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Abstract 
Sleep is an integral component in the preparation for, and recovery from, athletic training and 

competition. However, the majority of evidence is in male athlete populations, and there 

remains limited published data on the sleep of female athletes. Therefore, the aim of this thesis 

was to systematically review the current research on female athlete sleep, and then to add to it 

through targeted observational studies, as well a randomised controlled trial investigating the 

efficacy of α-lactalbumin supplementation to improve sleep. 

 

Chapter One and Chapter Two provide an overview of the thesis, and a narrative review 

summarising the background theory of sleep, and possible interventions to improve athlete 

sleep. These chapters provide context and background for the subsequent studies included in 

the thesis. 

 

Chapter Three was a systematic review with meta-analysis, that aimed to examine the patterns, 

duration and quality of sleep among elite female athletes, and consider the impact of situational 

challenges and their effects on the sleep of elite female athletes. A total of 38 studies were 

included, and a meta-analysis was performed on 15 studies that assessed sleep during habitual 

periods using actigraphy. Evidence suggests female athletes are achieving satisfactory 

objective sleep quantity (total sleep time [TST], 7.8 h) and quality (sleep efficiency [SE], 

86.7%) during habitual periods, however most of the current habitual sleep evidence is with 

netball (n = 98 out of 238) and soccer (n = 53 out of 238) athletes. In addition, female athletes 

experience sleep disturbances pre- and post-situational challenges. The review also identified 

high variability of objective sleep outcomes, demonstrating the individual nature of habitual 

female athlete sleep. Overall, Chapter Three highlighted that future research must focus on 

optimising the sleep appraisal methods and creating high-quality study designs in a broader 

number of sports. 

 

 

 

 

 

 



 
  

iv 

Chapter Four compared the habitual sleep of female basketball and soccer athletes to age and 

sex matched controls and characterised the sleep of basketball and soccer athletes at different 

competition locations and on the days surrounding competition. Chapter Four found during 

habitual conditions, basketball athletes slept longer (7.4 ± 1.5 h) than soccer athletes (7.0 ± 1.2 

h, p < 0.001) and controls (7.3 ± 1.2 h, p = 0.002). During competition, basketballers went to 

bed earlier (23:49 ± 01:25) and woke earlier (07:22 ± 01:59) following Away games compared 

to soccer athletes (00:10 ± 01:45 and 08:13 ± 01:45). The findings from Chapter Four highlight 

that sleep recommendations and interventions need to be individualised to specific sports, 

athlete groups and competition scenarios encountered during a season. 

 

Chapter Five assessed the sleep hygiene knowledge of high performance team sport coaches 

and sports science support staff, the sleep practices these individuals implement with athletes, 

and the barriers to the more frequent use of these practices. A sample of 86 Australian coaches 

and sports science support staff working within high performance team sport were recruited to 

complete a four-part questionnaire. Chapter Five identified that team sport coaches and sports 

science support staff have adequate overall sleep hygiene knowledge (15.3 ± 2.9, score range 

0-20), yet some specific areas (e.g. sleep-wake cycle behaviours) warrant improvement. There 

were limited sleep practices implemented with athletes, particularly regarding the promotion 

of sleep hygiene (43% had promoted sleep hygiene). A novel finding of Chapter Five was that 

there was an increased resistance to the implementation of sleep hygiene strategies by coaches 

and support staff who work with female athletes. Overall, educational sleep resources need to 

be developed for coaches and support staff to improve knowledge and athlete intervention.  
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Lastly, Chapter Six determined the efficacy of α-lactalbumin supplementation for improving 

sleep and performance recovery following simulated evening competition in female athletes. 

Sixteen trained females participated in this randomised double-blind three-arm crossover 

study, whereby sleep was monitored using polysomnography. The results of Chapter Six 

indicate that α-lactalbumin supplementation may be useful for retaining some sleep 

characteristics following evening competition, for example, non-rapid eye movement stage 2 

sleep increased by 2.7% post-competition in α-lactalbumin (A-LAC) but decreased in control 

(CON) (-3.8%) and placebo (PLA) (-0.4%, p < 0.05). In addition, Yo-Yo Intermittent Recovery 

Test Level 1 distance improved over time in A-LAC compared to CON and PLA (p < 0.05). 

Based upon these findings, α-lactalbumin supplementation could be used by athletes to 

improve sleep and performance recovery following evening training or competition. Further 

research on the efficacy of α-lactalbumin supplementation during situations that are known to 

impair athlete sleep, such as travel and demanding competition schedules, should be conducted.  

 

Collectively, the findings from this body of research highlight the suboptimal objective and 

subjective sleep female athletes can experience during habitual conditions, as well as pre- and 

post- situational challenges such as training and competition. Implementing a whey protein α-

lactalbumin supplement following a situational challenge to sleep such as evening 

competition may help female athletes with their sleep and next-day performance recovery. 
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Chapter One: Introduction to Thesis 
  



 
  

2 

1.1 Background 
Sleep is an essential requirement for human health,1 and an integral component in preparation 

for, and recovery from, athletic training and competition.3,4 Important biological processes 

occur during sleep, including the restoration of tissue,4 immune5 and endocrine systems;6 

consolidation of new information in memory;7 and metabolic processes.8,9 However, elite 

athletes can experience habitual sleep disturbances,10 and regularly encounter sport-specific 

challenges (e.g. training and competition schedules11,12 and travel demands13,14) that may lead 

to additional sleep concerns.  

 

In the general population, females consistently report poorer sleep than males, including longer 

sleep onset latencies (SOL) and more nocturnal awakenings.15-17 Yet polysomnography (PSG) 

measures suggest females have longer total sleep time (TST)18,19 shorter SOL18 and better sleep 

efficiency (SE)18,19 than males. Aspects of objective sleep appear superior in females, thus, 

other factors may be contributing to the subjective sleep experience, including the 

misalignment between circadian rhythms (e.g. core body temperature minimum and pineal 

melatonin section) and sleep-wake behaviour,20 high prevalence of depression and anxiety,21,22 

and ovarian steroid hormones.23,24 The sex differences in sleep are also suggested to increase 

in magnitude under biological and chronobiological challenges (i.e. sleep deprivation, shift 

work and travel across multiple time zones),25,26 such as the situations routinely experienced 

by athletes. For example, because females have earlier timing of the circadian rhythms of core 

body temperature and pineal melatonin secretion20 (potentially further advanced by evening 

exercise),27 they may be sleeping at an even later biological clock time20 post-evening 

competition than males. However, to date, there has been no analysis of how the sex differences 

in sleep interact with the situational challenges imposed on female athletes, and what effect 

this may have on health and athletic performance.  

 

Compared to males, females may be more vulnerable to the effects of sleep disturbance, 

showing greater and more prolonged increases of inflammatory biomarkers (i.e. interleukin-6, 

C-reactive protein28,29 and tumour necrosis factor-α29), up-regulation of inflammatory cytokine 

expression (i.e. nuclear factor)30 and higher fasting insulin levels.28 Greater slow wave activity 

(a measure of sleep pressure) in females has also been observed following sleep deprivation,26 

potentially indicating a greater accumulation of sleep debt in females than in males.31 

Conversely, some evidence indicates females are more resilient to the effects of sleep loss 
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compared with males, expressing lower levels of cortisol (a marker often used to measure 

physiological stress following sleep deprivation)32 following short-term sleep restriction,33 and 

fewer sleep disturbances after overnight stress.19 Despite this conflicting evidence, the resulting 

health impacts of sleep loss in females is more evident. Females experiencing insufficient sleep 

may be at an increased risk compared to males for depression and mood disturbance34 as well 

as dysfunction of metabolic35 and cardiovascular processes.36,37 Taken collectively, acute or 

chronically insufficient sleep could have a detrimental effect on the health and athletic 

performance of female athletes. 

 

Despite the growing interest in athlete sleep, the majority of evidence is within athletic male 

populations and provides limited analysis of the sleep of female athletes.38 This limited 

research into the sleep of female athletes is reflective of the broader sex disparity in sports and 

exercise medicine literature.39 In recent years there has been a rise in the professionalism and 

profile of female sports.40 However, this has not been mirrored with an increase in the 

representation of high-performance female athletes in the research literature,41 especially in the 

area of sleep. The lack of relevant research limits practitioner’s ability to adopt and apply an 

evidence-informed approach when working with elite female athletes.41 Ultimately, this may 

mean that we are failing to maximise the performance, health, and wellbeing of these athletes.   

 

Therefore, the aims of this thesis were to systematically review the current research on female 

athlete sleep, and contribute knowledge through targeted observational studies, as well a 

randomised controlled trial investigating the efficacy of α-lactalbumin supplementation to 

improve sleep. 

 
1.2 Thesis aims 
This thesis is comprised of four studies that aim to; systematically review the literature on the 

sleep of elite female athletes (Chapter Three); assess the sleep and perceptual recovery of elite 

female basketball and soccer athletes throughout a competition season (Chapter Four); explore 

the sleep practices that are implemented by coaches and sports science support staff within 

high performance team sport (Chapter Five); and determine whether a-lactalbumin improves 

sleep and recovery following simulated evening competition (Chapter Six). The findings from 

these studies will provide the sports science community with a greater understanding of the 

challenge’s female athletes face with regards to their sleep. In addition, the final study provides 
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novel evidence on the positive impact a-lactalbumin may have on sleep and performance 

recovery.  

 

1.3 Thesis outline 
This thesis will be presented as: a narrative review of the sleep literature; a systematic review 

and meta-analysis of the female athlete sleep literature; three original studies; and a final 

discussion of the relevant findings and practical applications. Each study in Chapter Three to 

Six is presented in peer review journal publication format, and consists of its own forward, 

abstract, introduction, methodology, results and discussion section. As such, there may be some 

repetition between the thesis background (section 1.1), narrative review, systematic review and 

introductions of individual chapters. For ease of referral, the relevant reference lists are 

presented at the end of each chapter. All supplementary files, publications, conference 

communications and other outputs related to this thesis are presented in the Appendices. 
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Chapter Two: Narrative review 
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2.1 Introduction 
Sleep is an integral component in the preparation for, and recovery from, athletic training and 

competition.1,2 Athletes can experience high levels of sleep disturbance, characterised by 

longer sleep latencies, greater sleep fragmentation, non-restorative sleep, and excessive 

daytime fatigue.3 Athletes also regularly encounter sport-specific challenges to sleep (e.g. 

training and competition schedules, and travel demands).3 As such, there is a growing focus on 

the non-pharmacological means that an athlete can utilise to promote sleep, including sleep 

extension,4 sleep hygiene,5 napping6 and nutrition.7 

 

The brief narrative review presented in Chapter Two aims to provide a background on the 

theory of sleep, present the latest evidence on sleep measurement methods, and describe the 

sleep of athletes and potential interventions that may enhance their sleep. Ultimately, Chapter 

Two sets the scene for the subsequent chapters presented in this thesis and provides background 

information relevant to each study.  

 
2.2 Theoretical overview of sleep 
Sleep is best described as a behavioural state distinguished by diminished responsiveness to 

external stimuli, coinciding with changes in cortical brain activity and muscle tone, recurring 

at habitual intervals throughout a 24 h period.7,8 Despite the comprehensive body of research 

dedicated toward exploring sleep, the specific functions of sleep and why humans sleep remain 

largely unknown.9 However, literature suggests sleep has three main purposes: a restorative 

effect on both the immune and endocrine systems; assistance with the recovery of the nervous 

and metabolic costs associated with a wakened state; and a pivotal role in learning, memory 

and synaptic plasticity.10 
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Figure 2.1 Diagram of a night of human sleep, demonstrating the cyclical nature of non-rapid 

eye movement (NREM) to rapid eye movement (REM) sleep. 

 

A healthy night of sleep is typically composed of approximately 90-minute cycles of two 

distinct sleep stages (Figure 2.1): rapid-eye movement (REM) sleep; and non-rapid eye 

movement (NREM) sleep.11 NREM sleep is further divided into three progressively deeper 

sleep stages (one, two [‘light’ sleep] and three [also known as slow wave sleep or ‘deep’ 

sleep]).12 Across the human lifecycle, the duration and composition of our sleep changes. For 

young adults (an age most relevant to established athletes), sleep is likely to be 7-9 hours in 

duration, containing around 61% light sleep (i.e. NREM stages 1-2 sleep), 16% deep sleep (i.e. 

NREM stage 3 sleep) and 23% REM sleep.13  

 

NREM sleep is suggested to assist with energy conservation and nervous system recuperation. 

During NREM sleep, growth hormone (GH; fundamental for tissue regeneration and growth) 

is released,14 oxygen consumption is lowered15 and there is an influx of anabolic hormones 

(increasing the synthesis of protein thereby preventing amino acid catabolism).16 REM sleep is 

thought to be involved in periodic brain activation, localised recuperative processes, emotional 

regulation,17 and the formation and consolidation of memory.18,19 It is proposed that the 

fluctuating nature of the sleep stages enables the body to recover and renew from prior periods 

of wakefulness and/or prepare for the subsequent wake period.19,20  
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2.3 Measuring sleep 
In both medical and general consumer fields, there is an increasing popularity of measuring 

and monitoring sleep. This popularity also extends to athletes, with significant growth in sleep 

monitoring and research since the beginning of the twenty-first century.21 In athletes, this trend 

may reflect the growing interest of sporting organisations in understanding the role of sleep for 

their athlete’s health and performance, as well as the technical advancements in sleep 

measurement tools.22 

 

At present, there are no guidelines or recommendations for best practice regarding the 

monitoring of athlete sleep. Sleep can be measured objectively (e.g. polysomnography or 

activity monitoring) or subjectively (e.g. sleep diaries and questionnaires). There is also a 

growing market for commercial sleep technology (CST) in the form of wearables (e.g. watches 

or rings) and nearables (e.g. devices that sit on the mattress), as well as smartphone 

applications, however the accuracy and reliability of these emerging tools to measure sleep is 

not yet known.23 An evaluation of the range of tools available to monitor athlete sleep is 

presented in Table 2.1 (modified from Halson23). Some of the common outcome measurements 

from sleep monitoring tools include sleep architecture (sleep stages), sleep duration (TST), SE, 

SOL (i.e. the time it takes to fall asleep) and wake after sleep onset (WASO; time spent awake 

after falling asleep). 
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Table 2.1 Evaluation of objective and subjective tools to measure athlete sleep, modified from Halson23 

Tool Positives Negatives  Use situation Examples 

Objective 
PSG Gold standard 

 
Sleep stage determination 
 
Identify sleep disorders  

Requires expertise, is labour 
intensive and most expensive 
 
No schedules or routines 

Research 
 
Clinical   

Compumedics Siesta 
802 

Activity 
monitoring 
(actigraphy) 

Non-intrusive  
 
Validated against PSG 
 
Over extended periods can provide 
information on routine and 
schedules 
 
Less expensive than PSG 

Not accurate for sleep stages 
 
Relies on athlete for compliance, 
device can be removed 
 
Requires some expertise for analysis 
 
TST and SE overestimated 

Research 
 
Monitoring > 
1 week 

ActiGraph GT3X+  
 
Phillips ActiWatch 
 
Fatigue Science 

CST (wearables, 
nearables) 

Non-intrusive  
 
Less expensive than PSG and 
actigraphy  
 
Over extended periods can provide 
information on routine and 
schedules 
 
Provides immediate feedback 
 
Some validation (i.e. Whoop)24 

Not accurate for sleep stages 
 
Relies on athlete for compliance, 
device can be removed 
 
TST and SE overestimated 
 
Some devices have limited validation  
 
No access to raw data or algorithms  

When limited 
expertise is 
available 
  
Monitoring > 
1 week 

Fitbit, Whoop and 
Oura Ring 
 
A.H. Beard RestOn 
and ResMed S+ 
 
Smartphone 
applications 
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Tool Positives Negatives  Use situation Examples 
Subjective 
Sleep diary Non-intrusive  

 
Less expensive than all other 
objective options 
 
Over extended periods can provide 
information on routine and 
schedules 
 
Provides subjective information 

Imposes some burden on athletes and 
staff  
 
Impact of recall bias 
 
Sleep duration overestimated  

Research 
 
Monitoring > 
1 week 
 
Alongside 
objective 
tools 

 

Questionnaires  Non-intrusive  
 
Less expensive than all other 
objective options 
 
Time effective 
 
Can provide behaviour information  
 
Certain questionnaires validated 

Impact of response bias 
 
No standardised data on athletes for 
some questionnaires 
 
Questionable utility for some 
questionnaires if they haven’t been 
validated in athletes  

Research 
 
Clinical 
screening 

General population – 
PSQI, KSS, ESS, 
SHI, VAS, MEQ 
 
Athlete populations 
– ASBQ, ASSQ 

ASBQ, Athlete Sleep Behaviour Questionnaire; ASSQ, Athlete Sleep Screening Questionnaire; CST, commercial sleep technology; 
ESS, Epworth Sleepiness Scale; KSS, Karolinska Sleepiness Scale; MEQ, Morningness and Eveningness Questionnaire; PSG, 
polysomnography; PSQI, Pittsburgh Sleep Quality Index; SE, Sleep efficiency; SHI, Sleep Hygiene Index; TST, Total sleep time; 
VAS, Visual Analogue Scale. 
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2.4 Sleep in athletes 
Sleep is crucial for optimal athletic performance, and recovery from the demands of training 

and competition.1,2 In general population non-athletic individuals, it is recommended that 

adults regularly sleep between 7-9 h per night25 and obtain a sleep efficiency of at least 85%.26 

However, many athletes do not meet these minimum sleep quantity recommendations, as well 

as having a high prevalence of insomnia symptoms.3 For example, Australian team and 

individual sport athletes averaged 6.8 h and 6.5 h sleep per night, respectively.27 In a cohort of 

Australian rugby and cricket athletes, 50% reported experiencing poor sleep quality, alongside 

high levels of daytime sleepiness.28 Despite the poor sleep of athletes, it is still unknown 

whether a causal relationship exists between inadequate sleep and elite sport participation. 

 

Both sport-specific factors (broadly defined as training, travel and competition) and societal 

factors (e.g. electronics use, work/study commitments) can influence the sleep of athletes. A 

summary diagram of these factors, reproduced from Walsh and colleagues,29 can be viewed in 

Figure 2.2. Sport-specific risk factors include, but are not limited to, early morning training 

(starting before 8:00),30 short- and long-haul travel,31,32 the night immediately before a 

competition,33,34 as well as competition played in the evening (starting after 18:00).35,36 It is 

important to note that risk factors for suboptimal athlete sleep also include aspects considered 

to influence sleep in non-athletic populations, such as spinal cord injury,37 poor mental health38 

and female sex.39,40 Despite female sex being a risk factor for suboptimal sleep, the majority of 

research to date is in male athletes, providing little insight into the sleep of female athlete 

populations. 
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Figure 2.2 Sport-specific factors (orange) and non-sport factors (blue) that may be contributing 

to athlete sleep disturbances (reproduced from Walsh et al29). 

 
2.5 Sleep interventions 
There is a growing body of evidence exploring the efficacy of different interventions to 

improve sleep quantity, quality and subsequent recovery in athletes (see review by Bonnar)41. 

Interventions include sleep extension4 and napping42, sleep hygiene,5 post-exercise recovery 

strategies (e.g. cryotherapy)43 and nutrition6. Broadly, sleep extension and napping 

interventions aim to increase the amount of sleep through night-time total sleep duration or 

day-time naps. Sleep hygiene interventions aim to improve sleep related behaviours to 

encourage a good night’s sleep. 

 

Two objectives of this thesis are to explore the sleep hygiene practices that are implemented 

by coaches and staff within team sport, and to determine whether a-lactalbumin improves sleep 

and recovery following simulated evening competition. Therefore, for the purpose of this 

narrative review and thesis only sleep hygiene and nutrition will be discussed in further detail.  
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2.5.1 Sleep hygiene 
Sleep hygiene refers to the habits required to have good sleep quality and subsequent daytime 

alertness. Some of the common sleep hygiene recommendations include avoiding stimulants 

such as caffeine, having adequate exposure to natural light in the morning, implementing a 

relaxing bedtime routine and having a sleep environment which is cool, dark and quiet. In 

healthy non-athletic populations, evidence shows that having good sleep hygiene can improve 

sleep quality.44 

 

In athletes, acute sleep hygiene strategies can improve sleep duration, albeit with no changes 

in performance recovery. For example, Fullagar and colleagues5 compared a sleep hygiene 

strategy (i.e. dimly lit and cool environment, optional sleeping aids [e.g. ear plugs] and no 

access to technology 15-30 min prior to bedtime) to a normal post-game routine following an 

evening soccer match with male athletes. Compared to the normal routine condition, the soccer 

athletes in the sleep hygiene condition had longer TST, albeit without any improvements in 

physical or perceptual performance recovery.  

 

Longer-term sleep hygiene strategies have also been examined (one-month to 6 weeks), 

showing positive effects on subjective sleep quantity and quality.45,46 In male Australian Rules 

Football athletes, a six-week sleep hygiene program resulted in improvements in subjective 

sleep duration and sleep quality, albeit without improvements in objective sleep parameters, 

performance or mood.46 In addition to these acute and long-term interventions, evidence 

indicates that 30 to 60 min sleep education presentations can increase sleep duration by 20 to 

90 min,5,47,48 although the improvements were not maintained at the one-month follow-up.47  

 

In summary, acute sleep hygiene interventions may increase sleep duration, with no effect on 

subsequent performance recovery. Longer-term sleep hygiene interventions may be more 

beneficial for subjective sleep, and sleep hygiene education sessions may assist athletes in the 

short-term. Although they can be effective, sleep hygiene interventions do require athletes to 

change lifestyle behaviours, and therefore, can be associated with poor compliance and limited 

effectiveness without regular follow-up. In addition, a recent study has found that female 

athletes may not be as receptive to sleep hygiene recommendations as their male counterparts.49 

Therefore, there is a need for an intervention that is accessible and easy for athletes to 

implement, with the potential to improve both sleep and performance recovery.  
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2.5.2 Nutrition  
Although the primary purpose of athlete nutrition has been to support training and promote 

recovery, attention is shifting towards the use of nutritional supplements to improve sleep. 

Broadly, the hypothesis behind nutritional-based sleep interventions is that the exogenous 

consumption of nutrients can influence a number of neurotransmitters associated with the 

sleep-wake cycle (e.g. serotonin).50 Currently, the evidence in athlete and applicable healthy 

non-athletic populations falls into three main categories: (1) protein; (2) carbohydrate; and (3) 

tart cherry juice.6 There are also a number of other nutritional interventions that have also been 

investigated, including kiwifruit, glycine, γ-aminobutyric acid (GABA) and L-serine.6  

 

As outlined in the summary Table 2.2 (adapted from Gratwicke et al)6, most of the current 

evidence examines the consumption of high GI carbohydrate or α-lactalbumin protein to 

improve sleep. With these nutritional interventions, the mechanism for sleep improvements is 

suggested to be an increase in the plasma ratio of tryptophan to large neutral amino acids 

(Trp:LNAA).6 Tryptophan is an essential amino acid and serves as a precursor to the synthesis 

of serotonin and melatonin,51 both important regulators of sleep. By increasing the Trp:LNAA, 

tryptophan can more easily cross the blood brain barrier. Consequently, this leads to an increase 

in the synthesis of serotonin and then downstream increases in the secretion of melatonin.51 

 

The whey protein α-lactalbumin has highest natural level of tryptophan in food sources.52 In 

healthy males, evening intake of α-lactalbumin has been shown to increase the Trp:LNAA by 

130%, decrease morning sleepiness, and improve brain attention processes.53 In addition, there 

have been three studies54-56 exploring the efficacy of protein consumption to specifically 

improve sleep (all α-lactalbumin). The first study was conducted in healthy non-athletic males, 

and found consuming 20 g of α-lactalbumin before bed led to a 13% increase in TST, alongside 

a 7% increase in SE.54 However, in the two studies in athletic male populations, there have 

been no positive effects of α-lactalbumin supplementation on sleep quantity or quality.55,56 It is 

possible that the null findings from the two athlete studies are a result of small sample sizes (n 

= 655, n =1156) and the use of wrist actigraphy to measure sleep, a combination that may not be 

sufficient or sensitive enough to determine changes in sleep characteristics. In addition, the 

largely habitual conditions of these two athlete studies (i.e. without the presence of a situational 

stressor such as evening competition or heavy training loads) meant that any potential effect of 

the α-lactalbumin was minimal. 
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While there is preliminary evidence to support the efficacy of α-lactalbumin to improve sleep, 

as well as the underpinning mechanistic theory behind its potential effectiveness, further well-

designed studies are required to confirm its use with athletes. Specifically, α-lactalbumin 

intervention studies using a larger sample size and measuring sleep using the gold standard of 

PSG are required. 

 

2.6 Conclusion  
Elite athletes experience high levels of habitual sleep disturbance, alongside regularly 

encountering sport-specific challenges that lead to additional sleep concerns.  In addition, risk 

factors for suboptimal athlete sleep include aspects considered to influence sleep in non-athletic 

populations, such as female sex. These observations have sparked an increase in the evidence 

exploring the efficacy of different interventions to improve sleep and subsequent recovery in 

athletes. For example, sleep hygiene interventions may help aspects of objective and subjective 

sleep, however, female athletes may not be as receptive to sleep hygiene recommendations as 

their male counterparts. Attention is also shifting towards the use of nutritional supplements to 

improve sleep, largely because of the impact nutrients can have on different neurotransmitters 

associated with the sleep-wake cycle. Growing evidence in both healthy and athlete 

populations suggest the whey protein α-lactalbumin may be of benefit to both the sleep and 

performance recovery of athletes. 
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Table 2.2 Changes to sleep following carbohydrate, protein and tart cherry juice interventions, adapted from Gratwicke6 

Study 
Intervention TST 

(min) 
SE  
(%) 

SOL  
(min) 

WASO 
(min) Type Timing Days 

Protein 

Ong et al54 Serving (20 g) of α-lactalbumin 1 h pre-bed 2 ↑ 54.7* ↑ 7.0* ↓ 10.1 ↓ 20.8 

MacInnis et al56 Serving (40 g) of α-lactalbumin 2 h pre-bed 3 ⟷ NR ⟷ NR ⟷ NR ⟷ NR 

Oikawa et al55 60 g of α-lactalbumin 
20 g post-exercise 

and 40 g 2 h pre-bed 
3 ⟷ 0.0 ↓ 0.9 ↓ 1.3 ↑ 11.0 

Carbohydrate 

Afaghi et al57 High GI dinner 4 h pre-bed 3 ↑ 7.9 ↑ 1.7 ↓ 8.5* ↑ 1.7 

Daniel et al58 High GI dinner & evening snack 4 h pre-bed 1 ↑ 26.5 ↓ 1.2 ↓ 12.5 ↑ 9.0 

Afaghi et al59 Very low carbohydrate diet  Over day 4 ↑ 22.7 ↑ 3.3 ↓ 5.4* ↓ 8.6 

Killer et al60 High carbohydrate drinks 
Pre-, during and post-

exercise 
9 ↓ 19.0* ↓ NR ⟷ NR NR 

Vlahoyiannis et al61 High GI dinner 
Post-exercise (~2 h 

pre-bed) 
1 ↑ 62.4* ↑ 8.1* ↓ 18.9* ↓ 32.9* 

Tart cherry juice 

Pigeon et al62 
Serving (240 mL) of tart 

Montmorency cherry juice 

8:00-10:00 and 1-2 h 

pre-bed 
14 ↑ 29.3** ↑ 3.7* ↓ 3.6** ↓ 16.8** 

Howatson et al63 
Serving (30 mL) of tart 

Montmorency cherry juice 

30 min post-wake 

and 30 min pre-bed 
7 ↑ 39.0* ↑ 2.7 ↓ 9.1 NR 

GI glycaemic index, GL glycaemic load, NR value not reported, SE sleep efficiency, SOL sleep onset latency, TST total sleep time, ↑ 

increase, ↓ decrease, ⟷ no change, * p < 0.05, ** p < 0.01 
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3.1 Foreword  
Despite the sleep differences based on biological sex, and the potential impact of sleep loss in 

females, there has been no systematic appraisal of the current female athlete sleep literature to 

date. Recent reviews have also substantiated that synthesising and developing the knowledge 

base on female athlete sleep is of growing importance. Therefore, the purpose of Chapter Three 

was to examine the patterns, duration and quality of sleep among elite female athletes and 

consider the impact of situational challenges and their effects on the sleep of elite female 

athletes through a systematic review with meta-analysis. Chapter Three identified that elite 

female athletes are achieving satisfactory objective sleep quantity (7.8 h [95% CI 7.4, 8.2], 

recommended 7-9 h) and quality (86.7% [95% CI 84.7, 88.6%], recommended >85%) during 

habitual periods, yet report a high prevalence of subjective sleep complaints. The current 

evidence also indicates that female athletes can experience post-training sleep, pre-competition 

sleep, and post-competition sleep disturbances and altered sleep-wake patterns. Despite these 

findings, the review identified a number of methodological concerns that may influence the 

interpretation of the evidence base. These include a lack of consistency and validity in sleep 

assessment tools; low participant numbers; short duration studies; and limited control of 

menstrual cycle phase. 

 

This systematic review with meta-analysis has been accepted for publication in Biology of 

Sport. 

 

Miles, K.H., Clark, B., Fowler, P.M., Miller, J., & Pumpa, K.L. (2021). What are the sleep 

characteristics of elite female athletes? A systematic review with meta-analysis. Biology of 

Sport. In-Press. 
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3.2 Abstract 
With the recent growth in female sport, practitioners need to be able to provide specific support 

to female athletes to ensure their sleep, health and athletic performance are optimised. Examine 

the patterns, duration and quality of sleep among elite female athletes, and consider the impact 

of situational challenges and their effects on the sleep of elite female athletes. Data was located 

through a search of SPORTDiscus, MEDLINE and Scopus from inception up to May 2021. 

Studies needed to be peer-reviewed research reporting quantitative sleep outcomes for female 

athletes ≥ 18 years of age and competing at a predefined elite level. A meta-analysis was 

performed on habitual sleep outcomes (e.g. total sleep time [TST] and sleep efficiency [SE]) 

measured with actigraphy. A total of 38 studies were included. Meta-analysis showed habitual 

TST (n = 14) was 7.8 h [7.4, 8.2] (mean [95% CI]), and SE was 86.7% [84.7, 88.6], with high 

variability among studies (I 2 = 97.8–98.2%). Subjective sleep complaints are common before 

a competition, as are post-training sleep disturbances (63% studies report TST decrease), and 

post-competition sleep disturbances (75% studies report TST decrease). Female athletes 

achieve satisfactory objective sleep quantity and quality during habitual periods, but experience 

sleep disturbances pre- and post-situational challenges. There is high variability of objective 

sleep outcomes, demonstrating the individual nature of habitual female athlete sleep. Overall, 

future research must focus on optimising the sleep appraisal methods and creating high-quality 

study designs in a broader number of sports. 
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3.3 Introduction 
Sleep is an essential requirement for human health, and an integral component in preparation 

for, and recovery from, athletic training and competition.1 Important biological processes occur 

during sleep, including the restoration of immune and endocrine systems, and integral 

metabolic processes.2 However, elite athletes may experience suboptimal habitual sleep 

patterns3 (i.e. during at home periods under normal living conditions without situational 

demands) as well as regularly encountering situational challenges such as competition 

schedules4 and travel demands5 that can lead to additional sleep disturbances. 

 

In the general population, polysomnography (PSG) measures suggest females have longer total 

sleep time (TST), shorter sleep onset latencies (SOL) and better sleep efficiency (SE) than 

males.6 Yet females subjectively report poorer sleep than males, including longer SOL and 

more nocturnal awakenings.7 Since aspects of objective sleep appear superior in females, other 

factors may be influencing their subjective sleep ratings, including the misalignment between 

circadian rhythms (e.g. core body temperature minimum and pineal melatonin secretion) and 

sleep-wake behaviour;8 high prevalence of depression and anxiety;9 and ovarian steroid 

hormones.10 Sex differences in sleep are also suggested to increase in magnitude under 

biological and chronobiological challenges,11 such as the sleep deprivation and travel across 

time zones routinely experienced by athletes. However, to date, there has been no analysis of 

how sex differences in sleep interact with the situational challenges imposed on female athletes, 

and what effect this may have on health, athletic performance and recovery. 

 

Compared to males, females may be more vulnerable to the detrimental effects of sleep loss, 

showing greater and more prolonged increases of inflammatory biomarkers,12 up-regulation of 

inflammatory cytokine expression13 and higher fasting insulin levels.12 Greater slow wave 

activity (a measure of sleep propensity) in females has also been observed following sleep 

deprivation, potentially indicating differences in responses to sleep debt compared to males.11 

Conversely, some evidence indicates females are more resilient to the effect of sleep loss 

compared with males, expressing lower levels of cortisol following short-term sleep 

restriction,14 and fewer sleep disturbances after overnight stress.15 Despite this conflicting 

evidence, the resulting health impacts of sleep loss in females is more evident with females at 

an increased risk compared to males for depression and mood disturbance16 as well as 

dysfunction of metabolic and cardiovascular processes.17 Collectively, though current evidence 
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is equivocal, acute or chronically insufficient sleep could have a detrimental effect on the health 

and athletic performance of female athletes. 

 

With the recent growth in female sport, practitioners need to be able to provide appropriate and 

specific support to female athletes to ensure their sleep, and thus health and athletic 

performance are optimised. Despite the sleep differences based on biological sex and the 

potential impact of sleep loss in females, there has been no systematic appraisal of the current 

female athlete sleep literature to date. Therefore, the purpose of this systematic review was to: 

(1) examine the patterns, duration and quality of sleep among elite female athletes; and (2) 

consider the impact of situational challenges and their effects on the sleep of elite female 

athletes. 

 

3.4 Methods 
The present systematic review with meta-analysis was conducted following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and 

registered with PROSPERO (CRD42017076869). 

 

Search strategy and terms 

Three electronic databases (SPORTDiscus, MEDLINE and Scopus) were systematically 

searched from inception up to May 2021 using combinations of the outlined search terms with 

appropriate truncation and medical subject headings (MeSH). The sleep search terms combined 

with ‘OR’ were sleep, sleep disturbance, sleep quality, insomnia; the athletic population search 

terms outlined with ‘OR’ were athlete, sportswoman; and the sex search terms outlined with 

‘OR’ were female, woman, women. The search term keywords were combined with ‘AND’ 

and searched in ‘All Fields’ with the limits of human and English language. To ensure all 

related texts were captured, the reference lists of included articles were hand-searched. 

 

Eligibility criteria and selection process  

The eligibility of the retrieved records was independently assessed by KHM based on title and 

abstract. If the information was unclear, the full-text article was screened. Duplicate and 

irrelevant articles were excluded based on abstract and title by KHM. Articles deemed eligible 

for full-text review were retrieved and screened against the inclusion criteria by KHM and 

confirmed by KLP. 
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Studies were required to meet the following inclusion criteria: (1) the study was published as 

original research in a peer-reviewed journal as full-text article; (2) data was explicitly reported 

for female athletes; (3) the female athletes were ≥ 18 years of age; (4) the female athletes were 

competing at an elite level (defined as Olympic, international, professional, national or 

Division I collegiate); (5) the study reported quantitative data on sleep outcomes; and (6) the 

studies did not report data on sleep outcomes following concussion. Only English language 

studies were included. 

 

Data extraction and quality appraisal  

Data from the eligible studies were extracted by KHM using a predesigned and piloted data 

extraction form. Only baseline sleep data was used if a study implemented an intervention. 

‘Eliteness’ was assessed by applying the taxonomy of Swann and colleagues,18 ranking 

participants on a continuum (score range 1–16) and allowing categorisations from ‘semi-elite’, 

through ‘competitive elite’, and ‘successful elite’, to ‘world-class elite’. This taxonomy has 

previously been employed in systematic reviews of elite athlete sleep.3 

 

KHM and KLP evaluated the quality of the studies using the Newcastle-Ottawa Scale (NOS) 

adapted for cross-sectional studies.19 All score disagreements were discussed and if they could 

not be agreed upon, were resolved by BC. The adapted NOS has previously been used in 

systematic reviews of elite athlete sleep.3 

 

Statistical analysis  

For studies that reported habitual sleep outcomes (i.e. TST, SE, SOL) measured objectively at 

night (i.e. not naps), random-effects meta-analyses were performed. To normalise effect sizes, 

the means of eligible studies were transformed with the measure argument set to MN (i.e. raw 

mean).20 The I2 statistic was used to assess heterogeneity, with I2 values of < 25%, 25%–50% 

and > 50% considered low, moderate and high heterogeneity respectively.21 Forest plot 

reference lines were placed at the recommendations of 7 h for TST,22 > 85% for SE23 and < 20 

min for SOL.24 Metaregression was undertaken to assess if sport, participant number and nights 

of sleep assessment affected sleep variables (i.e. TST, SE and SOL). The meta-analysis and 

meta-regression were conducted using the metaphor20 package 2.4.0 in R Studio version 3.5.0 

(“Joy in Playing”). 
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For studies assessing habitual sleep using subjective methods, and studies exploring the impact 

of situational challenges to sleep (i.e. competition, training and travel), results are presented 

qualitatively. This is due to the lack of common sleep assessment methods, reporting standards 

and outcome variables. 

 

3.5 Results 

Included studies and characteristics  
The search strategy returned 422 results (Fig 3.1). After removal of duplicate (n = 105) and 

irrelevant articles (n = 192), a total of 125 studies were retained for full-text screening. 

Following eligibility assessment, 87 studies were excluded as they did not meet the inclusion 

criteria, leaving 38 studies eligible for review. 

 

Sleep was assessed mainly with subjective methods, with eight studies utilising single 

questions regarding subjective sleep and nine using the Pittsburgh Sleep Quality Index 

(PSQI).25 Another four studies utilised alternative survey methods to assess sleep. Only one 

study used an athlete specific questionnaire, the Athlete Sleep Screening Questionnaire 

(AASQ).26 Seven studies assessed sleep solely with objective methods, one using PSG and six 

using wrist actigraphy. In total, 14 studies used combined objective and subjective assessments 

of sleep, with 12 using wrist actigraphy and sleep diaries. Two studies implemented PSG in 

conjunction with subjective sleep quality (one using a visual analogue scale, the other a sleep 

questionnaire). In regard to actigraphy analysis methodology, ten applied the default device 

sleep-wake threshold, four specified using the medium threshold, and three did not comment 

on the threshold used. No study compared subjective and objective sleep assessments. 

 

The evidence quality of the included studies was ‘moderate to high’ (mean score = 6 ± 1 

arbitrary unit [AU]), with 82% of studies scoring 5–7 AU (moderate to high quality). Most 

study designs were observational (n = 33), with five longitudinal and five case-control designs 

captured. One study controlled for menstrual cycle phase (all participants taking exogenous 

hormonal contraceptives), two controlled for age, and two controlled for sex. Limited 

participant descriptions prevented the application of the full Swann taxonomy.18 Therefore, 

participants were classified using a modified taxonomy3 whereby only ‘semi-elite’ or 

‘competitive elite’ categories could be judged. Based on this modified taxonomy, 21 studies 

used ‘competitive elite’ athlete participants (mean total score = 9 ± 4 AU) and 17 studies used 
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‘semi-elite’ athlete participants. The majority of female athletes were recruited from 

unspecified multi-sports (n = 10), as well as Australian Rules Football (n = 1), basketball (n = 

2), cricket (n = 1), cycling (n = 2), gymnastics (n = 2), judo (n = 1), netball (n = 7), rowing (n 

= 1), running (n = 1), soccer (n = 7), synchronised swimming (n = 1) and swimming (n = 1). 

 

 

Figure 3.1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

flow diagram of each stage of the study selection. 

 

Habitual sleep 

Sleep characteristics during normal training or out of competition periods were described in 26 

studies. 

 

Quantitative synthesis 
The majority of habitual sleep studies (n = 16) were conducted using actigraphy. Of these 

studies, 15 presented data for one or more variables, and therefore, these studies were able to 
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be used in the meta-analysis. Only eight of the included studies recruited ‘competitive elite’ 

athletes. In addition, based on the NOS assessment,19 two of the studies included in the meta-

analysis were high quality. Forest plots of pooled effects are shown in Fig 3.2–3.4 (TST, SE 

and SOL). The mean TST across the included studies (n = 14) was 7.8 h [CI 7.4, 8.2 h]. TST 

heterogeneity was high (I2 = 97.8%). For SE (n = 14) the mean across studies was 86.7% [CI 

84.7, 88.6%], again with high heterogeneity (I2 = 98.2%). The interaction between the 

moderators’ sport, participant number and nights of sleep assessment accounts for 48.0% of 

TST, and 44.6% of SE heterogeneity. The unaccounted sampling variability for the TST and 

SE actigraphy studies ranges from 4.9–9.9%. From the 12 studies reporting SOL, average onset 

was 14.9 min [CI 9.6, 20.3 min]. SOL heterogeneity was high (I2 = 98.0%). The number of 

nights of sleep assessment accounts for 26.2% of SOL heterogeneity, with the unaccounted 

sampling variability 24.6%. For a summary table of the habitual sleep characteristics of elite 

female athletes measured by actigraphy see Appendix 1. 
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Figure 3.2 Forest plot showing total sleep time (TST, h) as measured by actigraphy during habitual conditions. The bolder the individual study 

marker indicates the study was weighted more heavily in the mean outcome. Data presented as mean [95% CI] RE Model, Random Effects Model.  
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Figure 3.3 Forest plot showing sleep efficiency (SE, %) as measured by actigraphy during habitual conditions. The bolder the individual study 

marker indicates the study was weighted more heavily in the mean outcome. Data presented as mean [95% CI]. RE Model, Random Effects Model. 
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Figure 3.4 Forest plot showing sleep onset latency (SOL, min) as measured by actigraphy during habitual conditions. The bolder the individual 

study marker indicates the study was weighted more heavily in the mean outcome. Data presented as mean [95% CI]. RE Model, Random Effects 

Model.
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Qualitative synthesis 

Of the habitual studies, one compared the sleep of female athletes to age and a sex-matched 

control group using self-report, finding triathletes reported sleeping longer than the control 

group (10 h vs. 7 h).27 As part of a study involving multi-sport athletes, Leeder and 

colleagues compared the sleep of athletes with an age and sex matched control group.1 

However, the normative sleep data provided did not distinguish female from male athletes 

when comparing the athletes with the control group. A recent study also compared the sleep 

of male and female Australian Rules Football (AFL and AFLW) players.28 Compared to the 

AFL players, AFLW had less TST (7.9 ± 0.5 vs 7.1 ± 0.6 h, p = 0.000) and lower SE (89.5 ± 

2.8 vs 84.0 ± 4.4 %, p = 0.000). Habitual napping practices were examined in five studies,29-

33 finding 23.6–35.8% of athletes nap two or more times per week for 0:30–1:00 h.32,33 A 

summary of habitual sleep characteristics assessed using methods other than actigraphy are 

provided in Table 1. 

 
Table 3.1 Habitual sleep characteristics of elite female athletes using methods other than 
actigraphy  

Study Female 
athlete 
n 

Nights Mean values ± SD 

TST, h SE, % SOL, 
min 

Bedtime, 
hh:mm 

Wake time, 
hh:mm 

Sleep diary  

Brunkhorst, 
Kielstein27 

11 NA 10.3 ± 
0.7 

NA NA NA NA 

Hill et al36 7 7 6.9 ± 
0.5 

NA NA 00:00 ± 
00:25 

NR 

Polysomnography 

Kinsman et al71 2 4 NR NR NR NR NR 

Silva et al41 60 1 5.6 ± 
0.7 

89.8 ± 
6.5 

22.2 ± 
23.6 

NR NR 

Taylor et al57 7 1 7.5 ± 
0.5 

NR 19.3 ± 
3.5 

NR NR 

Questionnaire 

Hoshikawa et 
al33 

368 NA NR NR NR NR NR 
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Koikawa et al31 30 NA 7.1 ± 
1.2 

91.6 ± 
8.0 

NR NR NR 

Mah et al32 285 NA NR NR NR NR NR 

Swinbourne et 
al35 

23 NA 7.1 ± 
1.1 

NR NR NR NR 

NA not applicable, NR not reported, SD standard deviation, SE sleep efficiency, SOL sleep 
onset latency, TST total sleep time, all results presented as mean ± standard deviation (SD) 

 

Subjective sleep quality and self-reported sleep disturbances during normal training and out of 

competition periods were described in 17 studies. Five studies31–35 used the PSQI to assess 

sleep quality, with four identifying mean global scores above the threshold indicative of ‘poor 

sleepers’ (> 5 AU32, 35 and > 6 AU33, 34). PSQI sub-category scores also identified 4.3% of 

athletes experience long sleep latencies and 18.5% have twitching and jerking legs during 

sleep.33 One study used the AASQ, finding that soccer players had none to mild sleep problems 

(4.4–4.7 AU) one month-pre and one-month post competition.29 Subjective sleep quality was 

assessed by eight studies using a single question approach. Although the assessment scales and 

scoring of these questions varied, results indicate athletes experience ‘normal’ to ‘good’ sleep 

quality over assessment periods ranging from one to twelve days.30,36–38 Three studies used 

other questionnaire methods to assess general sleep disturbance, frequently identifying sleep 

problems such as difficulty falling asleep, nocturnal waking39,40 and waking up tired.41 A 

summary table of habitual sleep quality and sleep disturbance is provided in Table 3.2. 
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Table 3.2 Habitual sleep quality and sleep disturbance of elite female athletes 

Study Female 
athlete n 

Sleep quality PSQI global 
score 

Prevalence of 
sleep disturbance 

Biggins et al29 20 NA NA ~ 10-18% 

Hill et al36 7 3.5 ± 0.2 NA NA 

Hoshikawa et al33 368 NA 4.7 ± 2.2 32.1% 

Jones et al34 12 NA 6.6 ± 1.2 NA 

Juliff et al46 157 NA NA NR 

Juliff et al38 42 2.8 ± 0.5 NA NA 

Juliff et al52 12 NR NA NA 

Koikawa et al31 30 NA 6.0 ± 4.0 NA 

Lalor et al59 11 NR NA NA 

Lucidi et al39 21 NA NA 61.9% 

Mah et al32 285 7.2 ± 1.5 5.3 ± 2.5 13.0% 

Romyn et al30 8 4.0 ± 1.0 NA NA 

Silva et al41 60 NA NA 50% 

Schaal et al37 10 4.5 ± 0.3 NA NA 

Schaal et al40 727 NA NA 23.9% 

Swinbourne et al35 23 NA 8.2 ± 3.3 NA 

Taylor et al57 7 NR NA NA 

NA not applicable, NR not reported, PSQI Pittsburgh Sleep Quality Index, all results 
presented as mean ± standard deviation (SD) or prevalence (%) 
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Effects of competition on sleep 

Nine studies used subjective methods to investigate the effect of competition on sleep (Table 

3.3). Two studies (same cohort of participants) reported results of a PSQI assessment pre-

competition, with 77.6% of rhythmic gymnasts having a global score > 5 AU (mean score = 7 

AU), indicative of poor sleep.41,42 The gymnasts who had higher performance ranking scores 

during competition reported worse sleep quality (mean global score = 8 AU) compared to those 

with lower scores (mean global score = 6 AU).41 One study assessed subjective sleep over three 

consecutive nights (the night before, the night of, and the night following competition) on 15 

separate occasions during a competitive netball season.44 Subjective TST differed (p < 0.05) 

between both the night before (8:29 ± 0:44 h) and the night following the game (8:09 ± 0:46 

h) compared to game night (6:52 ± 0:40 h).44 One study used the athlete specific AASQ to 

determine sleep problems during competition (implemented on the final day of competition 

period) in a cohort of University Games athletes.29 The soccer players in this cohort had a mild 

AASQ ‘sleep difficulty score’ (5.4 AU [4.2, 6.6]). In addition, approximately 26% of these 

athletes had moderate to severe sleep problems (i.e. AASQ score between 8–17) during 

competition. Two studies used the Competitive Sports, Sleep and Dreams Questionnaire, 

designed to assess sleep habits and disturbances prior (within 12 months) to important 

competitions.45,46 Athletes reported a high prevalence of pre-competition sleep concerns, 

particularly problems falling asleep (79–83%); waking up early in the morning (29–47%); and 

nocturnal waking (36–43%).45,46 In contrast, Brandt and colleagues observed 63% of Brazilian 

athletes experienced good to great sleep quality before important competitions when assessed 

with a single question metric.47 
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Table 3.3 Changes to sleep for elite female athletes pre- and post-competition  

Study Female 
athlete n 

Sport, 
Competition  

Sleep 
disturbance 

TST SE 

Pre-competition 

Brandt et al47 172 Multi-sport, First 
day 

4.7% NA NA 

Erlacher et al45 253 Multi-sport, 
Important 

67.9% NA NA 

Juliff et al46 157 Multi-sport, 
Olympics 

65.9% NA NA 

Obmiński, Mroczko53 5 Judo, 
Championships 

NA NA NA 

Romyn et al30 8 Netball, 
Championship 

NA NA ↑* 

Staunton et al48 17 Basketball, WNBL NA ↑** ⟷ 

Silva, Pavia42 67 Gymnastics, World 
Cup 

77.6% NA NA 

Silva, Pavia43 67 Gymnastics, World 
Cup 

78.0% NA NA 

Swinbourne et al35 23 Rugby 7s and 
cricket 

NA NA NA 

Post-competition  

Biggins et al29 20 Soccer, University 
Games 

~ 26% NA NA 

Juliff et al46 157 Multi-sport, 
Olympics 

NR NA NA 

Staunton et al48 17 Basketball, WNBL NA ↓** ⟷ 

Obmiński, Mroczko53 5 Judo, 
Championships 

NA NR NA 

Juliff et al38 42 Netball, 
Championships 

NA ↓* NR 
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Juliff et al52 12 Netball, 
International game 

NA ↓* ↓** 

O’Donnell et al44 11 Netball, In-season  NA ↓*, ↓* ↓, ⟷ 

O’Donnell et al51 10 Netball, In-season  NA ↓** ↓* 

Thomas et al50 10 Soccer, In-season  NA ↓** ↓ 

NA not applicable, NR not reported, PSQI Pittsburgh Sleep Quality Index, SE sleep 
efficiency, TST total sleep time, WNBL Women’s National Basketball League, results 
presented as mean ± standard deviation (SD) or prevalence (%), ↑ increase, ↓ decrease, 
⟷ no change, * p < 0.05, ** p < 0.01 

 

Ten studies using wrist actigraphy provide the most information about the effects of 

competition on female athletes’ sleep. During an intensive netball tournament, bedtime and 

wake time were earlier (p = 0.01) and SE greater when compared to normal training (p = 

0.03).30 In comparison, across two seasons of basketball competition, there was no difference 

in SE between home compared to away matches, or for regular compared to doubleheader 

rounds where two games are played in one round of competition.48 However, on the night 

before doubleheaders, TST was approximately one hour greater compared with baseline (p = 

0.022) and match-day (p = 0.007).48 Across a four-week period encompassing five games (three 

home, two away), 12 basketball players experienced TST of 8.1 ± 1.6 h, SE of 92.0 ± 5.0% 

and SOL of 30.0 ± 29.0 min.49 

 

The study by Staunton and colleagues was the first to report on post-competition sleep.48 

Across two seasons, basketball players experienced an 11% reduction in TST the night after 

doubleheaders compared to regular rounds of competition (p = 0.007).48 A recent study from 

Thomas et al.50 demonstrated that core (i.e. starting, n = 10) soccer players experienced later 

bedtimes on the night after a game (+ 37 min; p = 0.032) compared to training nights, alongside 

reduced sleep duration (−49 min; p = 0.010). Fringe players (n = 8) did not experience any 

differences between sleep characteristics between the night after a game compared to training 

nights. In addition to these findings, this study also compared the sleep of the soccer players (n 

= 18) to an age and sex matched non-athletic control group (n = 18) during a week 

encompassing the demands of training and competition. In this cohort, the soccer players had 

greater sleep duration than non-athletes (+38 min; p = 0.009), potentially due to their earlier 

bedtimes (−31 min; p = 0.047).50 
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Four studies have examined changes to sleep following evening netball competition. During a 

tournament, the netballers obtained an additional 0:28 ± 0:43 h of sleep (p ≤ 0.05) following 

afternoon (7:37 ± 1:06 h) compared to evening games (7:08 ± 0:45 h).38 Similarly, TST was 

reduced on the night of a netball game (–1:51 ± 0:58 h, p < 0.05) and the night following a 

game (–1:05 ± 0:58 h, p < 0.05) compared to the night before a game.44 Compared to a time 

and intensity matched training session, the night after a game reduced mean TST (6:03 ± 1:51 

h, which was −1:58 ± 1:52 h compared to training; p = 0.008), TIB (8:22 ± 2:16 h, which was 

−1:34 h compared to training; p < 0.05), and SE (74.4 ± 10.1%, which was −7.7 ± 8.5% 

compared to training; p = 0.018).51 Compared to a time matched rest day, the night after an 

evening game reduced TST (p = 0.02), lowered SE (p < 0.001), led to early awakenings 

(waking at 7:08 ± 0:34 h evening game vs. waking at 7:55 ± 0:34 h rest day; p < 0.01) and 

poorer subjective sleep (p < 0.01).52 

 

Effects of training on sleep 

Studies exploring the influence of training on sleep (Table 3.4) focused on comparing training 

and rest days (n = 6) or comparing various training loads (n = 3). Judoka had a reduction in 

subjective sleep quality on training days compared to rest days (p = 0.01).53 Comparable results 

were also reported for netballers, with reduced SE and TST on training days (SE, 82.1 ± 8.9%; 

TST, 8:01 ± 1:17 h) compared to rest days (SE, 85.3 ± 7.2%; TST, 8:46 ± 1:03 h).51 In the three 

studies specifically comparing evening training and rest days, TST was reduced following 

evening training compared to a rest day.54–57 For example, following evening training, soccer 

players had significantly less TST (7:09 ± 0:28 h, p < 0.001) compared to the night following 

a rest day (8:35 ± 0:33 h).54 As measured by PSG, swimmers experienced 10% more sleep 

movements at the start of the season (onset; p < 0.05) and 11% more during peak training (p < 

0.01) compared to a pre-competition taper.57 Reported as a percentage of TST, slow wave sleep 

was greater during onset (28.7 ± 5.1%; p < 0.01) and peak training (29.4 ± 3.2%; p < 0.05) 

compared to the pre-competition taper (18.4 ± 4.3%).57 During intensified training (125% of 

normal load), synchronised swimmers went to bed 0:49 ± 0:10 h (p < 0.001) later, had reduced 

TST (−0:21 ± 0:07 h, p = 0.047) and took an additional 0:11 ± 0:05 h to fall asleep (p = 0.053) 

compared with normal training (no change in self-selected bed and wake times).37 There was 

also a decrease in SE during intensive training (−2.3 ± 1.8%, p = 0.05).37 
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Table 3.4 Changes to sleep for elite female athletes under varied training conditions 

Study Female 
athlete n 

Training, 
nights 

Sleep 
quality 

SOL SE TST WASO 

Training vs rest days  

Costa et al54 17 Evening 
training, 18 

NA ↑ ** ⟷ ↓ ** ↑ 

Costa et al55 18 Evening 
training, 8 

NA ↑ * ⟷ ↓* ⟷ 

Juliff et al46 157 NA NR NA NA NA NA 

Obmiński, 
Mroczko53 

5 Training days, 
15 

↓* NA NA NA NA 

O’Donnell 
et al51 

10 Comparable to 
a netball match, 
1 

NA ↑ ↓ ↓ NA 

O’Donnell 
et al56 

10 Evening 
training, 1 

NA ↑ ↑ ↓ ** NA 

Varied training load  

Juliff et al46 157 NA NR NA NA NA NA 

Schaal et 
al37 

10 IT, 14  ⟷ ↑ ↓ * ↓ *  ↑ * 

Taylor et 
al57 

7 Onset, 1; Peak, 
1; and Taper, 1 

NA ⟷ NA ⟷ ↑ *, ** 

IT Intensified training, NR not reported, SD standard deviation, SE sleep efficiency, 
SOL sleep onset latency, WASO wake after sleep onset, TST total sleep time, ↑ increase, 
↓ decrease, ⟷ no change, * p < 0.05, ** p < 0.01 

 

Effects of travel on sleep 

Three studies have investigated the impact of travel on sleep. In a pilot study by Hill and 

colleagues, subjective sleep was monitored in footballers (n = 7) seven days before, and 12 

days following international westward travel.36 Compared to pre-travel (00:24 ± 00:25 hh:mm), 

bedtime was earlier on day two posttravel (21:52 ± 00:33 hh:mm, p < 0.05) and later on days 

three (23:35 ± 00:54 hh:mm) and four (23:08 ± 00:20 hh:mm). Time spent asleep was different 

from baseline (6:54 ± 0:30 h) compared to day one (7:09 ± 0:22 h) and two post-travel (8:40 ± 
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0:24 h, p < 0.05), returning to pre-travel durations on days three (6:48 ± 0:44 h) and four (6:21 

± 0:21 h). There was a trend towards poorer quality from day one (3.6 ± 0.5 AU) to four (2.9 

± 0.3 AU) post-travel.36 Thompson and colleagues demonstrated alterations in subjective sleep 

quality post-travel.58 In this study, international football players (n = 20) completed seven hours 

eastward travel across five time zones. Although no ratings were collected pre-travel, sleep 

quality worsened following night one post-travel, with the poorest scores reported on the 

second night.58 Most recently, Australian cricket players sleep was measured in-flight (business 

class, travelled west from Melbourne, Australia (GMT + 10) to Chennai, India (GMT + 5.5) 

crossing 5.5 time zones, with a total travel time of 19 h 35 min), as well as post-flight (i.e. 

during the tournament upon arrival).59 Average in-flight sleep duration was approximately 4.7 

h (interpreted from graphical report), with players ranging from ~ 1 h up to 10 h. The sleep 

obtained during the tournament did not differ between the players who obtained higher versus 

lower in-flight sleep durations or efficacy. 

 

3.6 Discussion 

This review aimed to (1) examine the patterns, duration and quality of sleep among elite female 

athletes and (2) consider the impact of situational challenges and their effects on the sleep of 

elite female athletes. Based on a quantitative analysis of the current evidence, female athletes 

are achieving satisfactory objective sleep quantity and quality during habitual periods, 

averaging a TST of 7.8 h, SE of 86.7% and SOL of 14.9 min. However, there is particularly 

high variability of objective sleep outcomes between studies (heterogeneity between 97.8–

98.2%), as well as high prevalence of subjective sleep complaints. These findings demonstrate 

the individual nature of habitual sleep and reinforce the requirement for adaptable and 

individualised ‘tool-box’ style sleep interventions [60] to be implemented with female athletes. 

The present review also highlights that female athletes experience post-training, pre-

competition and post-competition sleep disturbances and altered sleep-wake patterns. 

 

Habitual sleep 

Studies examined in the present review suggest female athletes attain TST within the 

recommended duration of sleep for adults (7–9 h),22 albeit at the middle of these 

recommendations (Fig 3.2; actigraphy TST mean [95% CI] 7.8 h [7.37, 8.23]). The present 

findings are similar to the recent review reporting the pooled TST (7.3 ± 0.7 h) of male and 

female athletes.3 However, Gupta and colleagues drew upon a substantially larger total athlete 
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population of predominantly male athletes for habitual characteristics such as TST (n = 1153),3 

making comparisons to the present findings (n = 238) difficult. Meta-analysis indicates that 

female athletes also experience SE of 86.7% [95% CI 84.7, 88.6], above the threshold which 

indicates good sleep quality (≥ 85%).23 Despite the satisfactory objective sleep quality, female 

athletes consistently report difficulties falling asleep and nocturnal waking.39,40 Comparable 

subjective sleep problems are associated with psychosocial distress and high inflammatory 

biomarkers in general population females.12 

 

The present findings on habitual sleep suggest female athletes obtain satisfactory sleep quantity 

and quality. However, there are a number of methodological concerns that may influence the 

interpretation of the current evidence base and must be improved in future studies for 

practitioners to provide athletes with effective sleep feedback and recommendations. For 

example, habitual sleep findings are influenced by a lack of consistency and validity in sleep 

assessment methods. Activity monitors, such as wrist actigraphy, have emerged as a valid 

alternative to the gold standard of PSG, especially when working with elite athletes in field-

based settings.61 However, they may underestimate sleep duration and overestimate wake 

duration depending on the sleep-wake threshold applied.61 Of the studies that used wrist 

actigraphy, sleep-wake thresholds were briefly described by the majority of studies as being 

calculated using the default device threshold (typically the medium threshold).61 Considering 

and reporting the choice of sleep-wake threshold in future studies will yield the best 

combination of the agreement, sensitivity and specificity for the assessment of sleep. 

 

Seven days to three weeks of wrist actigraphy sleep assessment is also necessary to obtain an 

accurate pattern of sleep that reflects weekly or social rhythms.62 However, only Staunton and 

colleagues provided this longitudinal evidence on the habitual sleep of basketball players, 

indicating they obtained adequate sleep over two seasons.48 Additional longitudinal 

observational studies would assist with assessing inter-individual variability in sleep patterns 

to provide data that is more reflective of ‘normal’ sleep for female athletes. In addition, most 

of the current habitual sleep evidence is with netball (n = 98 out of 238) and soccer (n = 53 out 

of 238) athletes. The evidence is, therefore, more of a reflection on the habitual sleep of elite 

netball and soccer athletes rather than female athletes in general. In male athletes, sleep 

characteristics appear different between sporting codes (i.e. Australian Rules, rugby union and 

football), potentially due to varied physiological demands of the sport.63 Identifying the sleep 
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characteristics of female athletes involved in different individual and team sports will vastly 

improve upon current evidence and allow tailored support to be provided. 

 

A variety of subjective sleep assessments were used to assess habitual sleep. Subjective 

measures are inexpensive and simple to implement compared to objective measures and can 

be useful to monitor changes in the wellbeing of athletes. Preliminary evidence in elite male 

rugby players indicates subjective measures of sleep duration may be useful, albeit with 

overestimations in some athletes (by an average of 19.8 min).64 However, there is currently no 

evidence on the effectiveness of subjective sleep assessments in female athletes, nor how 

subjective assessments compare to objective measures in this population. In addition, the PSQI 

was used by multiple studies to provide a global measure of sleep quality, as well as subjective 

TST and SE. However, these results may be misleading, as the PSQI is designed for assessing 

sleep in the general population, not for subjective sleep screening of elite athlete populations, 

whose schedules and stressors can vary greatly to the general population.65 Despite the AASQ 

being validated for use with athletes for a number of years,26,65 only one study in the present 

review implemented an athlete-specific tool.29 A greater focus on these population-specific 

tools in future studies would improve the quality of subjective assessments of elite female 

athlete sleep. 

 

The limited control of menstrual cycle phase also influences the interpretation of habitual sleep 

findings. Although the impact on sleep architecture itself is currently unclear, evidence 

suggests hormonal changes throughout the menstrual cycle and exogenous oral contraceptives 

may influence sleep.10 In addition, most experimental studies consider menstrual cycle phase 

due to the potential impact of hormonal fluctuations on human performance (see review66). 

Sleep studies in other populations routinely assess exogenous contraceptive use or determine 

menstrual cycle phase at the time of sleep assessment.66 Despite this, only one study within 

this review has sufficiently controlled for menstrual cycle phase.37 Menstrual cycle phase and 

exogenous contraceptive use should be considered in future investigations to improve the 

interpretation of findings and allow tailored support to be provided. 

 

Situational challenges  

Based on the evidence presented within this review, subjective sleep complaints appear to be 

common before competition.42,43,45,46 Conversely, objective sleep assessments indicate 
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improved pre-competition SE30 and TST.38 Discrepancies between objective and subjective 

sleep are not unexpected, as these two assessments encompass different aspects of sleep (e.g. 

SE is a ratio of time spent sleeping to the time spent in bed, while an individual’s subjective 

sleep quality typically focusses on problems such as initiating or maintaining sleep). There may 

also be additional factors which contribute to the differences observed in female athletes. 

Discrepancies in the general population are thought to be related to female’s higher prevalence 

of depression and anxiety. Similarly, female athletes have been observed to have high levels 

of anxiety, which is postulated to increase pre-sleep hyperarousal (increased psychological and 

physiological tension) and lead to perceptions of less restorative sleep.40 The identified 

discrepancies between subjective and objective pre-competition sleep in female athletes may 

pose a problem for practitioners relying solely on subjective sleep monitoring prior to 

competition. Therefore, it is recommended that practitioners implement complementary 

objective tools alongside further communication with the athlete to assist with the any sleep 

concerns. 

 

Sleep disturbances and changes to sleep-wake patterns are evident following double-header 

rounds of competition,48 evening training,54–56 and following competition,50 especially evening 

competition.38,44,51,52 In addition, female athletes may have reduced sleep durations compared 

to both non-athletic controls,50 and male athletes participating in the same sport.28 In male 

athletes, research has demonstrated post-competition sleep loss can impair physiological, 

cognitive and perceptual recovery.67 However, direct comparisons between these findings and 

female athletes is limited due to sex differences in the physiological response to sleep loss,11–

13 exercise and recovery (see review68). Although this concept was not explored within the 

studies presented, females tend to have an earlier timing of circadian rhythms (i.e. daily 

rhythms of body temperature and melatonin secretion are shifted to the left with an earlier 

peak8) and, as such, tend to prefer going to bed and waking earlier than males. High-intensity 

evening exercise may further advance circadian rhythms of melatonin by approximately 30 

min.69 Therefore, as a result of evening training and competition, female athletes may be 

sleeping at a later biological clock time8 compared with male athletes following a comparable 

stressor. The potential sleep loss and circadian disruption that may occur following evening 

training and competition, and how this could impair recovery, need to be further investigated 

in order to be able to optimise female athletes’ athletic performance and health. 

 

 



 
  

53 

Limitations 

The present review did not determine publication bias. Therefore, it is possible that the included 

studies are a biased sample of all the relevant studies (e.g. the study selection doesn’t include 

unpublished data), and the mean effects computed for sleep variables reflect this bias. In 

addition to this primary limitation, the initial screening of titles and abstracts were conducted 

by one author, and only articles published in English and in peer-reviewed journals were 

included. 

 

3.7 Key points 

• During habitual periods, female athletes are achieving satisfactory objective sleep quantity 

and quality, yet high prevalence of subjective sleep complaints. 

• There is high variability of objective sleep outcomes between included studies, 

demonstrating the individual nature of female athlete sleep. 

• Female athletes are experiencing post-training, pre-competition and post-competition sleep 

disturbances and altered sleep-wake patterns. 

• There are a number of methodological concerns that may influence the interpretation of the 

current evidence, especially for habitual sleep studies, including: low participant numbers, 

short duration studies, and limited control of menstrual cycle phase. 

 

3.8 Conclusion 

Based on the current evidence, female athletes are achieving satisfactory objective sleep 

quantity and quality during habitual periods, however, there is particularly high variability in 

these sleep outcomes. In comparison, subjective sleep assessments show a high prevalence of 

habitual sleep complaints. During situational challenges, female athletes are encountering post-

training pre-competition and postcompetition sleep disturbances and altered sleep-wake 

patterns. Despite these findings, there are a number of methodological concerns that may 

influence the interpretation of the evidence base, especially for habitual sleep studies. This 

includes a lack of consistency and validity in sleep assessment tools, low participant numbers, 

short duration studies, and limited control of menstrual cycle phase. The present review also 

demonstrates the failure of studies to report sleep outcomes stratified by sex and compare sleep 

outcomes to a general population non-athletic cohort. With the growth in female sport, 

practitioners must be able to provide appropriate and specific sleep support to female athletes. 

For practitioners to have the knowledge to provide this tailored support, research must focus 
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on optimising the sleep appraisal methods to create high-quality study designs in a broader 

number of sports. 
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4.1 Foreword 

Different sport-specific situational challenges such as short- or long-haul travel, early morning 

training sessions, and evening competition have been shown to negatively impact sleep. 

However, the vast majority of this evidence is in male athlete populations and does not 

demonstrate the impact situational challenges can have on the sleep of female athletes who 

may already be at an increased risk of sleep problems. In addition, it is currently not clear 

whether there is a difference in sleep inadequacy between elite athletes and non-athletic general 

population individuals. Therefore, the aims of Chapter Four were to compare the habitual sleep 

of elite female basketball and soccer athletes to an age and sex matched population, and to 

characterise the sleep and perceptual recovery of elite female basketball and soccer athletes at 

different competition locations and on the days surrounding competition. Findings from 

Chapter Four show that habitual sleep characteristics were different both between elite 

basketball and soccer athletes and non-athletic controls, and between athletes from different 

sports. In addition, during competition, basketball and soccer athletes experience different 

sleep quantity and sleep-wake patterns following home and away games, highlighting the need 

for individualised sleep strategies.  

 

This study has been accepted for publication in the International Journal of Sports Physiology 

and Performance. 

 

Miles, K.H., Fowler, P.M., Mara, J., Miller, J., Pumpa, K.L., & Clark, B. (2021). Sleep of elite 

female basketball and soccer athletes: how does it compare to the general population? 

International Journal of Sports Physiology and Performance. In-Press. 
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4.2 Abstract 

Purpose: Compare the habitual sleep of female basketball and soccer athletes to age and sex 

matched controls; and characterise the sleep of basketball and soccer athletes at different 

competition locations and on the days surrounding competition. 

 

Methods: Using an observational case-control design, 41 female participants were recruited to 

participate consisting 11 basketball athletes (mean ± SD: age 24.1 ± 4.9 years), 10 soccer 

athletes (24.8 ± 6.4 years), and 20 non-athletic controls (24.2 ± 2.8 years). Sleep was monitored 

using actigraphy for four seven-day periods throughout the pre-season and subsequent 

competition season. Generalised linear models were used to analyse the effect of group and 

competition situation (e.g. Home or Away) on sleep.  

 

Results: During habitual conditions, basketball athletes had longer sleep durations (7.4 ± 1.5 

h) than soccer athletes (7.0 ± 1.2 h, p < 0.001) and controls (7.3 ± 1.2 h, p = 0.002). During 

competition, basketball and soccer athletes had longer sleep durations following Home (7.7 ± 

1.7 h and 7.2 ± 1.3 h) compared to Away games (6.8 ± 1.8 h and 7.0 ± 1.3 h). In addition, 

basketballers went to bed earlier (23:49 ± 01:25) and woke earlier (07:22 ± 01:59) following 

Away games compared to soccer athletes (00:10 ± 01:45 and 08:13 ± 01:45). 

 

Conclusions: Basketballers had longer habitual sleep durations compared to soccer athletes 

and non-athletic controls. During competition, basketballers had earlier bed and wake times 

compared to soccer athletes following away games, highlighting the need for individualised 

sleep strategies.  
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4.3 Introduction 

Sleep is an integral component in the preparation for, and recovery from, athletic training and 

competition.1 However, recent research indicates elite athletes have suboptimal habitual sleep 

patterns and habits,2 in addition to regularly encountering sport-specific situational challenges 

to sleep, such as competition schedules3 and travel demands.4 For athletes, risk factors for poor 

sleep may also include those considered to negatively influence the sleep of non-athletic 

individuals, such as female sex.5,6 For example, compared to their male counterparts, a cohort 

of elite female athletes reported experiencing more lifelong sleep problems such as difficulty 

falling asleep and nocturnal waking.7 There remains however, limited published data on sleep 

in female athletes. To enable practitioners to provide effective and targeted sleep support for 

female athletes, habitual and competition sleep must first be characterised to identify specific 

situations that can impair sleep for this population. 

 

Although there has been recent discussion surrounding the issue,2 whether a causal relationship 

exists between elite sport participation and poor sleep remains to be elucidated. For example, 

there is still limited evidence demonstrating that sleep inadequacy is actually more prevalent 

in elite athletes than the general population.1,8-10 Of this evidence, only one study reports the 

results of an objective comparison between female athletes and an age and sex-matched control 

group. The study reported that soccer athletes sleep duration was 38 min longer than controls.10 

Despite the suggestion of superior sleep in this cohort of soccer athletes, the study reports 

assessing their sleep at different times during the season, thereby increasing the potential for 

variation in habitual sleep characteristics for the athlete group. 

 

At present, the vast majority of sleep research is in male athlete populations and does not 

demonstrate the impact situational challenges may have on the sleep of female athletes who 

may already be at an increased risk of sleep problems based on general population evidence.5,6 

Although the exact reasons are not yet known, it is suggested that the misalignment between 

circadian rhythms (e.g. core body temperature minimum and pineal melatonin secretion) and 

sleep-wake behaviour;11 high prevalence of depression and anxiety;12 and ovarian steroid 

hormones13 may be potential reasons for an increased risk of sleep problems in females. In 

addition, in male athletes’ post-competition sleep loss can impair physiological, cognitive and 

perceptual recovery.14 Considering the sex differences in physiological responses to exercise 

and recovery,15 direct applications of these findings to female athletes are limited. 
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Therefore, the aims of the research were to (i) compare the habitual sleep of elite female 

basketball and soccer athletes to an age and sex matched population; and (ii) characterise the 

sleep and perceptual recovery of elite female basketball and soccer athletes at different 

competition locations and on the days surrounding competition.  

 

4.4 Methods 

Subjects 

A total of 41 female participants were recruited to participate in this study consisting 11 elite 

basketball athletes (mean ± SD: age 24.1 ± 4.9 years; mass 85.7 ± 10.6 kg; stature 188.9 ± 5.5 

cm), 10 elite soccer athletes (age 24.8 ± 6.4 years; mass 67.0 ± 7.3 kg; stature 170.5 ± 6.6 cm), 

and 20 age and sex matched non-athletic controls (age 24.2 ± 2.8 years; mass 69.5 ± 15.0 kg; 

stature 168.6 ± 8.8 cm). Basketball and soccer athletes were contracted to professional 

Australian teams, had 8.8 ± 4.3 and 7.7 ± 5.1 years of experience at this level respectively, and 

had individually experienced previous success in National and International competitions. 

Therefore, all athletes were classified as successful elite.16 Of the athletes that participated in 

the study, six basketball and five soccer players had additional work and/or study 

commitments. Control participants were university students and physically active, but not 

partaking in competitive sport. During the data collection period, control participants exercised 

on 53% of days with an average sessional rating of perceived exertion (sRPE) of 406 ± 295 

arbitrary unit (AU). All participants were screened for factors that could affect sleep, such as 

diagnosed sleep disorders and shift work through verbal and written self-report. Before the 

commencement of the study, participants were informed of any associated risks and provided 

verbal and written informed consent. The study was approved by the University of Canberra 

Human Ethics Committee (project number 17-167).  

 

Design 

During this observational case-control study, athletes’ sleep and perceptual recovery was 

monitored for four seven-day periods throughout both the habitual pre-season training phase 

and subsequent competition season (early, mid and late season). Each of these periods was 

separated by 28 days in an attempt to control for menstrual cycle phase. Menstrual cycle phase 

was estimated using self-reported date of menses onset and length to determine menses and 

early follicular subphase (previously described with recommendations by Allen and 
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colleagues).17 Control participants’ sleep and mood was monitored for four seven-day periods 

contemporaneous with the athlete data collection.  

 

Methodology 

Throughout the data collection periods, participants completed a sleep diary immediately 

before bed and after waking, and wore an activity monitor (GTX3+, Actigraph, FL, USA) on 

the wrist of their non-dominant hand. The wrist worn GTX3+ activity monitor has a sensitivity 

of 90%, specificity of 46% and accuracy of 84% when compared to polysomnography (the 

gold standard of sleep measurement).18 According to previously described methods from 

Sargent and colleagues,19 data from the sleep diaries and activity monitors were used to 

determine when participants were awake and asleep. All of the time records were scored as 

wake unless: the sleep diary indicated the participant was lying down attempting to sleep; and 

monitors activity counts were sufficiently low to indicate that the participant was immobile. 

Time was scored as sleep when these two conditions were satisfied. The scoring process was 

conducted using the Cole-Kripke algorithm in the Actigraph software (ActiLife, version 6.13.4, 

Actigraph, FL, United States). In addition, the sleep diary ascertained information about post-

sleep fatigue, sleep quality and perceptual recovery using the Perceived Recovery Status 

scale.20 Over the duration of the study, the combined compliance rate for the actigraphy and 

sleep diary in terms of days complete was 88.6% (basketball = 83.7%; soccer = 90.7%; and 

control = 91.4%).  

 

The following variables were derived from the actigraphy and sleep diary:  

• Bedtime (hh:mm): time when participants went to bed to attempt to sleep.  

• Wake-time (hh:mm): time when participants got out of bed and stopped sleep.  

• Total sleep time (TST, h): the amount of time spent in bed asleep.  

• Sleep efficiency (SE, %): the percentage of time in bed that was spent asleep.  

• Wake after sleep onset (WASO, min): the time spent awake after sleep onset. 

• Sleep onset latency (SOL, min): the time between bedtime and sleep onset time.  

• Post-sleep fatigue (arbitrary unit [AU]): self-rating of post-sleep fatigue on a scale of 1 

(fully alert) to 7 (completely exhausted). 

• Sleep quality (AU): self-rating of sleep quality on a scale of 1 (very good) to 5 (very 

poor).  
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• Perceived recovery status (recovery, AU): self-rating of recovery status on a scale of 1 

(very poorly recovered) to 10 (very well recovered). 

 

Habitual days were classified as those when athletes were outside of competition, and included 

pre-season training days, regular in-season training days and rest days. Over the course of the 

season, basketball athletes performed strength training sessions at 08:30 and on-court team 

training sessions at 16:30. In comparison, soccer athletes performed all sessions (whether 

strength or on-field team based) at 06:30. For the respective basketball and soccer competition 

seasons, home games (Home) were considered as those played at the club’s home venue, while 

away games (Away) were those not played at home. Travel to away games was always short 

haul via plane and/or bus with no change in time zone. For both the basketball and soccer 

athletes, the day before the game (G - 1), the day of the game (G) and the day following the 

game (G + 1) were coded. In addition, basketball athletes had instances of two games played 

within 24 h of each other, and as such were coded as (G ± 1). Throughout the basketball data 

collection, games commenced after 18:00 (i.e. night games), while only day games 

(commencing between 15:30-16:30) were conducted during soccer data collection.  

 

Statistical analysis 

Generalised linear mixed models were used to analyse the data. Group (i.e. basketball, soccer 

or control) was fitted as a fixed factor to determine whether there was a difference between 

groups for the dependent sleep and perceptual variables (e.g. TST and recovery). Group (i.e. 

basketball or soccer) and competition situation (i.e. game location [Home or Away], or game 

day [G - 1, G, G + 1 or G ± 1]), and their interaction, were fitted as fixed factors to determine 

whether there was a difference in the effect of athlete group over the competition situation on 

the dependent sleep and perceptual variables. All models met the assumptions of linearity, 

homogeneity of variance and normal distribution. Participant identification number was used 

as a random factor to account for repeated measures in each model. Likelihood ratio tests of a 

full model with the fixed factor in question, against the null model without the fixed factor in 

question, were performed to determine statistical significance and obtain p-values. Data 

analysis was performed using the lme4 package in R Studio (R Foundation for Statistical 

Computing, Vienna, Austria) with significance accepted when p ≤ 0.05. Standardised effect 

sizes (ES; < 0.2 = very small effect, 0.2-0.5 = small effect, 0.5-0.8 = moderate effect, > 0.8 = 

large effect) were calculated using the emmeans package in R Studio. Data are presented as 

mean ± standard deviation (mean ± SD) unless otherwise specified. 



 
  

70 

4.5 Results 

Sleep and perceptual variables during habitual conditions are shown in Table 4.1. Basketball 

athletes had longer sleep durations (7.4 ± 1.5 h) than soccer athletes (7.0 ± 1.2 h; ES = 0.6, p < 

0.001) and controls (7.3 ± 1.2 h; ES = 0.32, p = 0.002). There was also a main effect of group 

on WASO, SE and SOL. For perceptual variables, there was a main effect of group on recovery, 

with controls (6.5 ± 5.5 AU, p = 0.017) having better recovery compared to both soccer (6.0 ± 

1.7 AU; ES = 0.21) and basketball athletes (5.6 ± 1.7 AU; ES = 0.43). There were no other 

significant main effects during habitual conditions.  

 

Table 4.1 Habitual sleep and recovery of basketball, soccer and control groups 

 Basketball Soccer Control 

Bedtime (hh:mm) 23:19 ± 01:18 
(20:24, 03:55) 

23:10 ± 01:24 
(20:30, 04:34) 

22:58 ± 01:15 
(20:51, 03:13) 

Wake-time (hh:mm) 07:43 ± 01:26 
(03:59, 10:49) 

07:12 ± 01:28 
(05:00, 11:22) 

07:11 ± 01:07 
(04:52, 10:20) 

TST (h) 7.4 ± 1.5 *, ** 

(2.7, 10.2) 
7.0 ± 1.2 * 

(3.4, 10.5) 
7.3 ± 1.2 
(2.7, 11.4) 

WASO (min) 52.6 ± 30.3 *, ** 

(5.0, 202.0) 
53.6 ± 27.2 * 

(7.0, 242.0) 
50.2 ± 26.5 
(5.0, 188.0) 

SE (%) 87.8 ± 5.9 * 

(62.2, 99.5) 
87.5 ± 5.3 * 

(57.6, 97.2) 
88.4 ± 5.3 
(66.1, 96.9) 

SOL (min) 9.4 ± 10.9 *, ** 

(2.0, 113.0) 
6.5 ± 4.5 * 

(1.0, 28.0) 
6.5 ± 5.5 
(1.0, 48.0) 

Post-sleep fatigue (AU) 4.1 ± 1.3 
(1.0, 7.0) 

3.8 ± 1.3 
(1.0, 7.0) 

3.7 ± 1.3 
(1.0, 7.0) 

Sleep quality (AU) 2.9 ± 1.1 
(1.0, 5.0) 

3.0 ± 1.0 
(1.0, 5.0) 

2.8 ± 0.9 
(1.0, 5.0) 

Recovery (AU) 5.6 ± 1.7 * 

(1.0, 9.0) 
6.0 ± 1.7 * 

(1.0, 9.0) 
6.5 ± 5.5 
(1.0, 10.0) 

Data presented as mean ± SD (range [min, max]); * Difference compared to control (p < 
0.05); ** Difference between basketball and soccer (p < 0.05) 
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There was an interaction effect between athlete group and game location for bedtime (p = 

0.012) and wake-time (p < 0.001). Basketball athletes went to bed later than soccer athletes 

following Home (23:45 ± 01:22 vs. 23:01 ± 01:14; ES = 0.38) and earlier following Away 

(23:49 ± 01:25 vs. 00:10 ± 01:45; ES = 0.39). Basketball athletes woke later than soccer athletes 

following Home (08:34 ± 00:57 vs. 07:17 ± 01:12; ES = 0.10) and earlier following Away 

games (07:22 ± 01:59 vs. 08:13 ± 01:45; ES = 0.10). There was also a main effect of game 

location on TST (Figure 4.1; ES = 0.39, p = 0.004) and WASO (ES = 0.24, p = 0.009). For 

perceptual variables, there was a main effect of game location (ES = 0.46, p = 0.010) and athlete 

group (ES = 0.50, p = 0.009) on recovery. Basketball and soccer athletes had greater perceptual 

recovery following Home (basketball, 5.7 ± 1.6 AU vs. soccer, 6.3 ± 1.5 AU) compared to 

Away games (basketball, 5.0 ± 1.8 AU vs. soccer, 5.8 ± 1.9 AU).  There were no other 

significant effects for game location. 
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Figure 4.1 Sleep variables following Home or Away games in basketball and soccer athlete 

groups (mean ± SD). A) TST (h); and B) WASO (min). * Difference in Home and Away games 

within athlete group (p < 0.05); and ^ Difference in Away between athlete groups (p < 0.05). 
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There was a main effect of game day on bedtime for basketball and soccer athletes (G – 1, 

23:16 ± 01:14 and 23:24 ± 01:13; G, 00:38 ± 01:23 and 00:35 ± 01:47; G + 1, 23:26 ± 01:17 

and 22:59 ± 01:22; and G ± 1, 22:58 ± 00:40; p < 0.001). Compared to G, there was a large 

effect of G – 1 (ES = 0.95), G ± 1 (ES = 1.23) and G + 1 (ES = 1.10) on bedtime. There was 

an interaction effect between athlete group and game day for wake-time (p < 0.001). Soccer 

athletes woke later than basketball athletes the morning of the day before and the day of a game 

(G – 1, 08:11 ± 01:14 vs. 07:28 ± 02:22; G, 08:33 ± 01:25 vs. 07:15 ± 01:49; ES = 0.10) but 

earlier the day after a game (G + 1, 06:43 ± 01:23 vs. 08:07 ± 00:58; ES = 0.41). For TST, 

there was also an interaction effect (Figure 4.2; p < 0.001), with basketball athletes sleeping 

less than soccer athletes the day of the game (G, 5.9 ± 1.7 h vs. 6.9 ± 1.3 h; ES = 0.83), but 

more the day after the game (G + 1, 7.2 ± 1.2 h vs. 6.7 ± 1.2 h; ES = 0.45). There was a main 

effect of game day on WASO (Figure 4.2; p < 0.001) and SOL (p = 0.016). Compared to G, 

there was a large effect of G – 1 (ES = 2.54), G ± 1 (ES = 5.00) and G + 1 (ES = 1.38) of 

WASO. Compared to G, there was also a small to moderate effect of G – 1 (ES = 0.20), G ± 1 

(ES = 0.65) and G + 1 (ES = 0.10) of SOL. Basketball and soccer athletes had shorter SOL the 

day before a game (G – 1, 7.3 ± 3.9 min vs. 6.0 ± 5.0 min) before it increased the day of a game 

(G, 8.7 ± 9.3 min vs. 8.3 ± 5.0 min). For perceptual variables, there was a main effect for 

morning fatigue (G – 1, basketball 3.8 ± 1.3 AU vs. soccer 3.5 ± 1.4 AU; G, basketball 4.7 ± 

1.3 AU vs. soccer 4.1 ± 1.3 AU; p < 0.001), and an interaction effect for perceptual recovery 

(Figure 4.2; p = 0.027). Compared to G, there was a small to moderate effect of G – 1 (ES = 

0.60), G ± 1 (ES = 0.59) and G + 1 (ES = 0.33) of morning fatigue. Compared to G, there was 

a large effect of G – 1 for both basketball (ES = 0.81) and soccer (ES = 0.81) athletes. There 

were no other significant effects for game day. 
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Figure 4.2 Sleep and perceptual variables following different game days [G - 1; G; G + 1; and 

G ± 1]) in basketball and soccer athlete groups (mean ± SD). A) TST (h); B) WASO (min); 

and Recovery (AU). * Difference compared with G of the same athlete group (p < 0.05); and 

^ Difference in game day between athlete groups (p < 0.05). 
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4.6 Discussion 

The main findings of the present study were that: (i) non-athletic controls had shorter habitual 

sleep durations compared to the basketball group, but longer sleep durations compared to 

soccer athletes; (ii) soccer athletes had the poorest habitual sleep of all three groups, sleeping 

0.4 h less than basketball athletes due to earlier wake times; (iii) both basketball and soccer 

athletes had longer sleep durations following home compared to away games; and (iiii) 

basketball players went to bed earlier, and woke earlier compared to soccer athletes following 

away games. 

 

The present study demonstrates that elite athletes from two separate team sport disciplines, and 

non-athletic controls, have different habitual sleep characteristics. For example, the basketball 

athletes had 0.1 h longer sleep durations than the non-athlete controls, largely due to waking 

32 min later. However, the soccer athletes slept less than both the non-athletic controls (-0.3 h) 

and basketball athletes (-0.4 h). Within the literature there is conflicting evidence on whether 

athletes objectively sleep worse than non-athletic controls.1,10 For example, male and female 

Olympic athletes had shorter sleep durations compared with controls.1 In comparison, female 

soccer athletes had 38 min longer sleep durations compared to non-athletic controls as a result 

of different sleep-wake patterns (-00:31 earlier bedtime).10 For sleep quality, the emerging 

evidence appears to be more consistent. In the present study, non-athletic controls experienced 

slightly less wake time after falling asleep (-2.4 min) and better sleep quality (-0.6-0.9%) 

compared to both athlete groups. Our findings are comparable to other recent studies showing 

non-athletic controls have superior objective1 and subjective21 sleep quality compared to 

athletes. It has previously been hypothesised that poor sleep quality in athletes could be due to 

a misalignment between preferred and actual sleep times.21 In addition, rumination and anxiety 

may also influence sleep quality,22 especially in female athletes.7 Therefore, based on the 

overall suboptimal and inter-individual variability of habitual athlete sleep, it may be beneficial 

for practitioners to apply an athlete sleep toolbox approach.23 The concept of the sleep toolbox 

centres around practitioners being equipped with different tools (i.e. sleep education, sleep 

screening and referral, encouraging naps, and banking and sleep extension) to help overcome 

the challenges they may face when assisting athletes with their sleep.23 There may also be 

particular benefit in focusing on sleep quality improvements by refining sleep hygiene (i.e. 

sleep habits) practices (e.g. obtaining adequate exposure to natural light in the morning, 
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avoiding caffeine and heavy meals too close to bedtime, having a relaxing bedtime routine and 

having a sleep environment which is cool, dark and quiet). 

 

During habitual conditions, the soccer athletes in the present study slept for 7.0 h per night. 

This is at the lower end of recommended sleep duration for healthy adults (7.0-9.0 h),24 and is 

less than the habitual sleep durations identified in other cohorts of female soccer athletes.25,26 

For example, in two studies objectively measuring sleep using actigraphy, Costa et al. 

identified sleep durations of 7.2-7.3 h on night training days (sessions starting at 21:00) and 

7.9-8.6 h on rest days in female soccer athletes.25,26 We suggest that the reduced sleep duration 

observed with the soccer athletes in the present study may be due to the early morning training 

sessions (06:30) compared to those scheduled for basketball athletes (08:30 and 16:30), and 

the soccer athletes in the studies by Costa et al (21:00).25,26 Comparable evidence has been 

found in a cohort of predominantly individual sport athletes (individual sport athletes, n = 50; 

team sport athletes, n = 20), with early morning training sessions resulting in reductions in 

sleep duration.27 In addition, compared to the team sport athletes in the present study, 

individual sport athletes (both males and females) had an average sleep duration of 6.5 ± 1.1 

h, with early bed (22:27 ± 00:49) and wake times (06:42 ± 01:00).28 Anecdotally, female 

athletes have to fit in their athletic pursuits around work commitments and share gyms with 

male athletes whose facility use often takes priority. Therefore, practitioners should strongly 

encourage strategies such as prioritising the night-time sleep window around logistical 

commitments and napping during the day.  

 

Across their respective competition seasons, basketball and soccer athletes had longer sleep 

durations following home games (basketball, 7.7 h; soccer, 7.2 h) compared to away games 

(basketball, 6.8 h; soccer 7.0 h). There was also a difference in the sleep-wake patterns, for 

example, basketballers went to bed 29 min earlier than soccer athletes following away games 

and then woke 51 min earlier the next morning. In comparison, previous research has found no 

difference in sleep durations for female basketball (home games, 7.4 h; away games, 7.6 h)29 

or soccer athletes (home games, 9.0 h; away games, 8.9 h), alongside minimal variance in 

sleep-wake patterns (e.g., soccer athlete wake time; home games, 09:32; away games, 09:21).25 

We suggest that the differences we observed in sleep-wake patterns following away games 

relates to the travel schedules required by the athletes. For example, soccer athletes travelled 

home immediately following day games, potentially delaying the time they went to bed. In 

comparison, basketball athletes travelled home on the morning of day following games, leading 
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to earlier wake times. Therefore, coaches and support-staff should try and organise return travel 

during the middle of the day following away games to allow athletes a longer sleep window 

and to not interfere with regular sleep-wake patterns. If athletes do have to sleep overnight 

following an away game, it may also be beneficial to prioritise making the physical sleeping 

environment as familiar as possible to prevent decrements in sleep quality.30 In addition, 

researchers should begin to investigate the efficacy of easy to implement strategies (e.g. a 

nutritional sleep supplement) that have the potential to improve sleep surrounding these 

situational challenges.  

 

Basketball athletes slept less than soccer athletes the day before the game (7.4 h vs 7.7 h) and 

the day of the game (5.9 h vs. 6.9 h), but more the day after the game (7.2 h vs 6.7 h).  For the 

basketball athletes, these trends surrounding competition align with a recent study in netballers, 

finding that sleep duration was longest the night before the game (8.5 h), decreasing on game 

night (6.8 h), and then increasing slightly again the night following the game (7.4 h).31 These 

increase in sleep quantity the day after the game for basketball athletes may be due to a build-

up in homeostatic sleep pressure32 following the loss of sleep the day prior. Although soccer 

athletes had similar sleep trends the day before and the day of a game, the day following a 

game they experienced a further reduction in sleep duration. The primary cause of the reduced 

sleep duration in soccer players the day after a game appeared to be the early wake time (06:43). 

This reduction in sleep duration may impair soccer athlete’s ability to recover and prepare for 

subsequent training sessions and games. Furthermore, over the course of a competition season 

the suboptimal habitual and in-competition sleep (i.e. at the lower end of the sleep 

recommendations of 7.0-9.0 h)24 may result in cumulative sleep debt, thereby impairing 

athlete’s health and athletic performance.33 

 

This study provides much needed normative data on the sleep of elite female basketball and 

soccer athletes. However, it is important to note that due to the logistics of the respective 

competition seasons, not all situations could be accounted for in the data analysis (i.e. day or 

night games, and regular or double header rounds). In addition, the differences observed 

between groups for habitual sleep and home and away situations were generally small to 

medium (i.e. effect sizes between 0.2-0.5 and 0.5-0.8), therefore the clinical meaningfulness of 

these findings needs to be considered by practitioners working with female athletes. The 

present study attempted to account for some of the variance in sleep parameters that may occur 

during different phases of the menstrual cycle.34 However, the self-reported methods used may 
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lead to misclassification of menstrual phase due to the daily hormone fluctuations, as well as 

the high variability among women in length of menstrual phases.17 In addition, due to a lack of 

consistency in the collection of subjective and objective training load variables across the 

respective soccer and basketball seasons, there was no consideration of training load in the data 

analysis. Training load has been identified as a possible co-variant that can influence sleep,35 

and therefore, would be a variable addition to future female athlete sleep studies.  

 

4.7 Practical applications 

• Due to female athletes suboptimal habitual and in-competition sleep, sleep screening 

should be conducted alongside other routine in-season physical and medical assessments 

so that appropriate and individualised interventions can be implemented. 

• To better deal with scenarios that impair sleep during a competition season (i.e. early 

morning training sessions and away games), practitioners should provide female athletes 

with a tool kit of targeted sleep strategies, such as napping during the day and improving 

sleep hygiene.  

• Athletes should consider the concept of protecting sleep surrounding competition. For 

example, if sleep may be disturbed on the day before and day of games, athletes should 

look to increase day and night-time sleep opportunities leading into and following these 

periods.  

 

4.8 Conclusion 

The results of the present study suggest that athletes and non-athletic controls have suboptimal 

sleep, with soccer athletes experiencing the poorest sleep of all three groups. In addition, during 

a competition season basketball and soccer athletes experience different, and likely deleterious, 

sleep quantity and sleep-wake patterns following home and away games, as well as during the 

nights surrounding games. These findings highlight that sleep recommendations and 

interventions need to be individualised to specific sports, athlete groups and competition 

scenarios encountered during a season.  

 

 

 

 

 



 
  

79 

4.9 References 

1. Leeder J, Glaister M, Pizzoferro K, et al. Sleep duration and quality in elite athletes 

measured using wristwatch actigraphy. J Sports Sci 2012;30(6):541-5. 

2. Gupta L, Morgan K, Gilchrist S. Does elite sport degrade sleep quality? A systematic 

review. Sports Med 2017;47(7):1317-33. 

3. Sargent C, Roach GD. Sleep duration is reduced in elite athletes following night-time 

competition. Chronobiol Int 2016;33(6):667-70. 

4. Fowler PM, Duffield R, Vaile J. Effects of simulated domestic and international air travel 

on sleep, performance, and recovery for team sports. Scandi J Med Sci Sports 

2014;25(3):441-51. 

5. Ohayon MM, Sagales T. Prevalence of insomnia and sleep characteristics in the general 

population of Spain. Sleep Med 2010;11:1010-8. 

6. Lund HG, Reider BD, Whiting AB, et al. Sleep patterns and predictors of disturbed sleep 

in a large population of college students. J Adolesc Health 2010;46:124-32. 

7. Schaal K, Tafflet M, Nassif H, et al. Psychological balance in high level athletes: gender-

based differences and sport-specific patterns. PloS One 2011;6(5):e19007. 

8. Bender AM, Van Dongen H, Samuels CH. Sleep quality and chronotype differences 

between elite athletes and non-athlete controls. Clocks & Sleep 2019;1(1):3-12. 

9. Lastella M, Roach GD, Halson SL, et al. The chronotype of elite athletes. J Human Kin 

2016;54(1):219-25. 

10. Thomas C, Jones H, Whitworth-Turner C, Louis J. A sleep analysis of elite female soccer 

players during a competition week. Int J Sport Physiol 2021;1(aop):1-7. 

11. Cain SW, Dennison CF, Zeitzer JM, et al. Sex differences in phase angle of entrainment 

and melatonin amplitude in humans. J Biol Rhythms 2010;25(4):288-96. 

12. Bruck D, Astbury J. Population study on the predictors of sleeping difficulties in young 

Australian women. Behav Sleep Med 2012;10(2):84-95. 

13. Driver HS, Dijk DJ, Werth ES. Sleep and the sleep electroencephalogram across the 

menstrual cycle in young healthy women. J Clin Endocrinol Metab 1996;81(2):728-35. 

14. Skein M, Duffield R, Minett GM, et al. The effect of overnight sleep deprivation after 

competitive rugby league matches on postmatch physiological and perceptual recovery. Int 

J Sports Physiol Perform 2013;8(5):556-64. 

15. Hausswirth C, Le Meur Y. Physiological and nutritional aspects of post-exercise recovery. 

Sports Med 2011;41(10):861-82. 



 
  

80 

16. Swann C, Moran A, Piggott D. Defining elite athletes: issues in the study of expert 

performance in sport psychology. Psychol Sport Exerc 2015;16:3-14. 

17. Allen AM, McRae-Clark AL, Carlson S, et al. Determining menstrual phase in human 

biobehavioral research: A review with recommendations. Exp Clin Psychopharmaco 

2016;24(1):1-11. 

18. Slater JA, Botsis T, Walsh J, et al. Assessing sleep using hip and wrist actigraphy. Sleep 

Biol Rhythms 2015;13(2):172-80. 

19. Sargent C, Lastella M, Halson SL, et al. The validity of activity monitors for measuring 

sleep in elite athletes. J Sci Med Sport 2016;19:848-53.  

20. Laurent CM, Green JM, Bishop PA, et al. A practical approach to monitoring recovery: 

development of a Perceived Recovery Status Scale. J Strength Cond Res 2011;25(3):620-

8. 

21. Bender AM, Van Dongen H, Samuels CH. Sleep quality and chronotype differences 

between elite athletes and non-athlete controls. Clocks & Sleep 2019;1(1):3-12. 

22. Bruck D, Astbury J. Population study on the predictors of sleeping difficulties in young 

Australian women. Behav Sleep Med 2012;10(2):84-95. 

23. Walsh NP, Halson SL, Sargent C, et al. Sleep and the athlete: narrative review and 2021 

expert consensus recommendations. Br J Sports Med 2021;55(7):356-68. 

24. Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foundation’s sleep time 

duration recommendations: methodology and results summary. Sleep Health: Journal of 

the National Sleep Foundation 2015;1(1):40-3. 

25. Costa JA, Brito J, Nakamura FY, et al. Sleep patterns and nocturnal cardiac autonomic 

activity in female athletes are affected by the timing of exercise and match location. 

Chronobiol Int 2019;36(3):360-73. 

26. Costa JA, Brito J, Nakamura FY, et al. Does night training load affect sleep patterns and 

nocturnal cardiac autonomic activity in high-level female soccer players? Int J Sports 

Physiol Perform 2019;14(6):779-87. 

27. Sargent C, Lastella M, Halson SL, et al. The impact of training schedules on the sleep and 

fatigue of elite athletes. Chronobiol Int 2014;31(10):1160-8. 

28. Lastella M, Roach GD, Halson SL, et al. Sleep/wake behaviours of elite athletes from 

individual and team sports. Eur J Sport Sci 2015;15(2):94-100. 

29. Staunton C, Gordon B, Custovic E, et al. Sleep patterns and match performance in elite 

Australian basketball athletes. J Sci Med Sport 2017;S1440-2440(17):30251-7. 



 
  

81 

30. Pitchford NW, Robertson SJ, Sargent C, et al. Sleep quality but not quantity altered with a 

change in training environment in elite Australian rules football players. Int J Sports 

Physiol Perform 2017;12(1):75-80. 

31. O’Donnell S, Beaven CM, Driller MW. Sleep/wake behavior prior to and following 

competition in elite female netball athletes. Sport Sci Health 2018;14(2):289-95.  

32. Borbély AA, Daan S, Wirz-Justice A, et al. The two-process model of sleep regulation: A 

reappraisal. J Sleep Res 2016;25:131-43. 

33. Mah CD, Mah KE, Kezirian EJ, et al. The effects of sleep extension on the athletic 

performance of collegiate basketball players. Sleep 2011;34(7):943-50. 

34. Manber R, Bootzin RR. Sleep and the menstrual cycle. Health Psychol 1997;16(3):209. 

35. Kölling S, Steinacker JM, Endler S, et al. The longer the better: sleep–wake patterns during 

preparation of the world rowing junior championships. Chronobiol Int 2016;33(1):73-84. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 



 
  

82 

  



 
  

83 

Chapter Five: Sleep practices 

implemented by team sport coaches and 

sports science support staff: A potential 

avenue to improve athlete sleep? 
  



 
  

84 

Declaration of co-authored publication Chapter Five 

In the case of Chapter Five, Kathleen Miles contributed to the design, data collection, statistical 

analysis and preparation of the manuscript. The extent of this contribution was 80%. The 

following co-authors also contributed to the work; Kate Pumpa (study design and preparation 

of manuscript), Brad Clark (study design and preparation of the manuscript), Peter Fowler 

(study design and preparation of the manuscript) and Joanna Miller (study design and 

preparation of the manuscript).  

 

Candidate’s signature 

 

Date: 4 June 2021 

 

Declaration by co-authors 

The undersigned hereby certify that: 

1. the above declaration correctly reflects the nature and extent of the candidate’s contribution 

to this work, and the nature of the contribution of each of the co-authors; 

2. they meet the criteria for authorship in that they have participated in the conception, 

execution, or interpretation, of at least that part of the publication in their field of expertise; 

3. they take public responsibility for their part of the publication, except for the responsible 

author who accepts overall responsibility for the publication; 

4. there are no other authors of the publication according to these criteria; and 

5. potential conflicts of interest have been disclosed to (a) granting bodies, (b) the editor or 

publisher of journals or other publications, and (c) the head of the responsible academic 

unit.  

6. the original data is stored at the University of Canberra Research Institute for Sport and 

Exercise and will be held for at least five years from the date indicated below. 

 

 

 

 

 

 



 
  

85 

 Signature Date 

Dr Kate Pumpa 

 

4 June 2021 

Dr Brad Clark 

 

4 June 2021 

Dr Peter Fowler 

 

4 June 2021 

Dr Joanna Miller 

 

4 June 2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
  

86 

5.1 Foreword  

Until now, research has focussed on directly observing the sleep quantity and quality of team 

sport athletes, as well as implementing sleep hygiene interventions. In comparison, Chapter 

Five focusses on understanding what sleep practices and sleep hygiene recommendations were 

being provided by team sport coaches and sports science support staff. Eighty-six Australian 

coaches and sports science support staff working within high performance team sport 

completed an online questionnaire to assess their sleep hygiene knowledge and record the sleep 

monitoring and sleep hygiene practices they implement in their current role within high 

performance team sport. Chapter Five discusses the sleep hygiene knowledge of high 

performance team sport coaches and sports science support staff; the sleep practices these 

individuals implement with athletes; and the barriers to the more frequent use of these 

practices. 

 

This study has been accepted for publication and was first published online in January 2019. 

 

Miles, K.H., Clark, B., Fowler, P.M., Miller, J., & Pumpa, K.L. (2019). Sleep practices 

implemented by team sport coaches and sports science support staff: a potential avenue to 

improve athlete sleep? Journal of Science and Medicine in Sport, 22(7), 748-752. 
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5.2 Abstract 

Objectives: The primary aims of the present study were to assess the sleep hygiene knowledge 

of high performance team sport coaches and sports science support staff; the sleep practices 

these individuals implement with athletes; and the barriers to the more frequent use of these 

practices.  

 

Design: Cross-sectional observational study. 

 

Methods: A sample of 86 Australian coaches and sports science support staff working within 

high performance team sport volunteered to complete a four-part questionnaire, including the 

Sleep Beliefs Survey used to assess sleep hygiene knowledge. 

 

Results: Overall sleep hygiene knowledge was adequate (15.3 ± 2.9, score range 0-20; mean 

± SD), however knowledge of sleep-wake cycle behaviours (score 4.9 ± 1.6 out of 7) and 

thoughts and attitudes about sleep (3.6 ± 1.0 out of 5) were inadequate. Over half (56%) of 

coaches and support staff had monitored athlete sleep, while 43% had promoted sleep hygiene. 

Lack of resources (response range 44-60%) and knowledge (16-41%) were the two main 

barriers to the implementation of sleep monitoring and sleep hygiene practices.  

 

Conclusions: Team sport coaches and sports science support staff have adequate overall sleep 

hygiene knowledge, yet some specific areas (e.g. sleep-wake cycle behaviours) warrant 

improvement. There appear to be limited sleep practices implemented with athletes, 

particularly regarding the promotion of sleep hygiene. The development of educational sleep 

resources for coaches and support staff to implement with athletes may help address the 

identified barriers and improve sleep knowledge.   
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5.3 Introduction 

Sleep is essential for optimal health,1 performance2 and recovery.3 While most athletes, 

coaches and support staff recognise the importance of sleep,4,5 evidence suggests high 

performance athletes can experience habitual impairments to sleep quality and quantity.6 

Athlete sleep can also be particularly susceptible to the situational stressors of training,7 

competition8 and travel.9 To ameliorate these sleep concerns, behavioural sleep education and 

sleep hygiene strategies have been shown to be beneficial.10-12 Despite the need for, and 

benefits of, athlete sleep education, information regarding the sleep interventions and 

recommendations provided by coaches and support staff, who have a crucial role in providing 

behavioural and performance-related advice to athletes,13 is lacking. For example, although 

there is a call for greater sleep monitoring of athletes,7,14,15 there is no empirical evidence 

detailing how often it is conducted and by what method. Whether coaches and support staff 

experience barriers when trying to implement sleep interventions and recommendations to 

athletes, and what precisely these barriers may be is also unknown. 

 

Understanding the sleep knowledge and currently implemented sleep monitoring and sleep 

hygiene practices from the perspective of the coaches and support staff who deliver them may 

offer an avenue to improve the sleep of team sport athletes (e.g. optimising the sleep 

recommendations imparted from coach to the athlete). Therefore, within high performance 

team sport coaches and sports science support staff, the primary aims of the present study were 

to assess sleep hygiene knowledge, the sleep monitoring and sleep hygiene practices these 

individuals implement with athletes, and the barriers to the more frequent use of these practices. 

The secondary aim of this study was to explore what situations coaches and sports science 

support staff believe affect athlete sleep during a competition season. We also sought to 

determine whether sleep knowledge, sleep practices and barriers to implementation differed 

between job roles, as well as the gender of athletes worked with and employment status.  

 

5.4 Methods 

A convenience sample of 86 coaches and sports science support staff (35 coaches and 51 

support staff) volunteered to participate in the present study. Coaches and support staff were 

recruited from the Australian Institute of Sport, National Sporting Organisations and official 

sporting bodies through personal email contact with researchers or indirectly through 

administrative staff. A total of 14 sporting bodies were contacted through email, and 12 
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participated. As some emails were forwarded on by administrative staff, it is not possible to 

know how many potential participants received information about the study compared to those 

who responded. Participating coaches and support staff were from a variety of Australian team 

sports, including Australian rules football; basketball; cricket; football; hockey; netball; rugby 

sevens; softball; volleyball; water polo; wheelchair basketball; and wheelchair rugby. At the 

time of study participation, all coaches and support staff had a role (44 employed full-time and 

42 part-time) within a high-performance team sport at an international level or within 

professional teams, including: assistant coach; dietitian; head coach; manager (e.g. high 

performance); physiotherapist; psychologist; sport scientist; and strength and conditioning 

coach. Of these coaches and support staff, 47 were working with female team sports at the time 

of participation, and 39 with male team sports. The study was approved by the University of 

Canberra Human Research Ethics Committee (registration 17-114). 

 

In a three-month period from June to August 2017, participating coaches and support staff were 

asked to complete an online questionnaire (Qualtrics, Utah) to assess their sleep hygiene 

knowledge, and record the sleep monitoring and sleep hygiene practices they implement in 

their current role within high performance team sport (see Appendix A1). The first section of 

the questionnaire obtained demographic information about survey respondents, including 

occupation, employment status and the sport and gender of athletes they worked with in their 

current role. 

 

The second section of the questionnaire assessed the sleep hygiene knowledge of respondents 

using the Sleep Beliefs Scale (SBS).16 The SBS is a 20-item scale used to assess knowledge 

and beliefs about sleep hygiene practices and their effect on sleep in general, not only the 

behaviour of the respondent. A correct answer was scored with 1, while an incorrect answer 

was scored with 0, and total scores can range between 0 and 20.16 In addition to the total score, 

there were three factor scores (see Appendix A1) which represent specific areas of sleep 

knowledge: sleep-incompatible behaviours (score range 0-8); sleep-wake cycle behaviours 

(score range 0-7); and thoughts and attitudes to sleep (score range 0-5).16 Higher total and 

factor scores correspond to greater sleep hygiene knowledge.16 SBS total and factor scores 

≥75% were defined as adequate,17 while scores <75% were considered inadequate. The SBS 

also underwent minor modification, and the wordings of questions 2, 4, 6 and 20 were adjusted 

to reduce the ambiguity of the potential responses. The adjustments aligned with comparable 
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items in the Sleep Hygiene Index.18 For example, question 4 was changed from ‘taking a long 

nap during the day’ to ‘taking a long nap (>2 h) during the day’. 

 

The third section of the questionnaire obtained information on the sleep monitoring and sleep 

hygiene practices implemented by respondents. For example, if the respondent answered ‘yes’ 

to monitoring the sleep of their athletes, they were required to complete a closed response 

question. The multiple-choice question addressed how respondents monitored the sleep of their 

athletes, with the options of: ‘self-reported sleep diaries’; ‘activity wrist monitors (actigraphy)’; 

‘sleep questionnaires’; ‘testing for ‘morning larks’ or ‘night owls’ (i.e. chronotype)’; and/or 

‘other’. If respondents selected ‘other’, they were required to describe the alternative method 

used to monitor athlete sleep. The fourth section of questions obtained information regarding 

the barriers to implementation of sleep monitoring and sleep hygiene practices, and 

identification of situations encountered within high performance team sport that respondents 

believe affect athlete sleep.  

 

The mean and standard deviation was calculated for SBS total and factor scores.16 Normality 

was assessed using Q-Q plots in conjunction with the Shapiro-Wilk test. To calculate the 

differences in scores based upon categorical variables for the job role (coach versus support 

staff), gender worked with (female versus male) and employment status (full-time versus part-

time), independent samples t-tests (two-tailed) were performed. If the data was not normally 

distributed a Mann-Whitney U test was conducted. Frequency tables were calculated for sleep 

monitoring and sleep hygiene practices, barriers to implementing these practices, and situations 

believed to affect athlete sleep. The percentage of respondents who reported ‘yes’ to 

monitoring athlete sleep was also calculated. For these respondents, differences between 

categorical variables for job role, the gender worked with, and employment status was 

determined for each sleep monitoring response using a Pearson’s chi-squared test (X2) (or 

Fisher Exact when value <5). This method was repeated for sleep hygiene practices, barriers 

to implementation of these practices, and situations believed to affect athlete sleep. All 

statistical analysis was conducted using R Studio version 3.4.0 “You Stupid Darkness”19 with 

significance set to p ≤ 0.05. 
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5.5 Results 

There was a significant difference between coaches and support staff (4.3 ± 1.7 v 5.3 ± 1.5, p 

= 0.009) for the SBS factor sleep-wake cycle behaviours (see Table 5.1). Overall sleep hygiene 

knowledge was adequate, as was the SBS factor sleep-incompatible behaviours. However, 

knowledge of sleep-wake cycle behaviours and thoughts and attitudes about sleep were 

considered inadequate. Particular components of these factor scores which scored poorly were: 

trying to fall asleep without having a sleep sensation (38%); getting up when it is difficult to 

fall asleep (38%); staying in bed longer than one should 2-3 times a week (49%); going to bed 

2 h earlier than the habitual hour (51%); and taking a long nap (>2 h) during the day (62%).
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Table 5.1 Sleep Beliefs Scale (SBS) total and factor scores by job role, gender worked with and employment status (mean ± 
SD) 
 Overall   Job role Gender worked with Employment status 

  Coach Support staff Male  Female  Full-time   Part-time 

Total score (0-20)        
 15.3 ± 2.9 14.9 ± 3.1 15.5 ± 2.7 15.8 ± 2.9 14.8 ± 2.8 15.0 ± 2.7 15.5 ± 3.1 
Sleep-incompatible behaviours (0-8)   
 6.7 ± 1.2 6.9 ± 1.3 6.3 ± 1.2 6.8 ± 1.3  6.7 ± 1.2 6.6 ± 1.4 6.9 ± 1.1 
Sleep-wake cycle behaviours (0-7)   
 4.9 ± 1.6 4.3 ± 1.7 5.3 ± 1.5 * 5.3 ± 1.5 4.6 ± 1.7 4.9 ± 1.6 4.9 ± 1.7 
Thoughts and attitudes about sleep (0-5)   
 3.6 ± 1.0 3.7 ± 1.0 3.6 ± 0.9 3.8 ± 0.8 3.5 ± 1.0 3.5 ± 0.7 3.7 ± 1.1 
* Difference (p <0.05) between two groups within a category. 
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Coaches monitored the sleep of the athletes they work with less than support staff (43% v 65%, 

p = 0.045; Table 5.2), and those working part-time monitored the sleep of the athletes less than 

those working full-time (40% v 70%, p = 0.005). When exploring the specific sleep monitoring 

practices implemented, using an Athlete Management System and various forms of verbal 

methods, for example, “personal daily questioning” and “daily rating tool”, were the most 

common ‘other’ responses. Lack of resources (60%) was the main barrier to more frequent 

sleep monitoring of athletes, followed by being too busy (23%), lack of knowledge (16%), 

players not liking it (16%) and ‘other’ (12%). Limited staff compliance and interest in sleep 

monitoring and a low priority at a higher organisational level were the frequent ‘other’ barriers 

reported. Some (21%) reported that they do not experience any barriers to monitoring athlete 

sleep and a minority (10%) reported they do not believe it is important to monitor sleep and 

therefore do not choose to do so. 
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Table 5.2 Absolute and relative number of responses for those who state “Yes” they monitor athlete sleep 

 Overall   Job role Gender worked 
with 

Employment status 

 Absolute  Frequency 
(%) 

Coach 
(%) 

Support 
staff (%) 

Male 
(%) 

Female 
(%) 

Full-time 
(%) 

Part-time 
(%) 

Do you monitor the sleep of the athletes 
you support? 

48 56 43 65 * 67 47 70 * 40 

Self-reported sleep diaries  36 75 34 47 49 36 50 33 

Activity wrist monitors (actigraphy)  10 21 9 14 13 11 20 2 

Sleep questionnaires  11 23 9 16 15 11 18 7 

Testing for ‘morning larks’ or ‘night owls’ 2 4 3 2 0 4 0 5 

Other 10 21 8 14 21 4 11 12 

* Difference (p <0.05) between two groups within a category  
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Less than half of the coaches and support staff surveyed promote or administer sleep hygiene 

strategies with athletes (see Table 5.3). Lack of resources (44%) and knowledge (41%) were 

the major barriers to the more frequent implementation of sleep hygiene strategies, followed 

by being too busy (23%), players not liking it (11%), and ‘other’ (16%). Lack of player buy-in 

and adherence, as well as issues with staff compliance and perceptions of sleep being a low 

priority at a higher organisational level, were the frequent ‘other’ barriers reported. A minority 

(8%) did not think it was important, and therefore do not implement sleep hygiene strategies. 

Coaches and support staff working with female athletes were more likely to identify ‘players 

not liking it’ as a barrier to implementing sleep hygiene practices compared to the coaches and 

support staff who work with male athletes (19% v 3%, p = 0.019). 
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Table 5.3 Absolute and relative number of responses for those who state “Yes” they promote or administer sleep hygiene strategies with 

athletes  

 Overall   Job role Gender worked 

with 

Employment status 

 Absolute  Frequency 

(%) 

Coach 

(%) 

Support 

staff (%) 

Male 

(%) 

Female 

(%) 

Full-time 

(%) 

Part-time 

(%) 

Do you promote or administer sleep hygiene 
strategies with your athletes? 

37 43 31 51 46 40 50 36 

Establishing a regular sleep/wake routine  30 81 20 45 41 30 45 24 

Short naps (< 30 min) not long naps (> 2 h)  27 73 14 43 * 38 26 36 26 

No hard exercise within 1 h before bedtime 10 27 9 14 15 9 14 10 

No alcohol or caffeinated beverages within 4 h 

of bedtime 

27 73 26 35 33 30 30 33 

Not using the bed for things other than sleeping 

or sex 

18 49 11 27 21 21 18 24 

Not doing mentally stimulating or important 

activities before bedtime 

24 65 11 39 * 33 23 34 17 

Not going to bed feeling angry or upset  10 27 9 14 13 11 9 14 

Sleeping in a comfortable bed 23 62 20 31 28 26 34 19 

Creating a cool, dark and quiet bedroom 35 95 29 49 44 38 45 36 

Reducing thinking or planning 23 62 17 33 31 23 34 19 

* Difference (p <0.05) between two groups within a category  
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The majority of coaches and support staff (86%) believe that night competition negatively 

influenced athlete sleep, closely followed by domestic travel (64%) and congested competition 

schedules (56%). Less than half of coaches and support staff believe morning (42%) and night 

training (45%) affected athlete sleep. The common ‘other’ (15%) situations thought to affect 

athlete sleep included international travel and long-haul flights, as well as life stressors and 

study or work commitments. Some respondents also indicated poor travel conditions for female 

athletes, for example, “international travel in economy seats”, “odd domestic flight times” and 

“extreme travel routines”, can make away games difficult. In addition, coaches and support 

staff working with female athletes did not believe night competition or domestic travel 

influence sleep as much as those who work with males (night competition, 79% v 95%, p = 

0.03; domestic travel, 53% v 77%, p = 0.025). 

 

5.6 Discussion 
The primary aims of the present study were to assess the sleep hygiene knowledge and 

implementation of athlete sleep strategies by coaches and sports science support staff, together 

with identifying barriers to the use of these practices. The present study also explored what 

situations coaches and support staff believe affect athlete sleep during a competition season. 

This study demonstrates that team sport coaches and support staff have adequate overall sleep 

hygiene knowledge, yet most do not implement sleep monitoring or sleep hygiene practices 

with athletes. Lack of resources and knowledge are the major barriers to the more frequent 

implementation of sleep monitoring and sleep hygiene practices. A novel finding of this study 

was that coaches and support staff working with female athletes do not believe night 

competition and domestic travel affects sleep as much as those who work with male athletes.  

 

The sleep hygiene knowledge of coaches and support staff is generally acceptable and 

consistent across occupations. In comparison, those working in other support-based 

professions (e.g. medical physicians) have varied, though generally poor, sleep knowledge.20,21 

It is promising that coaches and support staff appear well educated about the behavioural sleep 

concepts important for team sport athletes compared to other support-based professionals.22 

However, some specific areas (i.e. sleep-wake cycle behaviours and thoughts and attitudes 

about sleep) warrant improvement, particularly concerning coaches inadequate sleep-wake 

cycle behaviours. For example, both short (i.e. 5-30 min) or longer (> 30 min) duration naps 

can be beneficial, but coaches and support staff must be aware of the resulting sleep inertia 
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following a long nap23 when providing advice to athletes. Addressing the identified areas of 

poorer comprehension through coach and support staff directed education may assist with their 

end delivery of sleep hygiene recommendations to athletes.  

 

Considering team sport athletes can experience habitual6 and situational7-9 sleep disruption, it 

is crucial their sleep be regularly monitored to ensure they obtain adequate sleep. However, the 

present study identified that most coaches and support staff do not monitor the sleep of their 

athletes. In addition, the majority of the sleep monitoring conducted is through self-reported 

sleep diaries, with minimal use of validated questionnaires or objective assessments. Limited 

objective sleep monitoring is unsurprising, as there can be difficulties accessing required 

equipment, users need specific skills to ensure effective use, and it can be impractical when 

trying to implement with large groups of athletes. Although self-reported measures are simpler 

to implement within high performance sport,24 coaches and support staff should be cognisant 

of the tendency of some athletes to overestimate sleep durations,14 and poor sleep quality may 

be indicative of a range of sleep issues (e.g. difficulty falling asleep or impaired daytime 

functioning). As part of an increased focus on routine sleep assessments and screening, it may 

be beneficial for coaches and support staff to integrate sleep questionnaires designed to identify 

athletes with maladaptive sleep behaviours (i.e. Athlete Sleep Behaviour Questionnaire)25 and 

sleep disturbances (i.e. Athlete Sleep Screening Questionnaire).26 Such sleep questionnaires are 

cost-effective and time-efficient to implement compared to other sleep assessment tools (e.g. 

actigraphy). Therefore, these questionnaires may be useful considering the central reported 

barriers to sleep monitoring with athletes are lack of resources and time. 

 

In addition to the lack of sleep monitoring currently conducted, less than half of the coaches 

and support staff surveyed promote or administer sleep hygiene strategies to athletes. Sleep 

hygiene strategies have recently been shown to improve athlete sleep,10-12 for example, 

increased time in bed (+ 25 min) and sleep duration (+ 20 min) following two education 

sessions.12 However, a month after these sessions, sleep changes had returned to those observed 

before delivery.11 The return of these sleep outcomes to pre-intervention levels highlights the 

importance of providing consistent sleep hygiene promotion and reinforcement. Individuals 

who have frequent contact with athletes, such as coaches and support staff, may, therefore, be 

the most effective promoters of sleep hygiene strategies. Further research assessing whether 

greater sleep knowledge leads to more frequent, and effective, imparting of this knowledge is 

warranted.  
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Coaches and support staff reported a lack of resources and knowledge as the main obstacles 

when implementing sleep monitoring and sleep hygiene practices. To address these barriers, it 

may be beneficial for educational sleep resources to be developed (e.g. resources like sleep 

hygiene strategies, infographics or video tutorials). Doing so would directly address the current 

lack of resources, improve the overall sleep knowledge of coaches and support staff, as well as 

confidence in knowledge application. Accessible sleep resources may also encourage coaches 

and support staff to promote sleep monitoring and sleep hygiene practices to other staff 

members and peers (a common knowledge transfer practice within sport),27 thereby increasing 

broader sleep engagement. Educational sleep resources and peer promotion of the importance 

of sleep may also help emphasise sleep as being a priority to higher-level staff within sporting 

organisations. Although it was not a barrier reported by all, the present study also identified an 

increased resistance to the implementation of sleep hygiene strategies by coaches and support 

staff who work with female athletes. The reasons for this resistance are currently unclear; 

however, it may be beneficial for those who work with female athletes to focus on athlete 

engagement to ensure the recommendations they provide are effective. 

 

In general, coaches and support staff believe situational challenges can affect sleep. These 

beliefs are in-line with the evidence highlighting the negative impact of training and 

competition schedules7,8 and travel demands9 on athlete sleep. However, compared to those 

working with male athletes, fewer coaches and support staff supporting females believe night 

competition and domestic travel stressors impair sleep. This finding is particularly surprising, 

as it is plausible that workplace inequality and inferior working conditions could make the 

situations female athletes face particularly challenging and thus lead to greater sleep concerns. 

Coaches and support staff need to be made aware of the specific concerns females may face to 

ensure they receive appropriate sleep support. 

 

When considering the results of the present study, it must be recognised that the SBS16 used to 

assess sleep hygiene knowledge has not been validated for use with this population.16 The 

threshold used to define adequate and inadequate knowledge is also not based upon the SBS, 

rather a different questionnaire17 with a comparable scale. In addition, the SBS represents just 

one example of sleep hygiene recommendations in existence, and various other slightly 

different iterations of ‘sleep hygiene’ exist.28 As such, caution should be shown when 

generalising the sleep hygiene knowledge results beyond those described in the present study. 

Finally, coaches and support staff who participated in this study were recruited through a 
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convenience sample of high performance team sports and as such, the results may not be 

generalisable to all coaches and support staff involved at all levels and sports.  

 

5.7 Conclusion 
The results from the present study indicate team sport coaches and support staff have adequate 

overall sleep hygiene knowledge, yet some specific areas warrant improvement, particularly 

sleep-wake cycle behaviours and thoughts and attitudes about sleep. The implementation of 

sleep monitoring and sleep hygiene practices with athletes also appears to be infrequent, with 

a lack of resources and knowledge the central barriers reported. To address these barriers and 

improve sleep knowledge, the development of educational sleep resources specifically for 

coaches and support staff to use with their athletes would be highly beneficial. Not only would 

this provide tools to use when implementing sleep practices, but it may also supplement their 

sleep knowledge, improve confidence when applying this knowledge and encourage peer 

learning with other sports professionals. As coaches and support staff are crucial for monitoring 

and modifying an athlete’s behaviours, improving their sleep knowledge and the barriers to 

implementation of sleep practices may lead to improved sleep habits of team sport athletes.  

 

5.8 Practical Applications 
• Coaches and support staff should increase their focus on routine sleep assessment, utilising 

recently validated sleep resources designed to identify athletes with sleep concerns.  

• The development of coach and support staff focused educational sleep resources could be 

used to deliver effective sleep monitoring and sleep hygiene practices to athletes and 

promote peer knowledge transfer. 

• It may be beneficial for coaches and support staff who work with female athletes to focus 

more on athlete engagement to ensure the sleep recommendations they provide are 

effective. 
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6.1 Foreword 
Despite the negative impact of evening competition on the sleep of female athletes, as 

identified in Chapter Three, there is limited evidence on interventions that may assist with sleep 

and performance recovery. In addition, Chapter Five highlighted that female athletes may not 

be as receptive to sleep hygiene recommendations as their male counterparts. Based on these 

findings, the aim of Chapter Six was to determine the efficacy of α-lactalbumin to improve 

sleep and physical and cognitive performance recovery following a simulated evening 

competition in female athletes. Overall, this study demonstrated that α-lactalbumin can provide 

improvements in sleep characteristics following simulated evening competition, and prevent 

reductions in intermittent-sprint performance, and reduced ratings of mental effort and mental 

demand during cognitive tasks. Based on these findings, it is proposed that α-lactalbumin may 

be a useful supplement for athletes to consume following evening competition or training 

sessions to improve sleep and next day performance recovery.  

 

This study has been accepted for publication in Medicine and Science in Sport and Exercise. 

 

Miles, K.H., Clark, B., Fowler, P.M., Gratwicke, M.J., Martin, K., Welvaert, M., Miller, J., & 

Pumpa, K.L. (2021). ɑ-lactalbumin improves sleep and recovery post simulated evening 

competition in female athletes. Medicine and Science in Sport and Exercise. In-Press. 
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6.2 Abstract 
Purpose: Determine the efficacy of α-lactalbumin (A-LAC) supplementation for improving 

sleep and performance recovery following simulated evening competition in female athletes. 

 
Methods:  

Sixteen trained females (mean ± SD; age 27 ± 7 years; mass 62 ± 10 kg; stature 167 ± 8 cm) 

participated in this randomised double-blind three-arm crossover study. Participants completed 

a simulated evening competition before consuming either an A-LAC whey protein, whey 

protein placebo (PLA) or water control (CON) beverage. Sleep was monitored via 

polysomnography and participants completed a series of physical, cognitive and perceptual 

assessments before, and 14 and 24 h post simulated competition. 

 

Results:  

Non rapid eye movement stage 2 sleep increased post-competition in A-LAC (pre 199 ± 44 

min; post 212 ± 37 min) but decreased in CON (pre 228 ± 43 min; post 195 ± 40 min) and PLA 

(pre 224 ± 25 min; post 211 ± 35 min; p = 0.012). In addition, Yo-Yo Intermittent Recovery 

Test Level 1 distance improved over time in A-LAC (baseline 664 ± 332 m; 14 h post 667 ± 

326 m; 24 h post 781 ± 427 m) compared to CON (baseline 741 ± 366 m; 14 h post 648 ± 351 

m; 24 h post 720 ± 407 m) and PLA (baseline 763 ± 394 m; 14 h post 636 ± 366 m; 24 h post 

720 ± 396 m; p < 0.001). 

 

Conclusion:  

The findings indicate that A-LAC supplementation may be useful for retaining some sleep 

characteristics following evening competition, leading to improved physical performance in 

female athletes. 
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6.3 Introduction 
Emerging evidence suggests high performance athletes experience inadequate sleep following 

evening competition.1-3 For example, in the European Football (UEFA) Champions League, 

evening football games are often scheduled for kick-off between 2000-2100, with athletes 

reporting reduced sleep quantity compared to normal following these late-night finishes.4 

Anecdotal evidence also suggests that after these evening games are played, athletes do not 

arrive back to the hotel until midnight,5 or in the case of women’s football away games, may 

have to travel home throughout the night due to logistical restraints. Ultimately, poor sleep 

following evening competition can negatively affect cognitive, physiological6 and perceptual3 

recovery. These impairments are likely to influence an athlete’s ability to prepare for 

subsequent competition, and may be amplified during periods of congested scheduling, such 

as the English Premier League or Olympic Games, where athletes need to recover quickly for 

the ensuing games within a matter of days.  

 

Despite the negative impact of evening competition on sleep in athletes, there is limited 

evidence on interventions that may assist with sleep and performance recovery. For example, 

a study conducted with male football players found that a sleep hygiene strategy enhanced 

sleep quantity, albeit without any improvements in physical performance, perceptual recovery, 

or markers of muscle damage and inflammation7 following evening competition. In this 

instance, it is possible that the constraints of elite football, for example, high-intensity exercise 

and cognitively demanding activities close to bedtime, and the use of products containing 

caffeine in the period before bedtime,8 result in a heightened arousal that cannot be combated 

by an acute sleep hygiene intervention alone. In addition to these constraints, evidence suggests 

female athletes may not be as receptive to sleep hygiene recommendations as their male 

counterparts.9 Therefore, there is a need for an intervention that is accessible and easy for 

athletes to implement, with the potential to improve both sleep and performance recovery 

following evening competition. 

 

Recently, the ingestion of whey protein post-exercise and pre-sleep has been introduced to 

enhance whole body protein synthesis and muscle performance during overnight recovery.10 A 

specific whey protein, α-lactalbumin (A-LAC), is high in essential amino acids, and rich in 

tryptophan and branched-chain amino acids.11 Dietary tryptophan influences the synthesis of 

serotonin in the brain, and melatonin in the intestines, both of which are involved in sleep 
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regulation.11 In healthy males, evening intake of A-LAC has been shown to increase the ratio 

of plasma tryptophan to large neutral amino acids (Trp:LNAA) by 130%,12 increase total sleep 

time and efficiency,13 decrease morning sleepiness, and improve brain attention processes.12 

Despite these positive results, a study with elite cyclists (n = 6) showed no effects of an A-

LAC intervention (40 g, 2 h before bedtime) on sleep or next day cycling performance.14 In 

addition, endurance-trained participants (n = 11) had no change in sleep parameters following 

A-LAC supplementation (60 g per day as 20 g immediately after exercise and 40 g 2 h before 

sleep).15 It is possible that the null findings from these studies are a result of small sample sizes 

and the use of wrist actigraphy to measure sleep, a combination that may not be sufficient or 

sensitive enough to determine changes in sleep characteristics. As such, A-LAC intervention 

studies using a larger sample size and measuring sleep using the gold standard of 

polysomnography (PSG) are required.  

 

Therefore, the purpose of this study was to determine the efficacy of A-LAC supplementation 

to improve sleep, as well as physical and cognitive performance recovery following a simulated 

evening competition in female athletes. It was hypothesised that the consumption of A-LAC 

would improve sleep and physical and cognitive performance recovery in well trained female 

athletes following simulated evening competition when compared to a placebo protein, and a 

water control. 

 

6.4 Methods 
Participants  
Twenty-two trained females (mean ± SD: age 27 ± 7 years; mass 62 ± 10 kg; stature 167 ± 8 

cm) were recruited to participate in the study. An a priori power analysis16 using PSG pilot data 

determined that 15 participants would be sufficient to detect a significant medium to large 

change of f = 0.25 (medium effect size) in sleep outcome variables at an alpha = 0.05 and 

power = 0.80. Most (n = 10) participants were team sport athletes (e.g., football, rugby 7s, field 

hockey). Four participants were middle-distance runners (with their training focused on 

distances between 5 and 10 km), and two participants were involved in weight-lifting exercise. 

Six participants sustained injuries or illnesses and as a result were only able to complete one 

round of experimental trials (i.e., one nutritional intervention). Therefore, the final dataset 

contains the results from 16 trained female participants. Of the 16 participants, two were 

vegetarian and had been for at least 12 months before the study. In addition, 7 participants 
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reported using contraceptives (n = 5 oral contraceptive, and n = 2 intrauterine device) and 9 

participants reported experiencing regular menstrual cycles. Before the commencement of the 

study, participants were informed of any associated risks and provided verbal and written 

informed consent. The study was approved by the University of Canberra Human Ethics 

Committee (project number 20181481).  

 

Experimental design 

During this randomised double-blind three-arm crossover study, trained female participants 

visited the laboratory nine times (three familiarisations, three baseline assessments [with PSG 

adaptation], and three experimental trials; Figure 6.1). During the familiarisation, participants 

were acquainted with the cognitive and physical performance assessments and practiced the 

simulated evening competition (an intermittent-sprint exercise protocol) designed to simulate 

the demands of high-performance team sport competition.17 Seven days after the 

familiarisation, participants returned to the laboratory to complete the baseline assessments.  

During the baseline assessment, participants completed all physical and cognitive performance 

tests at 1000 h (time matched to the first post-exercise test during experimental trials). 

Participants also completed one night of PSG assessed sleep to familiarise them to the sleeping 

environment and equipment and limit the influence of the ‘first night effect’ altering sleep 

architecture18 during each experimental trial. Participants were advised to avoid strenuous 

exercise, cognitively demanding activities, caffeine (24 h) and alcohol (48 h) before all trials. 

Identical familiarisation and baseline assessments were completed before the second and third 

experimental trials. 

 

 



 
  

111 

 
Figure 6.1 Overview of (A) experimental design and (B) time schedule of an intervention trial 
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Participants completed three experimental trials, each separated by 28 days in an attempt to 

control for menstrual cycle phase. Menstrual cycle phase was estimated using self-reported 

date of menses onset and length to determine menses and early follicular subphase (previously 

described with recommendations by Allen and colleagues).19 Each experimental trial 

commenced with the collection of resting heart rate (HR) and perceptual measures. Participants 

then completed a simulated evening competition, which was performed at the time (1830-2000 

h) previously found to negatively affect the sleep of athletes.3 

 

Following the simulated evening competition, participants consumed a standardised evening 

meal (see Nutritional Intervention), and either an A-LAC whey protein powder, whey protein 

isolate powder (PLA) or water (CON) drink. Consumption of A-LAC, PLA, CON occurred at 

least two hours before bedtime. For the period before bedtime, participants showered and sat 

quietly in a dimly lit room without any electronic devices where they were set up for sleep 

monitoring. At the end of this time participants had a sample of blood collected to assess the 

ratio of Trp:LNAA in plasma. Following this, participants slept in a light and soundproof 

laboratory while sleep was monitored using PSG. The timing of bed and wake time was 

standardised to allow for a 9 h sleep window (2200-0730 h) that complemented participants 

chronotypes as measured by the Morningness-Eveningness Questionnaire20 (average score 

60.1[49.0, 72.2]; evening types, n = 1; intermediate types, n = 5; and morning types, n = 10). 

Within this provided sleep window, participants were free to self-select their own bedtime after 

2200. The next day, post assessments (whereby all baseline measures were repeated) took place 

at 14 (1000 h) and 24 h (2000 h) after the completion of the simulated evening competition. In 

addition, saliva was collected immediately upon waking (0730 h), and 15 (0745 h), 30 (0800 

h), 45 (0815 h) and 60 (0830 h) min after waking to determine the cortisol awakening response 

(CAR).21 Following the completion of experimental trial one, participants returned to complete 

the same procedures for experimental trials two and three under the other nutritional conditions. 

 

Simulated evening competition  
Participants performed 4 x 10 min bouts of an intermittent-sprint exercise, with five minutes 

of recovery following the first, second and third bouts. The intermittent sprint exercise protocol 

consisted of a one-minute circuit repeated 10 times in each bout. The circuit was 125 m in 

length and involved high intensity sprints of 10-20 m separated by walking and jogging, 

interspersed with multiple changes of direction. To ensure consistent and high effort, strong 

verbal encouragement and time feedback was provided to participants.  
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Nutritional intervention 
Participants were assigned to consume either an A-LAC, PLA or CON drink (Table 6.1) in a 

randomised crossover manner by a member of the research team not involved in the data 

collection or analysis. The A-LAC drink contained 40 g of A-LAC whey protein powder 

(Davisco Foods International, Eden Prairie, MN), mixed with 6 g of sugar-free powdered 

chocolate (Avalanch, Auckland, New Zealand), 4 g of stevia (Hermes Sweeteners, Zürich, 

Switzerland) and 400 mL of water. The PLA drink contained 40 g of chocolate flavoured whey 

protein isolate powder (BodyScience, Queensland, Australia) mixed with 400 mL of water.12 

The CON drink contained 400 mL of water. The A-LAC and PLA drinks were matched for 

colour, texture and taste, and both the A-LAC and PLA powders used were tested prior to the 

commencement of the study by National Sanitation Foundation (NSF) Certified for Sport and 

Human and Supplement Testing Australia (HASTA) respectively. 

 

Table 6.1 Ingredients, energy and amino acid profile of each condition (per dry weight 
serve) 

 A-LAC (50 g) PLA (40 g) CON 

Ingredients (g) A-LAC protein (40) Whey protein (40)  
 Powdered chocolate (6)   

 Stevia (4)   

Energy (kcal) 153 151 0 

Amino acids (g) 

Isoleucine  2.4 1.7 0 

Leucine 4.3 3.2 0 

Phenylalanine  1.6 0.9 0 

Tyrosine 1.8 0.9 0 

Valine 1.7 1.7 0 

Tryptophan 1.9 0.4 0 

 

At the same time as the intervention drink, participants also consumed a standardised evening 

meal. Before commencing the experimental trials, the participants could elect to eat beef 

(serving size 318 g) or lentil (serving size 295 g) spaghetti bolognaise, consumed across all 

experimental sessions. This evening meal was the same for each participant across all three 

experimental sessions and conditions. The nutritional profile for the beef bolognaise was: 439.0 

kcal energy; 51.2 g carbohydrate; 32.4 g protein; 9.2 g fat; and 0.2 g tryptophan. The nutritional 

profile for the lentil bolognaise was: 416.0 kcal energy; 66.2 g carbohydrate; 24.9 g protein; 
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6.0 g fat; and 0.2 g tryptophan. In addition, diet was monitored using a food diary and 

participants were advised not to consume foods containing high tryptophan levels during all 

experimental sessions.  

 

Sleep 
Participants were set up for full PSG (Siesta 802, Compumedics, NC, USA) assessed sleep 

including: electroencephalography; electrooculography; electromyography; 

electrocardiography; respiratory measures; pulse oximetry; and a body position sensor. All 

sensors were positioned according to the American Academy of Sleep Medicine 

recommendations.22 PSG data was scored by an independent sleep expert who was blinded to 

the study design and nutritional conditions. Data was obtained for: time to bed (bedtime); time 

to wake (wake time); total sleep time (TST), sleep latency (SL), rapid eye movement (REM) 

latency (RL); wake after sleep onset (WASO); time spent in wake (wake); and the percentage 

of time spent REM and non-rapid eye movement (NREM; stages 1-3) sleep.  

 

Cognitive performance  
Participants completed three cognitive tasks assessing vigilance (Psychomotor Vigilance Task 

[PVT]),23 working memory (n-Back)24 and executive function (Stroop).25 Each task was three 

minutes in duration and was completed on a laptop, seated in quiet room. Following the 

removal of false alarms (i.e., responses <100 ms) and lapses (i.e., responses >500 ms) from the 

PVT results, reaction time (RT) was calculated for each three-minute assessment. For the n-

Back, counts were determined for correct answers to non-target responses, target responses and 

total correct responses. For the total correct responses, RT was calculated. The number of 

correct responses and mean RT time were calculated for the Stroop test. 

 

Physical performance 
All physical performance assessments were conducted on an indoor running track and preceded 

by a standardised 10 min warm-up. Participants performed an unloaded countermovement 

jump (CMJ) to assess neuromuscular performance. Jump height, peak power, and peak velocity 

for the concentric phase of the CMJ were measured using a linear position transducer 

(GymAware, Kinetic Performance Technologies, Canberra, Australia).26 Following the CMJ, 

participants completed a 20 m sprint test to assess speed and acceleration. Splits were measured 

at 5 m, 10 m and 20 m using an infrared timing gate system (SmartspeedTM, Fusion Sport, 

Coopers Plains, Australia).26 Finally, participants completed a Yo-Yo Intermittent Recovery 
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Test Level 1 (YYIR1) test to assess intermittent-running performance. During this test, 

performance was determined by distance covered at the point of volitional exhaustion.27 

 

Perceptual measures  
The Brunel Mood Scale (BRUMS) was used to assess mood state,28 and the Epworth 

Sleepiness Scale (ESS) to measure sleepiness.29 Perceived recovery (0 arbitrary unit [AU] = 

very poorly recovered to 10 AU = very well recovered),30 whole-body fatigue (0 AU = no 

fatigue to 10 AU = total fatigue), muscle soreness (1 AU = very very good to 7 AU = very very 

sore) and motivation (1 AU = extremely unmotivated to 7 AU = extremely motivated) were 

also evaluated on Likert scales. During the cognitive task, participants rated their mental effort 

using the NASA Task Load Index (NASA-TLX).31 Rating of perceived exertion was obtained 

throughout all physical assessments and the simulated evening competition. A sessional rating 

of perceived exertion (sRPE) was collected immediately after, and 15 min after completion of 

the physical evaluations and the simulated evening competition.32 

 

Salivary cortisol  
Saliva samples were analysed for cortisol in duplicate using competitive immunoassay kits 

(Salimetrics, LLC, State College, PA). The intra-assay coefficient of variation (CV) was 

5.21%, the inter-assay CV was 5.79% and the assay sensitivity of cortisol is <0.007 ug/dL. 

CAR was assessed through the measurement of cortisol levels at each time point (µg/dL), and 

values were calculated for area under the curve with respect to ground (AUCg), and area under 

the curve with respect to increase (AUCi).21  

 

Plasma tryptophan  
Venous blood samples were collected in pre-chilled 5 mL evacuated tubes (BD Vacutainer 

Plus Plastic Serum tubes, spray coated silica) and centrifuged at a g-force of 2200 for 10 min 

at 4 °C. Centrifuged plasma samples were then aliquoted into Eppendorf tubes and stored at -

80 °C until analysis. The amino acid analysis was conducted in accordance with the Australian 

Proteome Analysis Facility standard operating procedures (APAF SOP AAA-006). 

Specifically, analysis was conducted using High Performance Liquid Chromatography (HPLC) 

with the use of a 2–3-um Bischof Spherisorb ODS II column. Duplicate analyses were 

undertaken, and the results were averaged. Plasma Trp:LNAA was calculated by dividing the 

plasma tryptophan concentration by the sum of the other large neutral amino acids (i.e. 

isoleucine, leucine, phenylalanine, tyrosine and valine). 
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Statistical analysis 
Data was analysed with generalised linear mixed models using the lme4 package in R (R 

Foundation for Statistical Computing, Vienna, Austria). For example, the effect of dietary 

intervention (i.e., A-LAC, PLA or CON) and period (i.e., sleep with no preceding simulated 

evening competition [NO-COMP] or sleep with preceding simulated evening competition 

[COMP]), and their interaction, were fitted as fixed effects to determine whether there was a 

difference in the effect of dietary intervention over period on the dependent sleep variables 

(e.g., TST). The effect of dietary intervention and time (i.e., baseline, 14 h and 24 h post 

COMP), and their interaction, were fitted as fixed effects to determine whether there was a 

difference in the effect of dietary intervention over testing time on the dependent physical (e.g., 

peak power), cognitive (e.g., Stroop accuracy) and perceptual (e.g., recovery) performance 

variables. Participant identification number was used as a random factor to account for repeated 

measures in each model.  

 

Models were estimated using Restricted Maximum Likelihood, and visual inspection of 

residual plots revealed no obvious deviations from homoscedasticity or normality. Through the 

implementation of the R package car,33 p-values were obtained using Type II Wald F tests with 

Kenward–Roger degrees of freedom. Significance was accepted when p ≤ 0.05. Data are 

presented as means with their 95% confidence interval (95% CI) expressed as mean [lower 

bound, upper bound] unless otherwise specified. 

 

6.5 Results  
Exercise protocol 
The intensity of the simulated evening competition was the same between conditions (sRPE 

CON, 307.7 [257.7, 357.7] AU; sRPE PLA, 301.5 [227.4, 375.7] AU; sPRE A-LAC, 301.3 

[239.2, 363.4] AU; X2 (0) = 0.002, p = 0.949).  

 
Sleep 

There was no difference between conditions for any sleep variables at NO-COMP, including 

TST (X2 (2) = 0.120; p = 0.884), WASO (X2 (2) = 0.400; p = 0.675), NREM 1 (X2 (2) = 

0.892; p = 0.418), NREM 2 (X2 (2) = 1.498; p = 0.236), and NREM 3 (X2 (2) = 1.719; p = 

0.193).  
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There was a condition by period interaction effect on NREM 2 (Table 6.2; X2 (2) = 8.779, p = 

0.012) and NREM 3 (X2 (1) = 7.881, p = 0.004). For example, the percentage of time spent in 

NREM2 decreased during COMP in both the CON (NO-COMP, 48.5 [45.6, 51.3] %; COMP, 

44.7 [41.3, 48.1] %; difference, -3.8 %) and PLA (NO-COMP, 47.9 [46.0, 50.0] %; COMP, 

47.5 [43.6, 51.4] %; difference, -0.4 %) conditions. In addition, during COMP, participants 

went to bed 30 [28, 32] min later compared to NO-COMP (X2 (1) = 34.918, p < 0.001). TST 

was 19 [5, 37] min greater for NO-COMP compared to COMP (X2 (1) = 6.960, p = 0.008), 

and participants experienced 15 [3, 30] min more WASO during NO-COMP compared to 

COMP (X2 (1) = 6.035, p = 0.014). There were no other effects for sleep variables. 
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Table 6.2 Sleep variables for NO-COMP or COMP nights for CON, PLA or A-LAC conditions (mean [95% CI]). 

 CON PLA A-LAC 

 NO-COMP COMP NO-COMP COMP NO-COMP COMP 

Wake time (h) 
0730  

[0727, 0733] 

0730  

[0727, 0733] 

0730  

[0727, 0733] 

0730  

[0727, 0733] 

0730  

[0727, 0733] 

0730  

[0727, 0733] 

Bedtime (h) 
2231  

[2208, 2254] 

2302  

[2249, 2315] 

2228  

[2207, 2249] 

2255  

[2241, 2309] 

2223  

[2205, 2241] 

2255  

[2242, 2308]* 

TST (min) 467 [439, 495] 435 [406, 464]  467 [456, 478] 444 [425, 463]  461 [445, 477] 452 [434, 470]* 

SL (min) 18 [9, 27] 23 [7, 40] 17 [9, 25] 24 [10, 38] 25 [12, 38] 17 [9, 26] 

RL (min) 109 [89, 129] 102 [77, 127] 112 [78, 146] 108 [79, 137] 96 [69, 123] 96 [82, 110] 

WASO (min) 60 [38, 82] 32 [16, 48] 55 [39, 72] 43 [24, 62] 48 [28, 68] 38 [24, 52]* 

NREM 1 (%) 6.2 [5.1, 7.3] 6.0 [4.5, 7.5] 7.0 [5.3, 8.8] 6.1 [5.2, 7.1] 5.7 [5.0, 6.5] 6.1 [5.0, 8.1] 

NREM 2 (%) 48.5 [45.6, 51.3] 44.7 [41.3, 48.1] 47.9 [46.0, 50.0] 47.5 [43.6, 51.4] 45.3 [42.3, 48.3] 48.0 [44.7, 51.3]# 

NREM 3 (%) 24.3 [21.7, 26.9] 30.8 [27.6, 34.6] 25.3 [22.6, 28.0] 27.9 [24.8, 31.1] 28.1 [24.9, 31.3] 30.4 [27.0, 33.6]# 

REM (%) 21.1 [19.1, 23.2] 18.5 [16.3, 20.8] 19.1 [16.6, 21.6] 18.5 [16.2, 20.9] 20.1 [19.1, 25.1] 16.2 [16.9, 19.5]* 

Wake (min) 30 [18, 42] 21 [14, 28] 47 [31, 63] 25 [14, 36] 29 [19, 39] 25 [18, 32]* 

* Significant effect of period (p < 0.05); # Significant condition by period interaction (p < 0.05). 
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Cognitive performance 
There was a condition by time interaction effect on n-Back accuracy (Figure 6.2; X2 (2) = 

10.926, p = 0.027), and an effect of testing time on n-Back RT (X2 (2) = 8.719, p = 0.012). n-

Back accuracy decreased in A-LAC from baseline to 14 h post COMP (baseline, 27 [19, 34]; 

14 h post, 23 [15, 30]; difference, -4) before increasing at 24 h post COMP (14 h post, 23 [15, 

30]; 24 h post, 27 [18, 35]; difference, +4). In comparison, both CON and PLA accuracy 

increased from baseline to 14 h post COMP (CON; baseline, 21 [13, 28]; 14 h post, 32 [24, 

39]; difference, +11; PLA; baseline, 23 [17, 28]; 14 h post, 27 [20, 33]; difference, +4). CON 

accuracy then plateaued from 14 h to 24 h post (CON; 14 h post, 32 [24, 39]; 24 h post, 32 [25, 

38]; difference, 0), while PLA accuracy increased (PLA; 14 h post, 27 [20, 33]; 24 h post, 30 

[22, 37]; difference, +3). Stroop RT also decreased from baseline to 14 h post (-86 [-177, 11] 

ms) and again at 24 h post (-147 [-36, -234] ms; X2 (2) = 18.562, p < 0.001). Stroop accuracy 

improved from baseline to 14 h post (+3 [1, 6]) and again at 24 h post (+5 [2, 8]; X2 (2) = 

19.208, p < 0.001). There was no difference in PVT RT between conditions or time. 
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Figure 6.2 Cognitive performance variables at Baseline, 14 h post and 24 h post for CON, PLA 

or A-LAC conditions (mean [95% CI]). A) n-Back RT (ms); B) Stroop RT (ms); C) n-Back 

accuracy (count); and D) Stroop accuracy (count). * Significant effect of testing time (p < 

0.05); # Significant condition by testing time interaction (p < 0.05). 

 

Physical performance 
There was a condition by time interaction for CMJ height (Figure 6.3; X2 (4) = 16.56, p = 

0.002) and CMJ peak velocity (X2 (4) = 12.177, p = 0.016). For example, CMJ height 

decreased from baseline to 14 h post COMP for CON (baseline, 33.9 [31.4, 36.4] cm; 14 h 

post, 33.5 [31.0, 36.0] cm, difference -0.4 cm), PLA (baseline, 35.3 [32.3, 38.3] cm; 14 h post, 

31.0 [28.5, 33.5] cm, difference -4.3 cm) and A-LAC (baseline, 32.5 [30.0, 35.0] cm; 14 h post, 

31.9 [29.4, 34.4] cm, difference -0.6 cm) conditions. However, at 24 h post COMP, CMJ height 

returned to baseline for the CON (baseline, 33.9 [31.4, 36.4] cm; 24 h post, 34.7 [32.2, 37.3] 

cm, difference +0.8 cm) and A-LAC (baseline, 32.5 [30.0, 35.0] cm; 24 h post, 33.0 [30.5, 
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35.5] cm; difference +0.5 cm) conditions, but not the PLA (baseline, 35.3 [32.3, 38.3] cm; 24 

h post, 34.7 [30.2, 39.2] cm, difference -0.6 cm) condition. There was also an effect of testing 

time on CMJ peak power (X2 (4) = 17.561, p < 0.001). CMJ peak power decreased from 

baseline (3283 [2789, 3777] W) to 14 h post simulated competition (2906 [2414, 3398] W, 

difference -377 W). Peak power then increased from 14 h post to 24 h post (2985 [2467, 3403] 

W, difference +79 W) simulated competition.  

 

There was a condition by time interaction effect on YYIR1 distance (X2 (4) = 19.527, p < 

0.001). Distance ran decreased in CON and PLA at 14 h post COMP (CON; baseline, 741 [545, 

936] m; 14 h post, 648 [460, 835] m; difference, -93 m; PLA; baseline, 763 [553, 972] m; 14 

h post, 636 [440, 831] m; difference, -127 m), before increasing at 24 h post (CON; 14 h post, 

648 [460, 835] m; 24 h post, 720 [503, 936] m; difference, +72 m; PLA; 14 h post, 636 [440, 

831] m; 24 h post, 720 [508, 931] m; difference, +84 m). For A-LAC, distance was maintained 

from baseline to 14 h post (baseline, 664 [487, 840] m; 14 h post, 667 [493, 840] m; difference, 

+3 m) and then increased from 14 h post to 24 h post (14 h post, 667 [493, 840] m; 24 h post, 

781 [553, 1008] m; difference, +114 m). There were no effects on 20 m split times or 20 m 

total time. 
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Figure 6.3 Physical performance variables at Baseline, 14 h post and 24 h post for CON, PLA 

or A-LAC conditions (mean [95% CI]). A) CMJ height (cm); B) CMJ peak velocity (m.s-1); 

C) 20 m sprint time (s); and D) YYIRL1 distance (m). # Significant condition by testing time 

interaction (p < 0.05).  

 

Perceptual measures  
As measured using the NASA-TLX, there was an effect of time (Figure 6.4; X2 (2) = 8.419, p 

= 0.015) on PVT mental demand. There was also an effect of condition on self-rated PVT 

performance (X2 (2) = 11.291, p = 0.004) and effort (X2 (2) = 7.453, p = 0.024). For example, 

compared to CON (9.2 [8.4, 10.0] AU), self-rated PVT performance decreased in PLA (8.9 

[2.9, 14.9] AU; difference -0.3 AU), but increased in A-LAC (10.8 [10.2, 11.4] AU; difference 

+1.4 AU). There was an effect of time (X2 (2) = 6.637, p = 0.036) and condition (X2 (2) = 
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6.516, p = 0.038) on n-Back mental demand. Compared to CON (14.8 [13.7, 15.9] AU), mental 

demand was reduced in the A-LAC (13.7 [13.1, 14.3] AU; difference -1.1 AU) and PLA (13.3 

[12.7, 13.9] AU; difference -1.5 AU) conditions. For the Stroop, there was an effect of 

condition (X2 (2) = 12.901, p = 0.002) on mental demand. For example, compared to CON 

(12.9 [11.7, 14.1] AU), mental demand was lower in the A-LAC (10.7 [10.0, 11.4] AU; 

difference -2.2 AU) and PLA (10.6 [9.9, 11.3] AU; difference -2.3 AU) conditions. There were 

no other effects on NASA-TLX measures.  

 

 
Figure 6.4 NASA-TLX variables at Baseline, 14 h post and 24 h post for CON, PLA or A-

LAC conditions (mean [95% CI]). A) PVT mental demand (AU); B) Stroop performance (AU); 

C) n-Back mental demand (AU); and D) Stroop mental demand (AU). * Significant effect of 

testing time (p < 0.05); ** Significant effect of condition (p < 0.05). 
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There was a main effect of testing time on whole-body fatigue (Figure 6.5; (X2 (1) = 9.615, p 

= 0.002), soreness (X2 (1) = 22.622, p < 0.001), recovery (X2 (1) = 13.498, p < 0.001) and 

motivation (X2 (1) = 5.162, p = 0.02). There were no other effects on perceptual measures. 

 

 
Figure 6.5 Perceptual responses at Baseline, 14 h post and 24 h post for CON, PLA or A-LAC 

conditions (mean [95% CI]). A) Whole-body fatigue (AU); B) Soreness (AU); C) Perceptual 

recovery scale (AU); and D) Motivation. * Significant effect of testing time (p < 0.05). 

 

Physiological  
There was a main effect of collection time (Figure 6.6; X2 (2) = 29.481, p < 0.001) on the 

amount of cortisol in saliva. There was also a main effect of condition (X2 (2) = 35.906, p < 

0.001) on plasma tryptophan content. Plasma tryptophan was greater in A-LAC (6.200 [4.482, 

7.918] µg/mL) compared to CON (0.619 [0.364, 0.874] µg/mL) and PLA (1.238 [0.929, 1.547] 

µg/mL) conditions. There was also a main effect of condition (Figure 6.6; X2 (2) = 33.835, p 

< 0.001) on Trp:LNAA. The Trp:LNAA was greater in A-LAC (0.031 [0.023, 0.039]) 

compared to CON (0.005 [0.003, 0.007]) and PLA (0.007 [0.006, 0.009]) conditions. 
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Figure 6.6 Physiological variables for CON, PLA or A-LAC conditions (mean [95% CI]). A) 

Salivary cortisol (µg/dL) over time (baseline to 60 min); B) Plasma Trp:LNAA; and C) Plasma 

tryptophan (µg/dL). *Significant effect of testing time (p < 0.05); ** Significant effect of 

condition (p < 0.05). 
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6.6 Discussion 
The primary aims of the present study were to determine the efficacy of ɑ-lactalbumin 

supplementation to improve sleep, as well as physical and cognitive performance recovery 

following simulated evening competition in female athletes. This study is the first to 

demonstrate that acute A-LAC supplementation may provide improvements in some sleep 

characteristics, specifically, an increase in the percentage of time spent in NREM2 while 

positively retaining both NREM1 and NREM3, following simulated evening competition. A-

LAC supplementation also prevented reductions in intermittent-sprint performance, and 

reduced ratings of mental effort and mental demand during cognitive tasks compared to whey 

protein isolate placebo and water control. Accordingly, A-LAC could be a useful supplement 

for athletes to consume following evening competition or training sessions to improve sleep 

and next day performance recovery.  

 

Although there was a reduction in TST for all conditions following the simulated evening 

competition, A-LAC supplementation led to positive alterations in sleep stages. Specifically, 

A-LAC supplementation led to a significant increase in the percentage of time spent in NREM2 

following simulated evening competition, compared to a reduction in the percentage of time 

spent in NREM2 for the CON and PLA conditions. It is possible that this difference in NREM2 

was driven by a lower percentage of time spent in this sleep stage proceeding simulated 

competition. However, the results indicate that there were no significant differences between 

conditions when compared at this preceeding timepoint. It is suggested that NREM2 may be 

necessary for motor learning34 and memory consolidation.35 For example, NREM2 is 

characterised by an increase in sleep spindles (i.e., bursts of neural oscillatory activity), and it 

is this sleep spindle activity that is associated with the integration of new information in 

existing knowledge.35 Therefore, the additional NREM2 sleep obtained following A-LAC 

supplementation may assist with the ongoing motor learning and cognitive adaptation required 

by athletes, especially those playing cognitively demanding and skill-based sports.  

 

A-LAC supplementation also retained both NREM1 and NREM3. Retention of these stages, 

particularly NREM3, without a decrement in NREM2 (as was observed in the CON and PLA 

conditions) may be advantageous for athletes. NREM3 sleep is considered to represent the 

daily processes of recovery.36 Parasympathetic activation during NREM3 results in the 

circadian daily lowest HR, blood pressure, core temperature, respiratory rate and energy 
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utilisation.37 In comparison, growth hormone (GH) secretion is highest during NREM3, which 

may aid in neural and peripheral cellular restoration.36, 37 These processes may be especially 

important for athletes requiring accelerated cellular repair to peripheral muscle damage. We 

also propose that the increase in plasma Trp:LNAA following A-LAC supplementation may 

have led to a greater amount of tryptophan crossing the blood brain barrier, increasing the 

synthesis of serotonin (5-hydroxytryptamine; 5-HT) in the brain, ultimately resulting in these 

improved sleep characteristics. These results are supported by the findings from Markus et al,12 

who demonstrated a 130% increase in Trp:LNAA, as well as greater morning alertness and 

measures of attention following evening A-LAC in healthy males. Considering A-LAC 

supplementation appears to improve NREM2 sleep, and positively retain NREM1 and NREM3 

sleep essential for physiological function, athletes may benefit from consuming A-LAC 

following evening competition or training exercise to assist with sleep, and physical and 

cognitive performance recovery. 

 

Acute supplementation of A-LAC improved the recovery of YYIR1 physical performance at 

14 h post simulated evening competition compared to the CON and PLA conditions. To our 

knowledge, this is the first study to demonstrate an improvement in a measure of physical 

performance recovery following an acute sleep intervention. Previous sleep interventions (as 

reviewed by Bonnar et al.)38 have found no significant improvements in physical and cognitive 

performance recovery, despite improvements in sleep characteristics.3,39 The only instance of 

improvements in physical performance following a sleep intervention was following a 5–7-

week sleep extension.40 Mah and colleagues demonstrated that a sleep extension intervention 

where basketballers were encouraged to obtain a minimum of 10 hours in bed with napping led 

to improved shooting accuracy and improved sprint time.40 However, unlike the present study 

which utilised a control condition, Mah and colleagues did not implement a control group 

within their study design.  

 

The study from Mah and colleagues also demonstrated an improvement in PVT performance.40 

Although acute A-LAC supplementation did not improve cognitive performance compared to 

the other conditions, it did reduce the mental demands associated with the cognitive 

performance assessments. Furthermore, both the A-LAC and PLA conditions resulted in 

reduced perceived soreness at all time points compared to control. Overall, the findings from 

the present study suggest that it may be beneficial for athletes to consume A-LAC following 

evening exercise to improve sleep characteristics, and physical and perceptual performance 
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recovery outcomes. Importantly, unlike pharmacological treatments (e.g., benzodiazepines),41 

there were no detrimental effects on sleep characteristics or ‘hangover’ effects on next-day 

physical or cognitive performance following A-LAC supplementation.  

 

As discussed, there was a deterioration in TST the night immediately after simulated 

competition compared to previous night, largely due to a delayed bedtime. Although similar 

findings have previously been observed in applied football settings,6 the present study is the 

first to demonstrate the impacts of simulated evening competition on PSG measured sleep in a 

controlled laboratory-based environment. For example, Fullagar and colleagues observed a 

reduction in TST of 181 min after night football matches compared to regular training days (p 

< 0.001, d = 4.31).3 This particular study assessed sleep using actigraphy watches, and the 

applied setting meant that the competition demands were multi-faceted (i.e., cognitive and 

physical demands during and post competition). In comparison, the present study utilised a 

simulated competition, focused on replicating the physical demands of team sport competition. 

Therefore, it is possible that the present study is mostly a reflection of the change in sleep that 

is a result of the physical demands of team sport competition. 

 

The present study attempted to account for some of the variance in sleep parameters that may 

occur during different phases of the menstrual cycle.42 However, the self-reported methods 

used may lead to misclassification of menstrual phase due to the daily hormone fluctuations, 

as well as the high variability among women in length of menstrual phases.19 In addition, 

although food intake during experimental sessions was monitored, only the evening meal 

consumed alongside the intervention was standardised. Future studies should attempt further 

dietary control of all meals and snacks during experimental sessions. The present study also 

observed the impact of each condition over one night only. Future studies should complete a 

similar laboratory-based study but with a chronic intervention in order to observe the potential 

effects of multiple doses. Further work investigating a mixed-methods approach (i.e., A-LAC 

and sleep hygiene strategies, or A-LAC and sleep extension) is also warranted. Finally, we 

selected cognitive tests of three min in duration due to logistical issues surrounding the overall 

testing duration for the performance testing sessions. It may be beneficial in future studies to 

extend the duration of some of the protocols to examine cognitive fatigue-induced effects, 

which did not occur with our protocol. 
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6.7 Conclusion  

This is the first study to show that consuming A-LAC after a simulated evening competition 

can improve both sleep characteristics, together with physical and cognitive performance 

recovery. The demonstrated increase in plasma Trp:LNAA following A-LAC may also offer 

an insight into the mechanisms behind the improved sleep characteristics that were observed. 

Based upon these findings, A-LAC supplementation could be used by athletes to improve sleep 

and performance recovery following evening training or competition. Consuming A-LAC 

following evening exercise may be useful during competition situations that involve short 

turnarounds between games, as well as congested competition schedules. Based on these 

promising results, further research on the efficacy of A-LAC supplementation during situations 

that are known to impair athlete sleep, such as travel and demanding competition schedules, 

should be conducted.  
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Chapter Seven: Discussion of Thesis 
  



 
  

136 

7.1 Thesis summary 

Overall, the findings within this body of work advance the knowledge of female athlete sleep. 

This thesis comprised four studies, including a systematic review and meta-analysis of the 

current literature (Chapter Three), an observational study of elite female athlete and control 

sleep (Chapter Four), a perspectives survey on the sleep knowledge and practices implemented 

by coaches and staff (Chapter Five), and a laboratory-based nutritional intervention study 

(Chapter Six). Chapter Four involved the sleep monitoring of a cohort of elite female basketball 

and soccer athletes, as well as a cohort of non-athletic age and gender matched controls. The 

sleep knowledge, practices and sleep hygiene recommendations being provided by team sport 

coaches and sports science support staff were examined in Chapter Five. Finally, using the 

knowledge gained from the first three studies of this thesis, Chapter Six assessed the efficacy 

of the whey protein a-lactalbumin to improve sleep and performance recovery following 

simulated evening competition.  

 

The studies presented in this thesis were conducted to increase the understanding of the 

challenges faced by elite female athletes to their sleep. In addition, the final study of the thesis 

provides an easy to implement intervention designed to assist with sleep and performance 

recovery during periods when sleep may be disturbed. The contribution of knowledge from 

this thesis broadly fits into three main areas: (1) the habitual sleep, and situations that can 

impair sleep, of elite female athletes; (2) the sleep knowledge and practices of team sport 

coaches and support staff; and (3) the efficacy of a-lactalbumin to improve sleep and 

performance recovery in female athletes.  

 

7.2 Habitual sleep, and situations that can impair sleep 

Synthesising and developing the knowledge base on female athlete sleep is of growing 

importance, as other recent reviews on athlete sleep have substantiated.1-3 In Chapter Three, 

we identified that elite female athletes are achieving satisfactory objective sleep quantity (7.8 

h [95% CI 7.4, 8.2], recommended 7-9 h4) and quality (86.7% [95% CI 84.7, 88.6%], 

recommended >85%5) during habitual periods, yet report a high prevalence of subjective sleep 

complaints. Despite these findings, the review identified a number of methodological concerns 

that may influence the interpretation of the low-quality habitual evidence base. This includes a 

lack of consistency and validity in sleep assessment tools, low participant numbers, short 

duration studies, and limited control of menstrual cycle phase. The current evidence also 
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indicates female athletes can experience post-training sleep disturbances, pre-competition 

sleep complaints, and post-competition sleep disturbances and altered sleep-wake patterns. 

However, there are still some glaring gaps in this situational knowledge, for example: limited 

studies on the impact of travel and training demands on sleep; a lack of evidence exploring the 

comparison of female athlete sleep outcomes to a general population cohort; and limited 

diversity in the sport disciplines represented in the current sleep data. 

 

As previous evidence summarises, it is not clear whether there is a difference in sleep 

inadequacy between elite athletes and non-athletic general population individuals.2 In this 

thesis, Chapter Four identified that habitual sleep characteristics were different both between 

elite basketball and soccer athletes and non-athletic controls, and between athletes from 

different sports. In addition, Chapter Four identified that during competition, basketball and 

soccer athletes experience different sleep quantity and sleep-wake patterns following home and 

away games, highlighting the need for individualised sleep strategies.  

 

Overall, the findings from Chapter Three and Four clearly identified a need for an intervention 

to improve the sleep of female athletes. To help guide the focus of the intervention, Chapter 

Five explored the current landscape of sleep recommendations and knowledge provided to 

athletes by coaches and support staff.  

 

7.3 Sleep knowledge and practices of coaches and support staff 

To date, athlete research has focused largely on characterising the sleep quantity and quality of 

team-sport athletes,6-8 as well as implementing sleep hygiene interventions.9-11 In comparison, 

Chapter Five took a broader view, and explored what sleep practices and sleep hygiene 

recommendations were being provided to athletes by team sport coaches and sports science 

support staff. Eighty-six Australian coaches and sports science support staff working within 

high performance team sport completed an online questionnaire to assess their sleep hygiene 

knowledge and record the sleep monitoring and sleep hygiene practices they implement in their 

current role within high performance team sport. This study demonstrated that coaches and 

support staff have adequate overall sleep hygiene knowledge, yet most do not implement sleep 

monitoring or sleep hygiene practices with their athletes. The major barriers coaches and 

support staff reported to the more frequent implementation of sleep monitoring and sleep 

hygiene practices were a lack of resources and knowledge.  
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In addition to the central findings, Chapter Five identified that most coaches and support staff 

don’t believe training schedules affect the sleep of the athletes they work with, despite 

empirical evidence demonstrating training schedules can negatively influence sleep.12,13 

Chapter Five also highlighted that those working with female athletes do not believe domestic 

travel and night competition influence the sleep of their athletes. It is possible that the limited 

evidence in female athlete populations for these situational challenges, particularly for the 

impact of travel on female athlete sleep, may be influencing coach and staff perceptions. 

Overall, the findings from this survey influenced the direction Chapter Six, which explored the 

efficacy of α-lactalbumin to improve sleep and performance recovery following simulated 

evening competition in female athletes.  

 

7.4 a-lactalbumin to improve sleep and performance recovery 

Despite the identified negative impact of evening competition on sleep in female athletes from 

Chapter Three,14-17 there is limited evidence on interventions that may assist with sleep and 

performance recovery in athletes. To date, the focus of athlete sleep interventions has been on 

sleep hygiene strategies. However, used alone, these strategies may not be effective enough to 

combat the heightened arousal associated with elite sport. Evidence gleaned from Chapter Five 

also indicated that female athletes may not be as receptive to sleep hygiene recommendations 

as their male counterparts. Based on these findings, Chapter Six was designed to investigate 

the efficacy of an intervention that was easy for athletes to implement and had the potential to 

improve both sleep and performance recovery following evening competition. 

 

The consumption of whey protein post-exercise and pre-sleep has recently been found to 

enhance overnight recovery.18 The whey protein α-lactalbumin is high in tryptophan, which is 

involved in sleep regulation through the synthesis of serotonin in the brain, and melatonin in 

the intestines.19 Although previous α-lactalbumin research in athletes has not found it to be 

effective at changing sleep parameters,20, 21 in healthy males, it has been shown to increase 

Trp:LNAA by 130%22 and increase total sleep time and efficiency.23 Therefore, based on this 

mechanistic theory and the data collected in Chapters Three to Five, the aim of Chapter Six 

was to determine the efficacy of a-lactalbumin to improve sleep and physical and cognitive 

performance recovery following a simulated evening competition in female athletes. 
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Sixteen trained females were recruited to participate in a randomised double-blind three-arm 

crossover study. The participants completed a simulated evening competition before 

consuming either an α-lactalbumin, whey protein placebo or water control beverage. Following 

this, sleep was monitored via polysomnography and the participants completed a series of 

physical, cognitive and perceptual assessments before, and 14 and 24 h post simulated 

competition. This study demonstrated that α-lactalbumin can provide improvements in sleep 

characteristics, specifically, an increase in the percentage of time spent in NREM2 while 

retaining both NREM1 and NREM3, following simulated evening competition. The study also 

showed an increase in plasma Trp:LNAA following α-lactalbumin, which may have led to a 

greater amount of tryptophan crossing the blood brain barrier, increasing the synthesis of 

serotonin in the brain, ultimately resulting in these improved sleep characteristics. With respect 

to performance recovery, Chapter Six found that α-lactalbumin prevented reductions in 

intermittent-sprint performance, and reduced ratings of mental effort and mental demand 

during cognitive tasks compared to whey protein isolate placebo and water control. Therefore, 

based on the findings from Chapter Six, it is proposed that α-lactalbumin may be a useful 

supplement for athletes to consume following evening competition or training sessions to 

improve sleep and next day performance recovery.  

 

7.5 Practical applications 

Collectively, this series of investigations has identified different situations that may impair the 

sleep of female athletes. In addition, this thesis presents potential avenues that could help 

female athletes’ sleep, from improving staff sleep knowledge to the implementation of a novel 

nutritional intervention. A summary of the practical applications from this body of work is 

provided below.  

• Female athletes need to focus on maintaining current sleep quantity and quality during 

habitual periods such as the off-season and regular training. 

• Coaches and sports science support staff should monitor individuals sleep around 

training and competition situations so they can be aware of what causes sleep 

disturbances and intervene when appropriate. 

• Due to female athletes suboptimal in-competition sleep, sleep screening should be 

conducted alongside other routine in-season physical and medical assessments so that 

appropriate and individualised interventions can be implemented. 
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• Practitioners should provide female athletes with a tool kit of targeted sleep strategies, 

such as napping during the day and improving sleep hygiene, to assist them with 

scenarios that impair sleep during a competition season (i.e. early morning training 

sessions and away games). 

• Athletes should consider the concept of periodising sleep surrounding competition. For 

example, if sleep may be disturbed on the day before and day of games, athletes should 

look to increase day and night-time sleep opportunities leading into and following these 

periods. 

• The development of coach and support staff-focused educational sleep resources could 

be used to deliver effective sleep monitoring and sleep hygiene practices to athletes and 

promote peer knowledge transfer. 

• Coaches and staff who work with female athletes should focus more on athlete 

engagement to ensure the sleep recommendations they provide are effective. 

• a-lactalbumin supplementation could be used following evening training or 

competition, or during competition that involve short turnarounds between games, to 

improve sleep and performance recovery. 

 

7.6 Limitations 

Chapter Three 

• The review did not determine publication bias, and therefore, it is possible that the 

included studies are a biased sample of all the relevant studies (e.g. the study selection 

doesn’t include unpublished data), and the mean effects computed for sleep variables 

reflect this bias.  

• The initial screening of titles and abstracts were conducted by one author, and only 

articles published in English and in peer-reviewed journals were included. 

 

Chapter Four 

• Due to the logistics of the respective competition seasons, not all situations could be 

accounted for in the data analysis (i.e. day or night games, and regular or double header 

rounds).  

• The differences observed between groups for habitual sleep and home and away 

situations were generally small to medium (i.e. effect sizes between 0.2-0.5 and 0.5-
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0.8), therefore the clinical meaningfulness of these findings needs to be considered by 

practitioners working with female athletes. 

• The self-reported methods used to classify menstrual cycle phase may lead to 

misclassification due to the daily hormone fluctuations, as well as the high variability 

among women in length of menstrual phases.  

• Because of a lack of consistency in the collection of subjective and objective training 

load variables across the respective soccer and basketball seasons, there was no 

consideration of training load in the data analysis. 

 

Chapter Five 

• The SBS used to assess sleep hygiene knowledge has not been validated for use with 

this population, and the threshold used to define adequate and inadequate knowledge is 

also not based upon the SBS, rather a different questionnaire with a comparable scale.  

• The SBS represents just one example of sleep hygiene recommendations in existence, 

and various other slightly different iterations of ‘sleep hygiene’ exist. As such, caution 

should be shown when generalising the sleep hygiene knowledge results beyond those 

described in the present study.  

• Coaches and support staff who participated in this study were recruited through a 

convenience sample of high performance team sports and as such, the results may not 

be generalisable to all coaches and support staff involved at all levels and sports.  

• The survey was not tailored to specific sports with respect to timing of games, travel 

and training. Therfore, it is possible that some of the coaches and support staff may not 

experience aspects of these situational challenges that impact sleep.  

 

Chapter Six 

• The self-reported methods used to classify menstrual cycle phase may lead to 

misclassification due to the daily hormone fluctuations, as well as the high variability 

among women in length of menstrual phases.  

• Only the evening meal consumed alongside the intervention was standardised, therefore 

lack of full dietary control during experimental conditions may have impacted the 

results. 
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• Cognitive tests of three min in duration were selected due to logistical issues 

surrounding the overall testing duration for the performance testing sessions. This may 

have impacted the ability to explore cognitive fatigue effects.  

 

In addition to the specific limitations within each Chapter, there are a number of general 

limitations that should also be declared. For example, the results of Chapters Four and Five are 

specific to the populations in which the studies were conducted, potentially decreasing 

transferability to other athletic or coach and staff populations. In addition, due to the practical 

nature of Chapter Four, it was not possible to control all potentially confounding variables, 

such as device use, sleeping conditions, and caffeine and supplement consumption. The results 

obtained in Chapter Four are therefore typical of real-world sporting situations. Finally, the 

sleep patterns in the sleep laboratory during Chapter Six may not be indicative of sleep in the 

participants’ usual home sleeping environment. 

 

7.7 Future research directions 

The findings of this thesis provide a foundation for further research to identify risk factors for 

sleep disturbance in female athletes, as well as explore interventions to improve sleep for this 

population. Future research may examine: 

• The inter-individual nature of female athlete sleep during both habitual conditions, and 

periods of situational challenge (e.g. travel, training and competition). 

• Potential impact of situational differences on sleep for female athletes (e.g. work 

commitments, travel conditions). 

• Whether greater sleep knowledge in coaches and support staff leads to more frequent, 

and effective, imparting of this knowledge with athletes. 

• If focusing on athlete engagement helps improve the effectiveness of the sleep 

recommendations coaches and support staff provide to their female athletes. 

• The sleep knowledge and practices of coaches and support staff who work with 

individual sport athletes. 

• Athlete sleep knowledge and practices, as well as their interest in implementing sleep 

recommendations from coaches and support staff.  

• The efficacy of a-lactalbumin to improve sleep and performance recovery during a 

competition season (i.e. field-based study design). 
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• The impact of chronic supplementation of ɑ-lactalbumin to improve sleep and 

performance recovery. 

• Whether there is a dose response (e.g. 20 v 30 v 40 g) of ɑ-lactalbumin on sleep and 

performance recovery outcomes. 

• The interaction of a-lactalbumin supplementation with other nutrients (e.g. 

carbohydrate). 

 

7.8 Conclusion  
The aim of this thesis was to systematically review the current research on female athlete sleep, 

and contribute knowledge through targeted observational studies, as well a randomised 

controlled trial investigating the efficacy of α-lactalbumin supplementation to improve sleep. 

Overall, the body of work presented highlights the suboptimal objective and subjective sleep 

female athletes can experience during habitual conditions, as well as pre- and post- situational 

challenges such as training and competition. In addition, this thesis has identified practical 

avenues that could help improve the sleep of female athletes, including developing coach and 

sports science support staff sleep knowledge, and supplementing with α-lactalbumin pre-bed 

to improve sleep and performance recovery. The breadth of areas covered in this thesis provide 

a foundation for further research into evaluating and improving the sleep of female athletes.  
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University policy states that all research data must be stored securely, on University premises, for a minimum 
of five years.  You must ensure that all records are transferred to the University when the project is complete. 

Contact details 
and notification 
of changes: 

All email contact should use the UC email address. You should advise the Committee of any change of 
address during or soon after the approval period including, if appropriate, email address(es). 

 
Yours sincerely 
Human Research Ethics Committee  
 

 

Maryanne Simpson 
Research Ethics & Integrity 
Research Services  
T (02) 6206 3916  
E maryanne.simpson@canberra.edu.au  
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How Do the Habitual Sleep Patterns of Elite Female Basketball and
Soccer Athletes Compare With the General Population?

Kathleen H. Miles, Brad Clark, Jocelyn K. Mara, Peter M. Fowler, Joanna Miller, and Kate L. Pumpa

Purpose: To compare the habitual sleep of female basketball and soccer athletes to age- and sex-matched controls and to
characterize the sleep of basketball and soccer athletes at different competition locations and on the days surrounding
competition. Methods: Using an observational case–control design, 41 female participants were recruited to participate,
consisting of 11 basketball athletes (mean [SD]: age = 24.1 [4.9] y), 10 soccer athletes (24.8 [6.4] y), and 20 nonathletic controls
(24.2 [2.8] y). Sleep was monitored using actigraphy for four 7-day periods throughout the preseason and subsequent competition
season. Generalized linear models were used to analyze the effect of group and competition situation (eg, Home or Away) on
sleep. Results: During habitual conditions, basketball athletes had longer sleep durations (7.4 [1.5] h) than soccer athletes (7.0
[1.2] h, P < .001) and controls (7.3 [1.2] h, P = .002). During competition, basketball and soccer athletes had longer sleep
durations following home (7.7 [1.7] and 7.2 ± 1.3 h) compared with away games (6.8 [1.8] and 7.0 [1.3] h). In addition,
basketballers went to bed earlier (23:49 [01:25]) and woke earlier (07:22 [01:59]) following away games compared with soccer
athletes (00:10 [01:45] and 08:13 [01:45]).Conclusions: Basketballers had longer habitual sleep durations compared with soccer
athletes and nonathletic controls. During competition, basketballers had earlier bed and wake times compared with soccer athletes
following away games, highlighting the need for individualized sleep strategies.

Keywords: Actigraphy, women, team sport, fatigue, recovery

Sleep is an integral component in the preparation for, and
recovery from, athletic training and competition.1 However, recent
research indicates that elite athletes have suboptimal habitual sleep
patterns and habits,2 in addition to regularly encountering sport-
speci!c situational challenges to sleep, such as competition sche-
dules3 and travel demands.4 For athletes, risk factors for poor sleep
may also include those considered toQ1 negatively in"uence the sleep
of nonathletic individuals, such as the female sex.5,6 For example,
compared with their male counterparts, a cohort of elite female
athletes reported experiencing more lifelong sleep problems, such
as dif!culty falling asleep and nocturnal waking.7 There remains
however, limited published data on sleep in female athletes. To
enable practitioners to provide effective and targeted sleep support
for female athletes, habitual and competition sleep must !rst be
characterized to identify speci!c situations that can impair sleep for
this population.

Although there has been recent discussion surrounding the
issue,2 whether a causal relationship exists between elite sport
participation and poor sleep remains to be elucidated. For example,
there is still limited evidence demonstrating that sleep inadequacy
is actually more prevalent in elite athletes than the general popula-
tion.1,8–10 Of this evidence, only one study reports the results of an
objective comparison between female athletes and an age- and sex-
matched control group. The study reported that soccer athletes’
sleep duration was 38 minutes longer than the controls’.10 Despite
the suggestion of superior sleep in this cohort of soccer athletes, the

study reports assessing their sleep at different times during the
season, thereby increasing the potential for variation in habitual
sleep characteristics for the athlete group.

At present, the vast majority of sleep research is in male athlete
populations and does not demonstrate the impact that situational
challenges may have on the sleep of female athletes who may
already be at an increased risk of sleep problems based on general
population evidence.5,6 Although the exact reasons are not yet
known, it is suggested that the misalignment between circadian
rhythms (eg, core body temperature minimum and pineal melatonin
secretion) and sleep–wake behavior,11 high prevalence of depres-
sion and anxiety,12 and ovarian steroid hormones13 may be poten-
tial reasons for an increased risk of sleep problems in females. In
addition, in male athletes, postcompetition sleep loss can impair
physiological, cognitive, and perceptual recovery.14 Considering
the sex differences in physiological responses to exercise and
recovery,15 direct applications of these !ndings to female athletes
are limited.

Therefore, the aims of the research were to (1) compare the
habitual sleep of elite female basketball and soccer athletes to an
age- and sex-matched population and (2) characterize the sleep and
perceptual recovery of elite female basketball and soccer athletes at
different competition locations and on the days surrounding
competition.

Methods
Subjects
A total of 41 female participants were recruited to participate in this
study consisting of 11 elite basketball athletes (mean [SD]: age =
24.1 [4.9] y; mass = 85.7 [10.6] kg; stature = 188.9 [5.5] cm), 10
elite soccer athletes (age = 24.8 [6.4] y; mass = 67.0 [7.3] kg;
stature = 170.5 [6.6] cm), and 20 age- and sex-matched nonathletic

Miles, Clark, Mara, and Pumpa are with the Research Inst for Sport and Exercise,
University of Canberra, Canberra, ACT, Australia. Mara and Pumpa are also with
the Discipline of Sport and Exercise Science, Faculty of Health, University of
Canberra, Canberra, ACT, Australia. Fowler is with the School of Exercise and
Nutrition Sciences, Queensland University of Technology, Brisbane, ACT, Aus-
tralia. Miller is with the AIS Operations, Australian Inst of Sport, Bruce, Canberra,
ACT, Australia. Miles (Kathleen. Miles@canberra.edu.au) is corresponding author.Q2

1

International Journal of Sports Physiology and Performance, (Ahead of Print)
https://doi.org/10.1123/ijspp.2021-0189
© 2021 Human Kinetics, Inc. ORIGINAL INVESTIGATION
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Objectives: ! The ! primary ! aims ! of! the! present ! study ! were ! to ! assess ! the ! sleep ! hygiene ! knowledge ! of! high
performance ! team ! sport ! coaches ! and ! sports ! science ! support ! staff; ! the! sleep ! practices ! these ! individuals
implement ! with ! athletes; ! and ! the ! barriers ! to ! the ! more ! frequent ! use ! of! these ! practices.
Design:! Cross-sectional ! observational ! study.
Methods:! A! sample ! of! 86! Australian ! coaches ! and ! sports ! science ! support ! staff ! working ! within ! high ! perfor-
mance ! team ! sport ! volunteered ! to ! complete ! a ! four-part ! questionnaire, ! including ! the ! Sleep ! Beliefs ! Survey
used ! to ! assess ! sleep ! hygiene ! knowledge.
Results:! Overall ! sleep ! hygiene ! knowledge ! was ! adequate ! (15.3 ! ±! 2.9, ! score ! range ! 0–20;! mean ! ±! SD), ! how-
ever ! knowledge ! of ! sleep–wake ! cycle ! behaviours ! (score ! 4.9 ! ±! 1.6 ! out ! of! 7)! and ! thoughts ! and ! attitudes
about ! sleep ! (3.6! ± ! 1.0 ! out ! of ! 5) ! were ! inadequate. ! Over ! half ! (56%) ! of! coaches ! and ! support ! staff ! had ! mon-
itored ! athlete ! sleep, ! while ! 43% ! had ! promoted ! sleep ! hygiene. ! Lack ! of! resources ! (response ! range ! 44–60%)
and ! knowledge ! (16–41%) ! were ! the ! two ! main ! barriers ! to ! the ! implementation ! of! sleep ! monitoring ! and
sleep ! hygiene ! practices.
Conclusions:! Team ! sport ! coaches ! and! sports ! science ! support ! staff ! have ! adequate ! overall ! sleep ! hygiene
knowledge, ! yet ! some ! specific ! areas ! (e.g. ! sleep–wake ! cycle ! behaviours) ! warrant ! improvement. ! There
appear ! to ! be! limited ! sleep ! practices ! implemented ! with ! athletes, ! particularly ! regarding ! the ! promotion ! of
sleep ! hygiene. ! The ! development ! of ! educational ! sleep ! resources ! for ! coaches ! and ! support ! staff ! to ! implement
with ! athletes ! may ! help ! address ! the ! identified ! barriers ! and ! improve ! sleep ! knowledge.

©! 2019! Sports ! Medicine ! Australia. ! Published ! by ! Elsevier ! Ltd. ! All ! rights ! reserved.

Practical! implications

• Coaches ! and! support! staff! should! increase! their! focus! on! rou-
tine ! sleep! assessment,! utilising! recently! validated! sleep! resources
designed ! to! identify! athletes! with! sleep! concerns.

• The! development! of! coach! and! support! staff! focused! educational
sleep ! resources! could! be! used! to! deliver! effective! sleep! moni-
toring ! and! sleep! hygiene! practices! to! athletes! and! promote! peer
knowledge ! transfer.

• It ! may ! be! beneficial! for! coaches! and! support! staff! who ! work! with
female ! athletes! to! focus! more! on! athlete! engagement! to! ensure
the ! sleep! recommendations! they! provide! are! effective.

! Corresponding! author.
E-mail! address:! Kathleen.Miles@canberra.edu.au! (K.H.! Miles).

1.! Introduction

Sleep! is! essential! for! optimal! health,1 performance2 and
recovery.3 While! most! athletes,! coaches! and! support! staff! recognise
the! importance! of! sleep,4,5 evidence! suggests! high! performance
athletes! can! experience! habitual! impairments! to! sleep! quality! and
quantity.6 Athlete! sleep! can! also! be! particularly! susceptible! to! the
situational! stressors! of! training,7 competition8 and! travel.9 To! ame-
liorate! these! sleep! concerns,! behavioural! sleep! education! and! sleep
hygiene! strategies! have! been! shown! to! be! beneficial.10–12 Despite
the! need! for,! and! benefits! of,! athlete! sleep! education,! information
regarding! the! sleep! interventions! and! recommendations! provided
by! coaches! and! support! staff,! who! have! a! crucial! role! in! provid-
ing! behavioural! and! performance-related! advice! to! athletes,13 is
lacking.! For! example,! although! there! is! a! call! for! greater! sleep! mon-
itoring! of! athletes,7,14,15 there! is! no! empirical! evidence! detailing
how! often! it! is! conducted! and! by! what! method.! Whether! coaches

https://doi.org/10.1016/j.jsams.2019.01.008
1440-2440/©! 2019! Sports! Medicine! Australia.! Published! by! Elsevier! Ltd.! All! rights! reserved.
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!-Lactalbumin Improves Sleep and Recovery
After Simulated Evening Competition in
Female Athletes

KATHLEEN H.AQ1 MILES1,2, BRAD CLARK1, PETER M. FOWLER3, MADELEINE J. GRATWICKE1, KRISTY MARTIN1,2,
MARIJKE WELVAERT1, JOANNA MILLER4, and KATE L. PUMPA1,2

1Research Institute for Sport and Exercise, University of Canberra, Canberra, AUSTRALIA; 2Discipline of Sport and Exercise
Science, Faculty of Health, University of Canberra, Canberra, AUSTRALIA; 3School of Exercise and Nutrition Sciences,
Queensland University of Technology, Brisbane, AUSTRALIA; and 4AIS Operations, Australian Institute of Sport, Bruce,
Canberra, AUSTRALIA

ABSTRACT

MILES, K. H., B. CLARK, P. M. FOWLER, M. J. GRATWICKE, K. MARTIN, M. WELVAERT, J. MILLER, and K. L. PUMPA.
!-Lactalbumin Improves Sleep and Recovery After Simulated Evening Competition in Female Athletes. Med. Sci. Sports Exerc.,
Vol. 53, No. 12, pp. 00-00, 2021. Purpose: This study aimed to determine the efficacy of !-lactalbumin (A-LAC) supplementation for im-
proving sleep and performance recovery after simulated evening competition in female athletes.Methods: Sixteen trained women (mean ± SD:
age, 27 ± 7 yr; mass, 62 ± 10 kg; stature, 167 ± 8 cm) participated in this randomized double-blind three-arm crossover study. Participants com-
pleted a simulated evening competition before consuming either an A-LAC whey protein, whey protein placebo (PLA), or water control (CON)
beverage. Sleep was monitored via polysomnography, and participants completed a series of physical, cognitive, and perceptual assessments be-
fore, and 14 and 24 h after simulated competition. Results: Non–rapid eye movement stage 2 sleep increased after competition in A-LAC (pre,
199 ± 44min; post, 212 ± 37min) but decreased in CON (pre, 228 ± 43min; post, 195 ± 40min) and PLA (pre, 224 ± 25min; post, 211 ± 35min;
P = 0.012). In addition, Yo-Yo Intermittent Recovery Test Level 1 distance improved over time in A-LAC (baseline, 664 ± 332 m; 14 h post,
667 ± 326 m; 24 h post, 781 ± 427 m) compared with CON (baseline, 741 ± 366 m; 14 h post, 648 ± 351 m; 24 h post, 720 ± 407 m) and
PLA (baseline, 763 ± 394 m; 14 h post, 636 ± 366 m; 24 h post, 720 ± 396 m; P < 0.001).Conclusions: The findings indicate that A-LAC sup-
plementation may be useful for retaining some sleep characteristics after evening competition, leading to improved physical performance in fe-
male athletes. Key Words: PROTEIN, SLEEP QUALITY, POLYSOMNOGRAPHY, FEMALE ATHLETE

Emerging evidence suggests high-performance athletes
experience inadequate sleep after evening competition
(1–3). For example, in the European Football Champions

League, evening football games are often scheduled for kick-off
between 2000 and 2100, with athletes reporting reduced sleep
quantity compared with normal after these late-night finishes
(4). Anecdotal evidence also suggests that after these evening
games are played, athletes do not arrive back to the hotel until
midnight (5) or, in the case of women’s football away games,
may have to travel home throughout the night because of logistical
restraints. Ultimately, poor sleep after evening competition can
negatively affect cognitive, physiological (6), and perceptual (3)
recovery. These impairments are likely to influence an athlete’s

ability to prepare for subsequent competition andmay be ampli-
fied during periods of congested scheduling, such as the English
Premier League or Olympic Games, where athletes need to re-
cover quickly for the ensuing games within a matter of days.

Despite the negative impact of evening competition on
sleep in athletes, there is limited evidence on interventions that
may assist with sleep and performance recovery. For example,
a study conducted withmale football players found that a sleep
hygiene strategy enhanced sleep quantity, albeit without any
improvements in physical performance, perceptual recovery,
or markers of muscle damage and inflammation (7) after eve-
ning competition. In this instance, it is possible that the con-
straints of elite football, for example, high-intensity exercise
and cognitively demanding activities close to bedtime, and
the use of products containing caffeine in the period before
bedtime (8), result in a heightened arousal that cannot be com-
bated by an acute sleep hygiene intervention alone. In addition
to these constraints, evidence suggests female athletes may not
be as receptive to sleep hygiene recommendations as their
male counterparts (9). Therefore, there is a need for an inter-
vention that is accessible and easy for athletes to implement,
with the potential to improve both sleep and performance re-
covery after evening competition.

Address for correspondenceAQ2 : Kathleen H. Miles, Research Institute for Sport
and Exercise, University of Canberra, Bruce, ACT 2601, Australia; E-mail:
kathleen.miles@canberra.edu.au.
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Purpose 
The purpose of this review was to examine the sleep 
characteristics of elite female athletes and explore the 
impact of situational and gender-specific challenges to 
sleep for this population.  

Methods 
Studies reporting quantitative sleep outcomes for elite 
female athletes were located through a search of 
SPORTDiscus, MEDLINE and Scopus. The search 
strategy returned 407 records, of which 26 studies were 
included. Pooled calculations were performed on habitual 
sleep characteristics. 

Results 
Female athlete sleep patterns, sleep duration and sleep 
quality are under reported, and many studies do not 
report gender stratified sleep outcomes.  

During habitual conditions, sleep duration is at the lower 
end (7.5 ± 0.8 h; mean ± SD) of the recommended range 

(7-9 h) for adults, and subjective sleep quality is poor. 
Sleep disturbances and altered sleep-wake patterns 
appear common before and after a competition. The main 
gender-specific sleep challenge is mental health concerns. 

Conclusions 
The present review highlights the absence of studies 
using thorough and valid assessments to determine the 
sleep characteristics of female athletes. As a result, it is 
difficult to draw clinically useful conclusions from the 
current research. High-quality observational studies and 
randomised control trials under habitual and situational 
conditions with a variety of sports (i.e. individual and 
team) are required to address the limitations of the 
present evidence.  

Two critical areas requiring focus have also emerged, 
both of which have implications for performance and 
health:  

the influence of poor mental health on subjective 
sleep complaints; 

and the well-being and performance implications 
of post-competition sleep loss.

What are the sleep 
characteristics of elite female 
athletes? A systematic review 
Kathleen Miles 1, Brad Clark 1, Peter Fowler 2, Joanna Miller 3, Kate Pumpa 1, 4

1 Research Institute for Sport and Exercise, University of Canberra, Canberra, ACT, Australia; 2 Queensland University of 

Technology, Brisbane, QLD, Australia; 3 Department of Physiology, Australian Institute of Sport, Canberra, ACT, Australia; 
4 Faculty of Health, University of Canberra, Canberra, ACT, Australia

1 Gupta L, Morgan K, Gilchrist S. Does elite sport degrade sleep quality? A systematic review. Sports Med 2017;47(7):1317-1333.

of sleep data is on female 
athletes, while 83% on male 
athletes.1 How do you think 
w e c a n i m p r o v e t h i s 
balance?

17%

Poor subjective sleep

Difficulties falling 
asleep

Nocturnal awakening

Female athletes’ high levels of anxiety and depression are 
associated with: 
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Multi-response data with repeated measures: What are the pros and cons of a univariate 
analysis approach? 

Marijke Welvaert1 and Kathleen Miles2 
1 Statistical Consulting Unit, Australian National University 
2 Research Institute in Sport and Exercise, University of Canberra 

Multi-response data are often treated as separate univariate data sets, especially in the context 
of within-subject designs. Reason being that the classical multivariate analysis often cannot 
accommodate these designs as p > n. With multi-response GLMMs becoming available in R, 
the question is what the consequences are of analysing multi-response repeated measures 
data with univariate mixed models (e.g. inflated Type I error). If so, should we encourage 
researchers to upskill to more complex multivariate models. Our motivating example is a study 
using polysomnography (PSG). This type of study is a multi-parametric test used in the study of 
sleep and as a diagnostic tool in sleep medicine. The PSG generates different variables related 
to sleep quality (e.g. total sleep time, sleep latency, time spent in sleep phases). We simulated 
data based on a RCT study using PSG to determine whether a nutritional intervention improves 
sleep quality and recovery after an fatigue-inducing exercise protocol. We considered a within-
subject design with 3 conditions and 4 dependent variables. Simulated data were generated 
from a multivariate normal distribution. The variance-covariance matrix and means were 
extracted from the real data to provide realistic conditions. The simulated data were evaluated 
using three analysis approaches: univariate linear mixed models for each dependent variable, 
univariate linear mixed model with FDR correction and multi-response GLMM. In this talk, we 
will discuss the differences in Type I error and power for detecting an intervention effect 
between the three approaches. We will show that dependent on the expected effect size the 
multi-response GLMM may provide better power but that compared to the univariate approach 
the differences in power and Type I error rate are minimal for larger effect sizes. 
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ɑ-lactalbumin improves sleep and recovery following simulated evening competition 
 
Kathleen Miles1,2, Brad Clark1, Peter Fowler3, Madeleine Gratwicke1, Kristy Martin1,2, Marijke Welvaert1, Joanna Miller4, 

Kate Pumpa1,2 
1Research Institute for Sport and Exercise, University of Canberra, Canberra, ACT, Canberra; 2Discipline of Sport and 

Exercise Science, Faculty of Health, University of Canberra, Canberra, ACT, Australia; 3School of Exercise and Nutrition 
Sciences, Queensland University of Technology, Brisbane, QLD, Australia; 4Department of Physiology, Australian 

Institute of Sport, Canberra, ACT, Australia 
 

Objective: Determine the efficacy of α-lactalbumin (A-LAC) supplementation for improving sleep and performance recovery 
following simulated evening competition in female athletes. 
Methods: Sixteen female athletes (mean±SD; age 27±7 years; mass 62±10 kg; stature 167±8 cm) participated in this 
randomised double-blind three-arm crossover study. Participants completed a pre-competition familiarisation night of 
polysomnography (PSG) assessed sleep. They then completed an evening team sport competition simulation before 
consuming either A-LAC whey protein, a whey protein isolate placebo (PLA) or a water control (CON) beverage. Post-
intervention, blood was collected to assess the plasma ratio of Trp:LNAA (i.e. tryptophan to large neutral amino acids) and 
sleep was monitored via PSG. Participants also completed a series of physical assessments (e.g. Yo-Yo Intermittent 
Recovery Test Level 1 [YYIRL1]) at baseline, and 14 and 24 h post-simulated competition.  
Results: Total sleep time was 19±7 min (p=0.008) longer pre- compared to post-competition. Non rapid eye movement 
stage 2 sleep increased post-competition in A-LAC (pre 199±44 min; post 212±37 min) but decreased in CON (pre 228±43 
min; post 195±40 min) and PLA (pre 224±25 min; post 211±35 min; p=0.012). YYIRL1 distance was improved over time 
in A-LAC (baseline 664±332 m; 14 h post 667±326 m; 24 h post 781±427 m) compared to CON (baseline 741±366 m; 14 
h post 648±351 m; 24 h post 720±407 m) and PLA (baseline 763±394 m; 14 h post 636±366 m; 24 h post 720±396 m; 
p<0.001). Trp:LNAA was greater in A-LAC (0.031±0.02) compared to CON (0.005±0.004) and PLA (0.007±0.003; p<0.001) 
conditions. 
Conclusion: The findings indicate that A-LAC supplementation may be useful for retaining some sleep characteristics 
following evening competition, leading to improved physical performance in female athletes. Based upon these findings, 
A-LAC could be used by female athletes to improve sleep and performance recovery following evening competition. 
 
 
Discipline: Physiology 
Theme: New Insights into Female Exercise Physiology, Performance, and Coaching 
Previously Presented: This abstract has not yet been presented/published in anyway (at date of submission) 
Submitted on: 17-August-2020 
 
 

 
 



 
  

177 

Appendix A5 - Other Publications (General) 

Shirty Science, 2018 

 

 



 
  

178 

Appendix A5 - Other Publications (General) 

University of Canberra Three-Minute Thesis Final, 2018 

 

 



 
  

179 

Appendix A6 - Other Associated Publications 

 
 

nutrients

Review

Nutritional Interventions to Improve Sleep in Team-Sport
Athletes: A Narrative Review
Madeleine Gratwicke 1,2, Kathleen H. Miles 1, David B. Pyne 1 , Kate L. Pumpa 1,2 and Brad Clark 1,*

!"#!$%&'(!
!"#$%&'

Citation: Gratwicke, M.; Miles, K.H.;

Pyne, D.B.; Pumpa, K.L.; Clark, B.

Nutritional Interventions to Improve

Sleep in Team-Sport Athletes: A

Narrative Review. Nutrients 2021, 13,

1586. https://doi.org/

10.3390/nu13051586

Academic Editor: David C. Nieman

Received: 23 March 2021

Accepted: 7 May 2021

Published: 10 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Research Institute for Sport and Exercise, University of Canberra, Canberra 2617, Australia;
maddy.gratwicke@canberra.edu.au (M.G.); kathleen.miles@canberra.edu.au (K.H.M.);
David.Pyne@canberra.edu.au (D.B.P.); Kate.Pumpa@canberra.edu.au (K.L.P.)

2 Discipline of Sport and Exercise Science, University of Canberra, Canberra 2617, Australia
* Correspondence: brad.clark@canberra.edu.au

Abstract: Athletes often experience sleep disturbances and poor sleep as a consequence of extended
travel, the timing of training and competition (i.e., early morning or evening), and muscle soreness.
Nutrition plays a vital role in sports performance and recovery, and a variety of foods, beverages,
and supplements purportedly have the capacity to improve sleep quality and quantity. Here, we
review and discuss relevant studies regarding nutrition, foods, supplements, and beverages that
may improve sleep quality and quantity. Our narrative review was supported by a semi-systematic
approach to article searching, and specific inclusion and exclusion criteria, such that articles reviewed
were relevant to athletes and sporting environments. Six databases—PubMed, Scopus, CINAHL,
EMBASE, SPORTDiscus, and Google Scholar—were searched for initial studies of interest from
inception to November 2020. Given the paucity of sleep nutrition research in the athlete population,
we expanded our inclusion criteria to include studies that reported the outcomes of nutritional
interventions to improve sleep in otherwise healthy adults. Carbohydrate ingestion to improve
sleep parameters is inconclusive, although high glycemic index foods appear to have small benefits.
Tart cherry juice can promote sleep quantity, herbal supplements can enhance sleep quality, while
kiwifruit and protein interventions have been shown to improve both sleep quality and quantity.
Nutritional interventions are an effective way to improve sleep quality and quantity, although further
research is needed to determine the appropriate dose, source, and timing in relation to training,
travel, and competition requirements.

Keywords: sleep; athletes; recovery; team-sport; macronutrients; supplements

1. Introduction
High-performance team-sport athletes are required to train and compete to a high stan-

dard on a weekly basis. However, these athletes face the continual challenge of balancing
the physiological, neuromuscular, and psychological stressors induced by training and com-
petition [1]. Optimizing recovery to overcome these challenges and support performance is
of utmost importance [2]. Sleep plays a crucial role in recovery and has restorative effects
on physiological [3], perceptual [3–5], and immune [6,7] functions. Athletes, regardless of
their sport, rate sleep as their most important recovery strategy [8,9]. A reduction in sleep
quality has been associated with increased incidence of fatigue-related injury [1], reductions
in the skeletal muscle remodeling [10], and disturbs cellular maintenance processes [6,7].
Despite evidence affirming the importance of restorative sleep [11], elite athletes appear
to experience more sleep disturbances than the general population [1,8]. Behavioral and
lifestyle strategies that promote sleep and sports performance will be welcomed by athletes
and coaches.

Research examining athlete sleep indicates evening competition, travel, and training
schedules can have a deleterious impact on sleep quality and quantity [12]. Up to ~50% of
elite athletes experience sleep disturbances following late night competition or training
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Abstract
Athletes are increasingly required to travel domestically and internationally, often resulting in travel fatigue and jet lag. 
Despite considerable agreement that travel fatigue and jet lag can be a real and impactful issue for athletes regarding perfor-
mance and risk of illness and injury, evidence on optimal assessment and management is lacking. Therefore 26 researchers 
and/or clinicians with knowledge in travel fatigue, jet lag and sleep in the sports setting, formed an expert panel to formalise 
a review and consensus document. This manuscript includes definitions of terminology commonly used in the field of circa-
dian physiology, outlines basic information on the human circadian system and how it is a!ected by time-givers, discusses 
the causes and consequences of travel fatigue and jet lag, and provides consensus on recommendations for managing travel 
fatigue and jet lag in athletes. The lack of evidence restricts the strength of recommendations that are possible but the con-
sensus group identified the fundamental principles and interventions to consider for both the assessment and management 
of travel fatigue and jet lag. These are summarised in travel toolboxes including strategies for pre-flight, during flight and 
post-flight. The consensus group also outlined specific steps to advance theory and practice in these areas.

 * Dina C. Janse van Rensburg 
 christa.jansevanrensburg@up.ac.za
Extended author information available on the last page of the article

1 Introduction

The modern-day athlete is often required to travel domes-
tically and internationally including high-frequency short 
distances (< 3"h) and low-frequency long distances (> 3"h) 
that may involve the crossing of numerous time zones. The 
subsequent travel fatigue and jet lag experienced result in 
a myriad of shared symptoms, such as daytime fatigue, 
decreased concentration and alertness, sleep disruption 
and gastrointestinal disturbances [1, 2]. These can lead to 
increased illness and injury risk as well as adverse e!ects 
on athletic performance [2–9].

Travel fatigue and jet lag are two distinct entities that 
may co-occur when travelling east or west across three or 
more time zones [2, 4, 10–12]. Travel fatigue occurs in all 
travelling athletes and can be acute following any individual 
long journey, or chronic (cumulative) as a consequence of 

repetitive travel within a season [4, 10]. It is a multi-domain 
disturbance that generally occurs with any travel regard-
less of the direction of travel or the number of time-zones 
crossed [2, 4, 10, 13]. It is caused by the demands of travel 
itself, such as cramped conditions, prolonged mild hypoxia, 
changes in the external environment (trans-latitudinal travel 
i.e. winter–summer/summer–winter) and reduced physical 
activity [10]. Jet lag is episodic with similar but more severe 
and prolonged symptoms compared to travel fatigue and fol-
lows rapid travel across 3 or more time-zones (transmerid-
ian travel i.e. east–west/west–east) [4, 10]. It is typically 
characterised by the desynchronisation between the internal 
human circadian system and the time at the new destination 
[2, 4, 10, 11, 14]. As a result, the circadian rhythm of sev-
eral psychological, physiological and behavioural variables 
with a typical early morning nadir and late-afternoon peak is 
misaligned with the new local time. Depending on the train-
ing or competition time, this could directly a!ect athletic 
performance [2, 4, 5].

Although the circadian system is well understood and 
described in the circadian physiology literature [5, 15–19], 
it remains di#cult to translate and to apply this knowledge 


