 70 elite athletes from a 

number of sports across two weeks of training.22 The majority of training sessions 

commenced between 0500h and 0900h.22 The investigation revealed that there were marked 

differences between the sleep/wake behaviour prior to training days when compared to rest 

days.22 The time in bed was significantly shorter and the bed time and wake time were 

significantly earlier on nights prior to training. In addition, the sleep duration obtained on the 

night prior to training was significantly less than on nights prior to recovery days.22 There 

have been similar sleep/wake behaviours observed in elite rugby league players on nights 

prior to training days when compared to nights prior to a non-training day.51 Players spent 

longer in bed and had an increased sleep duration and sleep efficiency, when compared to a 

night prior to training.51 Consideration of an athletes habitual sleep characteristics is 

imperative in order to implement strategies, including an adjustment of training times to 

optimise the sleep and performance of elite athletes.  

 

The amount of sleep obtained in shiftworkers has been examined and has indicated that for 

each hour the work start time is prior to 0900h, sleep duration is shortened by approximatley 

30 minutes.22 An assessessment of the impact that training start times on sleep duration found 

that the sleep duration of elite athletes also occurred in a similar sytematic fashion.22 For 

every hour that training time as advanced from 0800h to 0500h sleep was reduced by 6min 

(0700h), 48min (0600h) and 102min (0500h).22 The total hours slept has been shown to be 

reduced in elite swimmers that commenced training at 0600h.20 In this group, a reduced sleep 

duration was observed on training days in comparison to non-training days, the authors 

attributing this as result of both the training schedule and training times of this elite group.20 

The sleep duration during the sleep oppourtunity prior to early morning training days was 

5.4h, falling below the general population target of 7-8h/day.20 The sleep efficiency prior to 

training and rest days was 71% and 77% respectively.22 In addition to a the impact of training 

start time on sleep duration, it has also been reported that there was a significant effect for 

self-reported measures of fatigue and total sleep time.22 Athletes with a shorter sleep time had 

higher levels of pre training fatigue, which may have impacted the effectiveness of training.22 
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To date, the relationship between pre training sleep, self-reported measures of well-being and 

training load has largely been unexplored.  

In a comparison of the sleep/wake behaviours in elite rugby league players during the pre-

season and competitive season, the scheduled training time (0700h) during pre-season led to 

an earlier wake for players to adequately prepare and arrive for training.51 In contrast, during 

the competition phase, training started at 0900h allowing a later wake time for players.51 

However in order to compensate getting up earlier, players went to bed earlier during the 

preseason phase, a compensatory behaviour sleep behaviour previously observed in athletes 

participating in trianing sessions with an early morning start time.51 As a result, there was no 

change in the sleep quality or quantity and the total time in bed when comparing the 

sleep/wake behaviours during the  pre-season phase and competition phase of the season.51 

However, there are a number of limitations of this research. Firstly, the monitoring period 

during both the competitve and pre-season were relatively short (7 days) and may not be 

reflective of usual sleep/wake behaviour during the competitive season. Secondly, the sample 

size of players was small (n=7), therefore the findings may not be representative of the sleep 

characteristics of all players in the squad across the competitive season.51 Similar to previous 

findings in elite swimers, the sleep duration of elite rugby league players has been shwn to be 

impacted by teams training schedule.51 On nights before a training session during both the 

competition and pre-season phase, players spent less time in bed and as a result, sleep 

duration was reduced when compared to night before a day off.51 Players may have had the 

intention of going to bed earlier to obtain a good nights sleep, however due to the variation in 

sleep propensity across a 24h day this may have been difficult.22 Sleep propensity is highest 

from 0000h to 0700h, with a second peak in the afternoon.22 A period of low sleep propensity 

in observed in the early evening where there may be difficulties initiating sleep.22 This period 

has been termed the “forbidden zone” and may inhibit an athletes ability to initate sleep in the 

early evening when attempting to compensate for an early wake time.22 

Sleep Environment  
 
An athletes sleep environment may also be disrupted due to a change in training and 

competition location.36 Athletes may be required to share living arragements and/or bedrooms 

with teammates.24 In additon, the athletes sleep may be impacted by the noise and the overall 

comfort of the selected accomodation.10 A change in sleep environment from players habitual 

sleep environment to a shared living arrangement during a pre-season camp has shown to 

impact the sleep quality of elite Australian football players during pre-season training.36 The 

negative effect of a change in sleep environment was observed without factors that may 
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impact sleep including a circadian phase shift due to time zone changes as a result of 

international or domestic travel; an altered training schedule or an increase in total training 

load.36 Despite players spending a longer time in bed, players were unable to achieve their 

habitual sleep duration.36 This may be attributed to the shared living arrangements (e.g., noise 

from teammate, more time in bed reading or watching television) during the monitoring 

period.  

Consequences of Disturbed Sleep 
 
Due to the various factors highlighted in the previous section, athletes may be predisposed to 

periods of sleep restriction during training and competition.4,22,23,36,54,71 Sleep deprivation 

commonly describes extreme sleep loss (> 24h) where no sleep is obtained for prolonged 

periods, however this sustained wakefullness is less likely in the athletic population.86 It is 

possible that athletes may be more at risk to partial sleep deprivation or sleep restriction, 

which may occur when sleep time is later or wake earlier than normal.86 In addition, sleep 

fragmentation (where an athlete frequently wakes during the night) may be considered an 

important issue for elite athletes that warrants further exploration, particularly in the athletes 

habitual sleep and training environment. 

Pain 

Optimal sleep quality and quantity is considered to be important to maintain homeostasis of 

the pain-regulatory process.87 When compared to healthy adults, individuals that suffer from 

insomnia have been shown to experience pain, including pressure pain more frequently and 

intensely.88 An increase in body discomfort was reported in participants that had sleep limited 

to four hours per night over a 12-day period.87 Generalised body pain, back and stomach pain 

over the 12-day sleep restriction period were observed in participants who were pain free at 

the beginning of the investigation.87 These findings support the suggestion that sleep 

restriction may contribute to the pain experience and may be an important consideration for 

injured athletes or for elite athletes that experience sleep difficulties during both training and 

competition.88  

Athletes may experience pain as a result of collisions, muscle damage associated with the 

training and competition or as a result of injuries.89 It has been observed that elite swimmers 

had increased movement during a period of higher training load.52 This increase in movement 

during sleep may have been caused by muscle soreness and fatigue following the increased 

load.52 To date, there is limited information on the interactions between pain and sleep 

characteristics in elite athletes, in particular the association between soreness and fragmented 
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sleep in the athletic population.   

 

Cognitive Function  
 
Maximising sleep quality and quantity may have a positive impact on performance, 

particularly when sustained attention, reaction time and cognitive tasks are required.42 

Extended wake periods or poor sleep has been shown to affect neurobehavioural performance, 

with studies demonstrating the effects of sleep deprivation on higher cognitive functioning.42 

In particular, when using a psychomotor vigilance task, a relationship has been established 

between the amount of sleep deprivation and the decrease in cognitive function.90 It has also 

been established that even relatively moderate sleep restriction, if sustained over multiple 

nights can impact waking neurobehavioral functioning in healthy young adults.91 

When sleep duration is less than 7h in healthy adults, it has been demonstrated that cognitive 

performance is poorer in tests for recation time and decision making, alertness and also 

memory.86 Reaction time has been reported to be slower following an hour of sleep restriction 

over two consequtive nights.92 Decision making is also impacted following periods of sleep 

restriction.86 In elite sport, reaction time and anticipatory skill, which are important in 

decision making, are critical aspects of an athletes perceptual abilities and are considered to 

be advantagous to optimal performance.93 For an elite athlete, an increase in reaction time 

following a small decrease is sleep duration may have a negative impact on performance 

which emphasises the importance of obtaining adequate sleep prior to training and 

competition.86  

The disruption to sleep and possible sleep deprivation associated with shiftwork is well 

documented.91,94-98 Shift work patterns are typified by rotating shifts times, night shifts, 

extended work hours or on-call periods and often require workers to obtain sleep during 

daylight hours.66 Research conducted in aviation, mining and the military has demonstrated 

that sleepiness or fatigue associated with shiftwork can affect driving, decision making, short 

term memory and the ability to perform mathematical calculations.90,91,94,96,98 A reduced sleep 

duration, sleep quality and consequtive night shifts have been associated with accidents 

involving shift-workers.99,66 The irregular nature of an elite athletes training and competition 

schedule, consecutive matches during competition periods or the disruption in circadian 

rhythms due to frequent international travel may have a similar impact to shift work on an 

athletes habitual sleep and subsequent performance, recovery and well-being.22 
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Sleep deprivation studies aim to assess the effects of sleep loss where participants are kept 

awake continously for 24-72h, presenting a potential reason for the limited investigations 

undertaken in the elite athlete population.100 Elite athletes may be predisposed to a varying 

amount of sleep deprivation during both training and competition.101 The amount of sleep 

disruption experienced may be minor (2–4h) or extensive (sustained wakefulness >24h), and 

often dependant on the requirements of the sport (e.g., travel, match frequency and start 

time).101 An investigation assessing the impact of 30h sleep deprivation on consecutive day 

intermittent sprint performance reported that sleep deprivation was associated with reduced 

glycogen levels, altered pacing and a reduced intermittent-sprint performance and an increase 

in perceptual strain.101 Following a competitive rugby match, the same authors assessed the 

impact of overnight sleep deprivation on recovery compared to a ‘normal’ night of sleep (8h) 

to a sleep deprived night sleep (no sleep).102 Overnight sleep deprivation negatively affected 

the recovery (measured via counter movement jump height and cognitive function tests) 

following a rugby league match.102   

Immune Function 
 
A compromised immune function may impact an elite athletes ability to train and compete.103 

Sleep and the circadian system has a strong influence on the immune system and function104 

and similar to other forms of stress, a disruption in sleep influences immunity via the 

stimulation of the hypothalamic-pituitary-adrenal axis and the sympathic nervous system.105 

An increase in the daytime levels of inflammatory markers (Tumor Necrosis Factor, 

Interleukin 1 and Interleukin 6) has been associated with sleep deprivation.106 It has also been 

observed that increased leukocyte and neutrophil counts and C reactive protein107 increase 

following prolonged sleep restriction.106 A night of disrupted sleep, appears to “prime the 

immune system”, resulting in the stimulation of cytotoxic T cells, lymphocytes, and natural 

killer cells to move from the blood stream to possible areas of infection following activity.105 

A single night of restricted sleep (in bed sleeping from 0200h to 0400h) has been shown to 

increase the neutrophil count the morning following disrupted sleep.108 In this investigation, 

the neutrophil count returned to baseline following 10h of recovery sleep.108 A similar 

observation was made when sleep restricted subjects were permitted to nap before the night 

time recovery sleep period, suggesting that supplementing disrupted night-time sleep with a 

nap may counter the inflammatory response.108 Athletes that experience disrupted sleep 

(following an evening match or long-haul travel) may be at risk of a compromised immune 

system, which has the potential to lead to missed training days or inabilty to compete.103 

Strategies to counteract disrupted sleep should be considered in high performance programs.  
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A higher incidence of illness is associated with a reduced sleep duration in Australian 

Football (AF) players over the preseason and competitive season.109 During the 46 week 

assessment period, a reduced sleep quality, both acutely and chronically, resulted in greater 

likelihood of illness in elite AF players.109 In addition, athletes were likley to report a 

significantly lower sleep duration within 7 days prior to reporting an illness.109 Interestingly, 

there were no significant associations between training load and the incidence of illness.109 In 

contrast, the self-reported sleep measures of elite netball players indicated that ‘very poor’ 

sleep quality, in addition to reporting a sleep duration of  <5h or >10h had an association with 

an increased illness risk.110 The mixed findings of the relationship between sleep and illness 

in the elite athlete population may be partly due to the use of shortened well-being 

questionnaires to measure sleep.61 Therefore, future research should aim to use valid 

techniques to measure the sleep of elite athletes to further ascertain the association between 

the sleep quality and sleep duration and illness in elite athletes.109 

Subjective sleep measures have also been included in an assessment of the upper respiratory 

symptoms and subjective jetlag in professional rugby league players following a westward 

long-haul flight from Australia to the United Kingdom.5 The findings suggested that 

westward long-haul travel exacerbates subjective jetlag and upper respiratory symptoms.5 The 

authors proposed that due to the potential stress on the immune system as a result of intensive 

training, athletes may have an increased risk of upper respiratory illness following 

international travel, when compared to the general population.5 A similar observation in the 

increased incidence of illness in endurance athletes following a long-haul flight with a 

decreased in-flight sleep duration.46 To compensate for lost sleep, the athletes nap durations 

were “likely” increased on the first day of arrival and the sleep duration was “likely” 

increased the first night after arrival.46 The athletes self-reported fatigue increased following 

the first night of sleep and it was reported that 25% of athletes experienced illness symptoms 

3-5 days after arrival.46 However, no changes in mucosal markers of immunity (sIgA) or 

stress (cortisol) were observed.46 There is limited information regarding the incidence of 

illness following a long-haul flight. Specifically, there are few investigations on the impact of 

the sleep obtained in-flight on both the sleep characteristics and incidence of illness upon 

arrival. To appropriately assess the impact of a long-haul flight, objective in-flight sleep 

characteristics should be considered. 
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Injury  

The body of work assessing the relationship between the sleep/wake behaviour of elite 

athletes and injury risk is limited.110-112 However, poor sleep across several days/weeks may 

predispose athletes to injury.112 To date, the majority of work investigating the association 

between sleep and injury risk has been undertaken in adolescent athletes.113-116 A systematic 

review examining the association between sleep and sports injuries in adolescent athletes 

revealed that current evidence cannot ascertain the impact of an acute period of sleep 

deprivation may have on injury rates.113 It was however reported that adolescent athletes with 

a habitual sleep duration below 8h per night, or reported sleep fragmentation, are more likely 

to experience musculoskeletal injuries.113 It should be acknowledged that a number of these 

investigations assessed sleep though subjective measures, which may not provide an accurate  

assessment of the athletes sleep duration or sleep quality during the assessment period.116,117 

More recently, the relationship between self-reported measures of training load, well-being, 

injury and illness in elite female athletes has been assessed.110 In this elite population, injury 

and illness had both an increased and decreased association with self-reported measures of 

well-being including soreness, sleep quality, and duration.110 Specifically, the highest risk in 

the 7 day period prior to the injury occurrence was a reduction in sleep duration the night 

prior to the injury.110 

In contrast, the relationship between objective and subjective sleep metrics and injury in 

collegiate football players highighted that sleep quality and sleep quality were not associated 

with injury risk.114 It is however acknowledged that there are a number of contributing factors 

to the risk of injury in elite athletes, including training load and level of fatigue.112 Previous 

work has investigated the impact of stress, competition anxiety, mood states and social 

support in American football players and rugby players.118 It was reported that there was a 

significant relationship between high competitive state anxiety and tension and injury rates.118 

With this in mind, combined research assessing sleep, internal and external training loads and 

well-being of elite athletes may provide further insight into the relationship between these 

measures and the risk of injury in a high performance setting.112  

 

The association between injury incidence and objective sleep of elite Australian football (AF) 

players has been assessed during the AF competitive season.112 Each week, players sleep was 

assessed via actigrapy for five consequtive nights; three nights prior to the match, the night of 

the match and the night following the match during the competitive season, until an injury  

occurred that caused a player to miss a match.112 There was no sigificant effect of sleep on 
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injury occurence.112 The authors hypothesis that lower sleep duration and efficiency would 

incease the incidence of injury was not supported. More recently, reduced objective sleep 

quality was associated with the number of injuries, injury severity, and longer absence time in 

elite soccer players.111 The authors suggest that a low sleep efficiency, high sleep latency, and 

sleep fragmentation in team sport athletes should be an area of consideration for high 

performance personnel, due to the possible association with injuries in soccer players.111 With 

this in mind, future research assessing sleep, internal and external training loads and well-

being of elite athletes may provide further insight into the relationship between these 

measures and the risk of injury in a high performance setting.112  

 

Other  
 
As outlined in a previous section, training sessions scheduled early in the morning can impact 

the sleep duration of elite athletes.22,23 Considering that chronic sleep restriction of <6h per 

night can impair both physiological and psychological performance, training sessions 

scheudled early in the morning may limit the value of the training session.23 In addition, when 

sleep is restricted to less than six hours per night, there are substantial disturbances in 

cognitive and immune function, appetite control and glucose metabolism, all of which can 

impact an athletes ability to perform.100,119-121  

It has been suggested that the impact of sleep restriction on performance may be sport 

specific.86 For example, a reduction in the skill execution in tennis, darts and handball 

goalkeeping has been observed following sleep restriction.86 However, swimming 

performance (measured by lap time) in trained swimmers did not differ in sleep restriction 

when compared to normal sleep time.86 The sleep characteristics of collegiate basketball 

athletes assessed over multiple weeks, revealed reduced cognitive function, altered mood, 

daytime sleepiness, and poorer reaction time due to accumulating a sleep debt.17 In some sleep 

deprivation studies, mood alteration is a consistent finding although performance has not 

always been affected.122 For an elite athlete, mood alteration has the potential to affect 

motivation to train and willingness to give maximal effort in both training and competition.11 

In addition, perception of effort has been shown to increase following sleep deprivation, 

which may influence an athlete’s time to fatigue during training and competition.11 Despite 

the demonstrated performance implications of sleep deprivation, the impact of sleep 

restriction in elite athletes across a competitive season is largely unknown.  
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Travel and Sleep 
 
Domestic and international travel forms a large part of many professional and Olympic 

athletes training and competition schedule.2,4,5,27,123-125 Changes in time zones, habitual sleep 

environment, sleep/wake routines and the circadian rhythms changes associated with travel 

have the potential to impact an athletes sleep and training and competition 

performance.2,4,5,27,123-125 To date, the investigations assessing the impact of international 

travel on performance in elite athletes have reported a reduced physical performance,126 

changes in physiological variables127 and alterations to self-reported measures of well-

being,27,69 in particular mood and fatigue following transmeridan travel.7 As discussed in the 

Sleep section (Chapter 2, pp 23-24), most physiological functions exhibit a circadian rhythm 

and performance following travel may depend upon the degree of disruption to the circadian 

rhythm, in addition to the time of training or competition relative to the circadian system.7 

Sleep disruption prior to, during and following travel may be responsible for the physiological 

and perceptual responses that impact performance, and it is possible that sleep disruption is 

the primary mechanism of the negative impacts on performance, health and self-reported 

well-being in athletes following transmeridian travel.7 

 

The travel schedule of an elite athlete, specifically the flight duration, transit time and the 

selected travel class may influence the oppourtunity to obtain optimal sleep during travel.47,69 

The challenge of an athlete obtaining good quality and quantity of sleep in-flight has been 

well documented.4,7,8,46 Contributing factors to the challenges of achieving optimal sleep in-

flight include; an uncomfortable upright position of an economy class seat, mild exposure to 

hypoxia, light, noise, the timing of meals and a disruption in usual routine experienced in-

flight.46,69 The majority of in-flight sleep assessments of elite athletes have been during 

economy class travel or simulated economy class conditions, which may in fact amplify the 

difficulties reported obtaining sleep in-flight due to the cramped and uncomfortable 

conditions associated with economy class, in addition to an inability to lie flat to sleep during 

the flight.4,5,7,27,46 For example, both sleep quality and quantity increased when the back angle 

of the seat was increased (e.g., ability to recline or lie flat).95 The possible mechanisms for the 

difficulty sleeping in an upright position (i.e. seated in economy class) may include; difficulty 

maintaining head position and a heightened level of physiological arousal associated with a 

decrease in parasympathetic activity and an increase in sympathetic activity when attempting 

to sleep in an upright position.95 Although the challenges of sleeping in an upright position in 

economy class have been highlighted,7,27 the quality and quantity of the in-flight sleep when 

seated in other classes that have the ability to lie flat (e.g., some business class flights) have 
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not been thoroughly investigated in the athletic population and should be considered in future 

research.128  

 

Athletes may experience ‘travel fatigue’ following both international and domestic travel or 

as a result of high frequency travel across a competitive season.129,130 The symptoms of travel 

fatigue may include persistent fatigue, headaches, changes in mood and loss of motivation.131 

These negative perceptual changes may be reflected in athletes self-reported measures of 

well-being during and following travel.132,123,131 The total travel time, including the flight 

duration, time in transit, ground travel in addition to other stressors, including travel delays 

may contribute to travel fatigue.132 The flight departure time may impact an athletes 

sleep/wake behaviour prior to international travel.69 For example, a reduced sleep duration 

and sleep efficiency has been reported in elite athletes with both an early and late travel 

departure time.69 These factors highlight the potential sleep disruption prior to departure, 

particularly if the planned flight departure time or flight duration encroaches on an athletes 

habitual sleep/wake behaviour.47,69 Therefore it is possible that athletes may enter travel with 

an accumulated sleep debt, which may be further exacerbated during travel.  

 

In addition to travel fatigue, travel that involves the crossing of several time zones may result 

in a variety of symptoms occurring in the days following travel, referred to as ‘jetlag’.8,131 

Jetlag occurs as a result of the mismatch between a circadian system which is synchronized to 

the departure time zone and is also influenced by the sleep and wake time at the travel 

destination.123 Sleep loss is one of the main reported symptoms of jetlag and as discussed in 

an earlier section (Chapter 2, Consequences of Disrupted Sleep pp 37-43), a disruption in 

sleep may impact an athlete’s cognitive performance and induce negative perceptual changes 

including daytime fatigue and changes in mood.69 Other symptoms of jetlag include 

irritability, loss of motivation to train, impaired mental and physical functioning, and irregular 

digestive function.123,131 The severity of jetlag symptoms depend on the number of time zones 

crossed, in addition to the direction of travel.8 For example, difficulties initiating sleep at the 

destination are observed following eastward flights, due to the circadian system running 

behind the local time.123 In this case, the circadian system has to advance in order to adjust to 

the new time zone.123 In contrast, following westward travel, the circadian system will be 

running ahead of the local time.123 In this instance, the circadian system will need to shift 

back to adjust to the new time zone.123 This is often associated with early awakenings 

following westward travel.123,131 Ideally, athletes travel should be planned to arrive with 

adequate days prior to a competition to allow adequate time to adjust to the new time zone.8 
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The time period required for adjustment will be dependant on the number of time zones 

crossed, however it has been suggested that planning one day for each time zone crossed is 

reported to allow adequate time for adjustment irrespective of direction of travel.8  

 

Similar to travel fatigue, the severity of jetlag symptoms may also have an impact on an 

athlete’s self-reported measures of well-being.69 Athletes may experience fatigue, tiredness 

and reduced motivation not only due to the sleep loss associated with jetlag, but also due to 

impact of the adjustment of the body clock following travel.131 To date, there have been 

mixed findings on the impact of international travel on perceived well-being of elite 

athletes.4,7,69 For example, no significant differences were observed in the well-being of 

professional footballers following westward travel, despite reports of truncated sleep 

durations in-flight.4 In contrast, depression and greater perceived fatigue and anger were 

reported following a reduction in both sleep quality and quantity during simulated 

international travel.7 As proposed earlier, preserving sleep quality and quantity during long-

haul travel may be an important strategy of jetlag management and well-being.3,8 Future 

research should aim to further explore the relationship between the quantity and quality of 

sleep obtained during the travel period on the perceived symptoms of jetlag and well-being 

upon arrival at the competition destination.3,8 It has been suggested that preserving sleep 

quality and quantity during periods of travel may be an important strategy of jetlag 

management.133 However there have been limited investigations of the quality or quantity of 

sleep athletes obtain during international travel in order to assess the association between the 

sleep obtained during travel and the perceptions of jetlag upon arrival. Therefore, future 

research should aim to assess the impact of the quality and quantity of sleep obtained during 

the travel period on subsequent symptoms of jetlag and well-being at the travel destination.  

 

The quantity and quality of sleep obtained during the travel period and the flight arrival time 

may impact the athletes sleep/wake behaviours upon arrival.4 For example, professional 

football players reported 5.5h of truncated in-flight sleep during 18h of long-haul travel, well 

below the general population sleep duration recommendations and also below the players self-

reported habitual sleep duration.4 As a result, a ‘rebound’ effect was observed upon arrival at 

the competition destination, with an increased sleep duration on the first night at the 

competition destination.4 A limitation of investigations of athletes sleep following 

international business class travel is that they have not included an objective assessment of in-

flight sleep, which in addition to the athletes sleep/wake behaviours following the flight, may 

impact the athlete’s well-being and performance upon arrival.69 The self-reported sleep and 
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wellness of professional rugby league players following a business class flight suggests for up 

to 8 days following a westward flight, that the perceptions of jetlag and self-reported upper 

respiratory symptoms may be increased.69 However an objective assessment of sleep obtained 

in-flight or following the flight was not included in this investigation, which due to the 

limitations of subjective measures of sleep in a previous section, may not provide a true 

indication of the impact of the flight has on players well-being and sleep upon arrival.69 

Therefore future research should aim to use objective techniques to measure in-flight sleep to 

futher explore the impact on international travel on subseqent sleep, well-being and 

performance.4  

 

In addition to influencing the athletes’ sleep/ wake behaviour upon arrival, the sleep obtained 

during the travel period may impact the symptoms of both jetlag and travel fatigue. Due to the 

perceptual changes that are associated with the symptoms of travel fatigue and jetlag, 
132,123,131,69 the impact of athletes’ perceptual measures on training load should also be a 

considered following international travel. The association between self-reported measures of 

well-being and training load in elite team sport athletes has been discussed in the Training 

Load and Well-being section (Chapter 2 Monitoring Training Load and the Training 

Response, pp 51- 52), however these relationships have been largely unexplored together with 

in-flight sleep following international travel.4,69,134 One of the few studies that has assessed 

the impact of international travel on training load, sleep quantity, subjective jetlag ratings and 

subjective ratings of well-being (fatigue, sleep quality, muscle soreness, stress levels and 

mood) revealed that training time and load, combined with mean ‘wellness’ score (determined 

by summing the 5 scores from the well-being questionnaire) were lower in the week 

following the travel period.69 This was likely due to differences in the training schedule in 

competition destination following travel, compared to the home training week.69 This 

investigation revealed that sleep was reduced the night prior to travel due to the early 

departure time and also following competition which was attributed to the late match finish 

time.69 The subjective ratings of jetlag were greater and well-being was reduced throughout 

the travel week, however it is possible that these ratings may have been confounded by the 

sleep disruptions associated with pre-flight and competition rather than the impact of the 

long-haul flight itself.69 Future research should aim to investigate the relationship between 

objective in–flight sleep, training load, perceptions of jetlag and self-reported measures of 

well-being following international travel. Understanding and improving sleep duration and 

quality during international travel may improve player’s well-being and capacity to train and 

compete upon arrival at the competition destination. 
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Travel forms an essential part of an athletes training and competition schedule, therefore the 

impact of the travel schedule on athletes habitual sleep/wake behaviours should be considered 

when the planning both the travel and the training schedule upon arrival. Given the reported 

disruptions to sleep prior to and during travel, the interaction between in-flight sleep, 

perceptions of jetlag, well-being and training load following the travel should be further 

investigated. Developing an in depth understanding of the interaction between these factors 

may assist high performance practitioners to effectively plan the travel of elite athletes to 

minimise the symptoms of travel fatgie and jetlag and to optimise both performance and well-

being.  

 
Strategies to Optimise Sleep in Elite Athletes  
 
Due to the possible sleep disruptions elite athletes may experience during training and 

competition22,23,30,54,67 and the known role that sleep plays in the recovery process, there are a 

number of interventions that may be employed to optimise sleep quality and quantity.65,84,135-

137 From normative habitual sleep data of elite athletes, it appears that not only increasing 

sleep duration, but also implementing strategies to improve the fragmented sleep that elite 

athletes experience may be an area of focus for high performance programs.35,52 Common 

strategies used in the athletic population include sleep extension, napping, and education and 

implementation of sleep hygiene strategies.137-140  

 

Sleep Extension 
 
The performance benefits of sleep are apparent through the extension of sleep 

duration.17,65,132,135,136,141 Sleep extension over a one week period improved the serving 

accuracy of tennis players.136 The sprint times, skill execution (shooting accuracy), and self-

reported mood of collegiate basketball players also improved following a 5-7 week sleep 

extension period where players were encouraged to obtained as much extra sleep as 

possible.17 However, due to the absense of a control arm in this investigation, the performance 

improvements observed in collegiate basketball players may have been attributed to a training 

response, rather than the sleep extension intervention.137 Recent work has assessed the effects 

of both the extension and restriction of habitual sleep duration on endurance cycling 

performance.137 The counter balanced crossover design assessed three conditions: 1) sleep 

restriction, 2) normal sleep, and 3) sleep extension on time trial performance.137 The study 

revealed that sleep extension led to an improved endurance performance when compared to 

habitual sleep and restricted sleep.137 In a national netball tournament, the top two finishing 

teams had a higher sleep duration when compared to lower placed teams, indicating the 
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amount of sleep obtained during a competition may also impact tournament standings.29 

Interestingly, the top two finishing teams also had a higher sleep duration than habitual, which 

is contrary to previous reports of disrupted sleep characteristics during competition.29 

Extending sleep may be a strategy employed by high performance programs in the lead up to 

periods with anticipated disrupted sleep including long-haul travel, consecutive days of 

competition, early morning training and evening matches.4,23,70 Future research should aim to 

develop a further understanding of the impact that a range of competition, travel and training 

scenarios have on elite athletes sleep, to guide the development of individual sleep extension 

guidelines. 

 

Sleep Hygiene and Education 
 

Sleep hygiene are a combination of behavioural and environmental practices that assist in 

optimising sleep.142 Sleep hygiene strategies have been demonstrated to be effective for 

optimising sleep/wake behaviours in elite athletes.70,140,142,143 Sleep hygiene education is often 

included as part of routine education in high performance programs and specific examples of 

sleep hygiene behaviours include avoiding the use of electronic devices prior to bed time, not 

watching TV or using screens (e.g., iPads, laptops etc) in bed and establishing a cool, dark 

and quiet sleep environment.70 In the general population, individual sleep hygiene education 

has been demonstrated to significantly improve sleep quality, however the findings in elite 

sport are mixed.70,144-146 

 

Sleep hygiene can be assessed by measuring behaviours and environmental factors that are 

thought to interfere with sleep.142 Sleep hygiene can be assessed via The Sleep Hygiene 

Index, which is a 13 item questionnaire where participants are required to indicate how 

frequently (always, frequently, sometimes, rarely, never) they engage in particular behaviours 

e.g., go to bed angry, stressed, upset or nervous or use caffeine or alcohol prior to bed.142 

Each item score is added to provide an assessment of sleep hygiene, a higher score indicating 

poor sleep hygiene.142 An acute sleep hygiene strategy was assessed in highly trained amateur 

football players following an evening match.70 Players allocated to the sleep hygiene group 

had no delays post-match to enable them to increase the players opportunity to sleep.70 In 

addition, players rooms were temperature and light controlled (17 degrees C), were a 

provided with optional ear plugs and eye masks, and technology was removed ~30 minutes 

prior to bed.70 The sleep hygiene strategy increased the sleep duration of players when 

compared to non-sleep hygiene group, despite an increase in fragmented sleep.70 However, 
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the sleep hygiene intervention demonstrated no improvements in markers of muscle damage 

and inflammation or perceived recovery and stress.70 In addition, players did not report and 

differences between the two conditions.70 In contrast, an acute sleep hygiene education 

program delivered to elite female athletes, resulted in a significant improvement in sleep 

duration and wake time..143  

Personalised sleep hygiene strategies had a positive impact on both the objective and 

subjective sleep/wake behaviours of elite male cricket players.145 The sleep hygiene education 

delivered to players included; strategies to optimise the sleep environment (e.g., a cool, dark 

and quiet bedroom), establishing a regular sleep/wake routine, minimising the use of 

stimulants and electronic devices prior to bed and the inclusion of relaxation techniques prior 

to bed.145 The targeted individual sleep hygiene education improved the sleep efficiency and 

the time to fall asleep and daytime sleepiness in elite cricketers assessed via subjective 

(ASBQ, ESS and PSQI) and objective (wrist actigraphy) measures.145 Further research is 

required to establish whether acute sleep hygiene strategies improve sleep in a chronic setting 

i.e. over a competitive season.143  

Napping  
 

Napping is a strategy that can be used to supplement disrupted nocturnal sleep, as a recovery 

tool and has been proposed to increase performance in the afternoon.138,147,148 Combining 

nocturnal sleep and a supplementary nap during the daytime has been reported to reduce the 

decline in cognitive functions of adolescents where sleep duration over a 24h period was less 

(i.e. 6.5h) than recommended.148 These findings suggest that a 6.5h nocturnal sleep combined 

with a l.5h nap achieved similar cognitive performances and mood as the nocturnal sleep only 

schedule.148 Combining nocturnal sleep and a daytime nap may be a possible strategy for 

athletes to obtain an adequate sleep duration when nocturnal sleep is compromised (e.g., 

following competition or travel).  

 

As mentioned earlier, an afternoon nap following a disrupted night sleep may also counter the 

inflammatory response associated with sleep restriction.108 In addition, performance declines 

in the afternoon and including a nap may be a countermeasure of the “post-lunch dip” and 

reduce daytime sleepiness.149 There are however some potential negative effects of napping 

such as ‘sleep inertia’, often described as feeling ‘foggy’ upon waking, which may impact on 

an athletes alertness and ability to make decisions or impair their reaction time.149 
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To ascertain the ideal nap duration for improving performance following restricted nocturnal 

sleep, an investigation comparing the benefits of a no nap control, with a nap duration of 5, 

10, 20, and 30 minutes.150 It was determined that a 10min nap was the most effective nap 

duration following mild nocturnal sleep restriction as this duration resulted in an increase in 

both performance and alertness when compared to other nap durations.150 However, nap 

durations ranging from 9-30 minutes have also demonstrated a positive impact on alertness 

and performance following restricted nocturnal sleep, although findings regarding the 

performance improvements have been mixed.138,139,150 For example, a post-lunch 30 minute 

nap improved alertness and sprint performance following partial sleep restriction.138 In 

contrast, a 20 minute nap prior to the “post-lunch dip” improved daytime sleepiness and 

subjective ratings of performance however no improvements in performance were 

observed.149 It may be important to consider the objective of the nap (e.g., recovery or to 

compensate for partial sleep restriction) to determine both the timing (e.g., prior to or 

following a training session or competition) and nap duration.  

 

Elite athletes may include naps into their daily routine to assist with recovery following 

morning training sessions.147 The sleep characteristics during a nap taken after a morning 

endurance training session have been assessed using PSG.147 In addition, the scheduling of the 

of the nap, including the time between the training session and the nap on the sleep quality of 

the recovery nap was investigated.147 A 90min endurance training session was followed by a 

90min daytime nap either 1 or 2h after the training session, commencing at either 1030h or 

1130h.147 The duration of SWS was significantly greater during the 1130h naptime compared 

with the 1030h naps.147 However, there was no significant difference in the duration of SWS 

between a 1h or 2h time interval between training and the nap.147 In addition, the time interval 

between endurance training and nap duration had no significant effect on the duration of 

SWS.147  
 
Due to the potential performance benefits following a nap, they may be included as part of 

pre-match routine for elite athletes.139 The influence of match day napping on the self-

reported energy levels, neuromuscular performance and coach perception of performance 

have been assessed in elite netball players.139 Players were required to have 2h of downtime 

6h prior to the commencement of each match during each season.139 During downtime, 

players were encouraged to stay in their hotel room and were able to individually decide how 

to use this time to prepare for the match.139 If a nap was taken, players were required to 

estimate the duration of the nap.139 Following this period, players completed their warm up 

routine which included a team walk, followed by a jump test and completed perceptual 
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measures.139 The findings of this study revealed that the perceived match performance and 

objective measure of performance (neuromuscular jump) were higher for players that napped 

for less than 20 minutes on the day of competition in comparison to athletes that did not nap 

at all.139 These findings suggest that providing opportunities in the team schedule to enable 

elite athletes to sleep prior to competition may have a positive impact on performance.  

 
Monitoring Training Load and the Training Response 
 
Performance in elite sport is a balancing act influenced by the interaction of fitness and 

fatigue.151 Training has been defined as the process of systematically performing exercises to 

improve an athletes physical abilities and to acquire specific sport skills.12 The exercise bout 

induces a psychophysiological response, and it is this response that disrupts homeostasis and 

provides the stimulus for adaptation.12 These adaptive responses are required to support 

changes in an athletes physical capacity, injury prevention, health and to optimise 

performance.12 As part of the normal training process athletes may experience a state of 

functional overeaching and an acute reduction in performance.152 When the training stress and 

recovery is not balanced, an athlete may suffer from non-functional overeaching which may 

be characterised by the development of unplanned or persistent fatigue.11,152 When balance is 

achieved, the optimal adaptation occurs during a period of recovery.12,153 The training process 

to obtain physiological adapatations is outlined in Figure 2.12 It is suggested that the training 

program should aim to target the systems that determine performance, including training 

status, nutriton, the environment and psychological status.12 Interestingly, despite the known 

role in the recovery process, sleep has not been considered in this framework. 

 

Figure 2: Theoretical Framework of the Training Process. (Impellizzeri F, Marcora S, and 

Coutts A. Internal and external training load: 15 Years On. International Journal of Sport 

Physiology and Performance. 2019;14:270-273) 
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Quantifying Training Load  
 
In order to achieve an optimal balance between the training stress and recovery, high 

performance programs have an emphasis on quantifying training and competition load and the 

psychophysiological response to that load.12 Training load can be quantified using both 

external and internal load metrics.12 External load refers to “what the athlete did” and is 

determined by the planning of the training and competition and may include variables such as 

duration, speed and distance.154 Internal load refers to “how the athlete responded” and can be 

measured both subjectively (e.g., rating of perceived exertion (RPE)) and objectively (e.g., 

heart rate).12  

In team sports, external load can be measured in ‘real time’ with microtechnology devices 

such as Global Positioning Systems (GPS) and accelerometers.12 Global Positoning System 

technology is routinely used team sport to examine training and competition load and 

performances, to assess positional workloads and to establish training intensities.154 Initially, 

GPS was used to measure player movement including distance, speed and also the number of 

accelerations and decelerations.154 More recently, the inclusion of an internal trixial 

accelerometer housed in GPS devices enable the sum of accelerations in all three axes (X,Y 

and Z planes) to enable the measurement of costly movements (eg: physical contact and 

grappling) not quantified by speed and distance.154 Microtechnology devices have high 

reliability (CV = 1.9%) and are valid for quantifying external load in applied settings.155 

Player LoadTM (PL)155 is vector magnitude which combines the rate of acceleration from the 

three accelerometers, and useful for quantifying all activity including skill and contact based 

activities related to intermittent team sport.155 Player LoadTM 2D (PL2D) is derived from the 

anterioposterior and mediolateral accelerometers only155 whilst Player Load TM Slow (PLslow) 

represents activity (e.g., grappling) performed at velocities < 2m.s-1.155 The ability to 

accurately monitor external load provides coaches and high performance staff with 

information to precisely plan, implement as well as review training and competition load.153  

 

However, the exclusive use of external load measures does not provide a direct indication of 

the physiological stress imposed on individual athlete.12 There are various factors, including 

the athletes health, training status and environmental conditions that may result in an 

individual athlete experiencing a different internal load when provided with the same external 

load.12 Rate of Percieved Exertion (RPE) is a simple, non invasive and inexpensive measure 

and has been validated as a useful tool to estimate internal load.156 The RPE scale is a reliable 

measure used to assess internal load due to strong correlations between RPE and 
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physiological parameters in maximal and submaximal exercise.157 Training intensity, assessed 

by the RPE scale and collected following the session, can be used in conjunction with session 

duration to quantify internal load in athletes.9 The RPE is multiplied by session duration to 

calculate a training impulse score, referred to as the session-RPE (s-RPE).158 As RPE 

represents psychophysiological effort it may be considered the gold standard for the 

quantification of internal load. 156  

As outlined in an earlier section, sleep disruption in athletes is associated with reduced 

cognitive function, altered mood, daytime sleepiness, and an increased reaction time.17 An 

alteration in mood has the potential to affect an athletes motivation to train and willingness to 

give maximal effort.11 In addition, perception of effort has been reported to increase following 

sleep deprivation.11 Given that sleep deprivation can impair mental and physical performance, 

it is possible that disrupted or fragmented sleep prior to training may also impact individual 

athletes RPE.23 Future research should consider the relationship between the sleep obtained 

prior to a training session and the individual athlete response to the training session through 

the measurement of session RPE. 

Self-Reported Measures of Well-being 
 

Whilst RPE represents the perceived effort during a session and can be combined with 

duration to provide a representation of internal load, the self-reported ratings of an athletes’ 

response to training is also routinely collected.159 A common approach used to monitor 

athletes in high performance programs is to use AROMS where athletes subjectively rate their 

fatigue, muscle soreness, mood and sleep, etc.14,159 These inventories are used as status 

indicators of an athlete’s readiness to train and may also aid communication between high 

performance staff and athletes and also between high performance staff and coaches.14,160 

Various psychometric inventories have been validated to assess an athlete’s status during 

training and competition.15 In particular, measures of perceived stress and recovery (e.g., 

(RESTQ-Sport), sleep quality (e.g., Pittsburgh Sleep Quality Index) mood disturbance (e.g., 

POMS) and life stress and the symptoms of stress (e.g., DALDA) have been investigated and 

can be used for athlete monitoring.15 However due to their length and potential burden on the 

athlete, these inventories not routinely administered in an applied setting.15  

 

Due to the ease of administration, customised well-being questionnaires are routinely 

implemented to assess how an individual athlete is tolerating training, competition and other 

external stressors.15 However, the validity of single item well-being questionnaires is 
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currently a matter of debate.160,161 Originally devised to assist with the monitoring of 

overtraining, the origin of single item well-being questionnaires have been designed on the 

work of Hooper et al,162 which included the following four items; fatigue, sleep quality, 

muscle soreness and stress.161 However although routinely used, customised questionnaires 

are often designed ‘in-house’ and have not undergone a process of validation.161  

 

Customised well-being questionnaires consist of a number of questions which athletes 

subjectively rate physical (e.g., fatigue and soreness) and psychological or lifestyle factors 

(e.g., mood, sleep, stress and well-being).163,164 High performance programs typically 

administer well-being questionnaires in the morning, prior to the training session or 

competition using a Visual Analogue or Likert scale.165 It is however possible that these 

questionnaires may be vulnerable to measurement error, including unknown biases in both 

meaning and interpretation.161,160 Findings from a recent systematic review indicated that it is 

not known whether these measures respond to training load or influence an athletes 

recovery.160 In addition, the sleep items on well-being questionnaires, which often include 

measures of sleep quality and quantity, have received limited attention.16,17,16 The self-rating 

of poor sleep quality may encompasses a number of sleep disturbances issues including, an 

increased time to fall asleep, frequent awakenings and inadequate sleep duration.16 

Conversely, good sleep quality may represent minimal awakenings, waking feeling refreshed 

with minimal daytime sleepiness.16 As a result, subjective ratings of sleep quality may 

represent several objective sleep characteristics..16 It is therefore unknown if subjective 

ratings of sleep quality and quantity in routinely administered well-being questionnaires are 

reflected in measures of objective sleep quality measured via actigraphy including sleep 

efficiency, sleep onset latency and WASO in elite athletes. 

 

Training Load and Well-being  
 
Although well-being questionnaires have not necessarily undergone the validation process of 

other psychometric questionnaires, they have demonstrated some ecological 

validity.60,166,165,167 For example, in Australian football, a lower pre training subjective 

composite wellness score may be associated with a decrease in external load during a training 

session.60 In particular, a reduction in pre training wellness Z-scores corresponded to a 

reduction in PLTM and PLslow.60 There have been similar findings in American college football 

players, where subjective wellness Z scores and self-reported energy levels were associated 

with player load.168 In particular, self-reported muscle soreness was associated with session-

RPE training load, highlighting that perceived soreness may impact the players response to 
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the training demands.168 It is also possible that perceived soreness may also contribute to 

fragmented sleep post training.25,35 However, there is limited information regarding the 

interactions between internal training load, muscle soreness, and objective sleep 

characteristics in elite sport. 

 

Composite wellness scores, including total quality recovery (TQR) are often used in high 

performance programs as a measurement of an athlete’s preparedness or readiness to train. 169 

Rating of perceived exertion in small sided games in elite soccer players does not seem to be 

influenced by TQR and well-being measures collected prior to training, suggesting that these 

measures are not associated with altered internal load intensity during soccer-specific 

training.166 There was an association between TQR and the composite score of the wellness 

measures (Hooper’s Index), indicating that the two assessments may have the same objective 

of providing an indication of an athletes perceived recovery.166 In contrast, a composite 

wellness score “Readiness to Train” (RTT), which is used as an measure of pre training and 

competition readiness has been shown to have no association with running performance.169 In 

this instance, the composite wellness score was a poor indicator of pre training and 

competition readiness.169 The sub-categories of the RTT that impacted the running 

performance of elite Gaelic football players included muscle soreness, sleep duration and 

sleep quality.169 Given it is unknown if subjective ratings of sleep quality and quantity 

routinely administered in well-being questionnaires are reflected in measures of objective 

sleep, future research should aim to include objective measures of sleep to assess the 

influence of sleep quality on athlete recovery and well-being.  

 

Monitoring external load may provide practitioners with information regarding recovery and 

well-being that might be expected in individuals following a training session.170,32 The 

influence of external load from training and matches on subsequent perceived well-being 

measurements has been investigated in a number of team sports.167,171 National Collegiate 

Athletic Association Division 1 football players who had a significantly (p<0.05) lower player 

load self-reported lower ratings of perceived fatigue and soreness following matches.167 In 

contrast, a significantly (p<0.05) higher player load was observed in players who reported 

lower post game stress.167 There was no impact of pre-match perceived wellness scores on the 

subsequent external match load in elite Australian football players.171 Whilst external load is 

likely to have some influence on the recovery and well-being of athletes following training 

and competition, factors such as the sleep obtained in the subsequent sleep opportunity are 

also likely important.172 Given the reported disruptions to sleep following competition, the 
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interaction between external load and sleep following the session on perceived well-being 

should also be considered.  

 

Training Load and Sleep  
 

Extended periods of increased exercise intensity may disrupt the sleep quality and quantity of 

elite athletes.34 As part of a normal training program, elite athletes will frequently experience 

periods of intensifed training, including during the lead up to and during competition and 

training camps.24,77,173,174 The impact of an increase in training load, in particular during 

intense periods of training, can impact the sleep/wake behaviours of athletes.52,76,77,85,173-177 

For example, an increased training load in elite synchronised swimmers led to deteriorations 

in sleep quality and quantity, whilst elite cyclists experienced increased wake episodes and 

disruptions to self-reported mood, fatigue, stress and tension.178 Similarily, an increase in 

training load was associated with reduced total sleep time and sleep efficiency during a 

simulated grand tour, a unique racing format in which cyclists were required to race 4 to 5h 

per day for three consecutive weeks.176 The cyclists mood and general well-being measures 

declined during the simulated tour.176 Despite objective measures of sleep efficiency being 

lower than baseline measures, self-reported sleep quality improved throughout the simulated 

tour.176  

 

In contrast, a recent investigation reported that there was no association between sleep quality 

and sleep stage distributions (e.g., REM and non-REM) and the day-to-day variation in 

perceived training load.34 Specifically, increased training loads were not associated with an 

increase in REM sleep, suggesting that there were no changes in sleep quantity or sleep stage 

distribution following daily changes in load.34 In addition, perceived training loads were not 

associated with increased WASO or longer sleep onset latencies.34 These findings suggest that 

sleep is not compromised by a high training load.34 In addition it appears that an increase in 

training load is not associated with significant increases in the proportion of deep sleep.34 

Whilst an increased training load has been associated with reduced sleep quality and quantity 

and a decrease in subsequent well-being measures including mood, there are a number of 

factors in addition to training load that may impact the sleep and well-being of athletes 

following the session. These include the content of training (contact or non-contact), the start 

time of the training session, sleep obtained prior to the session and the individual response to 

the load. Therefore, these factors should be considered when assessing the relationship 

between training load and sleep. Future work should investigate the association between 
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objective sleep (prior to and following the session) and external and internal load during both 

training and competition. 

 

Prolonged periods of increased exercise is also often associated with training camps, which 

may impact the sleep/wake behaviours of elite athletes.36,173 Training camps are often 

scheduled during the pre-season training phase, in the lead up to competition or may also be a 

part of the selection process for some sports.24,173,174 For example, an intensified training load, 

specifically an increase in training duration, resulted in decreased sleep duration and sleep 

quality in elite rugby league players during a training camp.173 However, the change in sleep 

characteristics observed may have been impacted by a change in sleep environment and 

training schedule.173 In contrast, an assessment of the sleep/wake behaviours of elite 

adolescent female basketball players during a 14 day training camp revealed that the players 

sleep duration and sleep efficiency remained relatively consistent on nights following days 

with low, medium and high training loads suggesting that the training load during the camp 

did not impact the sleep characteristics during the training camp.76 The interaction between 

internal and external load and the sleep characteristics of Australian Football players has also 

been explored in a camp setting.36 Although the training load between home and camp 

training conditions did not differ significantly, changes in sRPE showed a moderate negative 

correlation with sleep duration during the training camp period.36 Both studies demonstrated 

that during training camps, bed times and wake times were earlier and WASO and sleep 

efficiency were negatively affected.173,174 However, the impact of training load on sleep 

during these periods may have been confounded by a change in sleep environment.76,173 

Without an understanding of how an athlete sleeps at home, it is not possible to make a 

comparison of the sleep characteristics exhibited during training camps. Therefore future 

research should aim to investigate the impact of training and competition load and the 

sleep/wake behaviours of athletes sleeping in their habitual sleep environment.  

 

The specific content of the training session may also impact the sleep of athletes following the 

session.25 Higher acceleration/deceleration training loads have been associated with small 

increases in sleep efficiency and duration in elite rugby league players during a pre-season 

training period.25 Despite no objective or subjective measures of fatigue collected in this 

study, the authors hypothesized that training involving greater acceleration/decelerations may 

increase the players’ perceptions of fatigue, increasing the players drive to go to sleep.25 The 

collection of subjective measures of well-being, in addition to objective measures of sleep and 

training load, may provide further insight into the possible increased requirement for sleep 
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following training with increased acceleration and deceleration loads. 

Although the relationship between training load and sleep has been assessed, there is limited 

work that reports data in elite female athletes.50,52,77 In addition, there have been conflicting 

findings regarding the relationship between training load, well-being and objective measures 

of sleep in elite female athletes.50,52,77 For example, a decrease in sleep quality has been 

observed in professional ballet dancers over several weeks of intensive training in the lead up 

to a ballet premier performance.50 This period of intensive training was also associated with 

mental stress, which may have had an impact on the sleep disruptions observed.50 Conversely, 

the sleep duration of national female swimmers, measured via PSG, remained the same 

between peak and tapered training periods.52 The time spent in SWS was significantly greater 

at the onset of higher training volumes and peak training periods when compared to periods of 

taper, which supports the restorative role of sleep in the athletic population.52 However, the 

movement count during sleep was significantly greater during periods of higher training 

volumes, indicating possible fragmented sleep.52 This is a similar to the observation of altered 

sleep efficiency in elite cyclists which was shown to gradually decline across a 9 day training 

camp and was attributed to an increase in wake bouts and increased movement when 

compared to the athletes habitual sleep.178 An increased training load has been shown to have 

a small effect on muscle soreness, and match-play style training had a small additive effect on 

reported soreness levels in youth athletes.35 There is however limited information regarding 

the interactions between external training load, muscle soreness, and sleep characteristics in 

elite sport, particularly in female athletes and this warrants further investigation. 
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Chapter 3: Methodology and Design  
 

The methodology used for each study in this thesis are outlined below. Chapters 4,5 and 6 contain 

the methods from each study presented according to the author guidelines provided by the journal. 

  

Study One - Competition Sleep Is Not Compromised Compared To Habitual In Elite 
Australian Footballers. 
 
Participants  
 

Forty-five elite male AF players from the same team were recruited to participate in this study. 

Participant characteristics were as follows (mean ± SD): height = 188.2 ± 7.3 cm; body mass = 87.0 

± 8.1 kg; age = 22.1 ± 3.3 years; AFL experience = 60 ± 59 games played.  

 

Study Design  
 

Sleep characteristics were assessed over a consecutive 10-day period during the pre-season 

(habitual) and across four home matches during the Australian Football League season. Habitual 

baseline sleep data was collected at the end of the pre-season training block. This period was chosen 

to be the most representative of habitual sleep characteristics, as players were accustomed to the 

training load and schedule. The same sleeping environment was maintained throughout the 

monitoring period. The preparation phase training consisted of three on-field training sessions, two 

strength sessions and a recovery session, all with consistent start times. In-season there were 2-3 

field sessions, depending on the match day fixture.  The start time of these sessions were also 

dependent on the match day fixture (start time ranging from 0800h-1000h). 

 

Matches were played at the following times: Early PM (1:40 PM start), Mid-PM (2:10 PM start), 

Twilight (4:40 PM start), and Evening (7:10 PM start). All matches were played at home. 

Competition sleep characteristics were measured in the player’s home environment. For each match 

start time, the 22 participants who were selected to play were assigned an activity monitor to be 

worn the night before (-1), night of (0), one night after (+1), and two nights (+2) after each match. 

The same team-based recovery (hydrotherapy and immediate nutrition protocols) were 

implemented after each game. A team recovery session was scheduled the morning after all matches 

at 0830h. Ethics approval was obtained from the university human research ethics committee, and 

the study protocols conformed to the recommendations of the Declaration of Helsinki. 
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Sleep Assessment 
 
Participants undertook sleep monitoring using wrist-worn activity monitors (Actical, Philips 

Respironics, Inc., Bend, Oregon, USA), which are a valid alternative to polysomnography.21  

Players also recorded bed time (hh:mm) and wake time (hh:mm) in a sleep diary throughout the 

sleep monitoring period. Each activity monitor contained an omnidirectional piezoelectric 

accelerometer which sampled movement at 32 Hz. Activity monitors were worn continuously 

(except during games, contact training, and when in water) and recorded data in 1-min epochs. 

Sleep diary and activity monitor data was used to determine when participants were awake or asleep 

(Figure 4).  

Time was scored as “sleep” when the following two conditions were met 1) the participant reported 

in the sleep diary that they were attempting sleep and 2) the activity count recorded on the activity 

monitor fell below the activity threshold set.21  Epochs with activity scores that are above the 

threshold setting used were scored as “wake”.21 The scoring procedure was completed using the 

Philips Respironics’ Actiwatch Algorithm with sensitivity set at “medium”.21 The following 

information was calculated for each night of sleep during the habitual and competition monitoring 

period: bed time (hh:mm), wake-up time (hh:mm), sleep onset latency (min), sleep duration (h), 

wake time (min), number of wake bouts, and sleep efficiency (%). The sleep diary was used by 

participants to record sleep location, bedtime (hh:mm), and wake-up time (hh:mm). Players 

completed a self-reported rating of sleep quality, measured on a 1–10 Likert point scale (1 = poor 

quality, 10 = high quality).  

Figure 3: Actical Activity Monitor (Philips Respironics, Inc., Bend, Oregon, USA)  
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Figure 4: Example of an Athletes Training, Sleep and Activity Monitor Data for Each Night for a 

14-day Monitoring Period. Black vertical bars respresent activity counts recorded in 1-min epochs; 

grey horizonal bars represent time in bed and hatched horizontal bars represent training sessions. 

(Sargent, C et. al. The impact of training schedules on the sleep and fatigue of elite athletes. 

Chronobio Int. 2014;31(10):1160-1168. 

Statistical Analysis  
 
Statistical analyses were conducted using JMP Pro (version 12, SAS Institute, USA). Exploratory 

data analysis confirmed that the data met parametric assumptions. A two-way ANOVA with 

Tukey’s post hoc was used (factors: match start time × number of days to game) to examine 

whether sleep characteristics (e.g., sleep duration, sleep quality) varied between different match 

start times and different numbers of days relative to a match. A two-way nested ANOVA with 

Tukey’s post hoc was conducted (factors: phase × match start time[phase]) to examine whether 

differences in sleep characteristics existed between phases (competition vs. habitual) and between 

each match start time, relative to the habitual phase (i.e., match start time nested within phase). In 

each case, the effect size ± 90% confidence interval (ES ± 90% CI) was calculated to quantify the 
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magnitude of pairwise differences. Differences were considered practically important where there 

was > 75% likelihood of exceeding the smallest important ES value (0.2) and classified as: 75–

94%, ‘likely’; 95–99%, ‘very likely’; and > 99%, ‘almost certainly’. Effects with less certainty were 

considered ‘trivial’, and where the 90% CI simultaneously crossed substantially positive and 

negative values, the effect was deemed ‘unclear’.179 

Study Two - A Complex Relationship: Sleep, External Training Load, and Well-Being in Elite 
Australian Footballers. 
 
Subjects 
 
Data was obtained from 38 elite male AF players from the same team (mean ± SD): height = 188.2 

± 7.3 cm; body mass = 87.0 ± 8.1 kg; age = 22.1 ± 3.3 years; AFL experience = 60 ± 59 games 

played. Ethics approval was obtained from the university human research ethics committee, 

conducted to conform to the recommendations of the Declaration of Helsinki.  

 

Study Design  
 
Participants undertook sleep monitoring over a consecutive 15-day period during the preparation 

phase of the season. A total of 14 training sessions occurred during the 15-day period. This included 

five main field, three conditioning, two cross training (boxing and cycling) and four strength 

training sessions. External training load was assessed for main field sessions only which all started 

at 9am and were followed by the same hydrotherapy and nutrition recovery protocols. Main field 

sessions consisted of a standardised warm up, 2 closed skill drills, 2 full ground skill drills, 

followed by 3 match simulation drills. Players training participation was not modified (e.g., drill  

participation) the monitoring period 

 

Sleep Assessmenet  
 
The sleep assessment methodology for this study is outlined in the Sleep Assessment section in 

Study One.  

 
External Training Load  
 
During the field-based training sessions, players wore the same microtechnology device 

(MinimaxX V4, Catapult Innovations, Melbourne Australia), sampling at 10 Hz. 155,180 Each device 

housed an internal triaxial accelerometer sampling at 100 Hz and are reported to be reliable (CV = 

1.9%) and valid  for quantifying external load in field settings.155 The device sat firmly between the 
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shoulder blades in a vest worn underneath the training jumper. The summation of the triaxial 

accelerations is determined as Player LoadTM (PL).155 PL and Player Load TM 2D (PL2D); an 

accumulation of data from the anterioposterior and mediolateral axes only and Player Load TM Slow 

(PLslow); a metric representing  activity (e.g., grappling) performed at velocities < 2m.s-1were also 

recorded.  The Player Load TM (PL) algorithm is a vector magnitude which combines the rate of 

acceleration from three planes of movement, and is suggested to incorporate all forms of activity 

including skill and contact based activities related to intermittent team contact sport.155 

Catapult Sprint (version 5.1.0.3) software was used to download data.  

External training load metrics were expressed in absolute form and relative to training duration.  

Self-Reported Measures of Well-Being 
 
Self-reported measures of soreness (calf, quad/knee, groin/hip and lower back), mood, sleep quality, 

sleep duration, leg heaviness, and energy levels were collected each morning prior to training. Well-

being questions were completed (95% compliance) using a likert scale (ranging from 1 poor to 10 

good) via an application (Smartabase, Fusion Sport) on players’ phones.181  
 
Statistical Analysis 
 
Exploratory data analysis confirmed that most variables met parametric assumptions. Visual 

inspection of quantile-quantile plots showed that those variables that did not meet parametric 

assumptions presented with increasing residuals as the values of the variable increased. Square-root 

transformations can be effective for variables with such a data structure, so variables that violated 

parametric assumptions were transformed and then re-tested. The following variables did not meet 

parametric assumptions even after transformation, and thus were excluded from the primary 

analysis: bed time, PLslow/min, HIR m, and HIR m/min. Descriptive statistics (median ± 

interquartile range) were calculated for all sleep, well-being, and external load variables. 

Figure 5 outlines the interactions tested in the canonical correlation analysis. The variables used in 

each ‘variable set’ are presented in Table 1. 
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Figure 5: Associations Tested in the Canonical Correlation Analysis. Canonical correlations were 

used to examine the associations between: a) pre training sleep and subsequent pre training well-

being, b) pre training sleep and subsequent external training load, c) pre training well-being and 

subsequent external training load, d) well-being and post training sleep and e) external training load 

and post training sleep. 

Table 1: Variable Sets used in Canonical Correlation Analysis 

External Training Load  Objective Sleep Characteristics  Self-Reported Measures of Well-being 

Absolute loads Sleep Onset Latency (min) Mood (AU) 

Total Distance (m) Sleep Duration (hh:mm) Calf Soreness (AU) 

Player Load (AU) Sleep Efficiency (%) Leg Heaviness’ (AU) 

Player Load 2D (AU) Wake Time (min) Quad/Knee Soreness (AU) 

Player Load Slow (AU) Wake Bouts (number) Groin/Hip Soreness (AU) 

Maximum Speed (km/h) Wake Bouts Av Duration (mm:ss) Lower Back Soreness (AU) 

HIR Distance (m) Wake Up Time (hh:mm) Sleep Duration (AU) 

Loads relative to training duration  Energy Levels (AU) 

Average Velocity (m/min)  Hamstring Soreness (AU) 

Player Load (AU/min)  Sleep Quality (AU) 

Player Load 2D (AU/min)   

HIR Distance (m/min)   

HIR: High Intensity Running > 24 km/h. Wake Bouts Av Duration: Wake Bouts Average Duration. 

Pre 
Training 

Sleep 

Well-
Being    

External 
Load   

 
Post 

Training 
Sleep 

 

a b

c

d e
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Canonical correlation analysis is a multivariate approach that quantifies the relationships between 

two sets of variables and is used to quantify relationships between multiple variables 

simultaneously.182 This multivariate technique was selected because each of the primary measures in 

this study comprise multiple variables that, in combination, represent a person’s sleep, external 

load, or well-being. To quantify relationships between two variable sets, the canonical correlation 

analysis procedure produces functions that are akin to multiple linear regressions.182 Each function 

uses the variables from each variable set as inputs to two regressions (one for each variable set). 

Each regression produces one synthetic variable (i.e., one canonical dimension, or simply, 

dimension) for each variable set. The aim of these functions is to maximise the correlation strength 

between any pair of dimensions. Additionally, this analysis will produce as many dimensions as 

there are variables in the smaller variable set.182 The dimensions are distinct from each other as they 

arise from different linear combinations of the same input variables, and must meet the condition of 

double orthogonality, where ‘both synthetic variables in subsequent canonical functions must be 

uncorrelated with both synthetic variables in all preceding functions’.182 Readers seeking more 

details about this procedure and its application are encouraged to review the primer on canonical 

correlation analysis written by Sherry & Henson.182 Consider a canonical correlation analysis of the 

sleep and well-being variables. The first canonical function will produce Sleep Dimension 1 and 

Well-being Dimension 1. Sleep Dimension 1 is a linear combination of multiple sleep variables; the 

same concept applies for the Well-being Dimension 1. The weighting or contribution of each 

variable to its dimension is adjusted in the analysis to maximise the correlation strength between 

Sleep Dimension 1 and Well-being Dimension 1. The second canonical function will produce Sleep 

Dimension 2 and Well-being Dimension 2. In this function, the analysis again adjusts the weighting 

of each input variable to satisfy the condition of double orthogonality. Because of this condition, the 

strongest possible canonical correlation will always present between the Dimension 1 pairing, while 

subsequent canonical correlations express relationships given the residual variance in the variable 

sets that were unexplained by the preceding canonical function(s).  

Key results produced by a canonical correlation analysis include: i) tests of dimensionality, ii) 

canonical loadings (also known as structure coefficients), and iii) cross-loadings. Tests of 

dimensionality produce the canonical dimensions, the canonical correlation coefficients between 

dimensions, and the statistical significance of each canonical correlation. The strength of 

relationships between dimensions (i.e., canonical correlations) is expressed using Pearson’s 

correlation coefficient (r), interpreted in accordance with established thresholds183 where: weak = -

0.3 > r ≤ -0.1 and 0.1 ≥ r < 0.30; moderate = -0.5 > r ≤ -0.3 and 0.3 ≥ r < 0.50; and strong = r ≤ -0.5 

and r ≥ 0.5. Canonical correlations that are statistically significant (p < 0.05) are presented in the 
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results. Canonical loadings are also expressed as Pearson’s r, where the coefficient represents the 

relationship between each variable in a variable set and the canonical dimension for the same 

variable set. The loading of each variable onto its canonical dimension is calculated in the presence 

of all other contributing variables to the same canonical dimension; as a result, canonical loadings 

are not affected by multicollinearity.184 Cross-loadings represent the relationship between each 

variable in one variable set and the canonical dimension for the other variable set.182 

All analyses were conducted using R (version 3.5.1)185 and the following packages: ‘dplyr’ and 

‘reshape2’ for data preparation186 187 ‘MVN’ for assumption testing {Korkmaz S, 2014} and ‘CCA’ 

for the canonical correlation analyses.188 
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Study Three - Business Class Travel Preserves Sleep Quality and Quantity and Minimised 
Jetlag During the Women’s T20 Cricket World Cup. 
 
Participants  
 
Data was obtained from 11 elite female cricketers from the same team (mean ± SD): height = 168.4 

± 6.9 cm; body mass = 62.7 ± 4.7 kg; age = 24.1 ± 3.3 years. Ethics approval was obtained from the 

university human research ethics committee and the study conformed to the recommendations of 

the Declaration of Helsinki. 

Study Overview  
 
This study was conducted prior to departure and during the 2016 International Cricket Council 

(ICC) Women’s T20 World Cup. The team were seated in business class and travelled west from 

Melbourne Australia (GMT + 10) to Chennai India (GMT +5.5), crossing 5.5 time zones.  The 

outbound flight departed Melbourne at 0330h with a stopover in Dubai for 2 hours. The arrival time 

in Chennai was 2010h local time (0140h Melbourne). The total travel time was 19h 35min (Flight 1 

Melbourne to Dubai: 13h 20min, Transit: 2h, Flight 2 Dubai to Chennai: 4h 15min). Refer to Figure 

6 for the travel timeline.  General sleep hygeine education was provided to players prior to 

departure for the tournament. This included recommendations on electronic device use prior to bed, 

optimal room environment and the importance of maintaining habitual sleep and wake routines. 

Players were encouraged to sleep when possible during travel. Upon arrival in India the players 

completed five training sessions (nets and field) followed by pool recovery, two strength sessions 

and one recovery session.  A ‘no team communication period’ was scheduled from 1430 h to 1530h 

on selected days during the team schedule to allow players to disconnect from their phones or nap if 

they chose to. Players competed in one warm-up match and two T20 World Cup tournament 

matches during the monitoring period.  Matches were played at 1530h (2) and 1930h (1).  Refer to 

Figure 6 for the tournament period timeline. No sleep medication was used during the flights or the 

tournament. Objective sleep characteristics, subjective measures of well-being, perceived ratings of 

jetlag and training and competition internal load measures were collected throughout the monitoring 

period.  
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Objective Sleep Measures  
 
The sleep assessment methodology is outlined in the Sleep Assessment section in Study One 

(Chapter 3 Methodology and Design, Sleep Assessment pp 62-63).  

 

Habitual Sleep  
 
Habitual sleep was measured in the players home sleep environment over a consecutive 5-day 

training period, 8 weeks post-tournament. This period was selected due to the travel and domestic 

competition commitments prior to departure. No travel or competition was scheduled during this 

period. 

  
In-Flight Sleep 
  
Players wore an activity monitor at all times during the international flights and transit. Players 

were seated in business class with seats that could recline to a flat bed. In addition to the procedures 

outlined above, players used the time stamp function on the activity monitor to assist identifying 

sleep periods. 

  
Tournament Sleep 
  
Day-time naps and night-time sleep periods were measured for twelve consecutive days. The team 

travelled once domestically (Chennai to Nagpur, no change in time zone), staying at two different 

five-star hotels. Players had their own room and could control conditions (e.g., light and 

temperature). There were no team curfews in place. 

 
Assessment of Training and Competition Load 
 
Training load was calculated as the product of session-RPE (s-RPE) and training session duration 

(min). This information was collected via the Cricket Australia Athlete Management System (AMS, 

Fair Play Pty Ltd) as part of routine monitoring. 

Self-Reported Measures of Well-Being 
  
Self-reported measures of soreness, fatigue, sleep, stress and total wellness score were collected 

daily. These questions were completed using a Likert scale (ranging from 1 = poor to 5 = excellent) 

via the AMS application on players’ phones.9 
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Perceptions of Jetlag 
  
Subjective ratings of jetlag (AM and PM) were assessed using a visual analogue scale (ranging 

from 1 very bad jetlag to 5 no jetlag) at 0900h and 1800h local time for six days after arrival. 

 
Statistical Analysis 
 
All analyses were conducted using R (version 4.0.2)189 and the following packages: ‘here’ for 

managing script files;190 ‘readxl’ for data importing191 ‘dplyr’, ‘stringr’, ‘janitor’, ‘tidyr’, ‘purrr’ and 

‘tibble’ for general data preparation tasks;192-196 ‘lubridate’ and ‘chron’ for working with date and 

time data;197,198 ‘ggplot2’ and ‘patchwork’ for data visualisation;199,200 ‘knitr’ and ‘kableExtra’ for 

creating data tables;201,202 ‘nparLD’ for conducting the non-parametric factorial analyses;203 and 

‘psych’ for conducting correlation analyses.204 

 

Most variables violated parametric assumptions, so non-parametric techniques were used. Statistical 

significance was set at p < 0.05. 

To determine the impact of in-flight sleep on tournament measures, a median split was used to 

create sub-samples based on 1) in-flight sleep quantity (two groups: higher vs. lower) and 2) in-

flight sleep quality (two groups: higher vs. lower). Two non-parametric factorial analyses203 were 

conducted with a two-way design to test for differences between groups and across tournament 

dates: 1) in-flight duration group x date, and 2) in-flight efficiency group x date. The non-

parametric factorial approach is analogous to the parametric ANOVA, and its primary output is the 

F-type statistic. Where significant main or interaction effects were identified, pairwise comparisons 

were performed with Dunn-Bonferroni corrections to reduce the risk of Type I errors. 

Descriptive statistics were calculated and plotted to show how the team’s sleep, perceived jetlag, 

and self-reported well-being changed over the course of the tournament. Further context was added 

to the description and visualisation of tournament sleep by incorporating team means for habitual 

sleep, to illustrate where nightly sleep deviated from habitual values. 

Spearman’s correlation coefficients (rho) were calculated to assess the bivariate associations 

between i) sleep measures and internal training and/or playing loads incurred on the subsequent 

day, ii) sleep measures and self-reported well-being recorded on the subsequent day, iii) sleep and 

perceived ratings of jetlag recorded on the subsequent day. 
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Chapter 4: Study One - Competition Sleep Is Not Compromised Compared To 
Habitual In Elite Australian Footballers. 
 

Publication statement:  
 
This chapter is comprised of the following paper in the form published (with some minor textual edits) 

in the International Journal of Sports Physiology and Performance.  

 
Lalor BJ, Halson SL, Tran J, Kemp JG, Cormack SJ. No compromise of competition sleep 

compared with habitual sleep in elite Australian footballers. Int J Sports Physiol Perform. 

2018;13(1):29-36.  
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Linking Paragraph 
 
In an attempt to optimise performance and well-being, there is an increased focus to objectively 

measure athletes sleep quality and quantity in High Performance Sport. However, the analysis of 

the objective sleep characteristics of elite team sport athletes prior to and during important 

competition periods is limited. There are a number of investigations that fail to compare findings 

during competition periods to how athletes sleep in their habitual sleep and training environment, 

which may lead to incorrect conclusions regarding the impact competition has on athletes sleep. 

Previous research in AF has focused on the sleep characteristics relating extreme match start time 

comparisons (e.g., day vs. night), or assessed a single match start time in isolation, without the 

consideration of other match start times in the competition schedule. Chapter 4 aimed to assess the 

sleep characteristics of elite AF players during the competitive season in response to different 

match start times and compare in-season sleep characteristics to habitual sleep characteristics. 
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Abstract  
 
To assess the impact of match start time and days relative to match compared to the habitual sleep 

characteristics of elite Australian Football (AF) players. Forty-five (45) elite male AF players were 

assessed during the pre-season (habitual) and across four home matches during the season. Players 

wore an activity monitor the night before (-1), night of (0), one night after (+1), and two nights (+2) 

after each match and completed a self-reported rating of sleep quality. A two-way ANOVA with 

Tukey’s post hoc was used to determine differences in sleep characteristics between match start 

times and days relative to the match. Two-way nested ANOVA was conducted to examine 

differences between competition and habitual phases. The Effect size ± 90% confidence interval 

(ES ± 90% CI) was calculated to quantify the magnitude of pairwise differences. Differences 

observed in sleep onset latency (ES=0.11 ± 0.16), sleep rating (ES=0.08 ± 0.14) and sleep duration 

(ES=0.08 ± 0.01) between competition and habitual periods were trivial. Sleep efficiency (%) was 

almost certainly higher during competition than habitual, however this was not reflected in the 

subjective rating of sleep quality. Elite AF competition does not cause substantial disruption to 

sleep characteristics compared to habitual sleep. Whilst match start time has some impact on sleep 

variables, it appears that the match itself is more of a disruption than the start time. Subjective 

ratings of sleep from well-being questionnaires appear limited in their ability to accurately provide 

an indication of sleep quality.  

Key Words: Actigraphy, Recovery, Team Sport, Performance.  
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Introduction  
 
Australian Football (AF) is an intermittent team sport in which players cover large distances at high 

speed, including frequent accelerations, decelerations and collisions.205 The season can produce high 

levels of fatigue, and optimising recovery in order to maximise performance is critical.205 Numerous 

strategies are commonly implemented in an attempt to maximise the rate of recovery including 

hydrotherapy, compression garments, and individualised nutrition programs. Often under-utilised in 

high performance environments, given its restorative role, sleep has the potential to assist with 

optimising recovery in team sport athletes. Although the exact role of sleep in the recovery in team 

sport athletes has been questioned,206 developing an understanding of both the habitual and 

competition sleep characteristics of AF players may influence recovery practices. 

Shift work patterns typified by extremely early or late start times which can lead to individuals 

incurring a sleep debt have been shown to negatively impact sleep and recovery.66 The AF 

competition schedule includes a variety of day, twilight, and evening match start times that may 

have similar effects on sleep quality and quantity in AF players. However, limited objective data 

exists with regard to the effect of different match start times on sleep when compared to habitual 

sleep characteristics.90  

In previous research, sleep duration and onset have been shown to be altered in AF players during 

pre-season competition, although these findings may have been confounded by interstate travel.30 

Furthermore, the pre-season period may not be a reflection of sleep/wake characteristics exhibited 

during the competitive season. Regardless of phase, analysis of sleep characteristics should include 

comparisons to the habitual sleep environment during non-competition periods in order to avoid 

under- or over-estimating changes in sleep characteristics. 

Understanding how match start time impacts objective and subjective measures of sleep compared 

to habitual sleep characteristics may assist with optimising training programs and recovery 

protocols. Therefore, the aims of the study were to (1) assess the sleep characteristics of elite AF 

players during the competitive season in response to different match start times, and (2) compare in-

season sleep characteristics to habitual sleep characteristics. 
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Methods  
 
Data was obtained from 45 elite male AF players from the same team. Participant characteristics 

were as follows (mean ± SD): height = 188.2 ± 7.3 cm; body mass = 87.0 ± 8.1 kg; age = 22.1 ± 3.3 

years; AFL experience = 60 ± 59 games played. Ethics approval was obtained from the university 

human research ethics committee. 

 

Participants undertook sleep monitoring using wrist-worn activity monitors (Philips Respironics, 

Inc., Bend, Oregon, USA), which are a valid alternative to polysomnography.21 Participants 

recorded the start and end of each sleep period (including daytime naps) in a sleep diary. Activity 

monitors were worn continuously (except during games, contact training, and when in water) and 

recorded data in 1-min epochs. 

Sleep characteristics were assessed over a consecutive 10-day period in the pre-season (habitual) 

and across four home matches during the Australian Football League season. Baseline data was 

collected at the end of the pre-season training block. This period was chosen to be the most 

representative of habitual sleep characteristics, as players were accustomed to the training load and 

schedule. The same sleeping environment was maintained throughout the monitoring period. 

Preparation phase training consisted of three on field trainings sessions, two strength sessions and a 

recovery session, all with consistent start times. In season there were 2-3 field sessions, depending 

on the match day fixture. The start time of these sessions were also dependent on the match day 

fixture (start time ranging from 8.00am-10.00am). 

 

Matches were played at the following times: Early PM (1:40 PM start), Mid-PM (2:10 PM start), 

Twilight (4:40 PM start), and Evening (7:10 PM start). All matches were played at home. 

Competition sleep characteristics were measured in the player’s home environment. For each match 

start time, the 22 participants who were selected to play were assigned an activity monitor to be 

worn the night before (-1), night of (0), one night after (+1), and two nights (+2) after each match. 

The same team-based recovery (hydrotherapy and immediate nutrition protocols) were 

implemented after each game. A team recovery session was scheduled the morning after all matches 

at 8.30am. No sleep education was provided prior to or during the sleep monitoring period. 

Self-report and activity monitor data was used to determine when participants were awake or 

asleep. Time was scored as “sleep” when the following two conditions were met 1) the participant 

reported in the sleep diary that they were attempting sleep and 2) the activity count recorded on the 
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activity monitor fell below the activity threshold set.21 Epochs with activity scores that are above 

the threshold setting used were scored as “wake”.21 The scoring procedure was completed using the 

Philips Respironics’ Actiwatch Algorithm with sensitivity set at “medium”.21 The following 

information was collected from the activity monitors: bed time (hh:mm), wake-up time (hh:mm), 

sleep onset latency (min), sleep duration (h), wake time (min), number of wake bouts, and sleep 

efficiency (%). The sleep diary was used by participants to record sleep location, bedtime (hh:mm), 

and wake-up time (hh:mm). Players completed a self-reported rating of sleep quality, measured on a 

1–10 Likert point scale (1 = poor quality, 10 = high quality).  

Statistical Analysis 
 
Statistical analyses were conducted using JMP Pro (version 12, SAS Institute, USA). Exploratory 

data analysis confirmed that the data met parametric assumptions. A two-way ANOVA with 

Tukey’s post hoc was used (factors: match start time × number of days to game) to examine 

whether sleep characteristics (e.g., sleep duration, sleep quality) varied between different match 

start times and different numbers of days relative to a match. A two-way nested ANOVA with 

Tukey’s post hoc was conducted (factors: phase × match start time[phase]) to examine whether 

differences in sleep characteristics existed between phases (competition vs. habitual) and between 

each match start time, relative to the habitual phase (i.e., match start time nested within phase). In 

each case, the effect size ± 90% confidence interval (ES ± 90% CI) was calculated to quantify the 

magnitude of pairwise differences. Differences were considered practically important where there 

was > 75% likelihood of exceeding the smallest important ES value (0.2) and classified as: 75–

94%, ‘likely’; 95–99%, ‘very likely’; and > 99%, ‘almost certainly’. Effects with less certainty were 

considered ‘trivial’, and where the 90% CI simultaneously crossed substantially positive and 

negative values, the effect was deemed ‘unclear’.179 
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Results  
 
Habitual and Competition Sleep Characteristics 
 
Table 2: Habitual and Competition Sleep Characteristics (mean ± SD). 

 

Table 2 shows sleep characteristics exhibited in habitual and competition periods. Players went to 

bed later during competition (ES = 0.33 ± 0.12, likely). There was almost certainly (ES = 0.55 ± 

0.21) greater sleep efficiency during the competition period and likely (ES = 0.29 ± 0.13) lower 

number of wake bouts, however the difference in wake time was unclear (ES = 0.20 ± 0.45). 

Differences between the competition and habitual periods in sleep onset latency, sleep rating, sleep 

duration, and wake-up time were trivial. 

Comparisons of sleep characteristics between competition and habitual periods for different match 

start times are displayed in Table 3. There were almost certain increases in sleep efficiency and 

total wake time when comparing Early PM, Mid-PM, and Twilight match start times to habitual 

sleep profiles. Sleep efficiency (%) was almost certainly higher during the competition phase than 

habitual, but this was not reflected in subjective ratings of sleep quality where differences were 

trivial. All other differences in sleep characteristics between competition and habitual periods were 

trivial, regardless of match start time. 

Sleep Variable Habitual Period  Competition Period  
Sleep onset latency (min)   12.0 ± 0.9   11.0 ± 1.3 

Sleep duration (hr:min) 
 

 533.0  ± 0.07   485.0 ± 0.09 

Sleep efficiency (%) 
 

  81.35 ± 0.38   85.56 ± 0.50 

Total wake time (min) 
 

    79.0 ± 1.69     57.0 ± 2.25 

Rating of sleep quality 
 

    7.6 ± 0.1     7.5 ± 0.1 

Bed time (hh:mm) 
 

     22:35 ± 0:07    23:02 ± 0:08 

Wake time (hh:mm)     7:20 ± 0:06     7:35 ± 0:08 
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 Table 3: D
ifferences in Sleep Characteristics Betw

een H
abitual and Com

petition Phases for D
ifferent M

atch Start Tim
es (m

ean ± SD
 and ES ± 

90%
 CI). 

Sleep V
ariable 

Early PM
  

M
id-PM

  
Tw

ilight 
Evening   

S
leep

 o
n
set laten

cy
 (m

in
) 

3
.5

 ±
 2

.5
 

E
S

 =
 0

.1
8
 ±

 0
.2

2
 

T
riv

ial 

3
.3

 ±
 3

.6
 

E
S

 =
 0

.1
8
 ±

 0
.3

2
 

T
riv

ial 

2
.2

 ±
 2

.7
 

E
S

 =
 0

.1
1
 ±

 0
.2

3
 

T
riv

ial 

1
.3

 ±
 2

.0
 

E
S

 =
 0

.0
7
 ±

 0
.1

8
 

T
riv

ial 

S
leep

 d
u
ratio

n
 (m

in
) 

1
8
.1

 ±
 1

1
.2

 

E
S

 =
 0

.2
2
 ±

 0
.2

2
 

T
riv

ial 

2
3
.3

 ±
 1

6
.3

 

E
S

 =
 0

.3
1
 ±

 0
.3

3
 

T
riv

ial 

0
.1

 ±
 1

2
.1

4
 

E
S

 =
 0

.0
0
 ±

 0
.1

3
 

T
riv

ial 

1
8
.4

 ±
 9

.1
 

E
S

 =
 0

.2
2
 ±

 0
.1

7
 

T
riv

ial 

S
leep

 efficien
cy

 (%
) 

6
.3

 ±
 1

.0
 

E
S

 =
 0

.8
1
 ±

 0
.3

1
 

A
lm

o
st C

ertain
ly

 ­
 

7
.3

 ±
 1

.4
 

E
S

 =
 0

.9
4
 ±

 0
.3

5
 

A
lm

o
st C

ertain
ly

 ­
 

8
.3

 ±
 1

.1
 

E
S

 =
 1

.1
0
 ±

 0
.4

0
 

A
lm

o
st C

ertain
ly

 ­
 

0
.2

 ±
 0

.8
 

E
S

 =
 0

.0
2
 ±

 0
.1

4
 

T
riv

ial 

T
o
tal w

ak
e tim

e (m
in

) 
2
5
.6

 ±
 4

.3
 

E
S

 =
 0

.8
2
 ±

 0
.3

1
 

A
lm

o
st C

ertain
ly

 ¯
  

3
1
.5

 ±
 6

.3
 

E
S

 =
 0

.9
 ±

 0
.3

4
 

A
lm

o
st C

ertain
ly

 ¯
  

4
0
.0

 ±
 4

.7
 

E
S

 =
 1

.2
 ±

 0
.4

5
 

A
lm

o
st C

ertain
ly

 ¯
  

7
.0

 ±
 3

.5
  

E
S

 =
 0

.2
 ±

 0
.1

6
 

T
riv

ial 

N
u
m

b
er o

f w
ak

e b
o
u
ts  

1
.5

 ±
 2

.0
 

E
S

 =
 0

.1
0
 ±

 0
.2

2
 

T
riv

ial 

7
.8

 ±
 2

.9
 

E
S

 =
 0

.5
4
 ±

 0
.3

2
 

V
ery

 L
ik

ely
 ¯

 

3
.7

 ±
 2

.1
 

E
S

 =
 0

.2
5
 ±

 0
.2

4
 

T
riv

ial 

3
.7

 ±
 1

.6
 

E
S

 =
 0

.2
5
 ±

 0
.1

7
 

T
riv

ial  

R
atin

g
 o

f sleep
 q

u
ality

  
0
.0

1
 ±

 0
.2

0
 

E
S

 =
 0

.0
1
 ±

 0
.1

5
 

T
riv

ial 

0
.5

0
 ±

 0
.3

0
 

E
S

 =
 0

.3
6
 ±

 0
.3

4
 

L
ik

ely
 ¯

 

0
.0

9
 ±

 0
.1

8
 

E
S

 =
 0

.0
7
 ±

 0
.2

4
 

T
riv

ial 

0
.0

8
 ±

 0
.1

0
 

E
S

 =
 0

.0
6
 ±

 0
.1

6
 

T
riv

ial 

B
ed

 tim
e (h

h
:m

m
) 

0
.1

6
 ±

 0
.1

1
 

E
S

 =
 0

.1
9
 ±

 0
.2

2
 

T
riv

ial 

0
.1

4
 ±

 0
.1

6
 

E
S

 =
 0

.1
7
 ±

 0
.3

2
 

T
riv

ial 

0
.1

7
 ±

 0
.1

2
 

E
S

 =
 0

.2
 ±

 0
.2

4
 

T
riv

ial 

0
.4

2
 ±

 0
.0

9
 

E
S

 =
 0

.5
 ±

 0
.1

9
 

A
lm

o
st C

ertain
ly

 ­
 

W
ak

e-u
p
 tim

e (h
h
:m

m
) 

0
.1

9
 ±

 0
.1

0
 

E
S

 =
 0

.2
5
 ±

 0
.2

3
 

T
riv

ial 

0
.2

5
 ±

 0
.1

5
 

E
S

 =
 0

.3
3
 ±

 0
.3

3
 

L
ik

ely
 ­

 

0
.0

1
 ±

 0
.1

1
 

E
S

 =
 0

.0
1
 ±

 0
.1

7
 

T
riv

ial 

0
.1

1
 ±

 0
.0

8
  

E
S

 =
 0

.1
4
 ±

 0
.1

8
 

T
riv

ial 

 D
ifferen

ce in
 m

ean
s b

etw
een

 h
ab

itu
al an

d
 co

m
p
etitio

n
 p

erio
d
s as an

 E
S

 ±
 9

0
%

 C
I. E

S
 ch

an
g
e d

irectio
n
 refers to

 d
ifferen

ce in
 co

m
p
etitio

n
 p

h
ase co

m
p
ared

 to
 h

ab
itu

al. A
 

d
ifferen

ce b
etw

een
 h

ab
itu

al an
d
 co

m
p
etitio

n
 v

alu
es w

as co
n
sid

ered
 p

ractically
 im

p
o
rtan

t (­
 =

 in
crease/later, ¯

 =
 d

ecrease/earlier) w
h
en

 th
ere w

as a >
 7

5
%

 lik
elih

o
o
d
 ex

ceed
in

g
 

th
e sm

allest im
p
o
rtan

t E
S

 v
alu

e (0
.2

) D
ifferen

ces w
ith

 a lik
elih

o
o
d
 o

f 7
5

-9
5
%

 w
ere co

n
sid

ered
 “lik

ely
”, 9

5
-9

9
%

 “v
ery

 lik
ely

”, an
d
 >

9
9
.5

%
 alm

o
st certain

ly
. S

m
aller ch

an
g
es 

w
ere co

n
sid

ered
 “triv

ial” an
d
 w

h
ere th

e 9
0
%

 C
I sim

u
ltan

eo
u
sly

 o
v
erlap

p
ed

 su
b
stan

tially
 p

o
sitiv

e an
d
 n

eg
ativ

e v
alu

es th
e d

ifferen
ce w

as co
n
sid

ered
 “u

n
clear”. 
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Table 4 shows sleep variables in the habitual period compared to the competition period, based on 

the number of days relative to the match. There was an almost certain reduction in sleep duration 

and increased wake time for +2 days post-match. Similar to the comparison between match start 

times, the objective measure of sleep efficiency and subjective rating of sleep quality displayed 

different magnitudes of change. 
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Table 4: D
ifferences in Sleep Characteristics Betw

een H
abitual and Com

petition Phases for D
ifferent D

ays Relative to M
atch (m

ean ± SD
 and ES 

± 90%
 CI). 

 Sleep variable 
-1 

0 
+1 

+2 
Sleep onset latency (m

in) 
0.98 ±17.31 

ES= -0.47 ± 0.71 

U
nclear 

2.28 ± 29.69 
ES= -0.25 ± 0.78 

U
nclear 

1.42 ± 18.8 
ES= 0.38 ± 0.46 

Trivial 

0.53 ± 11.9 
ES=0.78 ± 0.96 

Likely ­ 

Sleep duration (m
in) 

51.45 ±50.25 
ES= 1.31 ± 0.36 

A
lm

ost Certainly ­ 

77.12 ± 78.68 
ES=-2.56 ± 0.85 

A
lm

ost Certainly ¯  

21.15 ± 91.79 
ES=-0.24 ± 0.49 

U
nclear 

5.75 ±60.17 
ES=2.51 ± 1.00 

A
lm

ost Certainly ¯  
Sleep efficiency (%

) 
3.58 ± 4.62 

ES= 0.77 ± 0.29 
A

lm
ost Certainly ­  

4.58 ±6.73 
ES=0.97 ± 0.47 

A
lm

ost Certainly ­ 

2.35 ± 9.67 
ES=0.77 ± 0.42 
V

ery Likely ­ 

3.6 ±6.58 
ES=-0.13 ± 0.43 

U
nclear 

Total w
ake tim

e (m
in) 

11.94 ± 25.94 
ES=-0.72 ±0.40 
V

ery Likely ¯ 

30.57 ± 32.47 
ES=-2.72 ± 1.08 

A
lm

ost Certainly ¯ 

15.83 ± 36.86 
ES=-1.77 ± 1.01 
V

ery Likely ¯ 

21.13 ±29.81 
ES=0.79 ± 1.56 

U
nclear 

N
um

ber of w
ake bouts  

0.49 ± 7.60 
ES=-0.09 ± 0.38 

U
nclear 

7.33 ± 9.05 
ES=-2.17 ± 1.23 
V

ery Likely ¯ 

3.98 ± 9.93 
ES=-0.71 ± 0.53 

Likely ¯ 

3.18 ±9.80 
ES=1.72 ± 1.35 
V

ery Likely ¯ 
Rating of sleep quality 

-0.26 ± 0.97 
ES=0.67 ± 0.95 

U
nclear 

0.14 ± 1.35 
ES=-0.90 ± 1.64 

U
nclear 

-0.08 ± 1.14 
ES=-3.06 ± 1.44 

A
lm

ost Certainly ­ 

0.77 ± 1.34 
ES=-1.29 ± 1.97 

U
nclear 

Bed tim
e (hh:m

m
) 

0.04 ± 0.36  

ES=0.11 ± 0.30 
Trivial 

0.56  ± 0.26 
ES=3.20 ± 0.72 

A
lm

ost Certainly ­ 

-0.14 ±1.27 
ES=-0.22 ± 0.33 

Trivial  

0.08 ± 0.39 
ES=-3.39 ± 0.79 

A
lm

ost Certainly ¯  

W
ake tim

e (hh:m
m

) 
1.11 ± 3.10 

ES=0.98 ± 0.51 
V

ery Likely ­ 

1.18 ± 3.28 
ES=0.98 ± 0.38 

A
lm

ost Certainly ­ 

0.54 ± 2.54 
ES=-0.85 ± 0.40 

A
lm

ost Certainly ­  

1.19 ± 2.28 
ES=-1.80 ± 0.61 

A
lm

ost Certainly ­ 
 D

ifference in m
eans betw

een habitual and com
petition periods as an ES ± 90%

 CI. ES change direction refers to difference in com
petition phase com

pared to habitual. A
 

difference betw
een habitual and com

petition values w
as considered practically im

portant (­ = increase/later, ¯ = decrease/earlier) w
hen there w

as a > 75%
 likelihood exceeding 

the sm
allest im

portant ES value (0.2) D
ifferences w

ith a likelihood of 75-95%
 w

ere considered “likely”, 95-99%
 “very likely”, and >99.5%

 alm
ost certainly. Sm

aller changes 
w

ere considered “trivial” and w
here the 90%

 CI sim
ultaneously overlapped substantially positive and negative values the difference w

as considered “unclear”. 
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Differences Between Match Start Times and Days Relative to Match 
 
Figure 7 shows sleep characteristics based on match start time and the number of days to match. 

Comparisons between match start times are displayed in Table 5. In many cases, the differences 

between match start times were trivial or unclear. The evening match start time, compared to all 

other start times, resulted in the clearest differences (e.g., evening matches had a likely longer sleep 

latency and almost certainly lower sleep efficiency). 
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 Figure 7: Sleep Characteristics for D
ifferent M

atch Start Tim
es and D

ays Relative to the M
atch (m

ean ± SD
). 
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Table 5: Pairw
ise D

ifferences in Sleep Characteristics by M
atch Start Tim

e (m
ean ± SD

 and ES ± 90%
 CI). 

 Sleep V
ariable 

 M
id-PM

 vs. Early PM
 

 Tw
ilight vs. Early PM

 
Evening vs. Early PM

  
Tw

ilight vs. M
id-PM

 
 Evening vs. Tw

ilight   
 Evening vs. M

id-PM
 

Sleep onset 
latency (m

in) 
1.2 ± 4.5 

ES = 0.06 ± 0.40 
U

nclear 

0.04 ± 3.8 
ES = 0.08 ± 0.27 

Trivial 

8.3 ± 3.0 
ES = 0.45 ± 0.25 

Likely ­ 

1.2 ± 4.7 
ES = 0.07 ± 0.47 

U
nclear 

8.3 ± 3.3 
ES = 0.45 ± 0.28 

Likely ­ 

9.5 ±4.0 
ES = 0.50 ± 0.35 

Likely ­ 
Sleep duration 
(m

in) 
8.0 ± 10.3 

ES = 0.09 ± 0.19 
Trivial  

19.5 ± 8.5 
ES = 0.21 ± 0.14 

Trivial 

35.3 ± 7.1 
ES = 0.38 ± 0.14 

V
ery Likely ¯ 

27.5 ± 10.7 
ES = 0.30 ± 0.18 

Likely ¯ 

15.8 ± 7.7 
ES = 0.17 ± 0.13 

Trivial  

43.3 ± 9.7 
ES = 0.47 ± 0.18 

V
ery Likely ¯ 

Sleep efficiency 
(%

) 
2.8 ±1.7 

ES = 0.37 ± 0.36 
Likely ­ 

0.2 ± 1.4 
ES = 0.02 ± 0.27 

U
nclear 

9.0 ± 1.1 
ES = 1.20 ± 0.45 

A
lm

ost Certainly ¯ 

3.0 ± 1.7 
ES = 0.39 ± 0.37 

Likely ­ 

9.2 ± 1.2 
ES = 1.20 ± 0.45 

A
lm

ost Certainly ¯  

6.2 ± 1.5 
ES = 0.80 ± 0.30 

A
lm

ost Certainly ¯ 
Total w

ake tim
e 

(m
in) 

13.6 ± 6.7 
ES = 0.44 ± 0.35 

Likely ¯ 

1.7 ± 5.7 
ES = 0.05 ± 0.28 

U
nclear   

37.3 ± 4.4 
ES = 1.20 ± 0.45 

A
lm

ost Certainly ­ 

15.3 ± 7.0 
ES = 0.49 ± 0.36 

Likely ¯ 

39.1 ± 4.9 
ES = 1.26 ± 0.48 

A
lm

ost Certainly ­  

23.8 ± 6.0 
ES = 0.76 ± 0.29 

A
lm

ost Certainly ­  
N

um
ber of w

ake 
bouts 

1.5 ± 2.8 
ES = 0.12 ± 0.38 

U
nclear 

2.9 ± 2.4 
ES = 0.24 ±0.33 

Trivial 

0.2 ± 1.9 
ES = 0.02 ± 0.30 

U
nclear 

1.5 ± 2.9 
ES = 0.12 ± 0.40 

U
nclear 

2.7 ± 2.0 
ES = 0.22 ± 0.28 

Trivial 

1.2 ± 2.5 
ES = 0.10 ± 0.34 

U
nclear 

Rating of sleep 
quality  

0.2 ± 0.3 
ES = 0.13 ± 0.38 

U
nclear 

0.2 ± 0.3 
ES = 0.19 ± 0.35 

Trivial 

0.2 ± 0.2 
ES = 0.13 ± 0.26 

Trivial 

0.1 ± 0.3 
ES = 0.05 ± 0.37 

U
nclear 

0.1 ± 0.2 
ES = 0.05 ± 0.26 

U
nclear 

0.0 ± 0.26 
ES = 0.00 ± 0.00 

Trivial 
Bed tim

e 
(hh:m

m
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0
.2

5
 ±

 0
.3

4
 

E
S = 0

.2
9
 ±

 0
.7

2
 

U
n
c
le

a
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0
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 ±

 0
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9
 

E
S = 0

.0
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 ±
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5
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n
c
le

a
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E
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riv
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2
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9
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2
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7
 

T
riv
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0
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6
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3
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S = 0
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riv
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Table 6 shows differences in sleep characteristics based on days relative to the match. Differences 

were primarily trivial, however there were almost certain decreases in sleep duration for the night 

of the match compared to +1 and +2 nights post-match. 
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Table 6: D
ifferences in Sleep Characteristics for D

ays Relative to M
atch (m

ean ± SD
 and ES ± 90%

 CI). 
 Sleep variable 

-1 vs 0 
-1 vs +1 

-1 vs +2 
0 vs +1 

 0 vs +2  
1 vs +2 

Sleep onset latency (m
in) 

3.9 ± 1.9 
E

S = 0.20 ± 0.20 
T

rivial 

1.5 ± 2.0 
E

S = 0.08 ± 0.18 
T

rivial 

2.0 ± 2.0 
E

S = 0.11 ± 0.18 
T

rivial 

5.4 ± 2.0 
E

S = 0.29 ± 0.17 
L

ikely ­
  

1.9 ± 2.0 
E

S = 0.10 ± 0.18 
T

rivial 

3.5 ± 2.0 
E

S = 0.19 ± 0.18 
T

rivial 
T

otal sleep tim
e (m

in) 
123.9 ± 7.9 

E
S = 1.40 ± 0.51 

A
lm

ost C
ertainly ­

 

23.4 ± 8.2 
E

S = 0.26 ± 0.14 
L

ikely ­
 

40.8 ± 8.4 
E

S = 0.45 ± 0.17 
V

ery L
ikely ­

  

100.6 ± 8.1 
E

S = 1.10 ± 0.41 
A

lm
ost C

ertainly ¯
 

83.1 ± 8.2 
E

S = 0.91 ± 0.34 
A

lm
ost C

ertainly ¯
 

17.5 ± 8.5 
E

S = 0.19 ± 0.15 
T

rivial  
Sleep efficiency (%

) 
0.9 ± 0.7 

E
S = 0.11 ± 0.15 

T
rivial 

0.003 ± 0.8 
E

S = 0.00 ± 0.05 
T

rivial 

0.3 ± 0.8 
E

S = 0.04 ± 0.17 
T

rivial 

0.9 ± 0.7 
E

S = 0.11 ± 0.16 
T

rivial  

1.2 ± 0.7 
E

S = 0.15 ± 0.16 
T

rivial 

0.3 ± 0.8 
E

S = 0.04 ± 0.17 
T

rivial 
T

otal w
ake tim

e (m
in) 

3.9 ± 1.9 
E

S = 0.21 ± 0.17 
T

rivial 

1.5 ± 2.0 
E

S = 0.07 ± 0.16 
T

rivial 

2.0 ± 2.0 
E

S = 0.11 ± 0.18 
T

rivial 

5.4 ± 2.0 
E

S = 0.29 ± 0.17 
L

ikely ¯
 

1.9 ± 2.0 
E

S = 0.10 ± 0.18 
T

rivial 

3.5 ± 2.1 
E

S = 0.19 ± 0.18 
T

rivial 
N

um
ber of w

ake bouts 
9.0 ± 1.2 

E
S = 0.75 ± 0.28 

A
lm

ost C
ertainly ­

 

3.9 ± 1.3 
E

S = 0.32 ± 0.16 
L

ikely ­
 

4.1 ± 1.3 
E

S = 0.34 ± 0.16 
L

ikely ­
 

5.2± 1.2 
E

S = 0.43 ± 0.16 
V

ery L
ikely ¯

 

4.9 ± 1.2 
E

S = 0.41 ± 0.15 
V

ery L
ikely ¯

 

0.2 ± 1.3 
E

S = 0.02 ± 0.19 
T

rivial 
R

ating of sleep quality  
0.2 ± 0.1 

E
S = 0.13 ± 0.17 

T
rivial 

0.3 ± 0.1 
E

S = 0.24 ± 0.17 
T

rivial 

0.5 ± 0.1 
E

S = 0.36 ± 0.16 
L

ikely ­
 

0.1 ± 0.1 
E

S = 0.11 ± 0.18 
T

rivial 

0.3 ±0.1 
E

S = 0.22 ± 0.17 
T

rivial  

0.1 ± 0.1 
E

S = 0.11 ± 0.17 
T

rivial 
B

ed T
im

e (hh:m
m

) 
1.44 ± 0.14 

E
S = 1.20 ± 0.45 

A
lm

ost C
ertainly ¯

 

0.04 ± 0.15 
E

S = 0.04 ± 0.28 
U

nclear 

0.16 ± 0.06 
E

S = 0.19 ± 0.29  
T

rivial 

1.47 ± 0.14 
E

S = 1.20 ± 0.45 
A

lm
ost C

ertainly ­
 

2.00 ± 0.15 
E

S = 1.40 ± 0.52 
A

lm
ost C

ertainly ­
 

0.13 ± 0.16 
E

S = 0.15 ± 0.30 
T

rivial 
W

ake-up T
im

e (hh:m
m

) 
0.13 ± 0.10 

E
S = 0.22 ± 0.27 

T
rivial 

0.25 ± 0.10 
E

S = 0.4 ± 0.24 
L

ikely ­
 

1.05 ± 0.10 
E

S = 1.2 ± 0.40 
A

lm
ost C

ertainly ­
 

0.12 ± 0.24 
E

S = 0.21 ± 0.28 
T

rivial 

0.52 ±0.10 
E

S = 0.92 ± 0.35 
A

lm
ost C

ertainly ­
  

0.40 ± 0.10 
E

S = 0.72 ± 0.27 
A

lm
ost C

ertainly ­
 

 D
ifference in m

eans betw
een habitual and com

petition periods as an E
S ± 90%

 C
I. E

S change direction refers to difference in first m
entioned day to m

atch com
pared to 

second m
entioned day to m

atch. A
 difference betw

een habitual and com
petition values w

as considered practically im
portant (­

 = increase/later, ¯
 = decrease/earlier) w

hen  
here w

as a > 75%
 likelihood exceeding the sm

allest im
portant E

S value (0.2) D
ifferences w

ith a likelihood of 75-95%
 w

ere considered “likely”, 95-99%
 “very likely”, and 

>99.5%
 alm

ost certainly. Sm
aller changes w

ere considered “trivial” and w
here the 90%

 C
I sim

ultaneously overlapped substantially positive and negative values the 
difference w

as considered “unclear” 
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Discussion 
 
A major finding of this work was that sleep efficiency (an indirect objective measure of sleep 

quality) was higher during the competition period compared to habitual. The evening match caused 

the most disruptions to sleep characteristics during the competition period and the night of the 

match had lower sleep duration when compared to other nights relative to the match. Furthermore, 

the subjective sleep rating was not aligned with the objective measure of sleep quality in either the 

habitual or competition period.  

 

When in their home environment, AF players sleep longer than other athletic populations.18 The 

habitual sleep duration of 533.0 ± 0.07 minutes observed in the present study is higher than has 

been reported in rugby union31, Olympic athletes18, endurance cycling 32, and Olympic swimmers22, 

but is similar to previous findings in AF.26 2 Despite the apparently longer sleep durations of the 

athletes in this study, previously reported values may not be a true reflection of habitual sleep 

characteristics. In some instances, habitual sleep values have been determined using a short baseline 

period and prior to competition.31 Critically, this study established habitual sleep characteristics 

over ten consecutive nights, as five or more nights are required to obtain reliable measures.74 As a 

result, our findings suggest habitual sleep duration in AF players is not compromised. 

  

Despite sleeping longer than other athletic populations, habitual sleep efficiency (81.35%) was 

considerably lower than previously observed in AF (~90%) 2,26 and below the recommendation for 

healthy adults (90%).207 This may indicate that players are experiencing sleep difficulties, 

potentially impairing their ability to obtain sufficient restorative sleep. This lower sleep efficiency 

compared to other findings in AF may be due to an increased exposure to technology (e.g., smart 

phones) over the last decade. Device use prior to bed may negatively affect sleep quality through 

sleep disturbances208 and increase awakenings209. Poor sleep habits, lack of a pre-bed routine, and / 

or disturbances in the sleep environment (e.g., light, temperature, and noise) may also have 

contributed to the differences observed between the present study’s findings and the existing 

literature. 70 It may also be that the players were instinctively extending their sleep duration as a 

result of poor sleep efficiency. Adjusting environmental conditions, implementing sleep routines 

and other sleep hygiene strategies may improve the quality and quantity of AF players’ sleep, and 

have been previously shown to be effective for team sport athletes.210 In agreement with previous 

findings86, these results revealed large individual variation in habitual sleep variables (e.g., sleep 

duration range 142–699 minutes), which highlights the importance of evaluating sleep in athletes on 

an individual-specific basis. 
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It appears that it is particularly challenging for AF players to obtain optimal sleep after evening 

matches53. Longer sleep onset latency, lower sleep efficiency, and increased wake time were 

exhibited in our study for the evening match compared to other match start times. Shorter sleep 

duration and longer sleep latency after an evening match compared to a day match has been 

observed previously in AF.30 However, these findings from the existing literature may have been 

confounded by the change in time zone and unfamiliar sleep environment.24 In contrast, no 

difference was evident in any measures of sleep observed in a night match compared to a day match 

and non-match days in a national youth soccer team.211 Given the potential disruption to sleep 

characteristics after an AF match played in the evening, avoiding an early start time for morning 

sessions in the days following may be advisable. 

 

While it might be assumed that players would exhibit better sleep characteristics after day matches 

than later match start times,53 the highest sleep efficiency occurred after the Twilight match. 

Previous research in AF has compared more extreme match start times (e.g., day vs. night), or 

assessed a single match start time in isolation, which limits the ability to make comparisons 

between the available literature and results from the current study. Disruptions in sleep efficiency 

following day matches suggest that any match, rather than the start time, may cause disrupted 

sleep.53 As a result, practitioners should not focus solely on late matches when implementing 

strategies to optimise sleep. 

 

Sleep duration was longer on the night before a match than on other nights before and after a match. 

The morning of the match was the only day the players did not have to attend a morning training 

session, and this may have provided an opportunity for players to extend their sleep duration. 

Athlete sleep behaviour has been observed to change depending on the time of training23, including 

a later bed time and wake time when not required to attend training until the early evening.85 

Despite no commitments in the morning, AF players in this study actively went to bed earlier on the 

night before a match compared to the night of a match. A novel finding was that, despite a longer 

sleep duration than all other days relative to match, AF players exhibited shorter sleep latency 

(9minutes) the night before the match, which is similar to population norms (11minutes).212 The 

precise reason for this is not clear, although this result suggests that the potential impact of pre-

match anxiety on prolonging time to fall asleep prior to competition was not a factor here.54 

 

Similar to previous findings in elite rugby union, this study revealed a likely longer sleep latency on 

the night of the match compared to the night after the match, and shorter sleep duration on the night 
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of the match compared to all other nights during the competition period.31 Despite an early morning 

recovery session scheduled after each match, a later bed time was observed compared to all other 

nights. Interestingly, players did not use the earlier finish time of day matches to extend their sleep 

by going to bed closer to their habitual bed time. This may be due to the players using the post-

match period as a time to socialise.86 Another possible explanation is that the psycho-physiological 

effects of the match (e.g., arousal, pain) may have delayed the drive to go to bed.54 Providing sleep 

education to improve bed time habits, encourage players to bring forward their bed time following 

day time matches may increase sleep duration, assist with sleep onset latency and sleep quality210, 

which may reduce perceptions of fatigue over the season.17 

 

Sleep duration remains shorter on +1 night after (544 ± 6 minutes) and +2 nights after a match (526 

± 7 minutes), compared to the night before a match (567 ± 6 minutes). Combined with reduced 

sleep duration on the night of the match, there is potential for individual players to accumulate a 

sleep debt during competition periods54, however comparison with habitual values suggests this is 

unlikely (see following discussion). Despite disruptions to sleep efficiency on the night of the 

match, no players napped in the days following an evening match or extended their total sleep time. 

Extending sleep from 7 to 9h per night reportedly improves performance and wakefulness in 

athletes136, and this may be a focus for sleep hygiene education.17 However, the impact of sleep 

extension strategies during competition has not been empirically investigated in this population. 

Although an AF match scheduled in the evening provides a challenge to obtaining optimal sleep, 

differences in sleep duration, latency, and efficiency were trivial compared to habitual values. This 

highlights that competition sleep characteristics of AF players were not compromised when 

compared to habitual sleep values. Interestingly, sleep efficiency was higher for all match start 

times compared to habitual values. In contrast, differences between the rating of sleep quality for 

the Early PM, Twilight and Evening match start time and habitual values were trivial, emphasising 

that subjective ratings of sleep quality were not aligned with objective measures62. Despite 

anecdotal concerns, practitioners should not assume that sleep during competition periods is 

compromised. Furthermore, competition sleep characteristics should be evaluated in combination 

with habitual sleep values from an appropriate baseline period. Critically, due to the mismatch 

between subjective and objective measures of sleep quality in both phases, actigraphy should be 

used to evaluate sleep in athlete populations. 

 

The shorter sleep duration on the night of the match can be attributed to a later bed time for the 

reasons previously discussed. The unclear difference in sleep duration between 1 night after the 
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match and habitual values appears to be due to substantial inter-individual variation. As sleep 

duration and time taken to fall asleep was almost certainly shorter 2 nights after the match 

compared to habitual values, the greatest opportunity to influence AF players sleep duration occurs 

within the two nights following a match. 

Due to the large inter-individual variability observed, differences in sleep onset 1 night before the 

match and on the night of the match compared to habitual values were unclear. Feelings of anxiety 

or excitement may impact players on an individual level, and in turn, influence their ability to fall 

asleep prior to a match.54 Therefore, strategies to enhance sleep should be customised to the 

individual. 

 

The almost certainly higher sleep efficiency 1 night before, on the night of, and 1 night after the 

match than observed in the habitual period appears to be due to an increased wake time in the 

habitual period. This further supports the contention that sleep characteristics of AF players is not 

compromised during competition periods. Habitual sleep quality may be improved by reducing 

wake time through establishing bed time/wake time routines, adjusting the habitual sleep 

environment, or limiting electronic device use before bed.213 

While sleep efficiency on days relative to the match was higher than habitual values, the differences 

between the habitual rating of sleep quality to ratings on the night before, the night of, and 2 nights 

after a match were unclear. It has been acknowledged that individuals have difficulties assessing 

their own sleep patterns214, further highlighting the limitations of subjective ratings. Although 

validated sleep questionnaires are inexpensive and non-invasive, they are too lengthy for routine 

use in high-performance environments.54 As a result, practitioners often implement shortened 

questionnaires similar to the one used in this study, however these findings indicate that such an 

approach may not provide accurate measures of sleep quality.60 
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Limitations  
 

The limitations of this study should be taken into account when interpreting results. Firstly, only 

one match per start time was included in the analysis. A longitudinal investigation may provide 

further insight into the effect of match start time, days to game and travel during the AF season. It is 

acknowledged that numerous factors may influence the sleep characteristics of AF players, 

including training and match day load. Further research examining the interactions between training 

load, well-being, and sleep characteristics may be beneficial.   

 

Practical Applications 
 

Sleep characteristics during AF competition periods do not appear to be compromised compared to 

habitual sleep characteristics. Strategies to enhance sleep quality and quantity should focus on the 

nights immediately following a match when the most disruption is evident. Due to the apparent 

inaccuracy of subjective ratings of sleep quality obtained from shortened questionnaires, 

practitioners should aim to collect objective sleep data using validated techniques. 

 

Conclusions  
 

In general, elite AF competition does not appear to impart substantial disruption to sleep 

characteristics when compared to habitual sleep. Whilst match start time has some impact on sleep 

variables, it appears that any match, irrespective of match start time may cause disruptions to 

players sleep characteristics. As a result, the clearest interruption to sleep occurs in the nights 

immediately following a match, and this provides the ideal opportunity for intervention. 

Importantly, subjective ratings of sleep from shortened well-being questionnaires appear limited in 

their ability to accurately provide an indication of sleep quality.  
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Chapter 5: Study Two - A Complex Relationship: Sleep, External Training 
Load, and Well-Being in Elite Australian Footballers. 
 
 
Publication statement:  
 
This chapter is comprised of the following paper in the form published in the International Journal of 

Sports Physiology and Performance.  

 
Lalor BJ, Halson SL, Tran J, Kemp JG, Cormack SJ. A complex relationship: sleep, external 

training load, and well Being in elite Australian footballers. Int J Sports Physiol Perform. 

2020;15(6):777-787. 
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Linking Paragraph 
 
Study 1 revealed that the competition sleep characteristics of elite AF players were not 

compromised when compared to habitual sleep characteristics. Whilst it appears that it is 

particularly challenging for AF players to obtain optimal sleep after evening matches, all matches, 

irrespective of start time caused some disruption to sleep. The clearest interruption to sleep occurred 

in the nights immediately following a match. In addition to the match start time and the night 

following an AF match, numerous factors may influence the sleep characteristics of AF players, 

including player well-being and training and match day load. Despite the known restorative effects 

of sleep and the important role it may play in minimising fatigue, optimising recovery and well-

being, the relationship between load, well-being and sleep prior to and following training and 

matches is not clear.1 Chapter 5 aimed to the assess the association between objective sleep 

characteristics, self-reported measures of well-being and external load of AF players.  
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Abstract  
 
To assess relationships between objective sleep characteristics, external training loads, and 

subjective ratings of well-being in elite Australian Football (AF) players. Thirty-eight elite male AF 

players recorded objective sleep characteristics over a 15-day period using an activity monitor. 

External load was assessed during main field sessions and ratings of well-being were provided each 

morning. Canonical correlation analysis was used to create canonical dimensions for each variable 

set (sleep, well-being and external load). Relationships between dimensions representing sleep, 

external load and well-being were quantified using Pearson’s r. Canonical correlations were 

moderate between pre training sleep and external training load (r range = 0.32–0.49), pre training 

sleep and well-being (r = 0.32), and well-being and post training sleep (r = 0.36).  Moderate-to-

strong correlations were observed between dimensions representing external training load and post 

training sleep (r range = 0.31 to 0.67) and well-being and external training load (r range = 0.32 to 

0.67). Player Load (PL) and Player Load 2D (PL2D) showed the greatest association to pre and post 

training objective sleep characteristics and well-being. Fragmented sleep was associated with 

players completing the following training with a higher PL2D. Maximum speed, PL and PL2D 

were the common associations between objective sleep characteristics and well-being in AF 

players. Improving pre training sleep quality and quantity, may have a positive impact on AF 

players’ well-being and movement strategy during field sessions. Following training sessions that 

have high maximum speed and PL2D, the increased requirement for sleep should be considered by 

ensuring that subsequent sessions do not start earlier than required.   

  
Key Words: Actigraphy, Team Sport, Fatigue, Player Load TM.  
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Introduction  
 
Australian Football (AF) is a high-intensity, intermittent team sport involving tackling and 

collisions.155 Monitoring training and competition loads is imperative to optimise performance205 and 

can be conducted using session-RPE (sRPE), and microtechnology devices.155 Self-report well-

being questionnaires are a practical tool that can provide insight to an athlete’s status in areas such 

as muscle soreness, stress and injury.165 The perceived well-being of AF players has been shown to 

influence the exercise intensity of subsequent field-based training sessions60 and therefore may 

provide coaches an indication of the external load that can be expected during a AF training 

session.205 A common component in these questionnaires is a subjective rating of sleep quality, 

however recent work has demonstrated that this may have limited accuracy as an indicator of sleep 

quality in AF players.215  

The prevalence of poor sleep in elite athletes is high54, although the objective sleep characteristics 

of AF players prior to and during competition has been shown to not be compromised compared to 

habitual sleep.215 However, habitual sleep efficiency, an objective measure of sleep quality was 

suboptimal (81.35%) in this population compared to recommendations for healthy adults (90%).83 

Whilst numerous factors including training and competition load may influence AF players habitual 

sleep, the interaction between internal and external load and the sleep characteristics of AF players 

has only been explored in a camp setting, where changes in sRPE showed a moderate negative 

correlation with sleep duration.36 Importantly, the relationship between load and the sleep 

characteristics following the training session were not investigated.  Higher training loads have 

been associated with small increases in sleep quality and quantity in other football codes during the 

pre-season period.25 However, this investigation did not include measures of subjective athlete well-

being, and the commercially available sleep device utilised does not measure key characteristics of 

sleep, including sleep onset latency. 

The aim of the study was to assess the relationships between objective sleep characteristics, external 

training load, and subjective ratings of well-being in elite AF players. Specifically, we aimed to: (1) 

assess the association between sleep characteristics during sleep prior to a main training session and 

subsequent ratings of well-being and external load in the training; (2) determine if subjective ratings 

of well-being and measures of external load from training are associated with objective sleep 

characteristics in the subsequent sleep opportunity; and (3) assess if ratings of well-being are 

associated with the external loads during AF training. 
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Methods  
 
Subjects 
 
Data was obtained from 38 elite male AF players from the same team (mean ± SD): height = 188.2 

± 7.3 cm; body mass = 87.0 ± 8.1 kg; age = 22.1 ± 3.3 years; AFL experience = 60 ± 59 games 

played. Ethics approval was obtained from the university human research ethics committee, 

conducted to conform to the recommendations of the Declaration of Helsinki.  

Objective Sleep Characteristcs   
 
Participants undertook sleep monitoring over a consecutive 15-day period during the preparation 

phase of the season. Validated wrist-worn activity monitors, were used to measure sleep (Philips 

Respironics, Inc., Bend, Oregon, USA)21. Activity monitors were worn continuously (except during 

contact training and when in water) and data was recorded in 1-min epochs. Participants recorded 

the start and end of each sleep period in a sleep diary.216 The same sleeping environment was 

maintained throughout the monitoring period.  

The combination of paper sleep-diary and activity monitor data was used to determine when 

participants were awake or asleep. A detailed description of the scoring of sleep using the sleep 

diary and activity monitor has been previously provided.215 The following information was 

collected from the activity monitors: bed time (hh:mm), wake up time (hh:mm), sleep onset latency 

(min), sleep duration (h), wake time (min), number of wake bouts, wake bouts average duration 

(mm:ss) and sleep efficiency (%). The sleep diary was used by participants to record sleep location, 

bed time (hh:mm), and wake up time (hh:mm). The sleep diary was reviewed at regular intervals 

during the monitoring period. 

External Training Load  
 
A total of 14 training sessions occurred during the 15-day period. This included five main field, 

three conditioning, two cross training (boxing and cycling) and four strength training sessions. 

External training load was assessed for main field sessions only which all started at 9am and were 

followed by the same hydrotherapy and nutrition recovery protocols. Main field sessions consisted 

of a standardised warm up, 2 closed skill drills, 2 full ground skill drills, followed by 3 match 

simulation drills. No players were modified from drills during the monitoring period. 
 

During the field-based training sessions, players wore the same microtechnology device 

(MinimaxX V4, Catapult Innovations, Melbourne Australia), sampling at 10 Hz. 155,180The device 
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sat firmly between the shoulder blades in a vest worn underneath the training jumper.  Each device 

also housed an internal triaxial accelerometer sampling at 100 Hz. The summation of the triaxial 

accelerations is determined as Player LoadTM (PL).155 PL and Player Load TM 2D (PL2D); an 

accumulation of data from the anterioposterior and mediolateral axes only and Player Load TM Slow 

(PLslow); a metric representing  activity (e.g., grappling) performed at velocities < 2m.s-1were also 

recorded. These variables are demonstrated to have acceptable levels of reliability. Catapult Sprint 

(version 5.1.0.3) software was used to download data. External training load metrics were expressed 

in absolute form and relative to training duration, as outlined in Table 1.  

Self-Reported Measures of Well-Being 
 
Self-reported measures of soreness (calf, quad/knee, groin/hip and lower back), mood, sleep quality, 

sleep duration, leg heaviness, and energy levels were collected each morning prior to any training. 

Well-being questions were completed (95% compliance) using a likert scale (ranging from 1 poor 

to 10 good) via an application (Smartabase, Fusion Sport) on players’ phones.181  
 
Statistical Analysis 
 
Exploratory data analysis confirmed that most variables met parametric assumptions. Visual 

inspection of quantile-quantile plots showed that those variables that did not meet parametric 

assumptions presented with increasing residuals as the values of the variable increased. Square-root 

transformations can be effective for variables with such a data structure, so variables that violated 

parametric assumptions were transformed and then re-tested. The following variables did not meet 

parametric assumptions even after transformation, and thus were excluded from the primary 

analysis: activity monitor measured bed time, PLslow/min, HIR m, and HIR m/min. Descriptive 

statistics (median ± interquartile range) were calculated for all sleep, well-being, and external load 

variables. 

Figure 8 outlines the associations tested in the canonical correlation analysis. The variables used in 

each ‘variable set’ are presented in Table 7. 
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Figure 8: Associations Tested in the Canonical Correlation Analysis. Canonical correlations were 

used to examine the associations between: a) pre training sleep and subsequent pre training well-

being, b) pre training sleep and subsequent external training load, c) pre training well-being and 

subsequent external training load, d) well-being and post training sleep and e) external training load 

and post training sleep. 
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Table 7: Variable Sets Used in Canonical Correlation Analysis 

External Training Load  Objective Sleep Characteristics  Self-Reported Measures of Well-being 

Absolute loads Sleep Onset Latency (min) Mood (AU) 

Total Distance (m) Sleep Duration (hh:mm) Calf Soreness (AU) 

Player Load (AU) Sleep Efficiency (%) Leg Heaviness’ (AU) 

Player Load 2D (AU) Wake Time (min) Quad/Knee Soreness (AU) 

Player Load Slow (AU) Wake Bouts (number) Groin/Hip Soreness (AU) 

Maximum Speed (km/h) Wake Bouts Av Duration (mm:ss) Lower Back Soreness (AU) 

HIR Distance (m) Wake Up Time (hh:mm) Sleep Duration (AU) 

Loads relative to training duration  Energy Levels (AU) 

Average Velocity (m/min)  Hamstring Soreness (AU) 

Player Load (AU/min)  Sleep Quality (AU) 

Player Load 2D (AU/min)   

HIR Distance (m/min)   

 

HIR: High Intensity Running > 24 km/h. Wake Bouts Av Duration: Wake Bouts Average Duration. 
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Canonical correlation analysis is a multivariate approach that quantifies the relationships between 

two sets of variables and is used to quantify relationships between multiple variables 

simultaneously.182 This multivariate technique was selected because each of the primary measures 

in this study comprise multiple variables that, in combination, represent a person’s sleep, external 

load, or well-being. To quantify relationships between two variable sets, the canonical correlation 

analysis procedure produces functions that are akin to multiple linear regressions.182 Each function 

uses the variables from each variable set as inputs to two regressions (one for each variable set). 

Each regression produces one synthetic variable (i.e., one canonical dimension, or simply, 

dimension) for each variable set. The aim of these functions is to maximise the correlation strength 

between any pair of dimensions. Additionally, this analysis will produce as many dimensions as 

there are variables in the smaller variable set.182 The dimensions are distinct from each other as they 

arise from different linear combinations of the same input variables, and must meet the condition of 

double orthogonality, where ‘both synthetic variables in subsequent canonical functions must be 

uncorrelated with both synthetic variables in all preceding functions’.182 Readers seeking more 

details about this procedure and its application are encouraged to review the primer on canonical 

correlation analysis written by Sherry & Henson.182 

For example, consider a canonical correlation analysis of the sleep and well-being variables. The 

first canonical function will produce Sleep Dimension 1 and Well-being Dimension 1. Sleep 

Dimension 1 is a linear combination of multiple sleep variables; the same concept applies for the 

Well-being Dimension 1. The weighting or contribution of each variable to its dimension is 

adjusted in the analysis to maximise the correlation strength between Sleep Dimension 1 and Well-

being Dimension 1. The second canonical function will produce Sleep Dimension 2 and Well-being 

Dimension 2. In this function, the analysis again adjusts the weighting of each input variable to 

satisfy the condition of double orthogonality. Because of this condition, the strongest possible 

canonical correlation will always present between the Dimension 1 pairing, while subsequent 

canonical correlations express relationships given the residual variance in the variable sets that were 

unexplained by the preceding canonical function(s).  

Key results produced by a canonical correlation analysis include: i) tests of dimensionality, ii) 

canonical loadings (also known as structure coefficients), and iii) cross-loadings. Tests of 

dimensionality produce the canonical dimensions, the canonical correlation coefficients between 

dimensions, and the statistical significance of each canonical correlation. The strength of 

relationships between dimensions (i.e., canonical correlations) is expressed using Pearson’s 

correlation coefficient (r), interpreted in accordance with established thresholds183 where: weak = -
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0.3 > r ≤ -0.1 and 0.1 ≥ r < 0.30; moderate = -0.5 > r ≤ -0.3 and 0.3 ≥ r < 0.50; and strong = r ≤ -0.5 

and r ≥ 0.5. Canonical correlations that are statistically significant (p < 0.05) are presented in the 

results. Canonical loadings are also expressed as Pearson’s r, where the coefficient represents the 

relationship between each variable in a variable set and the canonical dimension for the same 

variable set. The loading of each variable onto its canonical dimension is calculated in the presence 

of all other contributing variables to the same canonical dimension; as a result, canonical loadings 

are not affected by multicollinearity.184 Cross-loadings represent the relationship between each 

variable in one variable set and the canonical dimension for the other variable set.182 

All analyses were conducted using R (version 3.5.1)185 and the following packages: ‘dplyr’ and 

‘reshape2’ for data preparation186 187 ‘MVN’ for assumption testing {Korkmaz S, 2014 

 #146} and ‘CCA’ for the canonical correlation analyses.188  
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Results 
 
Sleep Characteristics, External Training Load and Well-Being 
 

Sleep characteristics, external load from five on-field training sessions, and self-reported measures 

of well-being are shown in Table 8. 

 

Table 8: Objective Sleep Characteristics, External Training Load and Self-Reported Measures of 
Well-Being. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IQR:Interquartile Range, HIR: High Intensity Running, Wake Bouts Av Duration: Wake Bouts Average Duration. 

Parameter  Median ±  IQR 
Sleep Characteristics  
Sleep onset latency (min) 5 ± 19 
Sleep duration (hr:min) 8:32 ± 1.29 
Sleep efficiency (%) 81.90 ± 9.14 
Wake time (min) 77 ± 40 
Wake Bouts (number) 31 ± 11 
Wake Bouts Av Duration (mm:ss) 02.30 ± 0.39 
Bed time (hh:mm) 22:43 ± 1.17 
Wake up time (hh:mm) 07:23 ± 1.14 
  
External Load Field Training Sessions   
Absolute loads  
Total Distance (m) 5997 ± 2572 
Player Load (AU) 593 ± 304 
Player Load 2D (AU) 355 ± 175 
Player Load Slow (AU) 174 ± 100 
Maximum Speed (km/h) 27.9 ± 3.2 
HIR Distance (m >24/km/hr) 266 ± 342 
Loads relative to training duration  
Player Load (AU/min) 10.31 ± 5.80 
Player Load 2D (AU/min) 6.31 ± 3.67 
Player Load Slow (AU/min) 2.98 ± 1.22 
Average Velocity (m/min) 111 ± 58 
HIR Distance (m/min>24/km/hr) 3.33 ± 5.93 
  
Self-Reported Measures of Well-Being  
Mood (AU) 7 ± 1 
Calf Soreness (AU) 7 ± 2 
Leg Heaviness (AU) 7 ± 1 
Quad/Knee Soreness (AU) 7 ± 1 
Groin/Hip Soreness (AU) 7 ± 1 
Lower Back Soreness (AU) 7 ± 2 
Sleep Duration (AU) 8 ± 1 
Energy Levels (AU) 7 ± 2 
Hamstring Soreness (AU) 7 ± 1 
Sleep Quality (AU) 8 ± 1 
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Pre Training Sleep and External Training Load  
 
The relationships between pre training sleep and external training load metrics are represented by 

three canonical correlations. The strongest canonical correlation was between Sleep Dimension 1 

and External Training Load Dimension 1 (r = 0.49, P = 4.26 x10-28). Figure 9A shows the variables 

with the highest loadings onto each dimension; wake time was the stronger contributor to the Sleep 

Dimension 1 (r = 0.90), while PL2D and PL2D/min contributed similarly to External Training Load 

Dimension 1 (r = 0.38 and 0.36, respectively).  

 

Pre Training Sleep and External Training Load Dimension 2 and 3 are presented in Table 9. 
 
Figure 9B presents the cross-loadings of each variable onto Dimension 1 for the other variable set.  
 
Table 9: Pre Training Sleep and External Training Load Canonical Correlations.  
 

 Dimension 2* (r=0.46, P=2.99x10-15) Dimension 3* (r=0.32, P=6.91x10-5) 
 Canonical Loading  Cross Loading  Canonical Loading Cross Loading  
Sleep Characteristics      
Sleep onset latency (min) -0.81# -0.18 -0.23  

Sleep duration (min)   0.54  
Sleep efficiency (%)     
Wake time (min) 0.15    
Wake bouts (number)  -   
Wake Bouts av duration 
(mm:ss)  

0.21  0.27  

Wake up time (hh:mm) -0.40  0.68# 0.11 
     
External Load Variables     
Absolute loads     
Total Distance (m) 0.13  -0.48# -0.18 
Player Load (AU) 0.30 0.14 -0.13  
Player Load 2D (AU) 0.29 0.13   
Player Load Slow (AU)   0.16  
Maximum Speed (km/h) 0.59# 0.27   
Loads relative to training 
duration 

    

Average Velocity (m/min) 0.12    
Player Load/min (AU) 0.57 0.27 0.39 0.15 
Player Load 2D/min (AU) 0.56 0.26 0.47 0.18 
     
The relationship between external training load metrics and pre training sleep characteristics. Data are expressed as 
canonical correlations with the canonical loading and cross loading of each variable presented for each dimension. * 
Indicates the dimension is statistically significant.  # Highlights the variables from each data set that had the strongest 
contribution to each dimension. HIR: High Intensity Running, Wake Bouts Av Duration: Wake Bouts Average 
Duration. 
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Figure 9: A) Pre Training Sleep and External Training Load Dimension 1* (r = 0.49, P = 4.26 x 10-

28) and (B) Pre Training Sleep and External Training Load 1 Cross Loadings. * Indicates the 

dimension is statistically significant (p < 0.05). 
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Pre Training Sleep and Well-Being  
 
The relationship between pre training sleep and well-being are represented by one canonical 

dimension (r = 0.32, P = 0.002). Figure 10A shows the variables with the highest loadings onto the 

dimension; wake up time was the strongest contributor to the Sleep Dimension 1 (r = 0.63), while 

self-reported sleep quantity contributed most to the Well-Being Dimension 1 (r = 0.60).  

 
Figure 10B presents the cross-loadings for this dimension. 
 
External Training Load and Post Training Sleep  
 
The relationship between external training load and post training sleep are represented by four 

canonical correlations. The strongest canonical correlation was between External Training 

Dimension 1 and Sleep Dimension 1 (r = 0.67, P = 5.06 x 10-43). Figure 11A shows the variables 

with the highest loadings onto each dimension; wake up time was the strongest contributer to Sleep 

Dimension 1 (r = -0.55) and total distance was the strongest contributor to External Training Load 

Dimension 1 (r = -0.82). The cross-loadings for Dimension 1 are presented in Figure 11B. Total 

distance (r = -0.46) showed a moderate negative correlation with Sleep Dimension 1.  Dimensions 

2, 3, and 4 are presented in Table 10. 

 

Well-Being and Post Training Sleep  
 
The relationship between pre training well-being ratings and post training sleep are represented by 

one canonical correlation (r=0.36, P = 0.002).  

 

Figure 12A shows the variables with the highest loadings onto Dimension 1; wake up time was the 

strongest contributer to Sleep Dimension 1 (r=0.61), whilst self-reported sleep quality contributed 

most to Well-Being Dimension 1(r=-0.61).  Figure 12B presents the cross-loadings of each variable 

into Dimension 1 for the other variable set.  

 

Well-Being and External Training Load  
 
The relationship between pre training well-being and subsequent external training load measures 

are represented by four canonical correlations. The strongest canonical correlation was between 

Well-Being Dimension 1 and External Training Load Dimension 1 (r = 0.67, P = 3.6 x 10-58). 

Figure 13A shows the variables with the highest loadings onto each dimension; hamstring soreness 

was the strongest contributer to well-being Dimension 1 (r = -0.55) and PL was the strongest 
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contributor to external training load Dimension 1 (r = -0.74). Figure 13B presents the cross-loadings 

of each variable into Dimension 1 for the other variable set. Player Load (r = -0.48) showed a 

moderate negative correlation with well-being Dimension 1.  Dimensions 2, 3, and 4 are presented 

in Table 11. 

 

 
 

 
 
 
Figure 10: (A) Pre Training Sleep and Well-Being Dimension 1 (r = 0.32, P = 0.002) and (B) Pre 

Training Sleep and Well-Being Dimension 1 Cross Loadings.  
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Figure 11: (A) External Training Load and Post Training Sleep Dimension 1* (r = 0.67, P = 5.06 x 

10-43) and (B) External Training Load and Post Training Sleep and Dimension 1 Cross Loadings. * 

Indicates the dimension is statistically significant (p < 0.05). 
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 Table 10: External Training Load and Post Training Sleep Canonical Correlations.   
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Figure 12: (A) Well-Being and Post Training Sleep and Dimension 1* (r = 0.36, P = 0.002) and (B) 

Well-Being and Post Training Sleep 1 Cross Loadings. * Indicates the dimension is statistically 

significant (p < 0.05). 
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Figure 13: (A) Well-Being and External Training Load Dimension 1* (r = 0.67, P = 3.6 x 10-58) 

and (B) Well-Being and External Training Load Dimension 1 Cross Loadings. * Indicates the 

dimension is statistically significant (p < 0.05)
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Table 11: W
ell-Being and External Training Load Canonical Correlations.   
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Discussion  
 
This study revealed that complex relationships exist between sleep, external training 

load and well-being measures in AF players. Fragmented sleep the night prior to 

training was associated with lower mood, increased soreness and players completing 

the following training session with higher PL2D. Furthermore, players who completed 

training with a lower total distance was associated with a later wake up time in the 

next sleep opportunity. Our findings highlight that the relationship between objective 

sleep characteristics, external training load and well-being are not defined by one 

measure (e.g., sleep duration). Instead, the contribution of a number of sleep variables 

including wake time, number of wake bouts and wake up time may influence both 

external load and the well-being of AF players. These findings have implications for 

practitioners, particularly when choosing variables to monitor AF players’ sleep to 

assist in the planning and evaluation of training.  

 
The strongest canonical dimensions for pre training sleep and external training load, 

indicated AF players with a lower sleep efficiency and a longer wake time in the pre 

training sleep, had a higher PL2D during training. These associations may be due to 

players entering the training session tired from fragmented sleep or from an 

accumulated sleep debt, resulting in players performing high intensity movements to 

compensate for inefficient running or poor positioning.205 In support of this, AF 

players are shown to have an altered activity profile in a fatigued state, resulting in 

players becoming inefficient in the production of load (greater lateral or vertical 

movements).205 In addition to changes in movement strategy when tired, extended 

wake periods have been associated with effects on brain function (including attention 

lapses), cognitive function and performance.42 There is potential for players with a 

low sleep efficiency, due to extended wake time, to experience impaired cognitive 

function during the training session.42 Even relatively moderate sleep restriction, if 

sustained night after night, can impact neurobehavioral functioning.217 In contrast, 

extending total sleep time can improve reaction time, daytime sleepiness and mood in 

collegiate athletes.17 As a result, improving sleep quality and quantity may have a 

positive impact on AF players performance, particularly when psychomotor vigilance 

is required.17 Objective monitoring of sleep characteristics of AF players may also 

provide an indication of the external load that might be expected in the subsequent 

training session and provide practitioners with the ability to make adjustments to 

training drill participation if warranted. Practitioners should specifically monitor PL 
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and PL2D in players who have reported poor sleep and potentially modify training 

participation. 

 
The canonical correlation between pre training Sleep Dimension 1 and Well-Being 

Dimension 1 highlighted the potential impact of fragmented pre training sleep on 

subjective well-being. An increased number of wake bouts in the sleep opportunity 

prior to the main training session was associated with lower mood and increased 

soreness.  Similar findings have been observed in elite cyclists during an intensive 

training period where cyclists who experienced an increased number of wake bouts 

reported disruptions to mood state, increased tension, fatigue, confusion, depression 

and stress.178 An increase in total sleep time has also been associated with an 

improved self perception of performance during training and competition.17 This 

supports the idea that obtaining extra, good quality sleep is likely to have beneficial 

effect on an athletes overall well-being and mental readiness to train.17 Practitioners 

may improve well-being and reduce perceptions of fatigue during the pre-season 

training period by optimising both the quality and quantity of AF player’s sleep. This 

may be achieved through minimising sleep disturbances and wake time by prioritising 

sleep hygiene strategies.70 

 

The second aim of this study was to examine the associations between well-being, 

external training load, and post training sleep charactertistics. The canonical 

correlation between Well-Being Dimension 1 and Post Training Sleep Dimension 1 

indicated that higher ratings of soreness and shorter subjective sleep quantity were 

associated with fragmented sleep in the post training sleep oppourtunity. This was due 

to longer wake duration and longer wake bouts. There is limited information 

regarding the interactions between external training load, muscle soreness, and sleep 

characteristics in elite sport and this warrants further investigation. To assist athletes 

in improving the quality of sleep following a training session, practitioners should 

consider strategies that may improve the recovery from sessions involving contact 

(e.g., cold-water therapy, use of compression garments, massage, and nutrition 

strategies).218 The relationship between External Training Load Dimension 1 and 2 

and Sleep Dimension 1 and 2 highlighted that the content of the training session may 

affect the requirement for sleep following the session in AF players. Firstly, lower 

total distance in training was associated with a later wake up time in the sleep 

opportunity following the training session. Our findings also indicated that a higher 

maximum speed and higher PL/min in training were associated with a shorter sleep 
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onset latency and higher sleep efficiency in the post training sleep. A similar 

relationship was observed in youth soccer players, where an increased sleep duration 

and later time of final awakening was observed in the sleep opportunity following a 

training session involving an increased high-speed distance. 

 
A similar relationship was observed in youth soccer players, where an increased sleep 

duration and later time of final awakening was observed in the sleep opportunity 

following a training session involving an increased high-speed distance. It is possible 

that training that produces higher maximum speed increases an AF player’s 

requirement for sleep. However, it is acknowledged that these associations could also 

be due to between player variation in both training design factors, such as role within 

a training drill or positional group requirements and also inter-individual differences 

in sleep characteristics. Further research is required to understand the associations 

between external training load in intermittent team sports and objective sleep 

characteristics. Practitioners should maximise the opportunity for sleep following 

sessions that have high speed by ensuring that sessions the next day do not start 

earlier than required.  

 
The final aim of this study was to assess the relationship between pre training 

perceived well-being and the external load produced in the main training session.  

Previous work has demonstrated the influence of pre training well-being scores on the 

external load (specifically PL and PLslow) during AF skill-based training sessions.60 

Our results suggest players who reported an increased lower body soreness 

(hamstring, quad/knee, groin/hip) and lower rating of mood prior to the main training 

session was associated with a higher PL, PL2D and a higher maximum speed when 

compared to other players in the team. This supports the suggestion that pre training 

well-being (specifically lower body soreness and low mood) may also be associated 

with an inefficient production of load (greater lateral or vertical movements or 

increased sprinting to compensate poor decision making) during the session. For an 

AF player, mood alteration also has the potential to affect motivation to train and 

willingness to give maximal effort in both training and competition.11 It has also been 

demonstrated that perception of effort increases under sleep deprivation, which can 

influence an athlete’s time to fatigue during training and competition.11 Collection of 

these measures prior to AF training may provide practitioners an indication of the 

external load that can be expected during the session and may guide strategies to 

improve player mood and subsequent training and competition output.  
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Practical Applications 
 
Pre training sleep characteristics impact the movement strategy of AF players during 

main field sessions. Practitioners can expect PL and PL2D to be modified in AF 

players who have slept poorly. Following training sessions that have high maximum 

speed , practitioners should maximise the opportunity for sleep following the session 

by ensuring that subsequent sessions do not start earlier than required. Prioritising 

sleep hygiene and recovery strategies to minimise wake episodes may improve the 

well-being and perceptions of fatigue of AF players. Pre training well-being may 

provide some insight into the objective sleep characteristics that may be exhibited in 

the post training sleep opportunity. 

 
Conclusions  
 
Maximum speed, PL and PL2D were the common associations between both 

objective sleep characteristics and well-being measures in AF players. This 

relationship was observed in pre and post training sleep and well-being measures. 

Improving pre training sleep quality and quantity, ideally through minimising wake 

time, may have a positive impact on AF players’ well-being, movement strategy and 

perceptions of fatigue during training. Reviewing maximum speed, total distance, PL, 

PL2D from AF main field sessions may provide the ability to modify the schedule (to 

allow later wake up time) to assist players need for increased sleep following the 

session. 
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Chapter 6: Study Three – Business Class Travel Preserves Sleep 
Quality & Quantity and Minimises Jet-Lag During The Women’s 
T20 World Cup Cricket Tournament  
 
 
 
Publication statement: This chapter is comprised of the following paper in the form 

accepted for publication in the International Journal of Sports Physiology and 

Performance.  

 
Lalor BJ, Halson SL, Tran J, Kemp JG, Cormack SJ. Business class travel preserves 

sleep quality & quantity and minimises jet-lag during the Women’s World T20 

Cricket Tournament. Int J Sports Physiol Perform. Forthcoming 2021.   
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Linking Paragraph  
 
Study 2 revealed that complex relationships exist between sleep, external training load 

and well-being measures in AF players. Our findings highlighted that the relationship 

between objective sleep characteristics, external training load and well-being are not 

defined by one measure (e.g., sleep duration). Instead, the contribution of a number of 

sleep variables including wake time, number of wake bouts and wake up time may 

influence both external load and the well-being of AF players. Fragmented sleep the 

night prior to training was associated with lower mood, increased soreness and 

players completing the following training session with higher PL2D. Therefore 

improving pre training sleep quality and quantity, ideally through minimising wake 

time, may have a positive impact on team sport athletes well-being, movement 

strategy and perceptions of fatigue during training. Study 1 and 2 assessed the impact 

of match start time, days relative to a match, well-being and training load on the 

impact of players sleep characteristics. However, these relationships were assessed in 

the players habitual sleep environment. The schedule of a high performance athlete 

often requires international travel for both training and competition, therefore to gain 

a further understanding of elite team sport athletes sleep characteristics, assessing the 

players competition sleep environment, including the sleep characteristics exhibited 

following an international flight is required. Considering the challenge to obtaining 

good quality and quantity of sleep during plane travel, the fragmented and truncated 

sleep experienced in-flight sleep may have an impact on the players training load, 

sleep characteristics and self-reported measures of well-being upon arrival at the 

competition destination. Study 3 aimed to determine the impact of the quality and 

quantity of sleep obtained during an international flight on subsequent objective sleep 

characteristics, self-reported well-being, and perceptions of jetlag upon arrival at the 

competition destination. In addition, Study 3 aimed to explore the relationships 

between training and match day load, perceptions of well-being and jetlag, and 

objective sleep characteristics during an international tournament.
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Abstract 
 
To determine the impact of the quality and quantity of sleep during an international flight 

on subsequent objective sleep characteristics, training and match day load, self-reported 

well-being, and perceptions of jetlag of elite female cricketers during an International 

Cricket Council T20 Women’s World Cup. In-flight and tournament objective sleep 

characteristics of eleven elite female cricketers were assessed using activity monitors. 

Seated in business class, players travelled west from Melbourne, Australia to Chennai, 

India. The outbound flight departed Melbourne at 0330h with a stopover in Dubai for 2h. 

The arrival time in Chennai was 2010h local time (0140h Melbourne). The total travel 

time was 19h 35 minutes. Perceptual ratings of jetlag, well-being and training and 

competition load were collected. To determine the impact of in-flight sleep on 

tournament measures, a median split was used to create sub-samples based on 1) in-flight 

sleep quantity and 2) in-flight sleep quality (two groups: higher vs. lower). Spearman’s 

correlation coefficients were calculated to assess the bivariate associations between sleep 

measures, self-reported well-being, perceptual measures of jetlag and internal training 

and match day load. Mean duration and efficiency of in-flight sleep bouts was 4.72h and 

87.45%. Aggregated in-flight sleep duration was 14.64 + 3.56h. Players with higher in-

flight sleep efficiency reported higher ratings for fatigue (i.e., lower perceived fatigue) 

during the tournament. Tournament sleep duration was longer, and bed and wake times 

were earlier compared to habitual. Compared to other nights during the tournament, sleep 

duration was shorter following matches. Maximising in-flight sleep quality and quantity 

appears to have implications for recovery and sleep exhibited during competition. Sleep 

duration was longer than habitual except for the night of a match, which suggests that 

T20 matches may disrupt sleep duration. 

  
Key Words: Team Sport, Jetlag, Travel, Female Athlete   
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Introduction 
 
Elite female cricketers travel domestically and internationally and changes in time zones, 

sleep environment, sleep/wake routines and circadian rhythms can all impact sleep 

characteristics, well-being and performance.4 Travel fatigue in combination with the 

mismatch between players body clock and local time may impact sleep, self-reported 

fatigue and symptoms of jetlag upon arrival at the international destination.8 Considering 

international travel forms a large part of an elite cricket players schedule, developing an 

understanding of the sleep patterns of players during and following an international flight 

may provide insights into opportunities to optimise performance.5  

The challenge of obtaining good sleep quality and quantity during plane travel is well 

documented.8 Professional football players reported 5.5h of sleep during 18h of long-haul 

travel, well below the recommendation for the general population and the players self-

reported habitual sleep duration.4 A shorter mean sleep duration (2.5h) during 24h of 

simulated long-haul travel was associated with reduced intermittent-sprint performance, 

possibly due to sleep disruption during travel and subsequent physiological and 

perceptual fatigue.7 Consideration of the timing of international travel prior to 

competition on perceptions of jetlag, well-being and sleep characteristics may be 

beneficial.5 

No study has investigated in-flight objective sleep characteristics of elite female 

cricketers, nor the response to international travel. Work has shown the negative effect of 

fragmented sleep prior to on-field training, including the influence on mood, ratings of 

soreness and the external load of elite team sport athletes.220 However, these relationships 

have not been thoroughly explored during competition, nor following international 

travel.4,125 Understanding and improving in-flight sleep duration and quality during 

international travel may improve player’s well-being and capacity to train and compete 

upon arrival at the competition destination. Therefore the study aims were to: 1) 

determine the impact of the quality and quantity of sleep obtained during an international 

flight on objective sleep characteristics, self-reported well-being, and perceptions of 

jetlag during the tournament; 2) examine how objective sleep characteristics, perceptions 

of jetlag, and self-reported well-being change over the course of a tournament following 

an international flight; and 3) examine the relationships between training load, 

perceptions of well-being and jetlag, and objective sleep characteristics during the 

tournament. 
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Methods 
  
Participants 
  
Data was obtained from 11 elite female cricketers from the national team (mean ± SD): 

height = 168.4 ± 6.9 cm; body mass = 62.7 ± 4.7 kg; age = 24.1 ± 3.3 y. Ethics approval 

was obtained from the university human research ethics committee, and the study 

protocols conformed to the recommendations of the Declaration of Helsinki. 

Study Overview 

This study was conducted prior to and during the 2016 International Cricket Council 

Women’s T20 World Cup. The team were seated in business class and travelled west 

from Melbourne, Australia (GMT + 10) to Chennai, India (GMT + 5.5); crossing 5.5 time 

zones. The outbound flight departed Melbourne at 0330h with a stopover in Dubai for 2h. 

The arrival time in Chennai was 2010h local time (0140h Melbourne). The total travel 

time was 19h 35 minutes (Flight 1 Melbourne to Dubai: 13h 20 minutes, Transit: 2h, 

Flight 2 Dubai to Chennai: 4h 15 minutes). Refer to Figure 14 for travel timeline and 

schedule).  General sleep hygiene education was provided players prior to departure. This 

included recommendations on electronic device use prior to bed, optimal room 

environment (e.g., light and temperature) and the importance of maintaining habitual 

sleep and wake routines. Prior to departure, players were encouraged to sleep when 

possible during travel. No sleep medication was used during flights or the tournament. 

Objective sleep characteristics, subjective well-being, perceived jetlag and training and 

competition internal load were collected. 
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Objective Sleep Measures 

Validated wrist-worn activity monitors were used to measure sleep (Actical, Philips 

Respironics, Inc., Bend, Oregon, USA) over three monitoring periods; habitual (n = 11), 

in-flight (n = 10) and tournament (n = 11).7 For all periods, participants recorded the start 

and end of each sleep in a sleep diary. Activity monitors were worn continuously (except 

during training and matches), set at the medium threshold and data was recorded in 1-min 

epochs. Sleep-diary and activity monitor data was used to determine when participants 

were awake or asleep. A detailed description of the scoring of sleep has been previously 

provided.8 The following information was collected from the activity monitors: bed time 

(hh:mm), wake-up time (hh:mm), sleep onset latency (min), sleep duration (h), wake time 

(min), number of wake bouts and sleep efficiency (%). The sleep diary was used by 

participants to record sleep location, bed time (hh:mm) and wake-up time (hh:mm). 

Habitual Sleep 
  
Habitual sleep was measured in the players home sleep environment over a consecutive 

5-day training period, 8 weeks post-tournament. This period was selected due to the 

travel and domestic competition commitments prior to departure. No travel or 

competition was scheduled during this period. 

  
In-Flight Sleep 
  
Players wore an activity monitor at all times during the international flights and transit. 

Players were seated in business class with seats that could recline to a flat bed. In addition 

to the procedures outlined above, players used the time stamp function on the activity 

monitor to assist identifying sleep periods. 

  
Tournament Sleep 
  
Day-time naps and night-time sleep periods were measured for twelve consecutive days. 

The team travelled once domestically (Chennai to Nagpur, no change in time zone), 

staying at two different five-star hotels. Players had their own room and could control 

conditions (e.g., light and temperature). There were no team curfews in place. 

 
Assessment of Training and Competition Load 
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Training load was calculated as the product of session RPE (s-RPE) and training session 

duration (min). This information was collected via the Cricket Australia Athlete 

Management System (AMS, Fair Play Pty Ltd) as part of normal monitoring. 

Self-Reported Measures of Well-Being 
  
Self-reported measures of soreness, fatigue, sleep, stress and a total wellness score were 

collected daily. These questions were completed using a Likert scale (ranging from 1 = 

poor to 5 = excellent) via the AMS application on players’ phones.9 

  
Perceptions of Jetlag 
  
Subjective ratings of jetlag (AM and PM) were assessed using a visual analogue scale 

(ranging from 1 very bad jetlag to 5 no jetlag) at 0900h and 1800h local time for six days 

after arrival. 

  
Statistical Analysis 
 

Most variables violated parametric assumptions, so non-parametric techniques were used. 

Statistical significance was set at p < 0.05. 

To determine the impact of in-flight sleep on tournament measures, a median split was 

used to create sub-samples based on 1) in-flight sleep quantity (two groups: higher vs. 

lower) and 2) in-flight sleep quality (two groups: higher vs. lower). Two non-parametric 

factorial analyses11 were conducted with a two-way design to test for differences between 

groups and across tournament dates: 1) in-flight duration group × date, and 2) in-flight 

efficiency group × date. Model specification also included “athlete” as the random effect 

to account for within-individual variance given the repeated measures design, as per the 

F1-LD-F1 model.203 The non-parametric factorial approach is analogous to mixed 

modelling approaches that specify both fixed and random effects, and its primary output 

is the F-type statistic. Where significant main or interaction effects were identified, 

pairwise comparisons were performed with Dunn-Bonferroni corrections to reduce the 

risk of Type I errors. 

Descriptive statistics were calculated to show how the team’s sleep, perceived jetlag, and 

self-reported well-being changed over the course of the tournament. Further context was 

added to the description and visualisation of tournament sleep by incorporating team 

means for habitual sleep, to illustrate where nightly sleep deviated from habitual values. 
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Spearman’s correlation coefficients (rho) were calculated to assess the bivariate 

associations between i) sleep measures and internal training and / or playing loads 

incurred on the subsequent day, ii) sleep measures and self-reported well-being recorded 

on the subsequent day, iii) sleep and perceived ratings of jetlag recorded on the 

subsequent day. 

Results 
 
In-Flight Sleep Characteristics 
  
Figure 15 summarises the players’ in-flight sleep duration and sleep efficiency on each 

date (IF1 and IF2) of the international transit period. 

 
 
Figure 15: Sleep Duration and Sleep Efficiency of In-Flight Sleep Bouts During the 

International Transit Period.  For each plot, the grey crossbar represents the mean 

(midline of the cross bar) ± 1 standard deviation (upper / lower limits of the cross bar). 

Each dot point represents one player’s mean sleep duration and efficiency during each in-

flight sleep bout. 

 

Figure 16 displays the duration and efficiency of sleep bouts during the international 

transit period. 
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Figure 16: Sleep Duration and Sleep Efficiency on Each of the Two Days (IF1 and IF2) 

of the International Transit Period. For each day, the grey crossbar represents the mean 

(midline of the cross bar) ± 1 standard deviation (upper / lower limits of the cross bar). 

Each dot point represents one player’s sleep measures on a given date. 

  
Tournament Sleep Characteristics, Jetlag, and Well-being 
 
Sleep characteristics, jetlag ratings, and well-being measures during the tournament are 

displayed in Figures 17-19. 
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Figure 17: Tournament Sleep Characteristics. Each dot point represents one player’s 

sleep characteristics on a given date. The horizontal dashed lines represent the team's 

mean for habitual sleep. N1 – N12 = night of the tournament period. 



 

 127 

 

 
Figure 18: Jetlag Ratings Across the Tournament Period. Each dot point represents one 

player’s jetlag rating on a given date. The horizontal unbroken lines represent the team's 

mean for each jetlag variable across the tournament. [M] is used to indicate dates on 

which matches were played. 

 

 
Figure 19: Well-Being Ratings Across the Tournament Period. Each dot point represents 

one player’s well-being rating on a given date. The horizontal unbroken lines represent 

the team's mean for each well-being variable across the tournament period. [M] is used to 

indicate dates on which matches were played. 
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Impact of Flight on Tournament Sleep 
 
Tournament sleep characteristics did not differ between the groups of players who 

obtained higher vs. lower sleep quantity in-flight, nor between those groups who obtained 

higher vs. lower sleep efficiency in-flight (see Table 12). 
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Table 12: M
ixed M

odel O
utputs: Im

pact of In-Flight Sleep on T
ournam

ent Sleep. N
ote: * indicates statistically significant test effects. 

 

Tournam
ent sleep 

variable 
 

Im
pact of in-flight sleep duration 

 
Im

pact of in-flight sleep efficiency 
 

Test effect 
F-type statistic 

p 
 

Test effect 
F-type statistic 

p 
Sleep duration 

 
D

uration group 
0.019 

0.89 
 

E
fficiency group 

0.154 
0.69 

 
D

ate 
3.780 

0.00* 
 

D
ate 

3.530 
0.00* 

 
D

uration group x D
ate 

1.297 
0.27 

 
E

fficiency group x D
ate 

0.880 
0.49 

Sleep latency 
 

D
uration group 

0.095 
0.76 

 
E

fficiency group 
0.456 

0.50 

 
D

ate 
0.877 

0.48 
 

D
ate 

0.840 
0.52 

 
D

uration group x D
ate 

0.612 
0.66 

 
E

fficiency group x D
ate 

0.291 
0.91 

Sleep efficiency 
 

D
uration group 

0.858 
0.35 

 
E

fficiency group 
2.156 

0.14 

 
D

ate 
1.343 

0.25 
 

D
ate 

1.354 
0.25 

 
D

uration group x D
ate 

1.040 
0.39 

 
E

fficiency group x D
ate 

1.556 
0.19 

W
ake duration 

 
D

uration group 
1.237 

0.27 
 

E
fficiency group 

1.684 
0.19 

 
D

ate 
2.527 

0.04* 
 

D
ate 

2.700 
0.03* 

 
D

uration group x D
ate 

1.005 
0.40 

 
E

fficiency group x D
ate 

1.293 
0.27 

N
um

ber of w
ake bouts 

 
D

uration group 
0.138 

0.71 
 

E
fficiency group 

0.543 
0.46 

 
D

ate 
2.994 

0.01* 
 

D
ate 

2.914 
0.01* 

 
D

uration group x D
ate 

1.077 
0.37 

 
E

fficiency group x D
ate 

0.700 
0.62 

A
verage duration of 

w
ake bouts 

 
D

uration group 
2.211 

0.14 
 

E
fficiency group 

1.266 
0.26 

 
D

ate 
1.094 

0.36 
 

D
ate 

1.120 
0.34 

 
D

uration group x D
ate 

1.665 
0.16 

 
E

fficiency group x D
ate 

1.695 
0.15 
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There was a main effect for date for nightly sleep duration, wake duration, and number of wake 

bouts. Compared to other nights during the tournament, sleep duration was shorter following 

matches. Wake duration (mean 93 minutes) was highest following a rest day. Table 13 presents 

team-level summary statistics for habitual and tournament sleep. 
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Table 13: Sum
m

ary Statistics: H
abitual and Tournam

ent Sleep. N
ote: SD

 = standard deviation, diff. = difference, H
H

:M
M

 = H
our H

our:M
inute M

inute 
tim

e form
at. N

o statistical com
parison betw

een habitual and tournam
ent m

easures w
as perform

ed due to the sm
all sam

ple size. 
 

Sleep variable 
H

abitual sleep 
Tournam

ent sleep 
H

abitual m
inus tournam

ent 
M

ean 
SD

 
M

ean 
SD

 
M

ean diff. 
SD

 diff. 
Bed tim

e (H
H

:M
M

) 
23:12 

01:11 
22:19 

01:52 
53 

-41 
W

ake-up tim
e (H

H
:M

M
) 

07:35 
02:21 

06:49 
01:37 

46 
44 

Sleep duration (h) 
7.98 

1.16 
8.26 

1.40 
0.27 

1.68 
Sleep latency (m

in) 
7 

14 
5 

8 
-3 

10 
Sleep efficiency (%

) 
84.98 

7.57 
82.92 

7.72 
-2.12 

9.13 
W

ake duration (m
in) 

62 
36 

72 
38 

11 
43 

N
um

ber of w
ake bouts (#) 

29 
13 

28 
12 

0 
15 

A
verage duration of w

ake bouts (m
in) 

2.19 
1.01 

2.45 
1.10 

0.28 
1.27 
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Impact of Flight on Perceptual Ratings of Jetlag 
  
Table 14 presents mixed model outputs from analysing the impact of in-flight sleep on 

subsequent jetlag ratings, while Figure 20 displays the impact of the in-flight duration on 

the perceived ratings of AM jetlag over the tournament. There was a significant (F-type 

statistic = 4.6 p = 0.002) main effect for date on the AM jetlag rating. Player AM jetlag 

rating was higher on day 1-3 compared to day 6 of the tournament.  
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Table 14: M
ixed M

odel O
utputs: Im

pact of In-Flight Sleep on Jetlag R
atings. N

ote: * indicates statistically significant test effects. 

 Jetlag variable 
 

Im
pact of in-flight sleep duration 

 
Im

pact of in-flight sleep efficiency 
 

Test effect 
F-type statistic 

p 
 

Test effect 
F-type statistic 

p 
A

M
 jetlag 

 
D

uration group 
0.358 

0.55 
 

Efficiency group 
3.166 

0.08 
 

D
ate 

4.660 
0.00* 

 
D

ate 
2.983 

0.03* 
 

D
uration group x D

ate 
3.076 

0.02* 
 

Efficiency group x D
ate 

1.612 
0.18 

PM
 jetlag 

 
D

uration group 
0.077 

0.78 
 

Efficiency group 
5.675 

0.02* 
 

D
ate 

4.852 
0.00* 

 
D

ate 
3.477 

0.02* 
 

D
uration group x D

ate 
3.840 

0.01* 
 

Efficiency group x D
ate 

2.253 
0.09 
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There was a significant (F-type statistic = 3.08 p = 0.02) interaction for in-flight sleep 

duration group × date on AM jetlag rating. There were significant differences between in-

flight sleep duration (higher vs lower) AM jetlag rating on day 2 and day 5. 

 

 
Figure 20: Perception of AM Jetlag Categorised by In-Flight Duration Group and Date 

During the Tournament Period. Each dot point represents one player’s AM jetlag rating 

on a given date. For each in-flight sleep duration group on any given date, the outer 

boundary of the violin plot represents the distribution of data, while the horizontal line 

within the violin plot is the median AM jetlag rating. 

  

Figure 21 displays the impact of the in-flight sleep duration on perceived ratings of PM 

jetlag. There was a significant (F-type statistic = 4.85 p = 0.002) main effect for date on 

PM jetlag rating. Player PM jetlag rating was higher on day 2 compared to day 5 and 6 of 

the tournament. 

  

There was a significant (F-type statistic = 3.84 p = 0.009) interaction for in-flight sleep 

duration group x date on PM jetlag rating. There were significant differences in AM 

jetlag rating on day 2 and 5 between the high and low in-flight sleep duration groups. 
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Figure 21: Perception of PM Jetlag Categorised by In-Flight Duration Group and Shown 

Across Dates. Each dot point represents one player’s PM jetlag rating on a given date. 

For each in-flight sleep duration group on any given date, the outer boundary of each 

violin plot represents the distribution of the data, while the horizontal line within the 

violin plot is the median PM jetlag rating. 

 

Impact of Flight on Self-Reported Measures of Well-Being 

  

Table 15 presents mixed model outputs from analysing the impact of in-flight sleep on 

subsequent well-being ratings, while Figure 22 displays the impact of the in-flight sleep 

efficiency on self-reported fatigue. Players that obtained higher in-flight sleep efficiency 

perceived themselves as less fatigued than players in the lower in-flight sleep efficiency 

group. No differences were observed in in-flight sleep efficiency groups in other self-

reported measures. There were no differences between in-flight sleep duration groups in 

any self-reported measures of well-being. 
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Table 15: M
ixed M

odel O
utputs: Im

pact of In-Flight Sleep on Self-R
eported W

ell-B
eing. N

ote: * indicates statistically significant test effects. 
 

W
ell-being variable 

 
Im

pact of in-flight sleep duration 
 

Im
pact of in-flight sleep efficiency 

 
Test effect 

F-type statistic 
p 

 
Test effect 

F-type statistic 
p 

Fatigue 
 

D
uration group 

0.087 
0.77 

 
Efficiency group 

5.433 
0.02* 

 
D

ate 
1.643 

0.16 
 

D
ate 

1.448 
0.22 

 
D

uration group x D
ate 

1.742 
0.13 

 
Efficiency group x D

ate 
1.077 

0.36 
Sleep 

 
D

uration group 
3.689 

0.05 
 

Efficiency group 
0.075 

0.78 
 

D
ate 

2.205 
0.06 

 
D

ate 
2.243 

0.06 
 

D
uration group x D

ate 
0.785 

0.54 
 

Efficiency group x D
ate 

1.207 
0.30 

Soreness 
 

D
uration group 

1.047 
0.31 

 
Efficiency group 

0.220 
0.64 

 
D

ate 
1.411 

0.24 
 

D
ate 

1.379 
0.25 

 
D

uration group x D
ate 

0.847 
0.46 

 
Efficiency group x D

ate 
0.379 

0.76 
Stress 

 
D

uration group 
0.438 

0.51 
 

Efficiency group 
0.134 

0.71 
 

D
ate 

0.772 
0.54 

 
D

ate 
0.559 

0.63 
 

D
uration group x D

ate 
2.162 

0.07 
 

Efficiency group x D
ate 

0.721 
0.53 

O
verall score 

 
D

uration group 
0.307 

0.58 
 

Efficiency group 
0.473 

0.49 
 

D
ate 

0.749 
0.54 

 
D

ate 
0.771 

0.51 
 

D
uration group x D

ate 
0.396 

0.78 
 

Efficiency group x D
ate 

0.582 
0.63 
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Figure 22: Self-Reported Perceptions of Fatigue Categorised by In-Flight Efficiency 

Group. Each dot point represents each player’s ratings of fatigue across the 

tournament period. The outer boundary of each violin plot indicates the distribution of 

the data points within each in-flight sleep efficiency group. The horizontal line within 

each violin plot indicates the median fatigue rating for each group. 

  
The Relationship between Objective Sleep, Well-being and Training Load and 
Perceptual Measures of Jetlag 
  
There were no significant bivariate relationships between training load, match load, 

and total daily load and objective measures of subsequent sleep. 

  

A scatterplot matrix of self-reported well-being ratings versus measures of subsequent 

sleep is presented in Figure 23. Higher ratings for stress were correlated with longer 

total wake duration  (rho = 0.21, p = 0.02) and longer average duration of wake bouts 

(rho = 0.29, p = 0.00). Higher ratings for soreness were correlated with lower sleep 

efficiency (rho = -0.20, p = 0.02) and longer average duration of wake bouts (rho = 

0.23, p = 0.01). Higher well-being scores was correlated with longer average duration 

of wake bouts (rho = 0.18, p = 0.04). 
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Figure 23: Relationships Between Self-Reported Measures of Well-Being and Sleep 

Variables of Subsequent Sleep During the Tournament Period. Note: Black trendlines 

show the linear relationship between any two variables; * indicates statistically 

significant correlations. Weak correlations were observed between: soreness and sleep 

efficiency; soreness and average duration of wake bouts; stress and total wake 

duration; stress and average duration of wake bouts; and overall well-being score and 

average duration of wake bouts. 

  
A scatterplot matrix of self-reported AM jetlag and measures of subsequent sleep are 

displayed in Figure 24. Higher AM jetlag ratings were correlated with lower sleep 

efficiency (rho = -0.26, p = 0.04) and longer total wake duration (rho = 0.28, p = 0.03) 

in subsequent sleep bouts. 
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Figure 24: Relationships Between Perceived Jetlag and Measures of Subsequent 

Sleep During the Tournament Period. Note: Black trendlines show the linear 

relationship between any two variables; * indicates statistically significant 

correlations. Weak correlations were observed between AM jetlag rating and sleep 

efficiency, and between AM jetlag rating and total wake duration. 

 

Discussion 
  

This study revealed elite female cricketers slept for longer and obtained better quality 

sleep during an international flight compared to other national team sport athletes, 

travelling west with a similar flight time.4 Upon arrival, player’s experienced 

negligible perceptions of jetlag, which was reflected in the maintenance of habitual 

sleep. In some instances player sleep characteristics during the tournament were better 

than habitual. It is possible that the hotel sleep environment was more conducive for 

players to optimise sleep (own room, temperature control, minimal noise and block 

out blinds) than their home.70 Specifically, nightly sleep duration during the 

tournament period was longer than habitual, except for nights following matches. This 

highlights that T20 cricket matches cause disruption to the sleep characteristics of 

elite female cricketers, irrespective of the time the match is played. The planned 

departure time and business class seat selection to maximise the opportunity for sleep 

quality and quantity appears to have implications for recovery and sleep upon arrival. 

  

The westward travel between Melbourne and Chennai presented two sleep 

opportunities. The in-flight mean sleep duration of 14.64 ± 3.56h is higher than 

reported in other sports.4,5,27 The mean in-flight sleep efficiency (86.66 + 6.60%) is 

higher in comparison to elite athletes seated in economy class.4,7 There is limited 
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research in general or athletic populations assessing objective sleep characteristics 

during a business class flight. However, both quantity and quality of sleep when 

seated increase as seat angle increases.95 Potential mechanisms for poor sleep in an 

upright position (i.e. economy class) include difficulty maintaining head position and 

an increase in sympathetic and decreases parasympathetic activity, resulting in 

heightened physiological arousal.95 It is possible that players in this study were able to 

achieve higher sleep quality and quantity than previously reported due to the ability to 

lie flat to sleep in business class. The departure time (0330h Australian Eastern 

Standard Time) may have also increased the homeostatic drive to sleep on the flight, 

further increasing sleep quality and quantity.219 However, it is unknown whether the 

players entered the flight with an accumulated sleep debt, which may have also 

increased sleep need during travel.220 The financial investment to achieve sleep 

quality and quantity similar to habitual values by travelling business class may be 

partially offset by the costs associated with the alternative approach of arriving days 

earlier (e.g., accommodation) to recover from travel. 

  

Although players maximised the opportunity to sleep during travel, there was no 

observed effect of in-flight sleep duration (high vs low) on self-reported well-

being.  However, the quality of sleep obtained in-flight had an impact on self-reported 

fatigue, with players from the lower efficiency group reporting higher fatigue. 

Findings on the impact of international travel on perceived well-being of elite athletes 

are mixed.4,7  For example, no significant differences were observed in the well-being 

of professional footballers following westward travel, despite reports of truncated 

sleep durations in-flight.4 This may be due to the travel experience of the playing 

group, or players intentionally not reporting changes in well-being measures through 

fear of non-selection.4 In contrast, greater perceived anger, confusion, depression, and 

fatigue were reported following a reduction in both sleep quality and quantity during 

simulated international travel.7 Improving the quality of in-flight sleep has the 

potential to impact self-reported fatigue which could influence exercise intensity in 

subsequent sessions.60 

  

Preserving sleep quality and quantity during long-haul travel may also be an 

important strategy of jetlag management.3,8 Players that slept for longer during the 

flight presented with minimal perceived jetlag. In contrast, players with lower in-

flight sleep duration reported some perceptions of jetlag, which improved two days 

after arrival. However, travelling west may produce reduced symptoms of jetlag when 
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compared to east, where the length of the day is shortened and the circadian rhythm 

must shorten to re-establish a normal routine.221 Based on estimated rates of circadian 

rhythm adaptation being a half a day per hour of the time difference westwards (5.5h 

time difference), jetlag symptoms would likely have been negligible after 

approximately three days.5 Our findings are consistent with this, suggesting that 

arrival four days prior to the warm up match was adequate (regardless of in-flight 

sleep characteristics) to recover from the flight. Furthermore, our results suggest that 

minimising time spent awake during travel, may reduce the severity and duration of 

jetlag symptoms.8 

  

The preservation of habitual sleep characteristics during the tournament suggests that 

jetlag symptoms did not impact sleep.8 Due to the change in time zone, players sleep 

environment,36 training and match day load,67 the evening time of some matches30 and 

possible competition anxiety,54 it was expected that the sleep onset, duration and 

quality could have been impacted. However, in some instances, sleep characteristics 

were better than habitual. Sleep disruption, which is one of the main symptoms of 

jetlag, includes difficulty initiating and maintaining sleep and early awakenings, is a 

common occurrence after westward travel.5 The mean onset of sleep (5±8minutes) 

during the tournament was shorter than habitual s (7±14minutes), suggesting players 

did not have difficulty initiating sleep. The number of wake episodes during the 

tournament were the same as habitual, also suggesting that the players did not 

experience increased wake episodes as a symptom of jetlag. 

  

During the tournament, the average nightly sleep duration was greater than habitual, 

with the exception of the night of the first and second match of (played at 1930h and 

1530h). Whilst players were encouraged to maintain habitual routines, the typical 

bedtime and wake-up time during the tournament was 53±41 and 46±44 minutes 

earlier than habitual, respectively. The earlier bed time and wake time is most likely 

due to the circadian rhythm changes and sleep propensity associated with the direction 

of travel and the number of time zones crossed (habitual bed time in Melbourne 

2300h Chennai 1800h increasing drive to go to bed earlier at competition 

destination).123 Despite these changes, players’ habitual sleep duration was 

maintained during the tournament period. Similar to previous findings,215 the shorter 

sleep duration observed on the night of a match reinforces the disruption that a match, 

irrespective of start time, has on sleep characteristics.215 This suggests the importance 

of organising the team schedule following matches to allow opportunity for players to 
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obtain sufficient sleep. However, a decrease in sleep duration was not observed on the 

night of the warm-up match. This match may have been associated with less arousal 

and post-match socialising and therefore resulted in less disruption to sleep.222 Where 

possible during the tournament, an hour was scheduled from 1430h to 1530h as a ‘no 

team communication period’ to allow players to disconnect from their phones or nap. 

Despite the inclusion of this period in the schedule, the total naps reported during the 

tournament was low, suggesting players did not need to supplement their nightly sleep 

duration.135 It is likely that the habitual sleep duration of the playing group was 

maintained during the tournament due to the minimal sleep disruptions as a result of 

jetlag, in addition to the team schedule (minimal evening commitments) allowing 

players adequate opportunity to sleep. Similar strategies are recommended when 

planning team sport travel in order to maximise sleep duration. 

  

In addition to maintaining habitual sleep duration, the number and average duration of 

wake bouts were also similar to habitual. Although players recorded a similar number 

of wake bouts in habitual and tournament sleep, a slight increase in wake duration 

was observed (11 ± 106 min more time awake in tournament sleep bouts than 

habitual). The large standard deviation for wake duration indicates individual 

differences in sleep patterns and some players experiencing difficulties maintaining 

sleep. The highest wake duration was observed on the sixth night of the tournament 

following a rest day. Based on the next day being a non-match day, the increased 

wake duration is therefore unlikely due to pre-match anxiety.54 It is also unlikely 

related to jetlag, based on estimated rates of circadian rhythm adaptation.5 There is a 

possibility that the stress associated with the looming selection for the first match of 

the tournament may have been a disruption to players’ sleep.54 

  

During the tournament period, higher ratings for stress (i.e., lower perceived stress) 

were correlated with longer duration of wake bouts and longer total wake duration in 

subsequent sleep. Similarly, higher ratings for soreness (i.e., less perceived soreness) 

were associated with lower sleep efficiency and longer average duration of wake 

bouts. These observations indicate that sleep fragmentation can occur even when 

athletes perceive that they are experiencing low stress and low soreness. While this 

study examined the effects of well-being on subsequent sleep, previous research 

suggests that fragmented sleep can, in turn, have an impact on subsequent ratings of 

well-being, including mood and soreness.220 Similar findings have also been observed 

in elite cyclists during an intensive training period, where athletes who experienced an 
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increased number of wake bouts reported disruptions to mood, and increased tension, 

fatigue, and stress.178 Reducing the number and duration of wake episodes in both 

habitual and competition environments, may improve self-reported stress and 

soreness. 

 

It was unexpected that the lower perceived rating of AM jetlag was correlated with 

lower sleep efficiency and longer wake duration. It is possible the AM jetlag 

correlations may be coincidental: that is, lower perceived AM jetlag just happened to 

coincide with lower sleep efficiency and longer total wake duration in subsequent 

sleep bouts, when in reality, other factors contributed to changes in sleep efficiency 

and total wake duration. This is plausible because stress, soreness, and overall well-

being showed some (weak) correlations with the same / similar sleep variables. 

 

The finding of minimal perceptions of jetlag and the maintenance of sleep 

characteristics could possibly be explained by the westward flight, and associated 

circadian rhythm operating ahead of local time.41,6,127 The quality and quantity of 

sleep obtained in-flight and the familiarity of the group with international travel may 

also be contributing factors.4 It is also possible that players have intentionally 

underreported symptoms of jetlag through concerns of not being selected for 

matches.4 It has been suggested that the development of an athlete specific jetlag 

questionnaire that takes into account the impact of training demands on subjective 

jetlag symptoms, may increase the precision of measurement of jetlag in elite 

athletes.5 However, given the maintenance of sleep characteristics, the quality and 

quantity of sleep obtained in-flight and travel experience of the playing group, it is 

reasonable to assume that the self-reported measures are a reflection of the players 

true state. 

 

Limitations 
 

The lack of training and match performance measures to quantify the impact of the 

international flight is a potential limitation. Furthermore, activity monitors have some 

limitations when measuring athletes sleep223 as they are based on the principle that 

people move when they are awake, therefore the limited movement whilst seated on a 

plane presents a challenge to measure sleep accurately.21 However, players were 

diligent with the use of the time stamp function on the activity monitor in-flight and 

the completion of the sleep diary to identify when sleep was being attempted. 
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Furthermore, body temperature and/or melatonin concentrations were not assessed to 

confirm circadian rhythm adaptation upon arrival.8 We acknowledge that the small 

sample size is a limitation that may have some impact on the analyses. For example, 

in modelling the effect of in-flight sleep on subsequent tournament measures, it may 

have been worth including covariates such as tournament training load. However, 

even with relatively simple models specified in this study, observed statistical power 

was low; for detecting large main effects (F-type statistic = 0.4)183 observed power 

varied from 30–70% based on 1,000 simulations per model.224 Adding covariates 

would increase model complexity and further reduce statistical power. In addition, it 

was not possible in practice to recruit a larger sample for this study because 

participant numbers were confined to players on the National team who were selected 

to travel. 

 

Practical Applications 
 
Strategies to minimise the impact of the flight should focus on enhancing the in-flight 

sleep quality and quantity, including cabin class selection. Consideration of flight 

departure time close to or following habitual bedtime may increase both the sleep 

quantity and quality of sleep obtained during travel. Improving fragmented sleep by 

reducing wake bouts may improve sleep, self-reported stress and soreness in elite 

female cricketers. Scheduling strategies including minimal evening commitments and 

training sessions not starting unnecessarily early are recommended in order to 

maximise sleep duration, particularly following matches.  

 

Conclusions 
 
Maximising the opportunity for in-flight sleep quality and quantity by planning 

departure time and business class travel appears to have implications for recovery and 

sleep after arrival. Players experienced negligible perceptions of jetlag, which was 

reflected in the preservation of habitual sleep characteristics throughout the 

tournament. Sleep duration was longer than habitual except for the night of matches, 

suggesting T20 cricket matches cause disruption to the sleep duration of elite female 

cricketers, regardless of match start time. Team schedules should minimise early 

morning activity to assist players to achieve optimal sleep quality and quantity. 
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Chapter 7: Discussion and Conclusion  

 
The main aim of this thesis was to investigate the objective sleep characteristics of 

elite male and female team sport athletes during competition. A series of studies was 

conducted in a high performance environment to assess a number of factors that 

impact the sleep of elite team sport athletes: (1) the impact of match start time and 

days relative to a match on sleep; (2) the relationships between sleep, training load 

and well-being; and (3) the impact of the quality and quantity of sleep obtained during 

a long-haul flight on competition sleep and perceptual measures including well-being 

and jetlag. This broad focus has enabled a number of factors that may impact sleep to 

be investigated within an elite cohort, with direct application for high performance 

programs, coaches and practitioners. The focus of previous work has compared 

competition sleep during extreme match start times (e.g., day vs. night)30, or assessed 

a single match start time in isolation.53,70,71 However, the competition schedule of elite 

team sport athletes often involves matches in a variety of timeslots, therefore Study 

One assessed the impact of a range of match start times on post-competition sleep. 

Previous assessments of the impact that competition has on sleep have not always 

included a comparison with a habitual baseline.30,59 Without an understanding of how 

an athlete usually sleeps, it is difficult to make a relevant comparison to the sleep 

characteristics exhibited during competition. How an athlete ‘usually’ sleeps may 

however fall into a number of periods including the offseason (no training or 

competition), the pre-season (training with no competition) and in season (training 

and competition).  Selecting an appropriate baseline period was a critical focus of this 

research, in order to clearly identify the impact that competition and travel had on an 

elite team sport athlete’s sleep. Therefore, Study One and Three included a 

comparison of competition sleep to a 5-10 consecutive day habitual baseline during 

the preseason.74 This period was selected as the athletes were accustomed to the 

training load, there was no domestic or international travel and the athletes were 

sleeping in their home environment. Despite the known restorative effects of sleep 

and the important role it may play in minimising fatigue, optimising recovery and 

well-being, the relationship between load, well-being and sleep prior to and following 

training and matches is not clear.1 Subsequently, Study Two assessed the relationship 

between external training load, self-reported measures of well-being and objective 

sleep characteristics both prior to and following a main training session. The sleep 

characteristics for both Study One and Two were assessed in players’ habitual sleep 

environment, however it is often a requirement for an elite team sport athlete to travel 
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both domestically and internationally for competition.2-5 In order to investigate the 

impact of international travel on the sleep characteristics, well-being and performance 

of elite team sport athletes,6 the participant group for Study Three was extended to 

elite female cricket players, as players are required to travel both domestically and 

internationally for competition. There have been no previous assessments of objective 

in-flight sleep characteristics when athletes have the ability to lie flat whilst travelling 

in business class, despite difficulties obtaining good quantity and quantity of sleep 

during long-haul travel being well documented.4,7 As a result, Study Three assessed 

the impact of the in-flight sleep obtained whilst seated in business class on the sleep 

characteristics, well-being and perceptual measures of jetlag during an ICC Women’s 

World Cup tournament.  

 

The following section presents the key findings from the three studies within this 

thesis. 

Subjective Sleep Ratings May Not Provide Accurate Measures of Sleep Quality  
 
The mismatch between objective and subjective sleep was a key finding in all three 

studies.  A major finding of Study 1 was the subjective sleep rating was not aligned 

with the objective measure of sleep quality in either the habitual or competition 

period. 

 
It has been acknowledged that individuals have difficulties assessing their own sleep 

patterns214, which highlights the limitations of the use of subjective ratings of sleep in 

the athletic population. The findings of this work suggest that the implementation of 

shortened questionnaires, similar to the one used in this study, may not provide 

accurate measures of sleep quality.60 Therefore due to the apparent inaccuracy of 

subjective ratings of sleep quality obtained from shortened questionnaires, 

practitioners should aim to collect objective sleep data using validated techniques. 

 
Sleep is Disrupted Irrespective of Match Start Time.  
 

A novel finding from Study One was that any match, irrespective of match start time, 

caused disruptions to players’ sleep during the AFL season. These findings were 

supported in Study Three, where it was observed that with the exception of the nights 

following a match, sleep duration was longer than habitual during competition, 

regardless of start time. The competition schedule of an elite team sport athlete often 

involves a variety of day, twilight, and evening matches, however the impact of an 
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evening match start time on the sleep characteristics of elite team sport athletes has 

received the most attention.53,70,71 Research in AF has compared extreme match start 

times (e.g., day vs. night), or assessed a single match start time in isolation, which 

limits the ability to assess the effect of competition on sleep. Study One revealed a 

longer sleep latency and shorter sleep duration on the night of the match compared to 

all other nights during competition, similar to findings in elite Rugby Union.31 An 

early morning recovery session was scheduled at the same time (0900h) the morning 

after each match, despite a later bedtime observed on the night of all matches 

compared to all other nights during the monitoring period. Subsequently, players were 

unable to extend their wake time and sleep duration following a match. These findings 

reinforce the impact of the team schedule on players’ sleep duration, particularly 

following a match.22  

 

The results of Study One indicate that it is particularly challenging for AF players to 

obtain optimal sleep after evening competition, which is consistent to previous 

findings in team sport athletes.30,31,70,71 Compared to other match start times, a longer 

sleep onset latency, lower sleep efficiency, and increased wake time were exhibited 

following the evening match. Although not measured, the pre-sleep arousal following 

the night match may have influenced the longer sleep onset latency observed.71 It has 

been suggested that athletes who have a tendency toward a high trait arousal 

(measured via a hyper arousal scale) may be vulnerable to sleep disruptions in the 

sleep opportunity following a night game.71 To date, there has been mixed findings in 

the assessment of sleep characteristics following matches played in the 

evening.30,70,71,211 A shorter sleep duration and longer sleep latency has been 

previously observed in AF,30 and a lower sleep efficiency has been observed in elite 

female netball players and elite amateur football players following an evening 

match.71,211 In contrast, no differences were observed in measures of sleep after a 

night match compared to a day match and non-match days in a national youth soccer 

team.53,211 However, these investigations have been undertaken either during pre-

season competition,30 following a ‘friendly’ practice match,53 or the participants have 

been youth/development athletes211 and may not provide a true reflection of the 

impact that evening matches have on elite team sport athletes.   

 

Interestingly, players did not use the earlier finish time of day matches to extend their 

sleep by going to bed closer to their habitual bed time. This may be due to the players 

using the post-match period as a time to socialise.86 Another possible explanation is 
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that the psycho-physiological effects of the match including arousal or pain or the use 

of caffeine during the match may have delayed the drive to attempt sleep.54,225 Study 

One revealed a clear interruption to sleep occurred in the nights immediately 

following a match, thus providing an ideal opportunity for an intervention to optimise 

the sleep of elite team sport athletes. In comparison to the night prior to the match, the 

sleep duration remained shorter for two nights following matches. Combined with 

reduced sleep duration on the night of the match, there is potential for individual 

players to accumulate a sleep debt around competition.54 There have been similar 

observations following elite volleyball competition, where the night following the 

match sleep duration was also the most disrupted.83 Despite the disruptions to both 

sleep duration and sleep efficiency on the night of all matches’, no players in Study 

One napped in the days following an evening match, or extended their total sleep 

time. Extending sleep from 7 to 9 h per night reportedly improves performance and 

wakefulness in athletes,136 and this may be a focus for sleep hygiene education for 

elite team sport athletes.17 It is acknowledged that there was only one match time per 

start time during the competition period analysis for Study One and that a longitudinal 

investigation with more than one sample for each match start time may provide 

further insight into the effect of a match start time, days relative to the match and the 

impact of domestic travel during the AF competitive season.  

 

Players Slept for Longer and Did Not Experience Difficulties Initiating Sleep the 
Night Prior to Competition 
 

The sleep duration the night before a match was longer than other nights relative to 

the match in Study One which is consistent to previous findings in AF26 and Rugby 

Union.31 The morning of the match was the only day the players did not have to 

attend a scheduled team session during the monitoring period, which may have 

provided an opportunity for players to extend their sleep duration. Previous work has 

observed athletes’ sleep behaviour changed depending on the time of training,23 

including a later bed time and wake time when they are not required to attend training 

until the early evening.85 Despite no commitments in the morning, AF players in 

Study One actively went to bed earlier the night before the match compared to the 

night of the match. The increase in sleep duration when compared to other nights 

relative to the match in previous research has been attributed to the players’ 

perception that a good sleep will optimise performance the following day.26 The 

performance benefits of increasing sleep duration over an extended period of time has 
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been demonstrated in collegiate athletes and students with improvements in cognitive 

performance, reaction time, mood, lower daytime sleepiness and fatigue.17,65 

However, the performance impact of short term sleep extension i.e. one night before 

the match in AF has not been explored. Players may have had the intention of going 

to bed earlier to increase sleep duration, however due to the variation in sleep 

propensity across a 24 h day, it has been suggested that there may be some difficulties 

initiating sleep during a period termed the ‘forbidden zone’ in the hours prior to night 

time sleep onset.22 A novel finding of Study One was that compared to all other nights 

relative to the match (1 day prior, 1 night following and 2 nights following), AF 

players exhibited shorter sleep latency (9 minute) the night prior to the match, which 

is similar to population norms (11 minute).212 This finding was supported in Study 

Three where, on average, the players’ sleep latency during the tournament period was 

3 min shorter than habitual. Qualitative assessments have reported that athletes 

experience sleep difficulties before competition, in particular, athletes have reported a 

longer sleep onset latency due to sleep due to nervousness and thoughts prior to 

competition.28,54,55 Athletes reported that sleep was worse than usual the night before 

competition or a match in the previous 12 months.54 There were no significant 

differences reported between gender or sport (individual vs. team).54 The disparity 

between the objective sleep onset latency measures and the self-reported sleep 

difficulties outlined in the qualitative assessments from Study One and Three may be 

due to the limitations associated with the use of self-report measures to assess sleep, 

which are known for their inability to accurately assess sleep onset latency and wake 

after sleep onset.28 

 

Later Training Start Times Provides Opportunity To Achieve Optimal Sleep 
Duration   
 

The mean sleep duration observed in Study One and Three during both the habitual 

and competition sleep monitoring periods are decidedly higher compared to previous 

findings.18,22,50 Despite a small decrease in the competition sleep duration compared to 

habitual sleep observed in Study One, both the habitual (8h 52min) and competition 

(8h 04min) sleep durations fell within the general population recommendations of 7-9 

hours of sleep each night.207 In Study Three, the mean nightly habitual (7h 58min) and 

competition (8h 15min) sleep duration values also fell within these recommended 

guidelines.207 Despite an earlier wake time compared to habitual in Study Three, 

possibly due to pre training preparation, the players’ total sleep duration was not 
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compromised during the tournament, suggesting players may have been instinctively 

going to bed earlier to achieve their habitual sleep duration.22 Sleep durations between 

6-7 h have been observed in individual and team sport athletes, albeit these 

assessments have been during different conditions including a competitive season,17 

heavy training periods211 and prior to major performances.50 Investigations that have 

included out of competition sleep patterns of both individual and team sport athletes 

have also observed nightly sleep durations falling below the recommended targeted 8 

h per night.18,22,29 The major disrupter to obtaining sufficient sleep has been reported 

to be early morning training sessions, which has been demonstrated to decrease the 

athletes’ sleep duration and increase the pre training fatigue levels.22,23 The training 

and competition schedule of professional team sport athletes in Study One and Three 

may have been more conducive to obtaining more sleep when compared to athletes in 

previous investigations.22,23 Previous research has demonstrated a reduction in sleep 

duration depending on training start times, highlighting that for every hour that 

training was advanced from 0800h to 0500h, sleep duration was decreased by 6 

minutes (0700h), 48 minutes (0600h) and 102 minutes (0500h).22 Training sessions in 

Study One and Three did not start prior to 0800h and 0900h, respectively, and appear 

to have limited the impact of players achieving optimal sleep duration.207 The results 

of Study One and Three reinforce the importance of high performance staff and 

coaches’ consideration of training start times to allow opportunity for players to 

obtain sufficient sleep.  

 

Focus Attention on Optimising Habitual Sleep Efficiency  
 

A key finding of Study One was that the sleep efficiency of players was higher during 

competition compared to habitual. These findings are comparable to an assessment of 

netball players where, compared to training, an increase in competition sleep 

efficiency was observed.213 The authors suggested that the increase in sleep quality 

during the competition may be due to the increased homeostatic drive for sleep due to 

an increased workload during competition.213 However, this suggestion was not 

confirmed by the inclusion of training or competition load.213 Future research should 

aim to further explore the relationship between training load and objective measures 

of sleep quality. In contrast, there was no change in the sleep efficiency of Rugby 

Union players between baseline night sleep (two nights prior to the match) and 

competition (one night prior, night of the match and two nights following the match), 

with the sleep efficiency recorded for all nights (average 78%) below population 
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norms.31 The baseline night used in this assessment was two days prior to the match, 

therefore may not necessarily represent players’ usual sleep efficiency. Although the 

sleep efficiency of players during competition was higher than habitual in Study One, 

it does not suggest that the habitual characteristics of players were optimal.207 For 

example, the habitual sleep efficiency of AF players in Study One (81.35%) was 

considerably lower than previously observed in AF (~90%)26 and below the 

recommendation for healthy adults (90-85%).207 This may indicate that players are 

experiencing sleep difficulties, potentially impairing their ability to obtain sufficient 

restorative sleep during training. By developing an understanding of out of 

competition sleep, there is an opportunity to optimise the sleep quality of players in 

their habitual sleeping and training environment. Adjusting environmental conditions, 

implementing sleep routines and other sleep hygiene strategies may improve the 

quality and quantity of sleep, and have been shown to be effective in team sport 

athletes.210 Based on the findings from Study Two, improving quality of sleep may 

have an impact on player self-reported measures of well-being and the players’ 

movement strategy during training sessions.60 In addition to an emphasis on 

competition, practitioners should also focus attention on increasing the quality and 

quantity of sleep in the athlete’s habitual sleep and training environment.  

 

A Change in Sleep Environment Did Not Impact Sleep Quality  
 
It has been suggested that a change in sleep environment may contribute to the sleep 

disruptions experienced by athletes during both training and competition.51 Players 

remained in their habitual sleep environment for the duration of the competition sleep 

monitoring period in Study One, which may be a possible explanation for AF players 

initiating sleep without difficulties prior to competition. Previous work in AF has 

observed that players with higher sleep quality at home have poorer sleep in camp, 

while players that slept poorer at home exhibited similar sleep/wake behaviours 

during the camp.36 Despite no difference in mean training load, this investigation 

suggested that a change in sleep environment negatively impacted players’ sleep 

quality,.36 However, these observations may have been confounded by the 

requirement of players to share a room with a teammate.36 The findings from Study 

Three are in contrast to the suggestion that a change in sleep environment contributes 

to sleep disruptions, with a shorter tournament sleep onset compared to habitual and 

tournament sleep quality only 2% lower than habitual values (84.98%) despite two 

changes in sleep environment during the competition period (home to hotel and a 
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change of hotel mid-tournament). It is possible that the hotel sleep environment in 

Study Three was conducive for players to implement sleep hygiene strategies in order 

to optimise sleep (own room, temperature control, minimal noise and block out 

blinds). This change in sleep environment may have facilitated players to achieve 

sleep close to, or better than, habitual sleep during the tournament period. Although 

not an explicit aim of this research, the results of Study Three suggest that a change in 

sleep environment did not affect the sleep quality of female team sport athletes.  

 

Fragmented Sleep is Associated With Lower Self-Reported Well-Being.  
 

Following the findings of Study One, it was hypothesised that there are numerous 

factors that influence the sleep characteristics of elite team sport athletes, including 

player well-being and external load. The findings of Study Two indicate a complex 

interaction of a number of sleep variables that influence both the external load and the 

well-being of AF players. Fragmented sleep prior to the main training session was 

associated with lower ratings of mood and increased ratings of soreness, highlighting 

the impact of increased wake time prior to a main training session. Similar findings 

have been reported in elite cyclists during an intensive training period where cyclists 

who experienced fragmented sleep reported disruptions in mood, fatigue and stress.178 

For an elite team sport athlete, mood alteration has the potential to influence 

motivation to train and willingness to give maximal effort in competition.18 

Investigations have also revealed that pre training well-being influences exercise 

intensity in subsequent field-based training sessions in AF.60 The findings from Study 

Two suggest that fragmented sleep is an aspect of sleep that could be targeted for 

improvement. It has however been suggested that athletes move differently during 

sleep compared with the general population, particularly during heavy training 

phases.52 Therefore, it is also possible that the wake episodes experienced by an elite 

athlete may be overestimated if there are high levels of movement during light sleep.21 

Nonetheless, prioritising sleep hygiene strategies to minimise wake episodes may 

improve sleep, in addition to optimising the well-being of players. Optimising sleep 

quality and quantity through sleep extension strategies has been associated with an 

improved percieved performance, daytime sleepiness and reaction time.17 This 

reinforces that obtaining additional, good quality sleep is likely to have a positive 

impact on an athletes’ overall recovery and readiness to train.17 There are numerous 

internal and external factors that may contribute to the fragmented sleep in athletes 

including anxiety, noise, temperature, soreness, and the need to use the bathroom (due 
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to hydration practices) during the night.28 Through minimising the time awake during 

pre training sleep oppourtunities, practitioners may improve the self-reported well-

being measures of team sport athletes. This has the potential to impact self-reported 

measures of mood and soreness which may influence the players’ exercise intensity in 

subsequent training sessions.60 

 

Sleep Quality the Night Prior to Training May Impact the External Load in the 
Subsequent Training Session  
 

Study Two found that players with a lower sleep efficiency and a shorter time to fall 

asleep in the pre training sleep had a higher PL2D (i.e. from the anterioposterior and 

mediolateral accelerometer axes only) during training. These associations may be due 

to players entering the training session fatigued from fragmented sleep (low sleep 

efficiency) or from an accumulated sleep debt (identified by short sleep onset 

latency), resulting in the need to perform more high intensity movements to 

compensate for inefficient running due to impaired decision-making, cognitive 

functioning and poor positioning.205 Extended wake periods may have effects on brain 

function and performance and sleep deprivation impacts higher cognitive functioning 

(including attention lapses).42 Although not measured in the current study, there is 

potential that players with a low sleep efficiency (due to extended wake time) may 

experience impaired cognitive function during the training session.42 Even relatively 

moderate sleep restriction, if sustained night after night, can impact neurobehavioral 

functioning in healthy young adults.91 In contrast, extending total sleep time has been 

shown to improve reaction time, daytime sleepiness and mood in collegiate athletes.17 

As a result, improving sleep quality and quantity may have a positive impact on AF 

players performance, particularly when sustained attention, reaction time and 

cognitive tasks are required.17 Practitioners should monitor external load (specifically 

PL2D) during AF training in players who have reported poor sleep, and potentially 

modify training participation if values for these variables differ from pre-determined 

thresholds. 

 

The Content of the Training Session May Increase the Need For Sleep in the 
Following Sleep Opportunity 
 

Findings from Study Two suggest that higher acceleration loads (e.g., increased 

contested style of play and increased contact) in AF training may increase the drive to 

sleep and result in shorter sleep latency. These findings are consistent to those 
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previously reported in elite Rugby League players, where there appeared to be an 

increased drive to sleep following intensified periods of training.173 Specifically, 

increased acceleration/decelerations were associated with small increases in sleep 

duration and quality.25 The authors suggested that elite Rugby League training that 

involves greater acceleration/deceleration efforts might increase players’ perceptions 

of fatigue, which may result in an increased drive to sleep following the session.25 

Practitioners should be aware of the impact that the content of the training session 

may have on the subsequent night’s sleep. In particular, it is recommended that 

practitioners allow adequate opportunity for additional sleep. This may be achieved 

by scheduling the following day’s training session no earlier than necessary.  

 

Sleep Quality and Quantity Achieved When Travelling Has Implications for 
Recovery and Sleep During International Competition.   
 
To our knowledge, Study Three is the first objective assessment of the in-flight sleep 

of elite team sport athletes seated in business class during an international flight. The 

results of Study Three indicate that maximising the opportunity for in-flight sleep 

quality and quantity by planning the team departure time and business class seat 

selection appeared to have a positive influence on elite female cricket players’ 

recovery and sleep exhibited during competition. Previous work has outlined the 

challenge of obtaining good quality and quantity of sleep during plane travel.8 

However, to date the investigation of athletes’ in-flight sleep has been undertaken 

when athletes have been seated in economy class,4 during simulated travel,7 or sleep 

has been assessed via self-report measures, which due to an athletes’ inability to 

report sleep quality as previously highlighted has some limitations.5 The potential 

mechanisms for poor sleep in an upright position (i.e. in economy class) include 

difficulty maintaining head position and an heightened physiological arousal when 

attempting to sleep in an upright position.95 Study Three demonstrated that players 

were able to achieve higher sleep quality and quantity than previously reported in 

other elite team sport athletes.4,7,27 These findings are likely attributed to the players’ 

ability to lie flat whilst travelling in business class. 

 

The quality of sleep obtained in-flight had an impact on the self-reported measures of 

fatigue during the tournament. Players with a lower in-flight sleep efficiency reported 

higher levels of fatigue during the tournament. Study Two highlighted that 

fragmented sleep prior to a main training session was associated with lower ratings of 

mood and increased ratings of soreness. This further supports the suggestion that the 
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quality and quantity of in-flight sleep may have had a positive impact on an athlete’s 

overall well-being and readiness to train upon arrival at the competition destination. 

The preservation of both the sleep quality and quantity during long-haul travel may 

also be an important strategy to manage jetlag.3,8 Players that slept for longer during 

the flight presented with minimal perceptions of jetlag and this was maintained across 

the monitoring period. In contrast, players with lower in-flight sleep duration reported 

some perceptions of jetlag, which improved two days after arrival at the destination.  

 
It was expected that sleep onset, sleep duration and sleep quality of players could 

have been impacted following an international flight during the tournament, due to the 

change in time zone, players’ sleep environment,36 the evening time schedule of some 

matches30 and possible competition anxiety.54 However, as highlighted in previous 

sections of the discussion, in some instances sleep characteristics of players in Study 

Three were better than habitual. Sleep disruption, which is one of the main reported 

symptoms of jetlag and includes difficulty initiating and maintaining sleep along with 

early awakenings, is a common occurrence after westward travel.5 The preservation of 

habitual sleep characteristics observed in Study Three across the tournament suggests 

the jetlag symptoms that players did experience did not impact their sleep.8 Whilst the 

financial constraints of travelling business class may be a limitation for elite team 

sporting organisations, the investment to achieve sleep quality and quantity similar to 

habitual values prior to an important international competition may outweigh the costs 

(e.g., of accommodation) associated with the alternative approach of arriving days 

earlier to facilitate recovery from travel. 
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Conclusions 

 
• Due to the apparent inaccuracy of subjective ratings of sleep quality obtained 

from shortened questionnaires, practitioners should aim to collect objective 

sleep data using validated techniques. 

 

• Any match, irrespective of start time (Early PM, Mid PM, Twilight and 

Evening), caused disruptions to elite male and female team sport athletes’ 

sleep during competition.  

 

• The sleep duration of elite male AF players was longer on the night prior to 

competition relative to all other nights. In addition, players did not experience 

difficulties initiating sleep the night prior to competition, and the precise 

reason for this is not clear, although it appears that the potential impact of pre-

match anxiety on prolonging time to fall asleep prior to competition was not a 

factor for the playing group. 

 
• Fragmented sleep, characterised by an increase in wake episodes and wake 

duration, is associated with lower self-reported well-being in elite team sport 

athletes.  

 
• The quality of sleep in the sleep opportunity prior to training may impact the 

external load of elite male AF players in the subsequent training session.  

 
• Training sessions that have high speed and PL2D may increase the need for 

sleep in the following sleep opportunity in elite team sport athletes. 

Practitioners should maximise the opportunity for sleep following the session 

by ensuring that subsequent sessions do not start earlier than necessary. 

 
• A change in sleep environment from home to a number of international hotels 

did not impact sleep quality of elite female team sport athletes during a T20 

international cricket tournament.  

 
• The sleep quality and quantity achieved during business class travel has 

implications for the perceptions of jetlag, self-reported well-being measures 

(particularly fatigue) and the sleep/wake behaviour exhibited during 

international competition.   
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Limitations 
 
All three studies that form the body of this thesis were completed in an elite high 

performance environment and therefore there are some limitations identified.  

 
• There was only one match time per start time during the competition period 

included in the analysis for Study One. A longitudinal investigation which 

includes more than one match per start time may provide further insight into 

the effect of a match start time and the impact of domestic travel on players’ 

sleep during the AF competitive season.  

 
• There was no objective measure of fatigue included prior to the main training 

session in Study Two. A measure of neuromuscular fatigue (NMF) was not 

routinely collected in the playing group. In addition to the self-reported 

measures of fatigue, the inclusion of an objective measurement of NMF may 

provide further insight into the impact of fragmented sleep on fatigue in elite 

team sport athletes.  

 

• It was hypothesised that the movement strategies of players during AF main 

training sessions may have been due to impaired cognitive functioning as a 

result of low sleep quality and extended wake time the night prior to the 

training session. However, no cognitive tests were included in Study Two to 

confirm this suggestion.  

 
• There are some recognised limitations of the use of actigraphy to accurately 

measure athletes’ sleep.223 The activity monitors used in all three studies are 

based on the principle that people move when they are awake.223 The use of 

actigraphy facilitated the measurement of sleep of athletes during competition.  

However, the limited movement whilst seated on a plane during Study Three 

presented a challenge to measure athletes’ in-flight sleep accurately.  

 

• Players were provided with general sleep hygiene education prior to departure 

for the ICC Women’s World Cup Tournament in Study Three. However, there 

was no assessment of the impact of the sleep hygiene education on the sleep 

characteristics exhibited during the tournament.  
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• A number of factors may influence cricket performance (physiological, 

cognitive and environmental) and measuring performance is an area that 

warrants further investigtaion.6 No performance measures (runs scored, 

wickets taken, etc.) were included in the study design to quantify the impact of 

the international flight on players, training and match day performance. 

 
• Circadian rhythms (body temperature and/or melatonin concentrations) were 

not assessed in Study Three to confirm the circadian rhythm adaptation of 

players upon arrival at the competition destination. This may have provided 

clarity on the influence of the circadian rhythm on the perceptions of jetlag 

and the self-reported fatigue during the tournament.  

 
• All three studies were completed in an elite high performance environment, 

therefore the methodology is somewhat influenced by the environment in 

which the research was conducted.  The inclusion of lower level athletes 

and/or teams for an intervention study was not considered as this group of 

athletes do not have the same training, scheduling or travel that impact the 

sleep of athletes in high performance programs.   

 
• The limitations of observational research are acknowledged.  However, all three 

studies were completed with an elite athlete population group during a competition 

period. A control group was not considered as the studies were completed during a 

competition period and withholding strategies (i.e. seating team members in economy 

class instead of business) that could possibly enhance the performance of some 

players was considered unethical. It is acknowledged that having a control group 

would be an ideal study design, but was not possible in the high performance 

environments this research was completed.  The findings of the studies that make up 

this thesis should be considered within this context. 

 

• Two study populations were used across Study 1 and 2 and in Study 3.  Whilst each 

study addressed specific questions, the limitation of using two different study groups 

(different sport and gender) is acknowledged. 
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Practical Applications  
 
There are a number of practical applications for high performance programs as a 

result of this research. These include:  

 
• It was evident that AF players in Study One and Two were experiencing sleep 

difficulties, potentially impairing their ability to obtain sufficient restorative 

sleep during periods of training. Therefore, strategies to enhance the sleep 

quality and quality of elite team sport athletes should, in the first instance, 

focus on optimising sleep in the habitual sleep and training environment. This 

may assist with training adaptations, training quality, recovery and well-

being.22,132,172  

 

• Practitioners should not assume the sleep characteristics of elite team sport 

athletes are compromised the night prior to competition or during competition. 

Our findings revealed that sleep duration remained shorter on the nights (+1 

and +2) following matches, therefore strategies to optimise sleep should 

extend beyond the night prior to and night of the match.  

 

• It was evident from both Study One and Three that there is sleep disruption 

following matches irrespective of start time. Practitioners should focus on all 

match start times when planning the schedule, including planning minimal 

evening commitments and training sessions not starting unnecessarily early, in 

order to maximise sleep duration of elite team sport athletes during 

competition. 

 

• Fragmented sleep appears to be an area to target for improvement. Prioritising 

sleep hygiene strategies such as optimising the sleep environment 

(temperature, lighting and comfort) to minimise wake episodes may improve 

the sleep of elite team sport athletes. Improving fragmented sleep primarily 

through a reduction of wake episodes may assist in optimising the well-being 

and perceptions of fatigue of players. This may in turn optimise an athlete’s 

readiness to train, movement strategies and RPE during both training and 

competition.  

 

• Strategies to minimise the impact of an international flight should focus on 

enhancing the in-flight sleep quality and quantity of players. This may be 
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achieved by travelling business class. Travelling business class, particularly 

when arrival at the competition destination is close to the commencement of 

the tournament, may assist with the players’ perceptions of jetlag upon arrival. 

The financial constraints of travelling business class may be a limitation, 

however the investment to achieve sleep quality and quantity similar to 

habitual values prior to an important international competition may outweigh 

the costs (e.g., of accommodation) associated with the alternative approach of 

an arriving days earlier to facilitate recovery from travel. 

Future Research Directions  
 

• Longitudinal monitoring of sleep across a season may provide further insight 

into the effect of match start time, days relative to the match and the impact of 

domestic and international travel across a competitive season.  

 

• Fragmented sleep is a common issue with elite athletes. Further investigation 

into the factors contributing to sleep fragmentation in elite team sport athletes 

may assist with determining the most appropriate sleep hygiene or recovery 

strategy to implement to optimise sleep.  

 

• Study Two found that muscle soreness may contribute to the fragmented sleep 

of elite team sport athletes. Future investigations should assess the interactions 

between external training load, markers of muscle damage, perceived soreness 

and sleep characteristics in elite team sport athletes.  

 

• This was the first study assessing the objective in-flight sleep characteristics of 

team sport athletes whilst seated in business class. It is recommended that the 

in-flight sleep quality and quantity when travelling business class is further 

investigated in other elite athletic populations and includes an assessment of 

circadian rhythms (body temperature and/or melatonin concentrations) to 

confirm the circadian rhythm adaptation of players upon arrival at the 

competition destination.  

 

• The menstrual cycle may impact the sleep/wake behaviours of elite female 

athletes226 and should be a consideration for future research assessing the 

sleep/wake behaviours of elite female athletes. Future research should aim to 
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investigate the association between sleep, the menstrual cycle, self-reported 

measures of well-being and training load measures.  

 

• Several habitual/baseline sleep periods may have been used for comparison for 

both Study 1 and 3. Future research should also consider other periods to 

determine athletes ‘usual’ sleep patterns.  

 

• Future research should include an individual assessment of sleep in 

combination with performance measures to determine the meaningfulness 

impact of partial sleep restriction or fragmented sleep. 
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Study 1 and 2: Letter to Participants, Consent Form, Gatekeeper Letter and 
Sleep Diary 

 
 

ACU Human Ethics Committee Approval Number 2014 226VR 
  



 

 

 
PARTICIPANT INFORMATION LETTER 

 
 
PROJECT TITLE: “Assessment of Sleep Patterns and the Relationship between fatigue and 
match day performance in AFL players”. 
INVESTIGATOR 1: Dr Stuart Cormack 
INVESTIGATOR 2: Prof Justin Kemp 
STUDENT RESEARCHER: Ms Benita Lalor  
STUDENT’S DEGREE: Enrolled in PhD, Exercise Science 
 
 
Dear Participant, 
 
You are invited to participate in the research project titled Assessment of Sleep Patterns and the 
Relationship between fatigue and match day performance in AFL players”. being conducted by 
Dr Stuart Cormack, Prof Justin Kemp and Ms Benita Lalor (PhD student). 
 
What is the project about? 
 
The project aims to examine the sleep patterns of elite AFL players using wrist worn activity monitor.  
The project also aims to identify any links between training load, perceptions of well-being, sleep and 
performance during the preparation and competition phases of the Australian Football season. 
 

 What will I be asked to do? 
You will be required to attend an initial information session where you will complete the medical history 
questionnaire, informed consent and be provided with written and verbal information about the project.  
This initial session will also include familiarisation with the use of the wrist worn watches and sleep 
diary that will be used to monitor your sleep during the assessment period.  This session will take 
approximately thirty (30) minutes of your time. 
 
During the project times (outlined below) you will be required to wear a wrist worn activity monitor at 
all times during these monitoring blocks, except where the monitors may get wet or damaged, or in high 
contact training sessions and games.  During this monitoring time you will also be required to complete 
a sleep diary. For each sleep period (including naps) you will be required to record the date, sleep 
onset/offset times, sleep quality and pre/post sleep fatigue levels.   You will also be required to continue 
to complete your wellness questions on the Gold Coast Football Club Monitoring System (Smartabase) 
as per existing Gold Coast Suns monitoring protocol. 
 
Are there any risks associated with participating in this project? 
The risks to you are minimal.  Steps have been taken to ensure your safety at all times and you may be 
required to remove your watch during training sessions and matches. 
 
How much time will the project take? 
 
The assessment of your sleep will be undertaken in five (5) data collection periods during the 2013 
preseason and 2013 and 2014 AFL season.  There will be a total of 35 days of sleep data collected 
during this time.  These collection periods are outlined below.   



 

 

Assessment Period 1  

Preseason Feb 12 – 26 2013  

Assessment Period 2  

Round 6 May 29 – 10 2013  

Assessment Period 3  

Round 12 June 10 - 17 2013  

Assessment Period 4  

Round  2014  

Assessment Period 5  

Round  2014  

 
During these times you will be required to wear activity monitors at all times during these monitoring 
blocks, except where the monitors may get wet or damaged, in high contact training sessions and in 
games.  During this monitoring time you will also be required to complete a sleep diary. For each sleep 
period (including naps) you will be required to record the date, sleep onset/offset times, sleep quality and 
pre/post sleep fatigue levels.   You will also be required to continue to complete your wellness questions 
as per existing Gold Coast Football Club monitoring protocol. 
 
What are the benefits of the research project? 
The benefits to you as a participant are the assessment of your sleep characteristics, both during the 
preseason and during competition.  This may provide you with valuable information to allow you to 
further improve your recovery and subsequent performance.  In the long-term, the research will inform 
high performance staff and coaches, as well as team-sport athletes in understanding the effects of sleep 
characteristics and performance. This in turn will provide guidance as to the best management of athletes 
training and scheduling in preparation for international competition. 
 
Can I withdraw from the study? 
Participation in this study is completely voluntary. You are not under any obligation to participate. If 
you agree to participate, you can withdraw from the study at any time without adverse consequences.  
 
Will anyone else know the results of the project? 
Your personal information and any data collected during this study will be kept confidential. The only 
people who will have access to this information are the researchers (Stuart Cormack, Justin Kemp and 
Benita Lalor) and Cricket Australia High Performance staff. After all data have been collected and 
analysed, average scores for the group as a whole will also be used in sports science presentations and 
publications; however, no individually identifiable data will be apparent in such 
presentations/publications 
 
Will I be able to find out the results of the project? 
Once you have completed your participation in the project, the researchers will provide you with a 
summary of your individual results from the assessment periods. 
 



 

 

 
Who do I contact if I have questions about the project? 
If you have any questions or queries about the project please do not hesitate to contact Stuart Cormack. 
E-mail address: Stuart.Cormack@acu.edu.au 
Contact phone number:
 
  



 

 

 
 

CONSENT FORM 
Copy for Researcher 

 
TITLE OF PROJECT: ASSESSMENT OF SLEEP PATTERNS AND THE RELATIONSHIP 
BETWEEN FATIGUE AND MATCH DAY PERFORMANCE IN AFL PLAYERS. 
 
 PRINCIPAL INVESTIGATOR: Dr Stuart Cormack 
 CO-SUPERVISOR: Professor Justin Kemp 
 STUDENT RESEARCHER (if applicable): Ms Benita Lalor 
 
I ................................................... (the participant) have read and understood the information provided in 
the Letter to Participants. Any questions I have asked have been answered to my satisfaction. I agree to 
participate in this research project over a 35 day period. I am aware and agree to participate in five 
blocks of sleep assessment, and completion of routine wellness and monitoring on the Gold Coast Suns 
Football Club Monitoring System (Smartabase), realising that I can withdraw my consent at any time, 
without adverse consequences. I agree that research data collected for the study may be published or 
may be provided to other researchers in a form that does not identify me in any way.   
 
 

NAME OF PARTICIPANT:    .................................................................................................................................  
 

SIGNATURE .....................................................................  DATE ................................. 

 

SIGNATURE OF PRINCIPAL INVESTIGATOR (or SUPERVISOR): ................................................................  

DATE:……………………….. 

 

SIGNATURE OF STUDENT RESEARCHER: ......................................................................................................  

        DATE:.......................……….  



 

 

 
 

CONSENT FORM 
Copy for Participant to Keep 

 
TITLE OF PROJECT: IMPACT ON INTERNATIONAL TRAVEL ON HABITUAL SLEEP 
CHARACTERISTICS AND PERFORMANCE OF ELITE AUSTRALIAN CRICKET PLAYERS 
 
 PRINCIPAL INVESTIGATOR: Dr Stuart Cormack 
 CO-SUPERVISOR: Professor Justin Kemp 
 STUDENT RESEARCHER (if applicable): Ms Benita Lalor 
 
I ................................................... (the participant) have read and understood the information provided in 
the Letter to Participants. Any questions I have asked have been answered to my satisfaction. I agree to 
participate in this research project over a 35 day period. I am aware and agree to participate in five 
blocks of sleep assessment, and completion of routine wellness and monitoring on the Gold Coast Suns 
Football Club Monitoring System (Smartabase), realising that I can withdraw my consent at any time, 
without adverse consequences. I agree that research data collected for the study may be published or 
may be provided to other researchers in a form that does not identify me in any way.   
 

NAME OF PARTICIPANT:    .................................................................................................................................  
 

SIGNATURE .....................................................................  DATE ................................. 

 

SIGNATURE OF PRINCIPAL INVESTIGATOR (or SUPERVISOR): ................................................................  

DATE:……………………….. 

 

SIGNATURE OF STUDENT RESEARCHER: ......................................................................................................  

        DATE:.......................………. 

 
 
  



 

 

What if I have a complaint or any concerns? 
The study has been reviewed by the Human Research Ethics Committee at Australian Catholic 
University (approval number 2013 xxxx). If you have any complaints or concerns about the conduct of 
the project, you may write to the Chair of the Human Research Ethics Committee care of the Office of 
the Deputy Vice Chancellor (Research). 
 
Manager, Ethics 
c/o Office of the Deputy Vice Chancellor (Research) 
Australian Catholic University 
North Sydney Campus 
PO Box 968 
NORTH SYDNEY,  NSW  2059 
Ph: 02 9739 2519 
Fax: 02 9739 2870 
Email: res.ethics@acu.edu.au.. 
 
Any complaint or concern will be treated in confidence and fully investigated. You will be informed of 
the outcome. 
 
I want to participate! How do I sign up? 
Two consent forms have been sent to you along with this information letter. Please fill out the details 
and sign both consent forms and give them to Benita Lalor. 
 
Email:  
Postal Address:

 
Yours sincerely, 
 
Add signatures 
 
Dr Stuart Cormack, Prof Justin Kemp, and Ms Benita Lalor 
 



 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Name:  
Date:  

Study ID:  
Monitor ID:  

 
 
 
 
 
 

 

Sleep Diary 
 
 



 

 

 

Study Contacts:     
 
Benita Lalor 
Performance Dietitian  
Mob:
Email:
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 

Personal Details 
 

Age: ________ yr  DOB: __________  Gender: ¨  male 

Height: _______ cm  Weight: ________ kg   ¨  female 

 

Sport Details 

How long have you been involved in sport at a professional level? __ yrs   __ mths 

 

Sleep History 

How many hours of sleep do you need to feel rested? ______ hours 

How satisfied are you with the amount of sleep you get?   

Very dissatisfied      1     2     3     4     5     6     7     8     9     10      Very Satisfied 

Overall, how would you rate the quality of your sleep?   

 ¨  very poor     ¨  poor     ¨  fair     ¨  good     ¨  very good     ¨  excellent 

 

Epworth Sleepiness Scale 
 

How likely are you to doze off or fall asleep in the following situations? 

 
0 = Would never doze 
1 = Slight chance of dozing 
2 = Moderate chance of dozing 
3 = High chance of dozing 
 
Sitting and reading        ____________ 
 

Watching TV         ____________ 
 

Sitting, inactive in a public place (e.g. cinema or meeting)  ____________ 
 

As a passenger in a car for an hour without a break   ____________ 
 

Lying down to rest in the afternoon when possible   ____________ 
 

Sitting and talking to someone      ____________ 
 

Sitting quietly after lunch not having had alcohol    ____________ 
 

In a car when you stop at traffic for a few minutes    ____________ 



 

 

Player Instructions 
Thank you for participating in this study.  The lessons we learn about your sleep patterns during 
training and competition could help to devise strategies to maximise your performance.  To enable 
us to monitor your sleep, you will need to:  

(i) wear an activity monitor 
(ii) keep a sleep diary  

 

What is an Activity Monitor? 
An Activity Monitor is a small device worn like a wristwatch that continuously 
records body movement.  It is a device that can be used to provide information 
about the amount and quality of your sleep. 

 
• It is best if you wear your Activity Monitor at all times. 
• The Activity Monitor is water resistant but not waterproof – so please 

remove it when showering or swimming.  The Activity Monitor can be worn 
in the rain. 

• It is important that you always wear the Activity Monitor on the same wrist. 
• When training or competing, do not wear the activity monitor if there is a chance that it could be 

damaged or cause injury to yourself or others. 
• Please take care of your Activity Monitor – replacement value = $3,000 

 

Keeping a Sleep Diary 
In this booklet, you will find your sleep diary.  The purpose of the diary is to record the times 
when you are attempting to sleep.  This information will be used in conjunction with data from 
the activity monitor to determine when you fell asleep and woke up. 
 
Instructions 

• Complete a single line of the sleep diary for every sleep period (main sleeps and naps). 
• Please complete the diary straight after every sleep period to aid accuracy.  This will have a big 

influence on the quality of the data that we collect. 
• Date - the date that you go to bed 
• Sleep Location - the city where the sleep occurs  
• How many cups of caffeine did you have today? – record the number of cups of caffeine (e.g., 0, 1, 2, 

3) that you consumed during the day (coffee, red bull, coke, tea etc). 
• When was you last cup of caffeine? – record the time of your last cup of caffeine. 
• Electronic Device Use  - the time you’re were using an electronic device before attempting to go 

asleep. 
• Bed Time - the time that you start attempting to sleep.  Don’t include time spent reading, 

watching TV, etc 
• Get Up Time - the time that you stop attempting to sleep.  Don’t include time spent reading, 

watching TV, etc. 
• Did you watch TV in bed before sleep? – number of minutes you spent watching TV in bed before 

lights out. 
• Sleep Quality - the quality of your sleep compared to a ‘normal’ sleep period - see the bottom of 

your sleep diary for scale. 



 

 

 
 

What will your data look like? 
 

 

 

 

 

 

 

 

 

 

 

 
This figure shows an example of the type of data that you will collect: 
 
• The figure represents 7 days of data. 
• Each line represents a day of data, from midnight to midnight. 
• The red horizontal bars represent training times we will get from your coaches. 
• The blue horizontal bars represent bed times we will get from your diary. 
• The black vertical bars represent the level of activity we will get from your activity monitor. 
• By combining the information from your sleep diary and activity monitor, we will use special 

software to determine (i) what time you went to sleep, (ii) what time you woke up, (iii) how 
much sleep you got, and (iv) how good or bad your sleep was. 

• At the end of the sleep audit, you will get a report about your sleep/wake patterns that will 
include a figure like the one above.
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plete a single line of the sleep diary for every sleep period (i.e. m
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MEMO  
 

To:   Whom it may concern  

Date:  5th March 2016    

Subject: Sleep Research for Australian Female Cricket players (RO1629) 

 

Cricket Australia acknowledges that Benita Lalor is undertaking a research project (RO 1629) 

investigating the analysis of sleep patterns in elite athletes, and authorise her to include Australian 

Cricket Players in the study. 

Cricket Australia will assist Ms Lalor to recruit the volunteers required for the project. 

 

Kind Regards, 

 

Alex Kountouris 

Sports Science and Sports Medicine Manager  

Cricket Australia 

 



 

 

 
Confirmation of the Acceptance for Publication 
 

 
 


