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Abstract

ABSTRACT

Both adolescent and athlete populations have been identified as at-risk groups when it
comes to sleep timing, duration and quality. The aetiology of sleep issues within these
populations is disparate, leading to the question of whether adolescent athletes are at
particular risk considering that they span both groups. Few studies, however, have
investigated the sleep patterns and behaviours of elite adolescent athletes during their
everyday lives. Fewer still have attempted to intervene to improve sleep/wake patterns
and behaviour where sleep concerns have been identified within adolescent athlete

cohorts.

This thesis comprised two studies, the first with a group of elite adolescent swimmers
and the second with rowers. Swimmers and rowers were chosen as both sporting codes
have traditionally high early morning training demands. Early morning training has been
identified as a predominant driver of sleep loss for athlete groups making these cohorts
of particular interest. Both studies included baseline monitoring for two weeks to identify
the athletes’ typical sleep patterns during a normal training phase that took place during
the school term. Following baseline, both athlete groups received educational training
on sleep with specific sleep advice being tailored to each group using data gathered
during baseline. In addition to the sleep educational material, the swimmers also had
one of their early morning training sessions moved to another day of the week to try and
provide them with consecutive days free of early morning training while the rowers

received blue light-blocking glasses to try to limit night-time exposure to blue light.

Baseline data from both groups revealed that sleep timing as well as sleep duration
varied significantly across the days of the week. Sleep duration was significantly
truncated on school nights before early morning training (6.7 hours) compared to school

nights before mornings without training (8.8 hours). The curtailed sleep was linked to
[
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significantly earlier wake-up times while bedtimes remained constant. Classic patterns

of social jetlag were evident over the weekend.

The introduction of educational material in addition to training rescheduling did not result
in a significant change to swimmers’ sleep duration or sleep quality. Swimming
performance also remained unchanged throughout the 6 week's intervention. A positive
sleep behavioural change was noted with device use before bedtime with the swimmers

reducing their screen time by 24% over the intervention period.

Similarly, the educational material coupled with blue light-blocking glasses did not
significantly change actigraphic measures of sleep timing or duration. A reduction was
found, however, concerning self-reported measures of fatigue and muscle soreness
when comparing intervention to baseline ratings. Unlike the swimmers, the rowers did

not significantly reduce their device use before bedtime.

The findings of the studies in this thesis elucidate the challenge that early morning
training poses for the sleep of adolescent athletes. The adverse consequences of
inadequate and disrupted sleep patterns during adolescence are well documented and
confirm that significant attention should be paid to optimising the scheduling of training
for adolescent athletes. The high prevalence of early morning training sessions is the
result of tradition and overloaded adolescent schedules. Creative and careful solutions
that involve all stakeholders need to be found to reduce the need for early morning

training sessions.
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CHAPTER 1

CHAPTER 1 INTRODUCTION AND BACKGROUND

This chapter introduces the context and issues that motivated my thesis research on
sleep/wake interventions for adolescent athlete populations. The fundamentals of sleep
and sleep/wake regulation are outlined with emphasis on the changes that these
processes undergo during adolescence. Current research on sleep needs and sleep loss
for adolescents is reviewed, together with an analysis of sleep/wake behaviours among
athlete populations and adolescent athletes. Methods of collecting sleep data are
considered, followed by potential and previous sleep interventions which have been

proposed for adolescents and athletes.

1.1 Definitions of adolescence and sleep

1.1.1 Adolescence, puberty, and Tanner Stages

Traditionally, adolescence is defined as the period between childhood and adulthood
during which social cognitive and physiological behaviours undergo maturation (Sisk and
Foster, 2004). Puberty, a term often used alongside and sometimes interchangeably with
adolescence, is defined as the physiological activation of the hypothalamic-pituitary-
gonadal axis as well as gonadal maturation (Darchia & Cervena, 2014). For simplicity’s
sake, this thesis uses the term adolescence to include the physiological, cognitive, and
social changes which occur during the transition from childhood to adulthood. Puberty,

however, will only be used when referring specifically to physiological maturation.

When discussing puberty, it is important to note that the onset and speed of physical
maturation can vary significantly based on factors such as sex, ethnicity, race and
environment (Emmanuel & Bokor, 2021). For this reason, chronological age is not

always the best measure of pubertal development (Emmanuel & Bokor, 2021). Instead,
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a common method used in paediatric and adolescent practice is to refer to Tanner
Stages for pubertal development (Emmanuel & Bokor, 2021). Tanner staging, however,
requires invasive screening by medical professionals, which was not practicable in the
present research. The thesis, therefore, uses chronological age as a proxy for pubertal

development, while acknowledging Tanner staging to be a more objective measure.

1.1.2 Sleep

From a behavioural standpoint, sleep is defined as a reversible state whereby the person
is unresponsive and disengaged from the environment (Carskadon & Dement, 2017).
Physiologically, however, sleep is an essential series of states that aids in the recovery
from the previous period of wakefulness whilst at the same time preparing the body for

the upcoming time spent awake (Halson, 2014).

1.1.2.1 Not all sleep is the same — Sleep stages in healthy young

adults

Sleep is not a continuous state, but a repeating cycle through a series of states which
are broadly categorised as non-rapid eye movement (NREM) and rapid eye movement
(REM) sleep (Carskadon & Dement, 2017). NREM is broken down further into 3 distinct
stages which are commonly labelled Stages N1, N2 and N3 (Malhotra & Avidan, 2013).
The progression through these stages loosely represents a depth-of-sleep continuum as
Stage N1 has the lowest arousal threshold while Stage N3 has the highest (Carskadon
& Dement, 2017). Sleep stages are typically measured using polysomnography (PSG)
which involves multiple physiological measures including the electroencephalogram
(EEG). Changes in electrical potentials indicating brain wave activity are measured via
electrodes placed on the surface of the head (Malhotra & Avidan, 2013). During
wakefulness, EEG measures show a predominance (>50%) of alpha brain wave activity

(Malhotra & Avidan, 2013). Stage N1 is characterised by alpha waves dipping below
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50% with an increase in theta activity (Malhotra & Avidan, 2013). Along with brain wave
changes, drowsiness accompanies this stage, which generally only constitutes around
2% to 5% of a total night’s sleep for healthy adults (Malhotra & Avidan, 2013; and
Carskadon & Dement, 2017). Stage N2 generally constitutes 45% to 55% of a night-time
sleep period and is defined as light sleep in which brain waves become slower while eye
movement stops (Carskadon & Dement, 2017). Brain waves are predominately theta
activity during N2 with occasional bursts of faster activity, known as spindles (Malhotra
& Avidan, 2013). Stage N3 sleep, which is often termed slow-wave sleep, is considered
to be the deepest stage of sleep (Malhotra & Avidan, 2013; and Carskadon & Dement,
2017). The transition between N2 and N3 is said to occur when 20% of a sleep epoch
measured (typically 30 seconds) consists of delta activity (Malhotra & Avidan, 2013).
Stage N3 makes up between 13% to 23% of a total sleep period and is associated with
a peak in growth hormone secretion along with cessation of eye movement (Malhotra &

Avidan, 2013; and Carskadon & Dement, 2017).

REM sleep involves four to six discrete episodes when the brain becomes highly active
and is characterised by a mix of alpha and theta brain waves (Malhotra & Avidan, 2013;
and Carskadon & Dement, 2017). This is also the stage in which vivid dreaming is
commonly reported along with the presence of muscle atonia (Malhotra & Avidan, 2013;
and Carskadon & Dement, 2017). On an average night’s sleep for a person not suffering
from a sleep disorder, REM makes up 20% to 25% of sleep (Malhotra & Avidan, 2013;
and Carskadon & Dement, 2017). Figure 1.1 depicts an example of the progression

through the stages of sleep for a healthy young adult across a night-time sleep period.
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Typical period of sleep

\ B I B I [
Non rapid eye Rapid eye
movement (NREM) H movement (REM) ,

Single sleep cycle

Figure 1.1 The theoretical progression of sleep stages across a single night for
a healthy young adult.

The pattern of sleep stage distribution varies with age as can be seen in Figure 1.2. The

major difference for adolescents is that there is a quantitative decrease in slow-wave

sleep from preadolescence (Crowley, Tarokh & Carskadon, 2012; and Carskadon &

Dement, 2017). Time spent in slow-wave sleep is reduced by approximately 40% during

the transition from preadolescence to young adulthood even when total sleep duration

is kept constant (Carskadon & Dement, 1987 and Carskadon & Dement, 2017).
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Stage 2

E Stage 1

Age

Figure 1.2. Changes in sleep variables with age. The X-axis represents time in
minutes for sleep latency, wake after sleep onset, rapid eye movement sleep,
slow-wave sleep, and stages 1 and 2 of sleep for ages 5to 85. Image taken from
Ohayon et al. (2004). WASO - total time awake after initial sleep onset

1.2 Sleep-wake regulation

Sleep is regulated by two main physiological mechanisms that, while working in
synchrony, also have opposing effects (Borbély & Achermann, 1999; Dijk & Lockley,
2002; and Schmidt et al., 2007). This Two-Process Model of Sleep Regulation was first
proposed by Borbély (1982) and Daan, Beersma, & Borbély (1984). The first of these
processes is the circadian timing system (Figure 1.3), which is also known as Process
C (Borbély & Achermann, 1999; and Schmidt et al., 2007). The second is the
homeostatic sleep process, which is also referred to as Process S (Borbély &

Achermann, 1999; and Schmidt et al., 2007).
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1.2.1 Circadian timing system

The onset of puberty is accompanied by major structural reorganisation of the brain and
developmental changes in sleep and the circadian timing system (Crowley, Tarokh &
Carskadon, 2014). During adolescence, the suprachiasmatic nucleus (SCN) master
clock undergoes a phase delay which moves the preferred sleep time later (Carskadon
etal., 1998; Carskadon et al., 2004; and Hagenauer et al., 2009). Correlations have been
noted between self-reported pubertal development and circadian phase preferences
(Carskadon et al., 1993). Objective measures of pubertal development have also been
shown to correlate with the offset phase of melatonin secretion during a constant routine
protocol (where participants are kept in constant conditions for at least 24hrs)
(Carskadon et al., 1997). Females have been shown to delay sleep timing during
adolescence on average about one year earlier than males, a trend which parallels
pubertal onset (Roenneberg et al., 2004). The phase delay in adolescents, as measured
by daily endocrine rhythms, persists even after several weeks of controlled laboratory
conditions and daily schedules that allow for sufficient sleep and limited social influence
(Carskadon et al., 2004 and Crowley et al., 2006). This indicates that the phase delay
seen in adolescents is independent of psychosocial factors that may be coincidental to
pubertal development and typical adolescent social responsibilities and activities

(Hagenauer et al., 2009).

The aetiology of this phase delay is thought to be due, at least in part, to changes in the
light sensitivity of the SCN pacemaker during puberty (Hagenauer et al., 2009). Evidence
suggests that adolescents are less sensitive to light exposure in the early morning
resulting in a lessened phase advance response (Carskadon et al., 2002 and Crowley,
2009). Itis also suggested that adolescents have an exaggerated phase delay response
to light exposure in the evening (Hagenauer et al., 2009). Owing to the SCN'’s reliance

on the light-dark cycle to synchronise to the 24-hour day/night cycle, this may be a
6
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contributing factor to the phase delay observed in adolescents globally, regardless of

cultural and social factors (Carskadon, 2008).
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Figure 1.3. Representation of a typical sleep period in relation to the circadian
rhythm of core body temperature, plasma melatonin, wake propensity, and
responsiveness to light. Taken from Dijk & Lockley (2002).

1.2.2 Homeostatic sleep process

The homeostatic sleep process works as a pressure system (Borbély & Achermann,
1999; Durmer et al., 2005; Crowley et al., 2007; and lllingworth, 2020). The longer an
individual is awake, the more sleep pressure accrues as a function of time, and thus,
sleepiness and the likelihood of sleep increase (Schmidt et al., 2007). This increase in
sleep pressure is also accompanied by decreases in alertness and cognitive

performance (Schmidt et al., 2007). A physiological correlate, often measured via EEG
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as a marker of sleep pressure, is slow-wave activity (SWA) (Crowley, Tarokh &
Carskadon, 2014). The beginning of a nocturnal sleep period is typically dominated by
SWA which is when sleep pressure is highest. SWA subsequently declines exponentially
across a night of sleep as sleep pressure is alleviated during slow-wave sleep (Borbély,
1982; Daan, Beersma & Borbély, 1984; Borbély et al., 1981; Borbély & Achermann,

1999; Durmer et al., 2005; and Schmidt et al., 2007).

1.2.2.1 Homeostatic sleep pressure during adolescence

Along with the circadian phase delay, there seems to be a delay in sleep pressure build-
up during adolescence (Carskadon et al., 1998; Carskadon et al., 2004; and Hagenauer
et al., 2009). The build-up of sleep pressure (inferred by measuring slow wave brain
activity) has been shown to be slower in post-pubescent adolescents when compared to
pre-pubertal children (Jenni et al., 2005). Older adolescents have been found to take
longer to fall asleep after both 14.5 hours and 16.5 hours of wakefulness compared to
younger adolescents (Taylor et al.,, 2005). Similarly, more mature adolescents were
found to have longer sleep latencies during the initial hours of a 36-hour extended
wakefulness protocol than less mature adolescents (Taylor et al., 2005). These findings
suggest that children become resilient to the speed at which sleep pressure builds up
during adolescence (Carskadon et al., 1998; Carskadon et al., 2004; and Hagenauer et
al., 2009). This delay in sleep pressure build is an additional factor in the delayed sleep

timing noted in adolescent populations (Carskadon, 2008).

1.3 Interaction between the circadian biological clock and the

homeostatic sleep process

Under normal circumstances, human beings fall asleep when the SCN master

pacemaker promotes sleep in conjunction with an elevated sleep pressure from the
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homeostatic sleep process (Figure 1.4A) (Dijk & Lockley, 2002; and Schmidt et al.,
2007). Humans then typically wake up when the SCN master pacemaker promotes
wakefulness, in conjunction with reduced levels of sleep pressure following a restorative

night’s sleep (Figure 1.4A) (Dijk & Lockley, 2002; and Schmidt et al., 2007).

The two systems also interact in opposition to maintaining sustained and optimal periods
of sleep and wakefulness (Schmidt et al., 2007). For instance, sleep pressure is building
towards its highest during the early hours of the evening (Schmidt et al., 2007). The SCN
pacemaker, however, dictates a low propensity for sleep at this time, ensuring
wakefulness despite the pressure from the homeostatic sleep process (Figure 1.4A)
(Schmidt et al., 2007). Similarly, sleep pressure is mostly reduced within the first 3-4
hours of sleep (Figure 1.4A) (Schmidt et al., 2007). After this period, the SCN pacemaker
dictates a circadian nadir, that is, the point within the circadian oscillations when sleep
is physiologically strongly promoted. This high circadian-based propensity for sleep is
what reduces the likelihood of waking in the early hours of the morning (Schmidt et al.,
2007). Thus, via the interaction and the opposition of these two processes the cycles of

sleep and wakefulness are regulated.



CHAPTER 1

High

Sleep pressure

|| 1

9pm 9am 9pm ‘ Qém 9pm

High
B

e
?
<
(=%
Q.
3
w

I‘
low| | I e

9pm 9am 9pm 9am 9pm

Time of day

Figure 1.4. Schematic representation of the Two Process Model of Sleep
Regulation (A) and the changes that occur during adolescence (B). The blue
curve in both graphs illustrates Process S (homeostatic sleep process) and the
red curve indicates Process C (circadian timing system). The blue arrows in A
indicate the time of melatonin onset which is typically 1 to 2 hours prior to
bedtime. Graph B contrasts the Sleep Regulation of a mature adult to that of an
adolescent which is represented by the corresponding dotted lines. A slower
build-up of sleep pressure across the day in conjunction with a phase shift in
the circadian timing system results in a propensity for later sleep timing. Figure
adapted from Crowley, Tarokh & Carskadon, 2012.
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During adolescence, the interaction between the circadian timing system and the
homeostatic sleep process results in delayed sleep timing as is shown in Figure 1.4B.
The slower sleep pressure build-up during adolescence in conjunction with a phase
delay in circadian timing culminates in a propensity for later bed and wake times
(Crowley, Tarokh & Carskadon, 2014). These changes during adolescents are further
evidenced by adolescent chronotype data (Crowley, Tarokh & Carskadon, 2014).
Chronotype refers to an individual’'s preference to perform certain tasks at different times
during the day/night cycle. Activities influenced by chronotype can include but are not
limited to exercise, appetite, and sleep timing. Studies assessing chronotype across
puberty have found a shift towards being an ‘evening type’ which is most pronounced in
late adolescence (Roenneberg et al., 2004). Evidence for the shift to an ‘eveningness’
chronotype has been shown both when considering objective markers of puberty
(Randler & Bilger, 2009) and age (Giannotti et al., 2002; Roenneberg et al., 2004; and
Roenneberg et al., 2007). Findings of delayed melatonin onset in more mature
adolescents (as depicted by the red arrows in Figure 1.4B) in controlled laboratory

settings provide further evidence of this shift (Hagenauer et al., 2009).

1.4 Sleep need across the lifespan

The amount of sleep the human body requires for optimal health and functioning varies
across the lifespan (Balkin et al., 2008; Bixler, 2009; Carskadon & Dement, 2017;
Hirshkowitz et al., 2015; and Watson et al., 2015). Figure 1.5 summarises the ranges of

recommended hours of sleep for different age groups.

The variability within this range reflects fluctuating sleep need from person to person and
night to night (Carskadon & Dement, 2017). Average sleep need is predominantly based
on the genetic make-up of the individual (Karacan & Moore, 1979; and Watson et al.,

2015). Sleep need for any given night is, however, also determined by the accrued
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homeostatic sleep pressure since the last period of sleep, as well as the stage of the
circadian process in which an individual is trying to sleep (Carskadon & Dement, 2017).
On average, people who regularly obtain more or less than the recommended optimal
sleep length are more likely to experience numerous health, cognitive and performance

decrements (Killgore, 2010).
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Hirshkowitz M, The National Sleep Foundation’s sleep time duratior nethodology and results summary, Sleep Health (2015),
b://dx.doi.org 2.010

Figure 1.5. Sleep duration recommendations across the lifespan as set by the
National Sleep Foundation (Hirshkowitz et al., 2015).

Concerning overall health, there is evidence that inadequate sleep length is correlated
with increased morbidity (Hall et al., 2008; Van Cauter et al., 2008; and Gangwisch,

2009;) and mortality (Kripke et al., 2002; Patel, 2006; Hublin et al., 2007; Kronholm et
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al., 2008; and Patel et al., 2008), including increased risk of obesity (Sekine et al., 2006;
Cappuccio et al., 2007; Yu et al., 2007; and Gangwisch et al., 2009), cardiovascular
disease (Meier-Ewert et al., 2004), alcohol and drug abuse (Wong et al., 2004). In
adolescence, insufficient sleep has been identified as a serious health risk (Paruthi et
al., 2016). Of particular note is the increased risk of depression (O’Brien & Mindell, 2005)
increase in risk behaviours such as drinking and driving, smoking, and delinquency
(O’Brien & Mindell, 2005; and Catrett & Gaultney, 2009) as well as suicidal ideation (Liu,
2004; and Lui & Buysse, 2006). Other health decrements associated with sleep reduction
include negative metabolic functioning (Van Cauter et al., 2008) and general impairment
of the immune system (Sekine et al., 2006). Despite the evidence of these risks being
clearly and extensively documented, sleep loss is a common problem within most
societies (Ferrara & De Gennaro, 2001; Cappuccio et al., 2007; Yu et al., 2007; and
Jean-Louis et al., 2014). It is speculated that this may be a function of sleep being viewed
as a perfunctory chore (Killgore, 2010; and St-Onge et al., 2016). If the benefits of sleep
are not fully understood or are undervalued by the individual, sleep may be seen as a
commodity to be traded, with the time rather being spent on entertainment, work or any

activity deemed more lucrative (Killgore, 2010; and St-Onge et al., 2016).

1.4.1 Sleep need in adolescence

As seen in Figure 1.5, the recommended nightly sleep duration for adolescents is
between 8 and 10 hours. There is, however, a global trend for teenagers to fall below
this recommendation (Olds et al., 2010; Leger et al., 2012; and Short et al., 2018).
Reports from countries such as Korea, Singapore and Taiwan show that adolescents
regularly get between five and six hours of sleep a night (Yang et al., 2005; Chen et al.,
2006; and Lo et al., 2016). A study looking at 3311 European adolescents found the
average sleep duration to be eight hours per night, just reaching the lower

recommendation for their age (Garaulet et al., 2011). Once data were dichotomized by
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Tanner developmental stages, average sleep duration dropped below the
recommendation for older adolescents (Garaulet et al., 2011). A longitudinal study from
the United States of America that tracked sleep change with ageing showed a significant
decrease in sleep time during adolescence (Maslowsky & Ozer, 2013). These findings
are in line with studies of adolescents in New Zealand (Dorofaeff and Denny, 2006;
Skidmore et al., 2013; & Galland et al., 2017). As Figure 1.6 shows, sleep duration
declines over adolescent years and then subsequently recovers once individuals enter

early adulthood (Maslowsky & Ozer, 2013).
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Figure 1.6. Mean sleep duration per night is shown for ages 13 to 32. The image
is taken from Maslowsky & Ozer (2013).

Adolescents seem patrticularly predisposed to failing to meet the recommended sleep
duration, particularly on school nights (Olds et al., 2010; Leger et al., 2012; and Short &
Weber, 2018). This comes as little surprise when the physiological changes the human
body undergoes at this time are juxtaposed with the psychosocial pressure adolescents
face (Carskadon et al., 1998; Carskadon et al., 2004; Roenneberg et al., 2004; and
Hagenauer et al., 2009). The phase delay seen in adolescence directly contradicts major

societal commitments, namely early school start times (Carskadon et al., 1998;
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Carskadon et al., 2004; Roenneberg et al., 2004; and Hagenauer et al., 2009). For
teenagers to be able to get enough sleep on school nights while waking up in time for
school, they would need to go to sleep at a time when the body is not physiologically
promoting sleep (Carskadon et al., 1998; Carskadon et al., 2004; Roenneberg et al.,
2004; and Hagenauer et al., 2009). This mismatch between physiological changes in
sleep timing and timing of societal commitments has been termed the ‘perfect storm’ of
adolescent sleep (Carskadon, 2011; and Crowley et al., 2018). Recent lifestyle changes,
including electronic device use close to bedtime for schoolwork, communication and
entertainment, are likely to further reduce the amount of nightly sleep obtained by
adolescents. (Ferrara & Gennaro, 2001; Van den Bulck, 2004, Eisenstein, 2013; Chang

et al., 2015; and Owens et al., 2017).

1.5 Sleep in athlete populations

The topic of athlete sleep has been an area of growing interest and concern
(Vlahoyiannis et al., 2021). A recent systematic review found that of 81 identified articles
guantifying athlete sleep between 1978 and 2019, 55.6% were published between the
years 2016 and 2019 (Vlahoyiannis et al., 2021). The increase in research interest in this
area is reflected by athletes, coaches, and organisations such as the International
Olympic Committee all acknowledging the vital role sleep plays in physical and mental
health as well as athletic performance (Besedovsky, Lange, & Born, 2012; Bergeron et
al., 2015; Watson et al., 2015; and Krause et al., 2017). This rapidly growing body of
literature indicates that athletes are at greater risk of experiencing sleep loss than the
general population owing to the very nature of training and competition (Erlacher et al.,
2011; Leeder et al., 2012; Sargent et al., 2012; Lastella et al., 2014, Sargent et al., 2014;
Juliff et al., 2015; Lastella et al., 2015a; Lastella et al., 2015b; Gupta, Morgan, Gilchrist,

2017; Gudmundsdottir, 2019; and Vlahoyiannis et al., 2021)
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1.5.1 Sleep loss prior to training

Athletes have been consistently shown to sleep less than recommended durations on
nights that precede training days (Leeder et al., 2012; Hausswirth et al., 2014; Sargent
et al., 2014a; Sargent et al., 2014b; Lastella et al., 2015a; Schaal et al., 2015; Suppiah
et al., 2016; Blanchfield et al., 2018; Choi et al.,, 2018; Suppiah et al., 2018;
Gudmundsdottir, 2019; Ramos-Campo et al., 2019; Walsh et al., 2019 and Vlahoyiannis
et al., 2021). Australian Olympic swimmers reported sleeping on average 5.4hrs on
nights prior to training days compared to 7.1hrs on nights prior to rest days (Sargent et
al., 2014a). The swimmers showed a systematic pattern in terms of the amount of sleep
lost relative to the time they started training in the morning (Sargent et al., 2014a). For
every start time earlier than 8 am, in one-hour increments towards 5 am, there was an
exponential relationship observed with respect to sleep loss (Sargent et al., 2014a). On
average, 6 minutes of sleep was lost if the start time was at 7 am, 48 minutes were lost
when training started at 6 am and 102 minutes were lost for a 5 am training session
(Sargent et al., 2014a). These results echo those from shift work studies. Results from
studies in aviation and rail operations suggest that, on average, 30 minutes of sleep
tends to be lost for every hour that the start of work is earlier than 9 am (Kecklund &
Akerstedt, 1995; and Akerstedt et al., 2008). It should also be noted that early morning
training sessions may be a tradition born from the need for non-professional athletes to
train before work or school (Sargent et al., 2014a). This may indicate that training
schedules and times are possibly the greatest cause of sleep loss for athletes during

their training phases.

Similar findings have been reported where 70 nationally competitive athletes slept
significantly less (6.5hrs) on nights prior to training days when compared to nights prior
to rest days (6.8hrs) (Sargent et al., 2014b). Poor sleep has also been found in a cohort

of 124 elite athletes who were observed to obtain an average of 6.8hrs sleep per night
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(Lastella et al., 2015a). It should be noted that these studies attributed the pre-training
sleep loss largely to early morning training schedules and were conducted with adult

athletes (Sargent et al., 2014a; Sargent et al., 2014b; and Lastella et al., 2015a).

While these sleep durations are concerning when comparing them to recommended
sleep durations, the findings from adolescent athlete sleep durations are even more
alarming. Vlahoyiannis et al. (2021) found that across studies quantifying sleep in athlete
groups, adolescent athletes slept on average 60 minutes less than young adult athletes
and 36 minutes less than middle-aged athletes. The average sleep duration of 7.2hrs
among adolescent athletes across all 81 studies identified by Vlahoyiannis et al. (2021)
falls far below the recommended 8-10 hours for this age group (Hirshkowitz et al., 2015;
and Watson et al., 2015). Across all of the studies reviewed by Vlahoyiannis et al. (2021),
the shortest mean sleep time came from a group of child athletes managing to sleep only
6.3hrs a night (Choi et al., 2018). Similar sleep durations have subsequently been
reported in Icelandic adolescent swimmers, who averaged 6.6hrs £ 0.7hrs across a
training week (Gudmundsdottir, 2019). Average sleep for the swimmers was even
shorter on nights preceding early morning training with durations of 5.6hrs in under 16-
year-olds and 5.1hrs for adolescents 16 and over (Gudmundsdottir, 2019). These
findings demonstrate that athletes, in particular adolescent athletes, sleep well below
recommended healthy durations, with evidence strongly pointing to early morning
training as a contributing factor (Sargent et al., 2014a; Sargent et al., 2014b; Lastella et

al., 2015a; Gudmundsdottir, 2019; and Vlahoyiannis et al., 2021).

Some studies have failed to show that athletes lose sleep during training (Leeder et al.,
2012; Romyn et al., 2016; and Knufinke et al., 2017). In the case of Leeder et al. (2012),
this can be attributed to the fact that athlete sleep was compared to a non-athlete control
group. A population of 47 Olympic athletes was found to sleep an average of 6.9hrs

during training (Leeder et al., 2012). This sleep duration was statistically similar to that
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of the matched control (7.2hrs). It must be noted that this duration would be regarded as
being just under the National Sleep Foundation’s minimum recommendation of 7hrs of
sleep for a healthy adult (Hirshkowitz et al., 2015; and Watson et al., 2015) and well
below the recommendation of sleep (8hrs) required to minimise reductions in neuro-

behavioural performance (Belenky et al., 2003; and Van Dongen et al., 2003).

In addition, the athlete group experienced significantly reduced sleep quality and sleep
efficiency (Leeder et al., 2012). They spent, on average, 30 minutes longer in bed despite
sleeping for the same amount of time (Leeder et al., 2012). Furthermore, athletes had
longer sleep latencies and higher rates of restlessness throughout the night (Leeder et
al., 2012). Knufinke et al. (2017) found average self-reported sleep durations of 8.2hrs
in 98 elite youth athletes aged 18.8 +3 years during a training phase. The study does
not, however, seem to have differentiated between pre-training day and pre-rest day
sleep making it unclear whether this result is a true reflection of athlete sleep during a
typical training phase. In addition, 41% of the athletes were classified in the study as
‘poor sleepers’ and 12% were diagnosed with one or more sleeping disorders (Knufinke
et al., 2017). Romyn et al. (2016) did, however, find comparable training phase sleep
durations (8.2hrs) for a group of netball players of a similar age (19.6 £ 1.5 years) as the
population in Knufinke et al. (2017). With the sample size of 8 athletes in the Romyn et
al. (2016) study and the methodological inconsistency in Knufinke et al. (2017), further
research is needed to establish whether young athletes are less prone to sleep loss or

whether there are other reasons for these results.

There is evidence suggesting that in addition to the time of training, the intensity of
training itself affects sleep in athlete groups. Hausswirth and colleagues (2014)
investigated the effect of functional overreaching from high training loads on sleep. A
group of 27 athletes were assigned to a control group (n=9) where the training load was

kept normal or to an overload group (n=18) where the training load was increased for 3
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weeks (Hausswirth et al., 2014). Of the 18 athletes in the overload group, 9 met the
criteria to be classified as functionally overreached during the training period (Hausswirth
et al., 2014). Only the 9 functionally overreached athletes demonstrated a significant
decrease in sleep duration from 7.2hrs + 0.5hrs to 6.6hrs + 0.9hrs during the training
phase of the study which was subsequently reversed back to baseline levels during a
tapering period (7.1hrs £+ 0.8hrs, Hausswirth et al., 2014). The study also found that the
functionally overreached athletes had an upper respiratory tract infection rate of 67%
during the 3-week training phase of the study (Hausswirth et al., 2014). This is threefold
more than the athletes in the overload group who were not functionally overreached
(22%) and 6 times more than the control group (11%) (Hausswirth et al., 2014). Although

the small sample size in this study suggests caution in interpreting findings.

One factor that would alter training intensity is the phase of training athletes find
themselves in during a competitive season. A common breakdown of a season would be
pre-season; heavy training phases; tapering phases and competition phase. The
findings from Hausswirth et al. (2014) are consistent with systematic review findings that
show athletes accrue less sleep on average during heavy training phases compared to
pre-season/tapering and competition phases (6.7hrs vs 7.3hrs vs 7.4hrs) (Vlahoyiannis
et al., 2021). There is evidence to suggest that total sleep time is not the only aspect of
sleep that is altered by training intensity (Vlahoyiannis et al., 2021). Sleep architecture
findings indicate that stage N3 sleep varies from a nightly average of 130 minutes during
pre-season/tapering phases to 97 minutes during in-season/competition phases with the
lowest average of 74.6 minutes being recorded during heavy training phases
(Vlahoyiannis et al., 2021). Given the vital role stage N3 sleep plays in restorative and
immunological processes, these findings suggest a possible explanation for the infection

rate data from Hausswirth and colleagues (2014).
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1.5.1.1 Sporting codes and sleep loss before training

Lastella et al. (2015) investigated whether sleep/wake behaviour differed for athletes
from individual sports compared to athletes competing in team sports. With 124 athletes
being monitored for a minimum of 7 nights, the study concluded that athletes from
individual sports went to bed significantly earlier (22:49 vs 23:40), woke up earlier (06:29
vs 07:46), obtained less sleep (6.5hrs vs 7hrs) and had poorer sleep efficiency (85.9%
vs 86.4%) compared to team sport athletes. Subjective sleep quality, however, was not
shown to differ with sport type (Lastella et al., 2015). Breaking down sporting codes even
further, race walkers reportedly slept for an average of 7.1hrs; 7hrs for mountain bikers;
cyclists for 6.7hrs; swimmers for 6.4hrs and triathletes slept on average 6.1hrs during a
typical training phase (Lastella et al., 2015). When considering team sport athletes,
Australian Rules Football players slept on average for 6.7hrs, basketball players for
7.5hrs, rugby union players for 6.9hrs and football players for 6.9hrs (Lastella et al.,
2015). These findings illustrate how different sports may place different demands on
athletes and how some athletes in specific sporting codes may be more susceptible to
sleep loss than others (Lastella et al., 2015). These findings are echoed in systematic
review data which found average individual sport athletes to sleep 7hrs compared to
7.4hrs for team sport athletes (Vlahoyiannis et al., 2021). Team sport athletes were also
found to spend, on average, more than double the amount of time in stage N3 sleep
compared to individual sport athletes (139.6 minutes vs 66.9 minutes) while individual
sport athletes spent more time in stage N1 (65.8 minutes vs 27.3 minutes) and stage N2

sleep (256.7 minutes vs 206.3 minutes) (Vlahoyiannis et al., 2021).

Another way of categorising sports would be based on whether the sport is mainly
aerobic (endurance sports such as long-distance swimming or cycling); have a high
anaerobic component (sprint or power activities such as power lifting); or is a mixture of

both (sports that have endurance and high-intensity components such as tennis or
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football) (Vlahoyiannis et al., 2021). To date, the majority of studies investigating sleep
in athlete populations have focused on endurance and mixed sporting codes with very
few looking at power/strength sports (Trinder et al., 1985; and Leeder et al., 2012). With
regards to sleep duration, the evidence to date suggests that power/strength athletes
sleep on average for 8.7hrs whereas endurance and mixed athletes obtain 7.2hrs and
7.4hrs of sleep at night (Vlahoyiannis et al., 2021). Mixed sport athletes were seen to
spend more time in stage N3 sleep compared to both aerobic and power/strength sport

athletes (139.5 minutes vs 78.2 minutes vs 61.0 minutes) (Vlahoyiannis et al., 2021).

1.5.2 Sleep loss prior to competition

The focus of this thesis is sleep loss during the training phase. For completeness, the
following section outlines sleep loss prior to competition, although current evidence

suggests it has a different aetiology to sleep loss prior to training.

Sixty-eight percent of marathon runners surveyed on the morning of a race reported
having slept worse than usual during the previous night (Lastella et al., 2014). A similar
trend was found where 65.8% of elite German athletes retrospectively reported having
slept worse during the night(s) preceding competitions at least once in their careers, with
62.3% reporting the same within the previous 12 months (Erlacher et al., 2011). In a
comparable retrospective survey, 64% of elite Australian athletes indicated sleeping
worse on at least one night preceding an important competition (Juliff et al., 2015). These

results are not restricted to survey studies.

Through the use of sleep diaries, marathon runners have been shown to sleep an
average of 5.9hrs the night before a race (Lastella et al., 2014). This value is much lower
than even the lowest limit of the recommended range for healthy adults (Hirshkowitz et
al., 2015; and Watson et al., 2015). Actigraphy data has also shown that cyclists get an

average of 6.8hrs sleep on the night prior to the start of an endurance race, nearly a
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whole hour less than that recorded on baseline nights (7.4hrs) (Lastella et al., 2015b).
Studies using more objective means of data collection (Lastella et al., 2015b) have
criticised the use of retrospective techniques such as surveys (Erlacher et al., 2011; and
Juliff et al., 2015). Nevertheless, the data obtained from survey studies are consistent
with the findings of the more objective methods used to monitor sleep (Lastella et al.,

2014; and Lastella et al., 2015b).

1.5.2.1 Aetiology of pre-competitive sleep loss

Survey studies have investigated the reasons why sleep loss occurs prior to competition
(Erlacher et al., 2011; Lastella et al., 2014; and Juliff et al., 2015). Trouble falling asleep
has been noted as the problem most cited by athletes (Erlacher et al., 2011; and Juliff et
al., 2015). German athletes reported waking early in the morning to be the second
biggest issue related to sleep loss while Australian athletes’ second most common
problem was waking up during the night (Juliff et al., 2015). Anxiety is also cited as a
major contributor to the occurrence of these issues with sleep (Lastella et al., 2014;
Romyn et al., 2016; and Erlacher & Ehrlenspiel, 2017). Athletes who reported higher
anxiety levels 4 days prior to the competition were also found to be more likely to show
disrupted sleep/wake behaviours the night before a competition (Ehrlenspiel et al.,
2017). This suggests that anxiety in general as well as anxiety directly preceding
competition may influence pre-competitive sleep loss. The possible link between anxiety
and stress and pre-competitive sleep loss seems plausible, considering that cognitive

stress can be a major reason for altered sleep patterns (Reilly & Edwards, 2007).

Sleeping in unfamiliar environments, trans-meridian travel, noise both inside and outside
the room, familial issues, dreaming and the need for the toilet have all been cited as
additional reasons why athletes lose sleep before a competition (Erlacher et al., 2011,

Lastella et al., 2014; and Juliff et al., 2015). These are cited far less frequently, however,
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than pre-competitive anxiety (Erlacher et al., 2011; Lastella et al., 2014; and Juliff et al.,

2015).

1.5.3 Relationship between sleep and performance

Integral to achieving the best possible athletic performance is how an athlete distributes
work output or pattern of energy expenditure during exercise (Abbiss & Laursen, 2008).
This conscious and or subconscious distribution of workload is known as ‘pacing’ or as
a ‘pacing strategy’ employed to minimise the chance of premature exhaustion and to
optimise athletic performance (Abbiss & Laursen, 2008 and Tucker, 2009). It is plausible
that factors pertinent to theories of exercise-induced fatigue (Marcora, 2008; and Tucker,

2009) are affected by sleep loss.

1.5.3.1 Sleep and models of exercise-induced fatigue

Sleep loss has been shown to affect many aspects of waking function including
visuospatial perception in terms of judging distance, lower pain thresholds for
temperature, general states of hyperalgesia and increased negative emotional states
(Kundermann et al., 2004; Kahn-Greene et al., 2007; Mullington et al., 2009; Killgore,
2010; and Tempesta et al, 2020). All these factors relate to perception of effort, which is
intrinsic to how popular models of exercise-induced fatigue propose that physical

performance is regulated (Marcora, 2008; and Tucker, 2009).

Two studies directly investigated sleep loss on self-pacing (Oliver et al., 2009; Skein et
al., 2011). Oliver et al (2009) implemented a 30-minute preloaded workout at 60% of
each participant's VO2 max followed by a 30-minute self-paced treadmill run. For the
self-paced run participants were informed only of the time elapsed during the run and
were instructed to run as far as possible in the 30 minutes. Participants were allowed to

adjust treadmill speed as much as needed, however, the speed was hidden from view
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(Oliver et al, 2009). Skein et al (2011) implemented an exercise protocol which involved
participants performing a 30-minute graded exercise run followed by a 50-minute
intermittent sprint protocol. The 50-minute intermittent sprint protocol included a 15-
meter maximal sprint every minute followed by a self-paced shuttle run at various
intensities, either being hard running, jogging or walking (Skein et al, 2011). Oliver et al
(2009) found that distance covered during the 30min self-paced treadmill run was
significantly less after a night of total sleep deprivation when compared to after a normal
night of sleep. Similarly, Skein et al (2011) found average sprint times to be significantly
reduced and mean distances covered during the self-paced runs to be significantly
shorter after total sleep deprivation. Both studies recorded participants’ Rating of
Perceived Exertions (RPE, a numeric scale commonly numbered 6-21) and both found
that RPE was not significantly different even though the athletic performances, in terms
of distance covered and sprint times, were significantly worse. This may, albeit
tentatively, be seen as evidence that faulty perceptions of effort may affect athletic

performance after sleep loss.

This was postulated by Temesi et al (2013). They implemented a 40-minute submaximal
cycling task (5-minutes at 50% maximum power output and 35-minutes at 65% maximum
power output) followed by a cycling stepwise failure test (5-minutes at 65% maximum
power output and then 5% increase every 5-minutes until participant failure/exercise
cessation). The findings were that RPE was significantly higher during the submaximal
cycling task under sleep loss conditions despite workload being identical (Temesi et al.,
2013). During the task to failure cycle, however, participants’ RPE was found to be
statistically unchanged between sleep conditions despite participants reaching fatigue

significantly early (average of 99 seconds) under sleep loss conditions.

With sleep potentially being crucial to many processes of exercise regulation, it follows

that the evidence from systematic reviews examining the role sleep plays in performance
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have identified that extending sleep or improving sleep quality appear to have positive
effects on athletic performance (Thun et al., 2015; Vitale, Owens, Hopkins, & Malhotra,
2019; and Kirschen et al., 2020). Consistent with these findings, athletic performance
suffers negatively when sleep is disturbed or restricted (Thun et al., 2015; and Kirschen

et al., 2020).

1.6 Sleep interventions for adolescent athletes

Systematic reviews of sleep interventions in both adolescent and young adult athletes
have identified three main sub-types of intervention commonly used (Bonnar et al., 2018;

and Fox et al., 2020).

1.6.1 Sleep extension

Sleep extension studies aim to increase sleep duration either by increasing total night-
time sleep or by introducing naps into the athletes’ schedule (Bonnar et al., 2018; and
Fox et al., 2020). Sleep extension trials have shown positive outcomes for both sport-
specific performances (e.g., tennis serve accuracy, hitting accuracy, basketball shooting
accuracy) and for general athleticism measures such as sprint time and self-rating of
overall performance (Mah et al., 2009; Mah et al., 2011; and Schwartz & Simon, 2015).
Sleep extension was also associated with decreased levels of daytime sleepiness and
fatigue as well as improved anxiety, depression, anger, and vigour scores (Mah et al.,

2009; Mah et al., 2011; and Schwartz & Simon, 2015).

In these studies, collegiate athletes were given from 1 week to 7 weeks where they were
told to aim for 9-10 hours of sleep per night (Mah et al., 2009; Mah et al., 2011; and
Schwartz & Simon, 2015). It should be noted that for replicating such methodology in
real-world conditions with adolescent athletes, creating the opportunity for 9-10 hours of
sleep per night is itself a methodological challenge. Taking the ‘perfect storm model’ into
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account, creating the opportunity for 9-10 hours of sleep per night for adolescents
outside of school holidays would require major reorganisation of academic and societal
commitments in the morning. Moving bedtimes forward is unrealistic given the
physiological drive for sleep being later in adolescence. In the case of adolescent
athletes in sporting codes where early morning training is prominent, scheduling a major

sleep extension opportunity into their routine may be a logistical challenge.

One answer to the scheduling issue above would be to extend sleep not only with a focus
on night-time sleep but by adding napping into an athlete’s daily routine. While some
studies have shown preliminary evidence that napping may be an effective recovery
strategy following a bout of sleep restriction (Davies et al., 2010; Petit et al., 2014; and
Romyn et al., 2018), napping has yet to be shown to be an effective method for extending

24-hour sleep duration while also improving athletic performance.

1.6.2 Healthy sleep behaviours

Systematic reviews and meta-analyses indicate that interventions aimed at improving
healthy sleep behaviours are the most common sleep intervention strategy used in
athlete populations (Bonnar et al., 2018; and Gwyther et al., 2022). Sleep behaviour
interventions involve educating participants on behaviours that are potentially harmful
and beneficial for optimal sleep patterns. Common endorsements across sleep

interventions for athletes recommend that they:

e Establish a consistent bedtime routine.

e Create a quiet, cool, and dark bedroom environment.

¢ Avoid blue light emitted from screens at least 2 h before bed (smartphones,
laptops, monitors).

e Get bright, natural light (the sun) upon awakening (the sun is ideal, but some

suggest at least a 10,000-lux lamp if artificial).
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¢ Avoid high-intensity exercise before bedtime.

e Employ effective use of napping.

¢ Eliminate the bedroom clock. (Halson, 2014; Bender et al., 2018; Driller, Lastella,
& Sharp, 2019; Harada et al., 2016; O’'Donnell & Driller, 2017; Tuomilehto et al.,

2017; Van Ryswyk et al., 2017 and Vitale et al., 2019).

Sleep behaviour interventions within athlete groups have shown varied success ranging
from decreasing subjective sleep difficulty scores (Bender et al., 2018), to increases in
subjective sleep quality scores (Driller et al., 2019; Harada et al., 2016; Tuomilehto et
al., 2017; and Vitale et al., 2019), decreases in objective sleep onset variance (Driller et
al., 2019), improved objective sleep efficiency (Driller et al., 2019), extended objective
and subjective sleep duration (Fullagar et al., 2016; O’Donnell & Driller, 2017; Van
Ryswyk et al., 2017), and improved cortisol awakening responses (Bonato et al., 2020).
With regards to athletic performance, sleep behaviour interventions have shown sport-
specific improvements, however, general measures of athleticism show mixed results
regarding improvement (Fullagar et al., 2016; Harada et al., 2016; and Van Ryswyk et
al.,, 2017). Sleep behaviour has been found to improve indices of mood and mental
health outcomes for athletes (Harada et al., 2016; and Van Ryswyk et al., 2017). Lower
scores for irritation (Harada et al., 2016); fatigue and vigour (Van Ryswyk et al., 2017)

have also been reported.

With regard to sleep behaviour interventions for general adolescent populations,
evidence for positive short-term outcomes has also been reported. Meta-analyses show
that adolescents who are taught about sleep behaviour in school have extended sleep
durations both on weekdays (Moseley & Gradisar, 2009; Cain et al., 2010; Beijiamini &
Louzada, 2012; Bonnar et al., 2014; Kira et al., 2014; and Wing et al., 2015) and

weekends (Beijiamini & Louzada, 2012; Kira et al., 2014; and Wing et al., 2015) and
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improved mood outcomes (Moseley & Gradisar, 2009; Cain et al., 2010; and Bonnar et
al., 2014) compared to adolescents who received no sleep education (Chung et al.,
2017). Of note, however, was that these positive outcomes did not persist at follow-up
as early as 6 weeks post intervention, suggesting that the long-term effects of sleep
education in general adolescent groups is limited. The long-term effect of sleep
behaviour education has proven more effective for student athletes (Kaier et al., 2016).
Sleep knowledge and daytime functioning were both significantly improved 2 weeks
following a single 30-minute presentation on sleep, and the improvements persisted in
follow-up assessments 3-4 months later. Despite these positive findings, scores on the
Sleep Hygiene Index Questionnaire got worse at follow-up compared to baseline (Kaier

et al., 2016).

In summary, sleep behaviour interventions show potential positive outcomes in adult
athlete groups, poor results in adolescent groups and the evidence are limited for

adolescent athlete populations (Kaier et al., 2016; and Fox et al., 2020).

1.6.3 Assisted sleep and post-exercise recovery strategies for

sleep

Assisted sleep strategies include interventions that theoretically augment sleep while
also aiding in physical recovery from exercise. These strategies have been shown to be
effective in youth and collegiate athlete groups (Gwyther et al., 2022). Assisted sleep
methodologies range from using whole-body red-light irradiation (Zhao et al., 2012);
exposure to low-colour temperature lighting (Wada et al., 2013); brain-wave entrainment
(Abeln et al.,2014) and the use of far infrared clothing (Loturco et al., 2016; Mazzardo-
Martins et al., 2016; Letton et al., 2018; and Nunes et al., 2020). Cryostimulation (Schaal
et al., 2015; Douzi et al., 2019; and Grainger, Comfort, & Heffernan, 2020), cold water

immersion (Krueger et al., 2020), and utilization of lower body compression clothing
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(Atkins et al., 2020), are all examples of strategies of post exercise recovery techniques
that have also been investigated for possible effects on sleep. Of these, brain-wave
entrainment, far infrared clothing, exposure to low-colour temperature lighting, and
whole-body red-light irradiation have been shown to increase subjective sleep quality
(Zhao et al., 2012; Wada et al., 2013; Abeln et al., 2014; Mazzardo-Martins et al., 2016;
and Letton et al., 2018). Whole-body red-light irradiation and far infrared clothing were
both found to improve sleep onset latency (Zhao et al., 2012; Mazzardo-Martins et al.,

2016; and Letton et al., 2018).

1.7 Measuring Sleep in Athlete Populations

1.7.1 Polysomnography

The “golden standard” for measuring and assessing sleep is polysomnography (Halson,
2014; and Tuomilehto et al., 2017). Polysomnography encompasses the measurement
of several bodily functions including brain activity, muscle activity, cardiac activity, and
eye movements (Halson, 2014; and Tuomilehto et al., 2017). Polysomnography offers
information on, but is not limited to, a participant’s total time spent asleep, sleep latency,
time spent in various sleep stages, number of awakenings and sleep efficiency (Halson,
2014; and Tuomilehto et al., 2017). The downfall of polysomnography is that it is time
consuming, labour intensive, very costly and typically is reserved to being applied in a
laboratory setting (Halson, 2014). Additionally, the operation of polysomnography
equipment and the subsequent data analysis requires significant expertise. For these
reasons, this method is often reserved for assessing clinical disorders related to sleep
(Halson, 2014). The only study that could be found where polysomnography was used
in athlete populations was Tuomilehto et al. (2017). Polysomnography was only used
once athletes were identified as having a sleeping disorder, however, and not for general

sleep quantification.
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1.7.2 Actigraphy

An alternative method for tracking sleep is the use of actigraphy which records body
movement continuously via an accelerometer (Ancoli-Israel et al., 2003; and Halson,
2014). Actigraphs can be worn comfortably on the wrist, ankle or the trunk making them
non-invasive as well as allowing for full range of movement to be unobstructed 24hrs a
day (Ancoli-Israel et al., 2003; and Halson, 2014). In order to use actigraphy accurately,
a sleep diary must be kept by the participant for the days over which the actigraph is
worn (Ancoli-Israel et al., 2003; and Halson, 2014). The participant is required to record
when they actively began attempts to fall asleep and when they wake-up (Ancoli-Israel
et al., 2003; and Halson, 2014). In order for the researcher to be satisfied that sleep was
achieved, two criteria have to be met: firstly, the sleep diary has to indicate that the
participant was lying down with the intention of going to sleep, and secondly, the data
from the actigraph must indicate that movement was sufficiently low to suggest that the
participant may have been in a state of sleep (Ancoli-Israel et al., 2003; and Halson,
2014). If both conditions are met then the researcher is able to tabulate total time asleep,
sleep latency, number of awakenings, time spent awake after sleep onset as well as

sleep efficiency (Ancoli-Israel et al., 2003; and Halson, 2014).

With correlations of 0.97, actigraphy has been shown to correlate highly with
polysomnography with respect to differentiating sleep from wakefulness (Blood et al.,
1997; and Jean-Louis et al., 1996). Slater et al. (2015), however, found that when
compared to polysomnography, the sensitivity, specificity and accuracy of wrist
actigraphy were 90%, 46% and 84%, respectively; and of hip actigraphy were 99%, 14%
and 86%. It was also concluded that wrist worn actigraphy was a more valid sleep
measure than hip worn actigraphy even though it has a limited ability to discern

wakefulness during a given sleep period (Slater et al., 2015). It must be noted that this
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study was conducted using GT3X+ Actigraphs and whether these findings will prove

indicative of all actigraphs is unknown.

While actigraphy is not as accurate as polysomnography, it still has some significant
advantages. Actigraphs can record data continuously, for days or even weeks, which is
an advantage over polysomnography as it can be used in field studies or to track a
participant during their normal routines (Ancoli-Israel et al., 2003; and Halson, 2014).
Actigraphy has been widely used in sleep quantification studies in athlete populations
(Leeder et al., 2012; Sargent et al., 2014a; Sargent et al., 2014b; Lastella et al., 2015a;
Romyn et al., 2016; and Staunton et al., 2017). Actigraphy does, however, have its
limitations. In order to monitor multiple participants in a single night, multiple actigraphs
are needed. The researcher also needs consistent contact with the participants to get
the actigraph back for analysis. These factors create challenges for monitoring large
samples during a single night or longer-term monitoring of participants who are not in the

immediate vicinity

1.7.3 Self-report tools

Subjective sleep assessment tools are regarded as being the cheapest and most
practical way to collect sleep/wake information on large population samples (Carney et
al., 2012; and Girschik et al., 2012). The gold standard among self-reported sleep
measurement tools is sleep diaries (Bootzin & Nicassio 1978; Bootzin & Engle-Friedman,
1981; Buysse et al., 2006; and Carney et al., 2012). Sleep diaries can yield information
regarding sleep onset, sleep onset latency, wakefulness after sleep onset, final

awakening, total sleep duration as well as total time in bed (Carney et al., 2012).

One issue that has made sleep diary research difficult to standardise is the fact that no
set sleep diary is used by the majority of sleep researchers (Carney et al., 2012). For

example, in Carney et al. (2012), 16 unique sleep diaries, which varied in terminology
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and format, were identified as being used out of a group of 22 sleep experts. The same
group of experts developed a standardised sleep diary, the Consensus Sleep Diary,
which aimed to address this problem (Carney et al., 2012). A core set of questions that
were deemed the minimum required for a self-reported sleep diary were collated.
Additions to these core items were made for specific sleep/wake concerns (Carney et
al., 2012). Sleep diaries have been used in previous athlete sleep quantification research
(Sargent et al., 2014a; Sargent et al., 2014b; Lastella et al., 2014; and Lastella et al.,
2015a) and the Consensus Sleep Diary specifically has also been used (Knufinke et al.,
2017). Some of these studies, however, used sleep diaries only to inform actigraphy

analysis (Sargent et al., 2014a; Sargent et al., 2014b; and Lastella et al., 2015a).

Another form of self-reported sleep assessment is retrospective questionnaires and
surveys. The Competitive Sports and Sleep Questionnaire, for example, has been used
in previous research to document very large samples of athlete sleep/wake behaviour
(Erlacher et al., 2011; and Juiliff et al., 2015). This questionnaire investigates pre-
competitive sleep patterns over a 12-month retrospective period (Erlacher et al., 2011).
While the accuracy of such a tool is not equal to any tool mentioned thus far in this
section (Lastella et al., 2014; and Lastella et al., 2015b), it does offer advantages that
other sleep assessments do not. The retrospective nature of the Competitive Sports and
Sleep Questionnaire allows for athletes to provide pre-competition data without
necessarily needing to be in competition phase at the time of the study (Erlacher et al.,
2011). This allows for multiple sporting codes and athletes to be studied simultaneously
regardless of whether the athletes are in-season, out of season or if they have a
competition coming up soon. More objective tools would only be able to quantify pre-
competitive sleep if the athlete was being monitored directly prior to competition, which

limits the possible sample of athletes (Erlacher et al., 2011).
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1.8 State of the current literature

The literature reviewed in this chapter highlights the following:

e Sleep is essential for growth, development, health, and well-being for
adolescents.

e Sleep has also been shown to be a crucial component for optimal athletic
performance.

e Adolescents are at risk of experiencing sleep loss given our understanding of the
‘perfect storm model’ of sleep changes during puberty.

e Athletes are predisposed to sleep loss because of training schedules especially
when training is scheduled for the early morning.

e Early morning training for adolescent athletes theoretically would exacerbate the
‘perfect storm model’.

e Little research has focused on how early morning training alters the sleep
behaviour of elite adolescent athletes.

¢ No available literature has documented the sleep habits of elite adolescent
athletes in New Zealand

¢ No available literature has identified long term intervention strategies aimed at

improving the sleep habits of elite adolescent athletes.

1.8.1 Research aims

Given the knowledge gaps identified above, the following aims directed the research

undertaken for this thesis, which is described in subsequent chapters.

1. Investigate the sleep patterns of New Zealand adolescent athletes from different

sporting codes with predominantly early morning training.
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2. Assess the feasibility and efficacy of a sleep education and novel training
rescheduling intervention for elite adolescent swimmers and on sleep patterns
and swimming performance.

3. Assess the feasibility and efficacy of a sleep education intervention coupled with
the introduction of blue light blocking glasses in a group of elite adolescent

rowers.
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CHAPTER 2 METHODOLOGY

Overview

This chapter provides an in-depth description of the aims, design and methodology used
in the two studies conducted to address the knowledge gaps identified above. Chapters
3-5 present three scientific papers covering aspects of the research findings, and each
includes a more succinct description of the relevant methods, which are restricted by
journal word limits. The present chapter provides a broader overview of the rationale

behind the methodological decisions for each of the studies.

2.1 Swimmers Intervention Study

2.1.1 Swim clubs and co-design of potential interventions

Swimming was identified in the literature as a sporting code where the potential for sleep
loss is high. This is largely owing to swimming historically being a high-volume training
sport which often requires athletes to train early in the morning. For this reason, 16
swimming clubs listed on the official Wellington Swimming website were emailed an
expression of interest for conducting baseline and intervention studies with elite
adolescent swimmers. Of the 16 clubs emailed, two were willing to discuss further details
of the study. Meetings were arranged with the coaches from both teams to discuss the
clubs’ typical training schedule, the swimmers’ schedules which included school,
holidays and major competitions, as well as potential areas of intervention. The initial
intervention proposed to the coaches was to provide their athletes with sleep education
and to reschedule a morning training during the week to an afternoon session. After

meeting with the coaches and learning more about their training schedules, it became
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clear that this first proposal was not feasible given that both teams already had training

scheduled in the afternoon/early evening every day of the week.

After discussing potential alternatives with the coaches, a new proposal was presented
which involved rescheduling a morning training session to another morning during the
week. The intent was to try and provide the swimmers consecutive mornings in a row
without an early wakeup during the week. Unfortunately, at this stage of discussion with
the coaches, one of the swimming teams indicated upcoming scheduling concerns which
would clash with the proposed two-month study period. The head coach was going to be
out of the country, pushing the time of the study back. This in turn caused the proposed
study time to clash with school holidays. These scheduling concerns resulted in the study
being cancelled with this team. The other club’s coach was satisfied with the new

proposal and was excited to present the study design to his club.

2.1.2 Ethics and recruitment

2.1.2.1 Ethical procedures

After the final study design was agreed upon by the coach and research team, a full
ethics application was submitted and approved by the Massey University Human Ethics

Committee (Application SOA 18/36) prior to any contact with the swimmers.

2.1.2.2 Recruitment

Once ethical approval for the study was received, the coach arranged a meeting between
the primary researcher, the swimmers and their parents at a local community centre
around the corner from the training pool. The primary researcher (TS) presented the
study design and handed out information letters (Appendix 1) detailing the full
requirements of the study to the swimmers and their parents. The researcher fielded any

guestions about the study and made all in attendance aware that they could contact
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anyone on the research team with questions or concerns at any time. Of the 17
swimmers who were invited to the information session, 14 attended, all of whom

volunteered to participate in the study.

2.1.2.3 Participant eligibility

The volunteers were given a screening questionnaire to fill out to assess their eligibility
for the study (Appendix 2) The inclusion criteria and the characteristics of the study
population are described in detail in Chapters 3 and 4. Volunteers had to be able to
attend a minimum of 90% of the scheduled training sessions for the duration of the study
and had to be free from injury at the time of the information session. To be eligible to
participate as ‘elite’ adolescent swimmers, they had to have qualified or competed at a

national level competition within the previous 12 months.

Volunteers meeting the study criteria who were under the age of 16 were required to
give written informed assent and also needed written informed consent from a legal
guardian to be allowed to participate (Appendix 3). Volunteers over the age of 16 were
allowed to participate after giving informed consent but were still encouraged to discuss

the study with their legal guardian (Appendix 3).

2.1.3 Participants — Swimmers

Of the 14 volunteers, 13 swimmers (mean age 14.8; SD 1.4 years; 54% female)
completed the study with one having to be excluded due to sustaining an injury before
the study could commence. None of the volunteers were excluded on the basis of

answers given on the screening questionnaire.

2.1.4 Study design and methods

The final study design was a field-based, repeated-measures pilot study that compared

the daily sleep and fortnightly swim performance of elite adolescent swimmers before
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and after a sleep education and training rescheduling intervention. The 8-week protocol
is described in detail in Chapter 4. It included a two-week baseline training period
followed by a six-week intervention period. Participants were asked to wear actigraphs
and complete daily sleep diaries throughout the 8 weeks and sports-specific
performance was measured twice during baseline and three times at two-week intervals

during the intervention.

Info session Baseline sleep and Intervention: sleep education and no morning training on two
training consecutive weekdays

. \

‘ [ I |

Week1l  Week2 Week 3 Week 4  WeekS  Week6 Week 7 Week 8

I N~ N B < —

% Performance Testing @ 45min Sleep Education Session

Figure 2.1. Graphical representation of the timeline of events for the intervention
study. Note that this image was produced by the author of this thesis.

2.1.5 Intervention

The six-week intervention included a sleep education component and a training
rescheduling component. The two components of the intervention were designed with
the intention of maximising and encouraging behavioural change with regards to sleep.
While the training rescheduling theoretically afforded the swimmers the opportunity to
accrue consecutive extended periods sleep, the education they received was designed

to help them make the most of the opportunity.

2.1.5.1 Sleep education program

The sleep education program consisted of two sleep workshops for the swimmers and a
sleep education booklet (Appendix 4). All the education materials were developed and

delivered by the primary researcher (TS). The first workshop took place at the beginning
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of the intervention period and was scheduled to last 45 minutes. The main aims of the

workshop were:

e To provide athletes with a better understanding of basic circadian and sleep
physiology.

e To talk about barriers to sleep and provide swimmers and their parents with
strategies that may help improve their sleep/wake behaviours.

e To provide a motivational framework that would help encourage the swimmers to

emphasise sleep and recovery in their everyday routines.

In an effort to make the sleep education as relevant to the swimmers as possible, the
group was given general feedback based on the sleep data recorded during the first
week of the baseline phase of the study. Each swimmer received an individual one-week
baseline data report that aimed to address any personal sleep issues, as well as group
sleep timing and duration information. They also received a sleep information booklet
that reinforced the major themes covered in the workshop and served as a

supplementary guide that they could work through in their own time.

Halfway through the intervention, the swimmers attended a follow-up 45-minute session
where they received individual and group feedback relating to the previous month of
sleep data collected. These data were used to set individual sleep targets for each
swimmer to work towards in the second half of the intervention. This session also served
as an opportunity to remind the swimmers of the key points addressed in the education
they had received, provide a forum for the swimmers to ask questions, and to provide

the researcher with feedback on their perceptions of the intervention.
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2.1.5.2 Training rescheduling

The training schedule of the swimmers prior to the study and during baseline phase
included eight swim training sessions a week with three early morning sessions that
commenced at 5:30 on Monday, Wednesday and Friday. The swimmers also had daily
afternoon training Monday to Friday with no training scheduled over weekends. For the
six-week intervention period, Wednesday morning training was rescheduled to take
place on Tuesday morning at 5:30. The decision as to which training session would be
moved and to which day was made in consultation with the swimmers’ coach. The
rescheduling provided two consecutive weekday mornings free of training for the
duration of the intervention while the humber of training sessions per week was kept
constant. While certain sessions were rescheduled, the overall number of weekly training
sessions did not change, only the day on which training took place. The coach also
agreed to keep training load (intensity X frequency) over the eight-week study period as

consistent as possible.

h%Y ' "I Thur
5:00 to 7:00 5:00 to 7:00

Figure 2.2. Training schedule before and after intervention. Session circled with
the arrow indicates the training which was rescheduled. This image has been
produced by the author of this thesis.
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2.1.6 Dependent measures

2.1.6.1 Actigraphy

Objective sleep measures were obtained from Micro MotionLogger actigraphs
(Ambulatory Monitoring Inc. [AMI], Ardsley, NY, USA) throughout the eight-week study
period. The Micro MotionLogger is a watch that also houses an accelerometer to detect
wrist movement. The watch face has a functional time display and an event marker
button (Figure 2.3). The Micro MotionLogger also has a light sensor and the ability to

detect when the watch is in contact with skin, via a temperature sensor.

Figure 2.3. Photo of the watch face of the Micro
MotionLogger.

Prior to participants receiving their watches, each device was cleaned, a new battery
was inserted, and the watch was programmed to record data in 1-minute epochs using
the monitor’'s zero-crossing mode (Meltzer et al., 2015). Participants were asked to wear
the watch on their non-dominant wrist continuously for the duration of the study (Meltzer
et al., 2015). While the watches are water resistant, participants were instructed to take
the watches off during long exposure to water (swimming, bathing, showering etc.) to

prevent any damage or loss of data, and to record whenever they took the watch off.
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Participants were also asked to press the event marker button when they actively began
trying to fall asleep and upon awakening. This placed a mark within the raw data which
aided the researcher in scoring actigraphy. Appendix 5 shows a copy of the instructions

given to participants on how to wear and use the watch.

Data were downloaded from the Micro MotionLoggers at three time points:1) at the
Friday morning training session one week into the baseline phase, to provide data for
the first education session the following week; 2); two weeks into the intervention period
(four weeks into the study), when the actigraph’s battery was changed and the first 4
weeks of data could be scored for the second education session the following week; and

3) at the end of the intervention.

Following best practice for scoring actigraphy, participants were also asked to keep a
daily sleep diary to record periods of sleep as well as when the watch may have been
removed or periods of inactivity (Littner et al., 2003). The diary included a daily timeline
for participants to mark the start and end time of any sleep period lasting longer than 10-

minutes.

To identify sleep periods, the actigraphy data were visually checked against the sleep
diary timelines, the event marker data, and the light and skin contact data., Sleep and
wakefulness were inferred from activity counts per minute using the Cole-Kripke
algorithm (Cole et al., 1992) in the manufacturer’s software (Action-W version 2.7.3045,
Ambulatory Monitoring Inc., Ardsley, New York, USA). Sleep measures extracted from

the actigraphy data were:

e Sleep onset — clock time when participants first fell asleep
e Sleep offset — clock time of participants finally woke up
¢ Midsleep point — the halfway point between sleep onset and sleep offset

e Sleep duration — the difference between sleep onset and sleep offset
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2.1.6.2 Hooper Index

Alongside the sleep timelines, the daily diary included the Hooper Index and a question
regarding device use. A copy of the diary instructions and example diary filled out can
be found in Appendix 5. The Hooper Index was included to measure subjective ratings
of sleep quality, stress, fatigue and muscle soreness (Hooper & Mackinnon, 1995), and
was selected for use in this study because of its brevity compared to other similar
guestionnaires. The Hooper Index has a Likert scale for each item making it quick and
easy to complete on a daily basis. The Likert scales ranged from one to seven with one
always representing the best-case scenario and seven the worst. To try and add colour
and personality into the diary, emoji faces were added to the rating scale. The athletes
were asked to complete the Index each morning upon awakening after completing their
sleep timelines. An additional yes/no question was added to the daily diary regarding
device use before bed. Participants were asked to indicate whether they used any
electronic devices (e.g. television, mobile phone, tablet, gaming console etc) in the last
hour leading up to their bedtime. At the end of each week the diary had motivational
guotes or jokes that were swimming specific, to again try to encourage completion of the

diary.

2.1.6.3 Performance testing

All performance-testing sessions were completed fortnightly at the same time of day
(6:00) and on the same weekday (Friday mornings). Keeping the time of testing

consistent limited possible confounding by circadian fluctuations in performance.

To monitor any change in swimming specific performance across the study, participants
were asked to perform a simulated race in the stroke and distance of their own choosing.
They were encouraged to choose, in consultation with their coach, the stroke and

distance in which they were most proficient, and completed their races in the same stroke
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and distance for all testing sessions. The time to complete the race was then calculated
as a percentage of each swimmer’s personal best for the corresponding stroke and

distance, to enable comparisons between swimmers.

All races were preceded by a standard warm-up routine, which was identical to that used
by these swimmers and their coach prior to a competitive race. The distance and
intensity of the warm-up routine was individualised for each swimmer but remained
constant across all testing sessions. This is in accordance with previous methodology

(Balilionis et al., 2012).

Three qualified timekeepers recorded race times. An adjusted Borg CR10 scale (Borg,
1990 and Borg, 1998) was used to measure athletes’ perceptions of effort after the

warm-up and again after the simulated races.

Participants were instructed not to eat anything from 22:00 the night before performance
testing until after the test was completed the next morning. Water was allowed to be
consumed ad libitum during this time. Participants were also asked to avoid meals that
were not part of their habitual diet on the nights before performance testing. These

measures were put in place to reduce the likelihood of dietary intake confounding results.
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2.1.7 Statistical analyses

2.1.7.1 Classification of data

Actigraphy and sleep diary data were analysed to identify main effects for ‘Nights of the
week’; ‘Intervention’ and ‘Age’. Nights of the week were classified as the following three

categories:

¢ Morning training — night prior to a weekday morning where training took place.
e Morning off — night prior to a weekday morning where no training took place.
o Weekend off — night prior to a weekend morning (no training took place on any

weekend)

Analyses for ‘Intervention’ also required data to be classified into three categories:

e Baseline — first two weeks of the study.
o First half of the intervention — first three weeks of the intervention up until the
second education workshop

e Second half of the intervention — last three weeks of the intervention

For the purposes of analysis of ‘Age’, the swimmers were dichotomized into ‘Under 15’

and ‘Over 15’ groups.

The original statistical model also included main effects of ‘Sex’, however, the model

lacked statistical power owing to the low sample size and was subsequently removed.
Interaction effects were calculated in conjunction with main effects and included:
¢ ‘Nights of the week’ by ‘Intervention’

¢ ‘Nights of the week’ by ‘Age’
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¢ ‘Intervention’ by ‘Age’ — included in original model but excluded from final

analyses

Nights of the week’ by ‘Intervention’ by ‘Age’ — included in original model but excluded

from final analyses.

2.1.7.2 Analysis

All statistical analyses were run in SAS (version 9.3, SAS Institute Inc., Cary, NC, USA).
Differences in actigraphy variables were analyzed using linear-mixed models with a
Kenward-Roger adjustment (Littell et al., 2007). Model assumptions of normality, linearity
and constant variance were assessed visually while Kolmogorov-Smirnov test for
normality was used to assess distribution of residuals (Tabachnick & Fidell, 2012).
Outlying residual variables were removed where identified and the models were rerun
with these missing. In all cases where this was done, the findings of the models were
not altered with the outliers excluded and thus the final models included outlier data.
Levene’s test was also conducted to assess inequality of variance between groups
(Levene, 1960 and Tabachnick & Fidell, 2012). The alpha level for the linear-mixed
models was set at 0.05 except for where significant variance between groups was
identified by Levene’s test. In these instances, a more stringent alpha of 0.01 was

implemented.

Cumulative logit proportional-odds models were used to analyse Hooper Index
responses given that these data were multinomial and categorical (Kiernan, 2018).
Device use data, which was assessed using a yes/no question, were analysed using a

binomial logistic regression model (Kiernan, 2018).

Main and interaction effects for all models were further analysed using Holm-Bonferroni

post hoc adjustments as well as calculating effect sizes using Cohen’s D (Field, Miles &
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Field, 2012). Effect size magnitude was classified as: 0.2-0.49, small effect; 0.5-0.79,

moderate effect; 20.8, large effect (Cumming, 2014).

2.2 Rowers Intervention Study

2.2.1 Rowing teams

Rowing was another sporting code identified in the literature to have a long tradition of
early morning training. Unlike swimming, rowing is often team-based, especially during
high school competition. The reported differences in sleep patterns between individual
and team-based sporting codes prompted the decision to compare swimmers and

rowers in the thesis research.

A convenience sample of rowing teams was approached for participation. One of the
members of the research team (JZ) had a personal affiliation with a local rowing club
which included several school teams. The head coach of the club was receptive to the
idea of a sleep intervention study with the school teams and facilitated a meeting
between members of the research team and the coaches of these teams. A different
intervention was proposed to be piloted with the rowers compared to the previous study
with swimmers, namely an intervention that incorporated blue light blocking glasses with
sleep education. Another difference between the studies was that the rowers were to be
monitored leading up to, during, and after the major regatta for the calendar year, the
Maadi Cup, whereas the swimmers were monitored across an 8-week period of routine

training.
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2.2.2 Ethics and recruitment

2.2.2.1 Ethical procedures

Once the coaches and researchers agreed on the final study design, a full ethics
application was submitted and approved by the Massey University Human Ethics
Committee (Southern A, Application 18/86). Initial contact with the rowers and their
parents was facilitated by the team and club coaches after ethics approval had been

received.

2.2.2.2 Recruitment

An information session was arranged at the rowing club for rowers and parents to find
out more about the study. However, trying to align both teams’ schedules proved difficult
and resulted in low turnout at the meeting. The tight timeframe to start the study to ensure
that it fell in the lead up to the Maadi Cup mean that additional information sessions could
not be offered. Instead, the primary researcher (TS) attended a local regatta where both
teams were competing and informed rowers about the study and gave out information
letters (Appendix 6) Of the 73 rowers making up both school teams, 22 volunteered to

participate in the study.

2.2.2.3 Participant eligibility

Eligibility criteria for the rowers were the same as for the swimmers, based on the same
screening questionnaire (Appendix 2). The only difference was that rowers had to have
gualified or competed in a national level regatta within the past 12 months to be classified

as an ‘elite’ adolescent rower for the study.

As with the swimmers, volunteers under the age of 16 needed to provide informed assent

and legal guardian consent to be allowed to participate in the study (Appendix 3). Rowers
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over the age of 16 needed to provide informed consent and were encouraged to discuss

the study with their legal guardians.

2.2.3 Participants — Rowers

Three of the 22 volunteers withdrew from data collection leaving 19 rowers (mean age
16.5; SD 1.1 years; all male) who completed this study. As both of the rowing teams
were male teams, no female rowers were recruited into the study. The inclusion criteria
and the characteristics of the study population are described in detail in Chapters 3 and

5.

Eleven of the rowers were from Rowing Team A and eight were from Rowing Team B.
Rowing Team A had 11 scheduled training sessions a week while Rowing Team B had
10. Both teams had four early morning training sessions on weekday mornings all
starting at 6:00. Unlike the swimmers, both rowing teams had weekend training sessions
which were scheduled to commence at 8:00. It should be noted that while these were
the booked training sessions throughout the study, not all of the sessions were used by

the coaches depending on weather conditions as well as athlete needs.

2.2.4 Study design

The study design implemented with the rowers was a field-based, repeated-measures
pilot study that compared the daily sleep of elite adolescent rowers before and after a
sleep education intervention which included the use of BlueBlockGlasses (Somnitude

Inc., Toronto, Ontario, Canada).

The baseline sleep of the rowers was initially monitored using actigraphy and a sleep
diary for 10 days during typical training. Participants were then invited to attend a 45-
minute sleep education workshop at Massey University, Wellington where sleep
education booklets and BlueBlockGlasses were distributed to each participant. The
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educational material was identical to that used in the swimmers’ study and was
presented by the primary researcher (TS). The rowers were asked to use the
BlueBlockGlasses in the two hours leading up to their bedtime (as in Bender, Werthner

& Samuels, 2018).

Participants were asked to wear their actigraphs and maintain daily sleep diaries for the
next six weeks. Four of these weeks were normal training weeks. The seventh week
after the study began was the weeklong Maadi Cup regatta followed by a recovery week.
Sleep monitoring continued throughout this time to investigate how sleep would change

during a weeklong competition followed by recovery.

Baseline sleep and Intervention: Recovery week
training Sleep education BlueBlockGlasses
| X I \ —t—
Information
session Week1l  Week2  Week3 Week4  Week5  Week6 Week7  Week 8

| | | | I | | | f !

L —

45min Sleep Education Session Maadi Cup

Figure 2.4. Graphical representation of the timeline of events for monitoring the
rowers.

2.2.5 Intervention
The four-week intervention included the provision of sleep education material and
BlueBlockGlasses to the rowers. (Figure 2.4).

2.2.5.1 BlueBlockGlasses

The blue light blocking glasses given to the rowers were BlueBlockGlasses Basic

(Fitover) which were donated to the research team by Somnitude Inc., Toronto, Ontario,
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Canada. Figure 2.5 depicts the spectral range of light the BlueBlockGlasses allow
through the lenses. The company claim that 99% of light below 520nm is blocked from
passing through the lenses. The fitover design also allowed for the glasses to be worn
while wearing prescription glasses (Figure 2.5). During the sleep education workshop,
the rowers were informed about how blue light before bedtime can alter sleep/wake
regulation and how the glasses might prevent this from happening. It was emphasized
that the gold standard for eliminating or reducing blue light was to reduce or stop using
electronic devices that may emit blue spectral light. The glasses were introduced as an
additional strategy for reducing blue light exposure before sleep, not as an alternative to
trying to reduce device use, which can have negative impacts on sleep in addition to its
associated blue light exposure. The rowers were instructed to wear their glasses in the

last two hours before bedtime each night.

Kebilive Tramsnission
—~—
P ——
N

Wavalength (nm

Figure 2.5. Spectral transmittance graph of the Somnitude lenses used in the
BlueBlockGlasses (https://blueblockglasses.com).

2.2.6 Dependent measures

As in the swimmers’ study, sleep was measured objectively using the Micro
MotionLogger actigraphs (Ambulatory Monitoring Inc. [AMI], Ardsley, NY, USA) and
subjectively with timelines in a daily diary, which also included the Hooper Index and a
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guestion regarding device use before bed. In addition during the intervention, the diary
required the rowers to answer a yes/no question regarding whether they had used the

BlueBlockGlasses in the last two hours before bed.

2.2.7 Statistical analyses
2.2.7.1 Classification of data

The rowers’ actigraphy and diary data were analysed for main effects of ‘Nights of the
week’, ‘Intervention’, and ‘BlueBlockGlasses’. Nights of the week were classified as one

of the following four:

¢ Morning training — night prior to a weekday morning where training took place.
e Morning off — night prior to a weekday morning where no training took place.
o Weekend off — night prior to a weekend morning without training

e Weekend training — night prior to a weekend morning training

Analysis for the main effect of Intervention compared data pre and post the introduction
of the sleep education and BlueBlockGlasses. In addition to the Intervention analyses,
data during the intervention period was classified as either a night where
BlueBlockGlasses were used before bed and nights where they were not used. Nights

with and without glasses use were compared for a main effect of BlueBlockGlasses.

The following interaction effects were calculated in addition to main effects:

¢ ‘Nights of the week’ by ‘Intervention’

¢ ‘Nights of the week’ by ‘BlueBlockGlasses’
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2.2.7.2 Analysis

All statistical analyses were run in SAS (version 9.3, SAS Institute Inc., Cary, NC, USA).
Differences in actigraphy variables were analyzed using linear-mixed models with a
Kenward-Roger adjustment (Littell et al., 2007). Model assumptions of normality, linearity
and constant variance were assessed visually while Kolmogorov-Smirnov test for
normality was used to assess distribution of residuals (Tabachnick & Fidell, 2012).
Outlying residual variables were removed where identified and the models were rerun
with these missing. In all cases where this was done, the findings of the models were
not altered with the outliers excluded and thus the final models included outlier data.
Levene’s test was also conducted to assess inequality of variance between groups
(Levene, 1960 and Tabachnick & Fidell, 2012). The alpha level for the linear-mixed
models was set at 0.05 except for where significant variance between groups was
identified by Levene’s test. In these instances, a more stringent alpha of 0.01 was
implemented. Holm-Bonferroni post hoc adjustments were calculated as well as Cohen’s
d for effect size (Field, Miles & Field, 2012). Effects were classified as small (0.2—0.49),

moderate (0.5-0.79) and large (=0.8) (Cumming, 2012).

Cumulative logit proportional-odds models were used to analyze Hooper Index items

and a binomial logistic regression model was used to analyse device use.
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CHAPTER 3 SLEEP/WAKE BEHAVIOUR OF COMPETITIVE
ADOLESCENT ATHLETES IN NEW ZEALAND:
INSIGHT INTO THE IMPACT OF EARLY
MORNING TRAINING

The following chapter details data collected during the Baseline phases of both the
swimmers’ and rowers’ studies outlined in Chapter 2. The baseline phase of the studies
was crucial in determining the typical sleep behaviours of elite adolescent athletes in
New Zealand. The following manuscript was prepared by the researcher and was

published by the journal Sleep Medicine in January 2021 (Steenekamp et al., 2021).

3.1 Abstract

Objective: Sleep plays a crucial role in the health, wellbeing, and development of
adolescent athletes’ sporting and academic lives. This study aimed to monitor the
sleep/wake behaviours of adolescent athletes who have frequent early morning training

sessions.

Methods: 13 swimmers (mean age 14.8 = 1.4; 46% male) and 19 rowers (mean age
16.5 + 1.1; all male) wore actigraphs and completed sleep diaries over a 2-week training
period. Diaries included the Hooper Index and a question regarding device use before
bed. Participants also completed chronotype questionnaires. Nights of the week were
categorised as taking place before “morning training”, “mornings off’, “weekend
mornings off’, and “weekend morning training”. Actigraphy and sleep diary variables

were compared for different nights of the week.

Results: All athletes were classified as “morning type”. Average sleep duration across

the study was 7h55 (+ 1h33). Median sleep duration was significantly shorter on nights
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before weekday morning training (6h44) compared to weekday mornings off (8h45). This
was due to an earlier wake time (04:51) while bedtime remained constant (~22:15).
Athletes went to bed later, woke later and slept for longer on nights before weekend

mornings off compared to weekday nights.

Conclusions:

Early morning training advanced the wake times of the athletes while bedtime remained
constant. This shortened sleep below age recommended durations on the nights before
early morning training during the week. These findings suggest that weekly average
sleep duration does not accurately reflect athletes’ nightly sleep given the large variability

across a training week.

Keywords:

Sleep duration; Sleep timing; Adolescent athlete; Training schedule; Swimming; Rowing

3.2 Introduction

Emerging evidence suggests that the sleeping habits of adolescents may be preventing
them from reaching their sporting potential. Insufficient sleep has been linked to negative
outcomes for physical health including an increase in injury rates, poorer psychological
health and well-being, as well as decrements in cognitive and physical facets of athletic
performance (Fullagar et al; 2015; Hirshkowitz et al., 2015; and von Rosen et al., 2017).
As outlined by the International Olympic Committee, sleep plays an essential role in the
development of youth athletes (Bergeron et al., 2015). Sleep requirements change
across the lifespan, with the National Sleep Foundation recommending that adolescents
get between 8-10 hours of sleep per night (Hirshkowitz et al., 2015). Reviews and meta-

analyses indicate that globally a large proportion of adolescents sleep less than these
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recommended durations on school nights (Carskadon, 2011; and Gradisar et al., 2011).
This trend is suggested to be a result of competing physiological, psychological and

socio-cultural factors (Carskadon, 2011; and Bartel et al., 2015).

Adolescence is accompanied by pubertal changes to both the circadian timing system
and the homeostatic sleep process which, in tandem, regulate sleep and wakefulness
(Carskadon, 2011; and Crowley et al., 2018). These changes include a phase delay in
circadian timing and a slower build-up of sleep pressure, resulting in a shift in sleep
timing with a preference for later bed and wake times (Carskadon, 2011; and Crowley et
al., 2018). This physiological preference is often in direct conflict with adolescents’
extracurricular and school commitments (Carskadon, 2011; and Crowley et al., 2018).
Early morning training has been suggested to be a risk factor for sleep loss in athletes
for this very reason (Sargent et al., 2014; Lastella et al., 2015; Kolling et al., 2016; and
Gudmundsdottir, 2019). For adolescent athletes to obtain sufficient sleep before early
morning training they would need to go to sleep during the evening ‘wake maintenance
zone’ (Crowley & Eastman, 2018). This is a time of the night when wakefulness is being
promoted by the circadian timing system and occurs later in adolescence than in
adulthood (Crowley & Eastman, 2018). Sports requiring high volume training often utilise
early mornings to fit enough training into the week. Participating in individual athlete
sporting codes is also a risk factor for short sleep, with adult athletes who participate in
team sports obtaining more sleep (7h00) than their individual sport counterparts (6h30)
(Lastella et al., 2015). Lastella and colleagues (2015) attribute this difference in part to
the timing of training, with individual sport athletes having more early morning training

sessions.

In addition to the physiological changes occurring in adolescence, technology use for
academic, social and recreational purposes prior to bed is increasingly prevalent (Bartel

et al., 2015). Device use and evening light exposure have been identified as significant
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risk factors for delayed bedtimes in adolescents as bright light, in addition to the alerting
effect of stimulating content, can further delay melatonin secretion (Bartel et al., 2015).
Over the weekend adolescents often go to bed later, wake later and extend the duration
of sleep (Carskadon, 2011; and Crowley et al., 2018). This disrupts the circadian timing
system making it difficult to fall asleep on subsequent school nights (Carskadon, 2011;
and Crowley et al., 2018). For adolescent athletes, weekends are not always a respite

with weekend training and competition possibly further disrupting sleep patterns.

This study aimed to investigate the sleep patterns of New Zealand adolescent athletes
from different sporting codes with predominantly early morning training. It was
hypothesised that adolescent athletes would obtain sufficient sleep on nights not
impacted by early morning training the next day. It was expected that on nights preceding
an early morning training session sleep would be shortened owing to the early rise time

and the inability of athletes to advance their bedtimes.

3.3 Materials and Methods

3.3.1 Participants

The athletes recruited were from a coeducational swimming club and two male rowing
teams. Swimming and rowing were chosen as both sports are historically high-volume
activities with frequent morning training sessions (Secher and Volianitis, 2007; & Allen
and Hopkins, 2015). While swimming is an individual sport, rowing can be both individual
and team orientated with athletes from both selected rowing teams competing almost
exclusively in multi-person crews. In total, 17 swimmers and 72 rowers were approached
to take part in the study. 14 swimmers and 22 rowers volunteered to participate. Study
inclusion criteria required athletes to be between the ages of 13 and 18 years;

nonsmokers; with no diagnosis of sleep or mood disorders; not currently taking any
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medication known to affect sleep and no international travel in the previous month.
Volunteers completed the Athlete Sleep Screening Questionnaire (ASSQ) (Samuels et
al, 2016; & Bender et al.,, 2018) to identify any potential undiagnosed sleep issues.
Athletes who were injured at the time of recruitment or unable to attend at least 90% of
training sessions during the study period were excluded. All the athletes in the study had
competed, or had qualified to compete, in a national level competition within the previous
12 months. One swimmer could not complete the study due to an injury and three rowers’
data sets were unusable due to a large percentage of missing data. No athletes were
excluded based on the ASSQ. In total, 13 swimmers (mean age 14.8; SD 1.4 years; 46%
male) and 19 rowers (mean age 16.5; SD 1.1 years; all male) completed this study. The
study was approved by the Massey University Human Ethics Committee (Application
SOA 18/36). Informed consent was received from all participants over the age of 16 and

participant assent with parental consent was received for athletes younger than 16.

3.3.2 Design

Data reported here were collected for 14 days during a typical training phase. This
duration of data collection provides a stable estimate of habitual sleep duration and night
to night variability (Mah et al., 2011) and was also the baseline phase of a larger 8-week
research program: Athletes were monitored immediately prior to a 6-week educational
and training rescheduling intervention. Swimmers were monitored in August 2018 as it
was a consolidated period of training without the interruption of major competitions or
school holidays. Rowers were monitored in February 2019 during the competitive rowing

season but two months prior to the most significant school regatta.

The number and organization of training sessions differed between the swimmers and
rowers as well as between the two rowing teams. Swimmers were scheduled for 8

training sessions per week, 3 of which were early morning sessions commencing at 5:30
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on Monday, Wednesday and Friday. No training sessions were scheduled on weekends
for the swimmers. The rowing teams had either 9 or 10 scheduled training sessions per
week depending on the team. Both rowing teams had 4 weekday early morning sessions
starting at 6:00 with Thursday morning off for one rowing team and Friday morning off
for the other. The rowing teams had weekend training sessions which were scheduled
to start at 8:00 on both Saturday and Sunday. While session intensity was not measured,
coaches were instructed to keep training intensity as consistent as possible during the

study period.

3.3.2.1 Classification of nights

Types of night were coded based on whether sleep took place prior to a weekend or
weekday morning as well as whether it was prior to a training morning or a morning off.
Sleep was therefore categorized as taking place prior to “morning training” (training on
weekday mornings), “morning off’ (weekday mornings free from training), “weekend off”

and “weekend training”.

3.3.2.2 Measures

Athletes wore Micro MotionLogger devices (Ambulatory Monitoring Inc. [AMI], Ardsley,
NY, USA) on their non-dominant wrist continuously for the total duration of the study
(Meltzer et al., 2012). Data were collected using the device’s zero-crossing mode and
recorded in 1-minute epochs (Meltzer et al., 2012). Using the manufacturer’s software
(Action-W version 2.7.3045, Ambulatory Monitoring Inc., Ardsley, New York, USA), sleep
and wakefulness were inferred based on activity count using the Cole-Kripke algorithm
(Cole et al., 1992). In conjunction with actigraphy, sleep was recorded on timelines in a
sleep diary. Data from the sleep timelines and the MotionLogger’s event marker were
used to confirm the timing of sleep periods detected by actigraphy. Measures taken from

the Motionlogger included sleep onset (when participants fell asleep), midsleep point
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(the halfway point between sleep onset and offset); sleep offset (when participants woke

up), and sleep duration (calculated from sleep onset and offset).

The Hooper Index was included in the sleep diary to measure subjective ratings of sleep
guality, stress, fatigue and muscle soreness (Hooper et al., 1995). The 4 items of the
Hooper Index were rated on a 1-7 Likert scale with 1 representing best-case scenario
and 7 the worst. Athletes were asked to complete the Hooper Index each morning upon
awakening, after completing their sleep timelines. The diary also included a yes/no
guestion regarding whether participants used an electronic device in the hour before

bedtime.

The Morningness-Eveningness Scale for Children (MESC) (Carskadon et al., 2018) was
incorporated into participants’ sleep diaries and used as a one-off measure of
chronotype. MESC scores range from 14 to 42 with lower scores indicating greater
eveningness and higher scores indicating greater morningness. In addition to the
screening purposes of the ASSQ, this questionnaire was also used for measures of
habitual caffeine use, evening device use and chronotype. ASSQ chronotype scores

range from 0 to 14 with scores = 4 indicating eveningness.

3.3.2.3 Statistical analysis

All statistical analyses were run in SAS (version 9.3, SAS Institute Inc., Cary, NC, USA).
Actigraphy variables were analyzed using linear-mixed models. The models included
main effects of night of the week, sport and age and an interaction effect of night of the
week with sport. A Kenward-Roger adjustment was used for the degrees of freedom
calculation (Littell et al., 2006). The assumptions of the model were checked visually,
and the distribution of residuals was assessed using the Kolmogorov-Smirnov test for
normality. Levene’s test was used to determine whether the variance was constant

between groups. The alpha level for the study was set at 0.05, however, where Levene’s
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test showed variances were not constant, a more conservative alpha level was used
when interpreting the results of fixed-effects (p<0.01) (Tabachnick and Fidell, 2006).
Post hoc tests with Holm-Bonferroni adjustments were run to further understand fixed
effect results and Cohen’s d was used to calculate effect sizes (Field et al., 2012). The
magnitude of effects was classified as follows: 0.2-0.49, small effect; 0.5-0.79,
moderate effect; 0.8, large effect (Cumming, 2014). Models that included all athletes
excluded the rowers’ weekend training data as rowers had weekend training while the
swimmers did not. A separate linear-mixed model, using only the rowers’ data, was run
to analyse the effect of weekend training on sleep and included main effects of night of
the week. Items on the Hooper Index were analysed using a cumulative logit
proportional-odds model and device use was analysed using a binomial logistic
regression model. Chronotype responses for the MESC and ASSQ were analysed for

age, sex and sport differences using Student T-Tests.

3.4 Results

3.4.1 Demographics

The average score on the MESC was 35.4 (SD 3.0; range 30-41) indicating that on
average athletes were more “morning type”. The average score for chronotype on the
ASSQ was 8.2 (SD 2.0; range 5-13) which also suggests the athletes tended towards
being “morning type”. No significant differences in age, sex or sport were found for either
measure of chronotype. Results from the ASSQ indicated that 37% of the adolescents
napped infrequently (63% reporting no naps) and 16% reported low habitual caffeine
intake (84% reporting zero caffeine intake). Electronic devices were reportedly used
before bedtime between 3-6 nights of the week by 75% of the athletes while the other

25% reported infrequent use.
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Average sleep duration over the two weeks of the study for all athletes was 7h55 (+
1h33) with average sleep onset and sleep offset of 22:44 (+ 1:03) and 6:38 (+ 1:28)
respectively. The median and range of sleep variables for different night categories can

be found in Table 3.1.

62



CHAPTER 3

Table 3.1. Median and range values for sleep variables for different nights of the

week for all athletes and swimmers and rowers separately.

Sleep Duration

All Athletes

Rowers

Swimmers
Sleep Onset

All Athletes

Rowers

Swimmers

Midsleep

All Athletes

Rowers

Swimmers

Sleep Offset
All Athletes

Rowers

Swimmers

Morning off Morning training Weekend off We‘?k.e’
trainin
Median Median Median Media
(Min-Max) (Min-Max) (Min-Max) (Min-Meé
8h45 6h44 9h08 NA
(5h45 - 11h33) (4h01 - 8h30) (6h09 - 13h58)
8h34 6h55 9h17 7h54
(6h22 - 10h00) (4h29 - 8h30) (6h35 - 13h58) (5h11 - 9l
9h04 6h36 9h00 NA
(5h45 - 11h33) (4h01 - 8h03) (6h09 - 12h04)
22:24 22:13 23:31 NA
(21:01 - 00:49) (20:32 - 00:45) (21:08 - 3:07)
22:32 22:22 23:43 22:47
(21:25 - 00:49) (21:15 - 00:45) (21:37 - 3:07) (21:19 -1
22:19 22:05 23:24 NA
(21:01 - 00:46) (20:32 - 00:44) (21:08 - 2:17)
2:53 1:32 4:10 NA
(1:20 - 4:38) (00:28 - 3:02) (1:48 - 6:56)
2:53 1:45 4:11 2:56
(2:12 - 4:19) (1:17 - 3:02) (3:40 - 6:56) (2:01 -4
2:41 1:25 4:09 NA
(1:20 - 4:38) (00:28 - 2:44) (1:48 - 6:28)
7:11 4:51 8:52 NA
(4:42 - 9:00) (4:14 - 5:44) (5:39 -11:34)
7:11 5:13 9:04 7:02
(6:07 - 8:16) (4:55 - 5:44) (8:12 -11:34) (5:31-7:
7:16 4:42 8:38 NA
(4:42 - 9:00) (4:14 - 4:58) (5:39 - 11:21)

Note: Median and range provided as data were not normally distributed. Range is for all values ac

all possible nights.
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3.4.2 Type of night differences

Linear mixed model analyses revealed main effects for type of night with respect to sleep
duration (p<0.001, df=2, 268, F=233.28), sleep onset (p<0.001, df=2, 268, F=60.32),
midsleep time (p<0.001, df=2, 266, F=439.49), sleep offset (p<0.001, df=2, 275,
F=658.66) and sleep quality (p=0.02, df=2, 227, F=3.95) (Figure 3.1). No statistically
significant main effect for type of night was found for stress, fatigue, muscles soreness
and device use before bed. No significant differences in age were seen for any
actigraphy or sleep diary variables. Table 3.2 presents post-hoc tests for models with

significant main effects.
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Figure 3.1. Least Squared Means for Sleep Duration (A), Sleep Onset (B); Midsleep
(C) and Sleep Offset (D) for different night conditions for all athletes. Error bars
denote standard deviation. Dashed lines denote recommended sleep duration.
Significant interactions are marked with brackets with effect sizes above.
Magnitude of effects: 0.2—0.4 = small; 0.5-0.79 = moderate; 20.8 = larg

64



CHAPTER 3

Table 3.2. Post hoc results comparing actigraphy variables between night conditions for all athletes. Magnitude of effects: 0.2—
0.4 = small; 0.5-0.79 = moderate; 20.8 = large.

Comparison of nights before: LS Means Confidence Interval DF tValue  Adjp-Value Cohen's d
Estimate Lower Upper
(Mins) (Mins) (Mins)
Sleep Duration
Morning off Morning training 123.2 105.3 141.0 264 16.6 <.0001 2.3
Morning off Weekend off -44.8 -66.8 -22.8 270 -4.9 <.0001 0.5
Morning training Weekend off -168.0 -189.2 -146.8 271 -19.1 <.0001 24
Sleep Onset
Morning off Morning training 9.8 -4.2 23.7 261 1.7 1 0.3
Morning off Weekend off -63.5 -80.6 -46.4 264 -8.9 <.0001 1.1
Morning training Weekend off -73.3 -89.8 -56.8 265 -10.7 <.0001 1.4
Midsleep
Morning off Morning training 72.9 61.9 83.9 264 15.9 <.0001 2.3
Morning off Weekend off -85.4 -99.0 -71.9 268 -15.2 <.0001 1.7
Morning training Weekend off -158.3 -171.4 -145.2 269 -29.2 <.0001 3.8
Sleep Offset
Morning off Morning training 135.0 120.7 149.3 270 22.7 <.0001 4.0
Morning off Weekend off -108.3 -125.8 -90.9 278 -14.9 <.0001 1.7
Morning training Weekend off -243.3 -260.1 -226.5 278 -34.8 <.0001 5.1

Note: Bold values represent statistically significant results.
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3.4.3 Sporting code differences

Sleep duration (p=0.03, df=1, 24.2 F=5.23) and sleep offset (p=0.01, df=1, 27.8, F=7.97)
differed significantly between swimmers and rowers (Figure 3.2). Aross the two week
baseline study, the swimmers slept less on average (t=-2.29, p=0.031, d=0.02) and woke

earlier (t=-2.82, p=0.01, d=0.1).

A B
11 1 9am 1 d=0.1
01— —"— = = m e — e — e — e — e — .

— d=0.02
2] 8am 1
=]
[+]
T
S o
IS 5
S ]
a 2 7am
o L
m 7]
L o
7] o
= o
e g

<
< 6am
1]
=
%]
|

5am 1
Rowers Swimmers Rowers Swimmers

Figure 3.2. Least Squared Means for Sleep Duration (A) and Sleep Offset (B)
comparisons for rowers and swimmers. Error bars denote standard deviation.
Dashed lines denote recommended sleep duration. Significant interactions are
marked with brackets with effect sizes above. Magnitude of effects: 0.2-0.4 =
small; 0.5-0.79 = moderate; 20.8 = large.

3.4.4 Weekend training

Linear mixed model analysis of rowers’ data that included weekend training mornings
found significant main effects for type of night with respect to sleep duration (p<0.001,
df=3, 125, F=74.61), sleep onset (p<0.001, df=3, 123, F=16.75), midsleep time (p<0.001,
df=3, 124, F=180.43) and sleep offset (p<0.001, df=3, 133, F=295.22) (Figure 3.3). No

statistically-significant main effect for type of night was found for stress, fatigue, muscles
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soreness and device use before bed. Post-hoc analyses for significant main effects are

presented in Table 3.3.
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Figure 3.3. Least Squared Means for Sleep Duration (A), Sleep Onset (B), Midsleep
(C) and Sleep Offset (D) for different night conditions for rowers. Error bars denote
standard deviation. Dashed lines denote recommended sleep duration. Significant
interactions with weekend training only are marked with brackets with effect sizes
above. Magnitude of effects: 0.2-0.4 = small; 0.5-0.79 = moderate; 20.8 = large.
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Table 3.3. Post hoc results comparing actigraphy variables between night conditions and weekend training for rowers. Magnitude

of effects: 0.2-0.4 = small; 0.5-0.79 = moderate; 20.8 = large.

Comparison of nights before: LS Means Confidence Interval DF t Value Adj p-Value  Cohen'sd
Estimate Lower Upper
(Mins) (Mins) (Mins)
Sleep Duration
Morning off Weekend training 41.9 4.2 79.6 125 3.0 0.0034 0.7
Morning training Weekend training -67.6 -105.0 -30.2 125 -4.8 <.0001 1.1
Weekend off Weekend training 106.5 63.0 150.1 127 6.6 <.0001 1.2
Sleep Onset
Morning off Weekend training -23.2 -52.2 5.8 123 -2.2 0.0675 0.4
Morning training Weekend training -33.0 -61.8 -4.2 123 -3.1 0.0106 0.8
Weekend off Weekend training 32.4 -1.2 65.9 124 2.6 0.0326 0.6
Midsleep
Morning off Weekend training -2.4 -22.3 17.5 124 -0.3 0.7464 0.0
Morning training Weekend training -67.6 -87.4 -47.8 124 -9.2 <.0001 2.4
Weekend off Weekend training 86.1 63.1 109.2 125 10.0 <.0001 2.0
Sleep Offset
Morning off Weekend training 20.9 -4.3 46.1 132 2.2 0.0280 0.6
Morning training Weekend training -100.4 -125.4 -75.4 133 -10.8 <.0001 4.0
Weekend off Weekend training 143.2 1145 171.8 138 134 <.0001 2.6

Note: Bold values represent statistically significant results.
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3.5 Discussion

The primary aim of this research was to observe how early morning training impacted
the sleeping patterns of New Zealand adolescent athletes. Regardless of sporting code,
the sleep of adolescent athletes in this study varied depending on whether sleep took
place prior to a weekday or weekend morning and whether training was scheduled for
the next morning or not. Median sleep duration on nights prior to weekday mornings free
from training (8nh45) and nights before weekend mornings without training (9h08) fell
within age recommended durations (Hirshkowitz et al., 2015). These durations are also
in line with findings of other studies of adolescents in New Zealand (Dorofaeff and
Denny, 2006; Skidmore et al., 2013; & Galland et al., 2017). Conversely, median sleep
duration for nights before weekday morning training (6h44) and nights before a weekend
morning with training (7h54; rowers only) fell below age recommended durations. As
hypothesised, early morning training was found to significantly reduce the sleep duration

of adolescent athletes (reduction of 2 hours per night on average).

These findings depict a similar pattern to that seen with adolescent Icelandic swimmers
(Gudmundsdottir, 2019) for whom average total sleep time across a week of training was
6h32 (range 5h02 - 8h30). While the Icelandic swimmers slept less for all night categories
across a normal week compared to the New Zealand athletes in the current study, the
pattern of fluctuating sleep duration and timing driven by early morning training is similar.
In both cases, the average sleep values for the week do not reflect the variability in sleep
and thus it is recommended that reporting only weekly averages for sleep variables in

these populations be avoided.

As with general population findings, the athletes in this study went to bed and woke up
significantly later on weekends compared to during the week (Dorofaeff and Denny,

2006; Skidmore et al., 2013; & Galland et al., 2017). Later bed and wake up times were
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accompanied by extended sleep durations which are also consistent with findings from
other studies of New Zealand adolescents (Dorofaeff and Denny, 2006; Skidmore et al.,
2013; & Galland et al., 2017). Adolescent athletes exhibiting patterns of social jetlag is
also consistent with other studies when weekend morning training is absent from

athletes’ schedules (Suppiah et al., 2015; & Suppiah et al., 2016).

In the rowing group, athletes also had morning training on weekends although the timing
of this session was more comparable to school start times than weekday morning
training. While there was no statistically significant difference in bedtime on nights before
weekend mornings with training and nights prior to weekday mornings off, wake time
was significantly earlier and sleep duration was significantly shorter on nights before
weekend mornings with training. The hallmarks of social jetlag were less pronounced on
nights preceding weekend morning training, which is in line with the findings of Brand et
al, (2010) who found less weekday to weekend variability for sleep measures in an
adolescent athlete group who had weekend sporting commitments compared to a

sedentary control group.

Accruing a sleep debt throughout the week and ‘catching up’ on sleep over the weekend
is associated with disruption to the circadian timekeeping system. This circadian
disruption has been associated with negative metabolic and psychological health
outcomes for adolescents (Diaz-Morales and Escribano, 2015; & Malone et al., 2016)
and has potentially negative effects on academic outcomes (Dorofaeff and Denny, 2006;
& Diaz-Morales and Escribano, 2015). It is currently unclear whether the additional
disruption to sleeping patterns during the week imposed by intermittent early morning
training further exacerbates these issues for adolescent athletes. It also remains unclear
whether routine exercise may mask some of these negative effects given that regular
exercise has been found to have positive effects on sleep architecture and sleep patterns

as well as subjective ratings of sleep (Chennaoui et al., 2015). Further research aiming
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to address these issues is needed to fully understand the complex and bi-directional

relationship between sleep and physical activity.

The reduction in sleep duration found on weeknights prior to training was due to
advanced wake times while bedtimes did not change and remained similar to those
observed for other New Zealand adolescents (Dorofaeff and Denny, 2006; Skidmore et
al., 2013; & Galland et al., 2017). Despite knowing that they would need to attend early
morning training sessions, the rowers and swimmers in this study did not shift their
bedtimes earlier the night before to compensate for the earlier wake times. To maintain
optimal sleep durations, bedtime prior to morning training sessions would have had to
shift to a time in the circadian body clock cycle when the brain is likely to be promoting
wakefulness (the evening wake maintenance zone) (Wyatt, 2007). Itis possible that even
if the adolescent athletes had tried to go to bed earlier in advance of early morning
training, the homeostatic and circadian mechanisms that drive sleep timing may not have
allowed for earlier sleep onset. This has broader implications for future interventions in
these populations. Given that swimming and rowing both involve high volumes of training
and that this training must be organised around school times, a reduction or rescheduling
of training (while beneficial for sleep) may not always be feasible. Successful
interventions will need extensive co-design and commitment from these young athletes

and their supporters (eg, parents, coaches, and teachers).

Findings from both the ASSQ, sleep diaries and actigraphy data indicate that the athletes
in this study napped very rarely. Only two instances of napping occurred during the two
weeks of monitoring. In contrast, Kolling et al. (2016) found a large percentage of
adolescent rowers took the opportunity to nap regularly during a baseline week at a
training camp. Most naps took place between 12:00 and 15:00 which was a scheduled
daily rest break (Kdlling et al., 2016). This suggests that adolescent athletes may be

inclined to add a nap to their daily routine when their schedules allow. While this may
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represent an opportunity for intervention it must be noted that in the current study,
athletes’ schedules did not allow many opportunities for daytime napping to take place.
This highlights the unique schedules and circumstances each adolescent athlete
population presents and that any sleep intervention would need to be specifically tailored

to individual athlete groups and possibly also the individual athletes.

Weekly device use in the hour before bed, as reported by the athletes on the ASSQ, was
between 3 and 6 nights a week. Sleep diary data revealed, however, that the athletes
used electronic devices an hour before bed on over 90% of nights during the study. This
is of concern, as short-wavelength light, or blue light is emitted in high proportion by
electronic devices (Bartel et al., 2015). Blue frequency light has an alerting effect while
also suppressing melatonin and delaying the circadian biological clock (Van Der Lely et
al., 2015). Limiting blue light before bedtime should have a positive effect on sleep/wake
regulation. The findings of this study suggest either a lack of sleep health knowledge or
a failure to implement good sleep health practices by the adolescent athletes. This is not
a unigue finding, as it is commonly reported that adolescents in general use electronic
devices before bed, be it for entertainment, social or school purposes (Gradisar et al.,
2013). No significant difference was found with regards to device use and different types
of nights in the current study indicating that the athletes maintained comparable levels
of device use regardless of whether or not they had training the following morning. This
is a potential area for intervention in adolescent athlete populations with regards to

improving sleep health.

The athletes in the current study tended to be “morning types” according to the results
of the MESC and ASSQ. These findings are counter to the evidence of phase delay and
evening preference throughout adolescence (Carskadon, 2011; & Carskadon, 2018) and
could be due to inaccuracies in the measures, given that neither has been validated for

this specific population. The MESC has been validated for adolescents but not athlete
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groups while the reverse is true for the ASSQ. The findings of the current study provide
evidence for the scales producing similar findings, however, further validation in this
population needs to be conducted for both scales. It is also possible that individuals who
choose and continue to participate in sporting codes with early morning training
commitments are more naturally inclined to be morning types. It may be that evening
types drop out of sports with high morning training demands during adolescence given
the mismatch with their circadian preferences. While there is supporting evidence of this
from adult athlete studies (Lastella et al., 2016; & Vitale et al., 2017), more evidence in
adolescent athlete groups is needed to confirm this hypothesis. This theory should be
further investigated as it may play a role in both talent identification and retention for

school sporting programs.

The current study did not have a comparison group of either adolescent athletes who
partake in training later in the day or a sedentary group. Furthermore, the athletes in the
study were recruited from 2 sporting codes and 3 separate teams. This meant that
participants often had different training schedules as well as different scholastic
commitments. It would have been ideal to keep this consistent for analyses, however,
finding a large enough sample that fit the inclusion criteria and had the same schedule
was not possible. Despite the small sample size, approximately 300 nights of actigraphy
data were collected in total. This allowed for a comprehensive picture of sleep patterns
to be gained for the athletes in this study. That being said, the small sample of female
participants did mean that the statistical models did not have sufficient power to include
sex differences in the final models. Another challenge was finding a 2-week period that
represented a baseline training phase where training intensity was kept constant without
upcoming competition or scholastic events such as holidays, tests or exams. With careful

consultation with coaches and athletes, this was achieved in the current study, however,

73



CHAPTER 3

this issue should be taken into consideration when undertaking similar research

endeavours.

3.6 Conclusions

The current study monitored the sleep/wake patterns of 13 adolescent swimmers and 19
rowers during a 2-week training phase. All had reduced sleep duration on nights before
weekday early morning training as a result of unchanged bedtimes. Weekday to
weekend variability in sleep patterns was evident especially when weekend mornings
were free of training. Importantly, although weekly sleep duration averages suggested
athletes’ sleep duration was similar to that of the general adolescent population, it did
not accurately reflect the night-to-night variability and disruptive effects of early morning
training. Using weekly average sleep durations to assess sleep in athlete populations
should, therefore, be cautioned. Stakeholders in the development of adolescent athletes
including coaches, parents and school administrators should be aware of the impact
early morning training may have on adolescent athletes’ sleep. Further research is
needed to investigate potential interventions which could mitigate the effect of early

morning training.
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CHAPTER 4 EFFECTS OF SLEEP EDUCATION AND
TRAINING RESCHEDULING ON THE
SLEEP/WAKE BEHAVIOUR AND
PERFORMANCE OF ELITE ADOLESCENT
SWIMMERS. A PILOT INTERVENTION.

4.1 Abstract

Objective: Few studies have implemented field interventions aimed at improving the
sleep of elite adolescent athletes. This study tested the feasibility and efficacy of sleep
education coupled with training rescheduling for improving sleep and performance in

elite adolescent swimmers.

Methods: The sleep of 13 swimmers (mean age + SD 14.8 + 1.4; 54% female) was
monitored for 2 baseline and 6 intervention weeks using diaries and actigraphy.
Participants completed the Hooper Index and recorded bedtime device use daily.
Fortnightly swimming performance was measured via race simulations. The intervention
was comprised of education sessions and repositioning a training session to provide

consecutive weekday mornings free of training.

Results: Compliance using the actigraphs and sleep diary was 78%. While midsleep
point and sleep offset were significantly earlier during the second half of the intervention,
sleep duration and quality were unchanged. No significant difference was found in
swimming performance. Device use before bedtime reduced by 24% over the

intervention.

Conclusions: These findings suggest that adolescent athletes are motivated to make

changes to improve sleep but due to their physiology and schedule are unable to alter
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the timing and duration of sleep. Coaches, parents, swimmers and authorities need to
work together to consider the implications of early morning training and possible

solutions.

Keywords:

Sleep Intervention; Sleep timing; Adolescent athlete; Training schedule; Swimming

4.2 Introduction

Early sport specialisation and young peak competition age make adolescence a crucial
developmental time in determining the success of a competitive swimmer (Vaeyens et
al., 2009; and Allen & Hopkins, 2015). Swimming has historically been a sport centred
on the principle of volume training with the need for early morning as well as evening
training to reach weekly distance goals (Chatard & Stewart, 2011). While training
philosophies have been refined over the years, early morning training is still
commonplace for swimmers today making competitive adolescent swimmers an at-risk
group for significant sleep restriction (Sargent et al., 2014 and Gudmundsdottir, 2019).
Furthermore, the time required for training and competition must fit into an adolescent’s
already busy social and academic schedule which often results in sleep being

compromised (Godber, 2012).

Athletes, coaches and organisations such as the International Olympic Committee all
acknowledge that sleep is essential to health and athletic performance (Bergeron et al.,
2015). With an increased awareness of the importance of sleep, intervention studies that
aim to increase the amount or quality of sleep for athletes have become a topic of
interest. Systematic reviews of sleep interventions in both adolescent and young adult
athletes have identified three main sub-types of intervention commonly used (Bonnar et

al., 2018; and Fox et al., 2020).
76



CHAPTER 4

The first category includes sleep extension interventions which aim to increase sleep
duration either by increasing total nighttime sleep or by introducing naps into athletes’
schedules (Bonnar et al., 2018; and Fox et al., 2020). The second category involves
interventions that focus on sleep health and sleep-related behaviour to increase sleep
duration and improve sleep quality (Bonnar et al., 2018; and Fox et al., 2020). The third
category includes interventions that utilise post-exercise recovery strategies, such as ice
baths, stretching etc, which have been postulated to improve sleep (Bonnar et al., 2018).
Any intervention designed for adolescent swimmers may incorporate elements of these
intervention categories but also needs to consider the sleep and circadian physiology of

adolescents and the lifestyle of young swimmers.

Puberty is accompanied by changes to the biological mechanisms responsible for
sleep/wake regulation: the circadian timekeeping system and the homeostatic sleep
process (Carskadon, 2011; Greene, Bjorness & Suzuki, 2017; Crowley et al., 2018; and
Astiz, Heyde & Oster, 2019). During adolescence there is typically a phase delay in
circadian timing and a slower rise in sleep pressure build-up, resulting in later bed and
wake times (Carskadon, 2011; and Crowley et al., 2018). The circadian timekeeping
system produces a period of increased alertness, known as a wake maintenance zone,
2- to 3-hours prior to the onset of evening melatonin secretion (Lavie, 1986; and Strogatz
et al., 1987). Adolescents have been shown to have a later wake maintenance zone and
find falling asleep during this period more difficult than adults (Crowley and Eastman,
2017). Any intervention that aims to extend sleep by shifting bedtimes earlier needs to
take this physiological drive for wake into account. Device use and late-night light
exposure have also been theorised to be significant drivers of delayed bedtime in
adolescent groups (Wood et al., 2013; and Van Der Lely et al.,, 2015). Bright light,
particularly light in the blue frequency range, suppresses and delays melatonin secretion

in young adults which can phase delay the circadian timekeeping system and disrupt
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sleep (Chang et al., 2015). With device use before bedtime prolific amongst adolescent
groups (Arora et al.,, 2018), this is an area where behavioural intervention may be
beneficial. Despite both Bonnar et al. (2018) and Fox et al. (2020) noting the potential
benefits of sleep behaviour education in older athletes, neither review identified a study

that investigated the efficacy of sleep education in adolescent athletes.

Encouraging later wake times is another potential mechanism for increasing sleep
duration in adolescents but is socially impractical due to school start times often dictating
wake times (Carskadon, 2011; and Crowley et al., 2018). With a phase delay in
adolescent circadian timekeeping systems, the average adolescent will fall asleep after
11:00 pm (Crowley et al., 2018). To obtain the recommended 8-10 hours sleep for their
age, wake time would ideally be approximately 8:00 am. This physiological preference

for sleep timing is in direct conflict with school start times.

The mismatch between physiology and socio-cultural factors has been termed the
‘perfect storm’ model of poor sleep in adolescence (Carskadon, 2011; and Crowley et
al., 2018). This model serves as an explanatory tool for why adolescent populations
around the world routinely sleep less than recommended durations throughout the
school week (Crowley et al., 2007; Carskadon, 2011; Gradisar et al., 2013; Hirshkowitz
et al.,, 2015; and Watson et al., 2015). Sleep loss during the school week is often
juxtaposed with later bed and wake times and extended sleep periods over the weekend
(Carskadon, 2011; and Crowley et al., 2018). The change in sleep timing and duration

between the school week and weekend is known as ‘social jetlag’ (Wittman et al., 2006).

Early morning training in adolescent swimmers provides an extreme example of the
perfect storm model by pushing wake times even earlier. Recovery sleep following one
night of sleep restriction in adolescents has been demonstrated to be insufficient to

return sleep macrostructure to baseline values (Carskadon, Harvey & Dement, 1981;
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and Kopasz et al., 2010). Early morning training is highly likely to result in acute sleep
restriction for adolescents. If morning training sessions are separated by days off (e.g.
train one morning, have a morning off training, train the next morning), then adolescent
athletes may experience social jetlag throughout the week and weekend. Re-arranging
training to increase the number of recovery days represents a novel intervention that is

yet to be tested in adolescents.

The primary aim of this study was to pilot a sleep education and novel training
rescheduling intervention for adolescent swimmers. The sleep education intervention
follows the recommended principles outlined by Bonnar et al., (2018) and training
rescheduling was added with the aim of increasing consecutive recovery days during

training weeks.

4.3 Method

4.3.1 Participants

A coeducational swimming club was approached to take part in this intervention.
Seventeen swimmers from the club received information about the study and 14
volunteered to take part. Participants were required to be between the ages of 13 and
18; non-smokers; have no prior diagnosis of a sleep or mood disorder and not currently
be taking medication with known side effects on sleep. The Athlete Sleep Screening
Questionnaire (ASSQ) (Samuels et al., 2015; and Bender et al., 2018) was completed
by volunteers to identify undiagnosed sleep problems and/or recent international travel.
Volunteers were required to be free from injury and able to attend a minimum of 90% of
training sessions throughout the study. All volunteers had to meet the study criteria of
being an elite swimmer, defined for this study as having competed or qualified to

compete at a national level competition within the previous 12 months. Participant assent
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and parental consent were received for swimmers younger than 16 years of age and
participant consent were received for swimmers over 16 years old. The study was

approved by the Massey University Human Ethics Committee (Application SOA 18/36).

4.3.2 Procedure

This pilot intervention was a field-based, repeated-measures study that compared the
daily sleep and fortnightly performance of adolescent swimmers before and after a sleep
education and training rescheduling intervention. Data were collected across 8
consecutive weeks, which included a 2-week baseline phase and a 6-week intervention
period (Figure 4.1). The intervention comprised sleep education sessions and training
rescheduling. Sleep education involved a 45-minute workshop at the beginning of the
intervention (end of week 2) and another 45-minute follow up session at week 5 (halfway
through the intervention period) (Figure 4.1). Parents and coaches were welcome and
encouraged to join these sessions. The initial workshop included individualised feedback
on sleep recorded during the first baseline week. To supplement the workshop,
swimmers also received a sleep information booklet to work through in their own time as
well as summaries of group sleep data from the first baseline week. The follow-up
session involved giving swimmers similar feedback relating to the previous month of
sleep data. This data was used to set individual sleep targets for each swimmer to work
towards in the second half of the intervention. For example, each participant was given
a bedtime goal 15 minutes earlier than their previous month’s average bedtime which
advanced another 15 minutes each week. A timeline of events of the study can be found

in Figure 4.1.
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Info session Baseline sleep and Intervention: sleep education and no morning training on two

training consecutive weekdays
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Figure 4.1. Timeline of events during the 8-week study period.

During the baseline phase, the swimmers followed their usual training schedule of 8
training sessions a week with early morning training (starting at 5:30 am) on Monday,
Wednesday and Friday, and daily afternoon training. No training sessions took place on
weekends. For the intervention, Wednesday morning training was rescheduled to take
place on Tuesday at 5:30 am. This adjustment provided two consecutive weekday
mornings free of training for the duration of the intervention while the number of training
sessions per week was kept constant (Figure 4.2). The coach was asked to keep the

training load as consistent as possible throughout the study.

4.3.3 Classification of study periods

For statistical purposes “Nights of the week” were coded based on whether the following

morning was a “morning training”, “morning off” or a “weekend off”. “Intervention” periods

were defined as “Baseline”, “First half of intervention” and “Second half of intervention”.

81



CHAPTER 4

Sunday Night I

Monday Night .

Tuesday Night I
£
3 Wednesday Night |
@

Thursday Night I

Friday Night L

Saturday Night -

Type
21:00 22:00 23:00 00:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 .
Sleep
. Training

Sunday Night I

Monday Night .
g TuesdayNight |
£
]
E  hursday Night T

Friday Night |

Saturday Night .——— ]

21:00 22:00 23:00 00:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00

Figure 4.2. Depiction of training schedule changes during baseline and
intervention phases of the study. Sleep timing derived from actigraphy and sleep
diary data.

4.3.4 Measures

The swimmers wore Micro MotionLogger devices (Ambulatory Monitoring Inc. [AMI],
Ardsley, NY, USA) on their non-dominant wrist continuously for the 8-week study
(Meltzer et al., 2013). Data were recorded in 1-minute epochs using the monitor’s zero-
crossing mode (Meltzer et al., 2013). Sleep and wakefulness were inferred from activity
using the Cole-Kripke algorithm (Cole et al., 1992) in the manufacturer's software
(Action-W version 2.7.3045, Ambulatory Monitoring Inc., Ardsley, New York, USA).

Measures taken from actigraphy were:

Sleep Onset — the time participants first fell asleep
Sleep Offset — the time participants finally woke up
Midsleep point — the midway point between Sleep Onset and Sleep Offset

Sleep Duration — the difference between Sleep Onset and Sleep Offset
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Swimmers were asked to press the event button on the MotionLogger when going to bed
and upon awakening. They also recorded their bed and wake times on a timeline in a
sleep diary. Researchers confirmed periods of sleep in the actigraphic recording by

consulting the event marker data and timelines.

The sleep diaries incorporated the Hooper Index for daily subjective ratings of sleep
guality, stress, fatigue and muscle soreness (Hooper & Mackinnon, 1995). Items on the
Hooper Index were rated on a Likert scale (1-7) upon awakening each morning with 1
always being best and 7 always the worst response possible. The daily sleep diary also

featured a yes/no question regarding electronic device use in the hour before bedtime.

The chronotype of the swimmers was measured using the Morningness-Eveningness
Scale for Children (MESC) (Carskadon et al., 1993). A measure of chronotype was also
included in the ASSQ, which was used in the screening process for volunteers, and

provided indications of habitual napping, and caffeine and evening device use.

Swimming performance was measured every second week at 6:00 am during the Friday
morning training session. In total, swimmers’ performance was measured twice during
baseline and three times during the intervention period (Figure 4.1). Swimming
performance was measured as time to complete a simulated race in the stroke and
distance of the swimmers’ choosing. Individuals completed their race in the same stroke
and distance for all testing sessions. All races were preceded by a standard warm-up
routine, which was identical to that used by the swimmers prior to a competitive race.
The distance and intensity of the warm-up routine were individualised for each swimmer
but remained constant across all testing sessions. Three qualified timekeepers recorded
race times. An adjusted Borg CR10 scale (Borg, 1990 and Borg, 1998) was used to
measure athletes’ perceptions of effort (Ratings of Perceived Exertion RPE) after the

warm-up and again after the simulated races. Participants were instructed not to eat
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anything from 22:00 the night before performance testing until after the test was
completed the next morning, however, water could be consumed ad libitum during this
time. Participants were also asked to avoid meals that were not part of their habitual diet
on the nights before performance testing. These measures were put in place to reduce

the likelihood of dietary intake confounding results.

4.3.5 Statistical analysis

All statistical analyses were completed in SAS (version 9.4, SAS Institute Inc., Cary, NC,
USA). Linear-mixed models with a Kenward-Roger adjustment were used to analyze
actigraphically derived sleep variables. All models included the main effects of
“Intervention” (3 levels = “baseline”; “first half of intervention”; “second half of
intervention”); “Nights of the week” (3 levels = “morning training”; “morning off”’; “weekend
off’) and “Age”. For “Age” analyses the swimmers were split into two groups: those “15
and under” and those “Over the age of 15”. Sex differences were originally included in
analyses but were subsequently removed as the model lacked statistical power due to
the small sample size. Interaction effects for “Intervention” by “Nights of the week” and
“Age” by “Nights of the week” were also included in all models. Model assumptions were
assessed visually and the Kolmogorov-Smirnov test for normality was used to assess
the distribution of residuals. An alpha of 0.05 was set for all statistical tests except for
instances when Levene’s test indicated inequality in variances between groups. In such
cases, a more stringent alpha level of 0.01 was used when interpreting fixed effects.

Holm-Bonferroni post hoc adjustments and Cohen’s d were also calculated. Effect size

magnitude was classified as small (0.2—0.49), moderate (0.5-0.79) and large (=0.8).

Hooper Index items were analyzed with a cumulative logit proportional-odds model and
a binomial logistic regression model was used to analyse device use. The main effects

of “Intervention”; “Nights of the week” and “Age” as well as the interaction effect of “Age”
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by “Treatment” were calculated for the Hooper Index items. General linear models were

used to analyze performance and perceptions of effort data.

Additional analyses were run to determine if the two consecutive mornings off training
during the week influenced actigraphic sleep variables or items from the Hooper Index.
A general linear mixed model compared the two nights before mornings off during the
baseline period (“Monday Night Baseline” and “Wednesday Night Baseline”), and the
two nights before mornings off during the intervention period (“Tuesday Night
Intervention” and “Wednesday Night Intervention”). This analysis included the main
effects of “Night of the Week” (4 levels) and “Age” (2 levels) as well as the interaction of

“Night of the Week” by “Age”.

4.4 Results

In total, 13 swimmers (mean age 14.8; SD 1.4 years; 54% female) out of the 14 initial
volunteers completed the study. One swimmer was excluded due to an injury sustained
prior to the study beginning. None of the volunteers were excluded due to ASSQ
responses. All swimmers were classified as ‘morning type’ with an average score of 35.2
(SD = 3.1) on the MESC and 8.5 (SD = 2.3) on the ASSQ. No effect of sex or age was
found for either measure of chronotype. The ASSQ results found 3 swimmers to report
infrequent napping and one reported low caffeine intake at the time of recruitment. The
rest of the participants reported no napping or caffeine consumption. All but one
swimmer reported using electronic devices prior to bed for most nights of the week on
the ASSQ. Across a total of 728 nights, swimmers wore their actigraphs on 575 nights,
achieving a compliance rate of 79%. Compliance with wearing the actigraphs was 96%
during baseline and 92% during the first half of the intervention. The second half of the

intervention saw compliance fall to 55%. Similarly, overall compliance with filling in the
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sleep diary was 78% over the entire study with 96% during baseline, 94% during the first

half of the intervention and 51% during the second half of the intervention.

The median and range for sleep variables on different nights of the week for each phase

of the study are provided in Table 4.1 (data not normally distributed).

Table 4.1. Sleep variables for different nights of the week for all study phases.

Mornings off

Morning training

Weekend off

Median Median Median
(Min-Max) (Min-Max) (Min-Max)
Sleep Duration (hours minutes)
. 8h47 6h36 9h00
Baseline  5145- 11h33) (4h01 - 8h03) (6h09 - 12h04)
First half of intervention 8h40 6h32 9ho7
(5h33 - 11h27) (3h06 - 8h28) (5h58 - 12h00)
8h44 6h36 8h02

Second half of intervention
Sleep Onset (24 h clock time)

Baseline
First half of intervention

Second half of intervention
Midsleep (24 h clock time)

Baseline
First half of intervention

Second half of intervention
Sleep Offset (24 h clock time)

Baseline

First half of intervention

Second half of intervention

(5h18 - 15h16)

22:19
(21:01 - 00:46)
22:39
(20:42 - 1:38)
22:33
(20:57 - 1:14)

2:41
(1:20 - 4:38)
2:52
(1:30 - 4:58)
2:59
(1:31 -5:14)

7:16
(4:42 - 9:00)
7:23
(4:44 -9:14)
7:22
(4:41 -12:18)

(4h36 - 8h10)

22:05
(20:32 - 00:44)
22:05
(20:33 - 1:43)
22:09
(20:05 - 00:00)

1:25
(00:28 - 2:44)
1:24
(00:41 - 3:15)
1:29
(00:35 - 2:21)

4:42
(4:14 - 4:58)
4:44
(4:14 - 5:00)
4:49
(3:32 -5:26)

(5h41 - 10h38)

23:24
(21:08 - 2:17)
23:31
(21:35 - 2:44)
23.07
(21:36 - 00:30)

4:09
(1:48 - 6:28)
4:10
(00:05 - 6:59)
3:06
(1:28 - 4:57)

8:38
(5:39 -11:21)
8:28
(5:03 -11:15)
6:59
(5:17 - 9:45)

Data are median and range in specified units.
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For actigraphic sleep variables, main effects of intervention were found for sleep duration
(p=0.03, df=2, 547, F=3.6); midsleep point (p<0.001, df=2, 546, F=8.7); and sleep offset
(p<0.001, df=2, 547, F=12.8). No significant main effect of intervention was found for
sleep onset (p=0.29, df=2, 546, F=1.26). Despite the intervention having a main effect
on sleep duration, post hoc results showed no significant difference between intervention
periods as is seen in Figure 4.3A. Post hoc results did, however, indicate that midsleep
point and sleep offset were significantly earlier during the second half of the intervention
compared to baseline and the first half of the intervention, although the effect size was
small.
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LS Means for Sleep Onset
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L8 Means for Sleep Duration
~
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First half of Second half of First half of Second half of
Baseline intervention intervention Baseline intervention intervention
c D
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T
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LS Means for Midsleep Point
LS Means for Sleep Offset

Figure 4.3. Least Squared Means for Sleep Duration (A), Sleep Onset (B), Midsleep
(C) and Sleep Offset (D) for study phases. Error bars denote standard deviation.
Significant effects are marked with brackets with effect sizes above. Magnitude of
effects: 0.2-0.4 = small; 0.5-0.79 = moderate; 20.8 = large.
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A main effect of intervention was found for the fatigue item of the Hooper Index (p=0.05,
df=2, 542, F=3.03), however, no significant differences were identified following post hoc
analysis. Similarly, no significant main effect of intervention was found for sleep quality
(p=0.31, df=2, 544, F=1.18); stress (p=0.63, df=2, 544, F=0.46); or muscle soreness

(p=0.07, df=2, 545, F=2.68).

Device use was found to change significantly across intervention periods (p<0.001, df=2,
544, F=11.93). There was a significant reduction in device use before bedtime between
the baseline and the first half of the intervention and between baseline and the second
half of the intervention (Figure 4.4). A significant reduction from the first half of the

intervention to the second half of the intervention was also seen (Figure 4.4).
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Figure 4.4. Percentage of nights where device use was reported across the study
phases (LS means). Error bars denote standard deviation. Significant effects are
marked with brackets with effect sizes above. Magnitude of effects: 0.2-0.4 =
small; 0.5-0.79 = moderate; 20.8 = large.

No significant main effect of intervention was found for swimming performance (p=0.98,
df=4, F=0.11), or in ratings of perceived exertion (RPE) following the warm up (p=0.34,

df=4, F=1.17) and post-race RPE (p=0.82, df=4, F=0.38).
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Main effects for night of the week were found for sleep duration (p<0.001, df=2, 547,
F=327.0), sleep onset (p<0.001, df=2, 546, F=58.7), midsleep point (p<0.001, df=2, 546,
F=507.1), and sleep offset (p<0.001, df=2, 547, F=862.7). Post hoc results identifying

differences for these effects can be seen in Table 4.2.

Table 4.2. Post hoc results comparing actigraphy variables between night
conditions.

LS Means LS Means t(df) AdjpValue C

Sleep Duration
Morning training 06h29 Morning off 08h49 -22.8 (547) <.0001

Morning training 06h29 Weekend 08h50 -19.4 (547) <.0001

Morning off 08h49 Weekend 08h50 -0.2 (547) 1
Sleep Onset

Morning training 22:16 Morning off 22:31 -3 (546) 0.09

Morning training 22:16 Weekend 23:20 -10.8 (546) <.0001

Morning off 22:31 Weekend 23:20 -7.9 (546) <.0001
Midsleep

Morning training 01:29 Morning off 02:55 22.1 (546) <.0001

Morning training 01:29 Weekend 03:44 -29.6 (546) <.0001

Morning off 02:55 Weekend 03:44 -10.6 (546) <.0001
Sleep Offset

Morning training 04:43 Morning off 07:19 -32.4 (547) <.0001

Morning training 04:43 Weekend 08:10 -36.4 (547) <.0001

Morning off 07:19 Weekend 08:10 -8.7 (547) <.0001

Bold values represent statistically significant results.

No significant main effects of age were found for any of the actigraphy or sleep diary
variables. Age and night of the week interaction effects were, however, found for sleep
duration (p=0.001, df=2, 547, F=6.83), sleep onset (p=0.01, df=2, 546, F=4.61), midsleep
time (p<0.001, df=2, 546, F=8.73) and sleep offset (p<0.001, df=2, 5547, F=11.07). Post

hoc analysis revealed no significant differences between the age groups for the same
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night of the week, for example when comparing age group differences on nights before

morning training (Figure 4.5).
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Figure 4.5. Least Squared Means for Sleep Duration (A), Sleep Onset (B), Midsleep (C) and
Sleep Offset (D) for different night conditions for swimmers under and over 15. Error bars
denote standard deviation. Dashed lines denote recommended sleep duration.

Significant main effects for differences between the four recovery nights (Monday and
Wednesday nights during baseline and Tuesday and Wednesday nights during the
intervention) were found for sleep onset (p=0.002, df=3, 171, F=5.13); midsleep point
(p<0.001, df=3, 171, F=8.65); and sleep offset (p=0.003, df=3, 171, F=4.96). No

significant main effects were found for sleep duration (p=0.89, df=3, 172, F=0.21). The
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results of post hoc analyses, which can be seen in Figure 4.6, indicate a significantly
later sleep onset on Wednesday nights during the intervention compared to the Monday
nights during baseline. Wednesday nights during the intervention also had significantly
later midsleep points compared to both Monday nights during baseline and Tuesday

nights during the intervention.

No significant effects of nights of the week were found for sleep quality (p=0.76, df=3,
162, F=0.39), stress (p=0.97, df=3, 161, F=0.08), fatigue (p=0.44, df=3, 161, F=0.89),

and muscle soreness (p=0.40, df=3, 161, F=1.00).
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).5-0.79 = moderate; 20.8 = large.

4.5 Discussion

The study aim was to determine whether a pilot intervention that included both sleep
education and training rescheduling was feasible and whether it could positively impact
the sleep/wake behaviour of elite adolescent swimmers. While significant changes were

not seen for objective measures of sleep duration, subjective measures of mood, or
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swimming performance, some changes in sleep timing were found and there was a

reduction in device use before bedtime.

With regards to the feasibility of the study, the swimmers reported during their feedback
session that the schedule change was manageable, and some preferred the midweek
break from morning training. The coach, however, found the change more difficult as his
schedule had not been changed in many years. The swimmers reported that the daily
sleep diaries were manageable and the actigraphs easy to wear and use. The significant
drop-off in compliance with the actigraphs and diaries during the second half of the
intervention suggests this may not have been the case after five weeks. Compliance
decreased disproportionately amongst the older swimmers. When asked whether the
athletes would have preferred an online diary or mobile app, the consensus was that the
paper version was preferable. They did, however, suggest setting alarms or reminders

on their phones to help them remember to fill in the sleep diaries in the morning.

To the authors’ knowledge, this is one of the first efforts to implement a sleep education
intervention in an elite adolescent athlete population. Sleep education interventions
have, however, been implemented in general adolescent groups as well as in young
adult athletes. The current findings are contrary to school-based sleep education
interventions within adolescent populations (reviewed in Chung et al., 2017) and young
adult athletes (Kaier et al., 2016; and Van Rywyk et al., 2017) which found that education
programs typically result in short-term weekday and weekend sleep extensions which
revert to control levels at follow-up. School-based education improved sleep knowledge
in most of the studies reported in Chung et al's review, (2017), however, none of the
studies found positive long-term changes in sleep-related behaviours. In young adult
athletes, sleep workshops significantly improved daytime sleepiness and functioning and
increased athletes’ sleep knowledge but resulted in an increase in self-reported unhelpful

sleep-related behaviours during the intervention period (scoring lower on the Sleep
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Hygiene Index) (Kaier et al., 2016). Encouragingly, the current findings suggest that
some positive behavioural changes relating to device use are possible in a group of

highly motivated young swimmers.

The current intervention did not result in significant changes to sleep duration. One
possible explanation for this is that the swimmers’ schedules did not allow for substantial
change. Baseline findings show that the swimmers were already going to sleep early for
their age with median bedtimes of ~ 22:00 on weeknights (Crowley and Eastman, 2017).
Similarly, waketimes before training sessions in the baseline phase were as late as they
could be while still allowing participants enough time to get to training. Given that
morning training start times could not be moved later due to fixed school times and pool
availability, the intervention was designed to provide two consecutive mornings free of
training during the week. This was in addition to the weekend which was also free of
training. The schedule change did not, however, result in significant changes to weekly

average sleep.

In the second half of the intervention, midsleep point and sleep offset were significantly
earlier compared to both baseline and the first half of the intervention (Figure 4.3). When
considering the median data presented in Table 1, it can be seen that these differences
were largely driven by changes taking place on weekend nights. A potential explanation
for this finding is that some of the swimmers were training and competing in other sports
that involved an increase in weekend competition during the second half of the
intervention. This represents a limitation of the study which should be taken into

consideration in future research.

The intervention may also have been less effective than intended due to the relatively
limited available contact time with adolescents, which was less than half that of most

sleep education interventions (Chung et al., 2017). This does not, however, explain the
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behavioural change seen concerning device use habits before bed. These results
suggest that the studied swimmers, unlike the athletes in Kaier et al. (2016), were
motivated enough by the intervention to make sleep-related behavioural changes.
During an informal follow-up with the swimmers’ coach a year after the study, he reported
that many of the swimmers had also started programming their smartphones to
automatically switch to “do not disturb” mode when connected to their home WIFI
networks. The coach indicated that these athletes had done this to try and reduce contact
time with their phones, particularly in the evenings. While follow-up changes were not
measured as part of this study, this does suggest that at least for some of the swimmers
there was a change in sleep-related behaviours that lasted beyond the study. This

method of intervention is a novel approach that could be tested in the future.

Sleep on recovery nights (nights before mornings free of training) was compared before
and after the intervention to identify whether consecutive nights off would improve sleep
duration and or change sleep timing on recovery nights. Results suggested that sleep
onset and midsleep point for the second night of rest during the week for in the
intervention (Wednesday nights) was significantly later than on the first recovery night of
the week (Monday nights) during baseline. Midsleep point was also significantly later on
the second night of rest of the week during the intervention (Wednesday nights)
compared to the first night of rest of the week for the intervention (Tuesday nights). There
seemed to be an overall trend for sleep on the second recovery night of the week to be
later in timing regardless of whether the intervention was in place or not. Despite
significant changes to sleep timing being found, sleep duration remained unchanged on
recovery nights regardless of the intervention being introduced. This may suggests that
recovery sleep duration on nights before mornings free from training remains consistent
for this population regardless of when it takes place during the week or if take place over

consecutive nights or not. It may also be the case that a change in recovery sleep
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patterns, as was trialled by this intervention, may need to persist occur for longer for
notable changes to sleep duration to be seen. Further investigations into the patterns of

recovery nights of sleep and their interaction with early morning training are needed.

Regardless of the study phase, significant differences were seen for different nights of
the week. Sleep was reduced well below recommended durations on nights prior to
morning training. Sleep prior to weekend mornings also shifted later compared to
weeknights. The implications of these findings have been previously discussed

(Steenekamp et al, 2021).

No main effects of age were seen for any actigraphy or sleep diary variables. Figure 4.5,
however, shows that younger swimmers tended to sleep longer and go to bed earlier
than the older swimmers. The small number of participants in each age group likely

resulted in insufficient statistical power to identify differences.

Swimming performance was not found to change over the intervention although several
participants broke personal best records during the trial both during and outside of the
performance testing. The null result could be due to several factors. It is not possible to
confirm whether training intensity was kept constant throughout, although the coach was
asked to do so. Swimming performance has also been demonstrated to be significantly
worse during the early morning with performance showing its own circadian rhythm
which peaks in the afternoon and early evening (Kline et al., 2006). Testing the swimmers
at 6:00 am, a time they were unaccustomed to performing maximal races, could have
confounded performance results. While the swimmers are very familiar with the

performance test used, they were not habituated to performing at that time of day.
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4.6 Conclusion

The current study demonstrates that certain adolescent swimming groups and their
support networks are open to changing their training schedules and behaviour to improve
sleep. Future research should aim to test different patterns of training and recovery in
lab-controlled conditions, ideally with polysomnography, to identify optimum training and
recovery schedules for elite adolescent athletes. More evidence is also needed to further
understanding of sex and age differences with regards to the reciprocal relationship
between training and sleep in young athletes. Early morning training sessions as
evidenced here disrupt the sleeping patterns of adolescent athletes and should be limited
or, ideally eliminated wherever scheduling allows. Unfortunately, the busy schedules of
adolescents do not, in most settings, allow for this. To eliminate morning training and
keep training load consistent, a massive rescheduling commitment would need to be
undertaken by all stakeholders in the adolescents’ lives. This would include the schooling
system, the coaches and sporting regulatory bodies, parents and guardians, friends and

family, and most of all the athletes themselves.
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CHAPTER 5 EFFECTS OF SLEEP EDUCATION AND BLUE
LIGHT BLOCKING GLASSES ON THE
SLEEP/WAKE BEHAVIOUR OF ELITE
ADOLESCENT ROWERS: A PILOT
INTERVENTION

5.1 Abstract

Objective: Rowing has a long tradition of early morning training. Early morning training
is a major cause of sleep loss in adolescent athlete populations. The purpose of this
study was to determine the feasibility and efficacy of sleep education and blue light

blocking glasses for improving sleep in elite adolescent rowers.

Methods: The sleep of 13 rowers (mean + SD age 16.2 + 1.1 y) was recorded for 2
baseline and 4 intervention weeks using actigraphy and sleep diaries. The diaries
included the Hooper Index and a question on device use. The intervention included a
sleep education program and the introduction of blue light blocking glasses 2 hours

before bedtime.

Results: Baseline measures indicated a strong pattern of insufficient sleep prior to early
morning training. Use of the blue light blocking glasses during the intervention was
sporadic with an average compliance of 61% (SD + 27%). No measures of
actigraphically-recorded sleep changed after introduction of the intervention. Self-
reported measures of fatigue (p=0.05, d=0.1) and muscles soreness (p=0.02, d=0.2) did
drop significantly with small effect sizes assocaited with the reduction. Electronic device

use before bedime remained consistent throughout baseline and intervention.
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Conclusions: The intervention trialled in this study did not improve sleep patterns
dictated by early morning training. Training schedules need to be considered carefully in
order to maximise sleep opportunities for adolescencts as their circadian physiological

preference does not match with early wake times.

Keywords:

Sleep Intervention; Sleep timing; Adolescent athlete; Blue light; Rowing

5.2 Introduction

With the importance of sleep being championed by major sporting bodies such as the
International Olympic Committee, methods for optimising sleep have become a focus for
researchers, athletes, coaches, and athlete support networks (Bergeron et al., 2015).
Athlete populations that train early in the morning are particularly at risk of insufficient
sleep (Sargent et al., 2014; Lastella et al., 2015; and Gudmundsdottir, 2019). Adolescent

rowers are one such population.

While rowing is classified as an endurance sport, it is unique in that it also requires the
activation of approximately 80% of a person’s skeletal muscle mass (Hosea and
Hannafin, 2012). The high aerobic and anaerobic demands of competition require a
predominance of high-volume training at higher power outputs compared to most
endurance sports (Secher and Volianitis, 2013). For New Zealand adolescent rowers,
this results in 10 - 15 hours of training over 5 to 8 sessions during a typical week (Walters
et al.,, 2017). Given the busy academic and social schedules of adolescents, many of
these training sessions are consequently scheduled before school (Walters et al., 2017).
Rowing has an added constraint of needing to occur outdoors and on the water and is,
therefore, subject to the weather, which again pushes training to the early morning when

water conditions are often more amenable to training.
99



CHAPTER 5

The perfect storm model of adolescent sleep has been proposed to explain the
worldwide phenomena of adolescent sleep loss (Carskadon, 2011; and Crowley et al.,
2018). The model suggests that adolescents have a physiological preference for later
bed and wake times (Carskadon, 2011; and Crowley et al., 2018). This is a direct
consequence of pubertal changes in both the circadian timing system and the
homeostatic sleep process which together regulate sleep and wakefulness (Carskadon,
2011; and Crowley et al., 2018). For many adolescents, however, school start times
dictate wake times. In the case of rowers, early morning training exacerbates the
mismatch between circadian physiological preference and the need to wake early. The
juxtaposition between physiology and training makes it difficult for adolescent rowers to
obtain the 8-10 hours of sleep recommended for their age (Crowley et al.,, 2007,
Carskadon, 2011; Gradisar et al., 2015; Hirshkowitz et al., 2015; and Watson et al.,

2015).

Sleep interventions have been trialled in athletes as well as in general adolescent
populations (as reviewed in Chung et al., 2017; Bonnar et al., 2018; and Fox et al., 2020).
A common form of intervention is to introduce sleep education to motivate behavioural
change that aims to improve sleep habits (Bonnar et al., 2014; Kaier et al., 2016; and
Van Ryswyk et al., 2016). Such interventions have been trialled in adult athlete groups
and have shown positive effects but have not been widely trialled with younger athletes

(Bonnar et al., 2018).

Another intervention category that has gained popularity in recent years is the use of
blue-light blocking devices (van der Lely et al., 2014; Schechter et al 2018; Knufinke et
al., 2019; and Knufinke et al., 2020). The identification of melanopsin receptors in the
mammalian eye has advanced current understanding of how light entrains the circadian
timing system (Hankins et al., 2007). Melanopsin receptors are sensitive to light in the

blue frequency range which suppresses melatonin secretion (Brainard et al., 2001;
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Thapan et al., 2001; Hankins et al., 2002; and Hankins et al., 2007). Exposure to light
levels as low as 15 lux (normal room lighting being 100 lux) for an hour in the late evening
has been shown to significantly suppress melatonin in pre- to mid pubertal adolescents
(Crowley et al., 2015). Decreased or delayed melatonin release is associated with a
delay in sleep onset and sleep disruption (Chang et al., 2015). Electronic devices such
as smartphones, tablets, computers and television screens all emit a predominance of
blue frequency light. Unsurprisingly, the regular usage of such devices at night has been
linked to delayed bedtimes and disrupted sleep in adolescent groups (Wood et al., 2013;
and Van Der Lely et al., 2015). To offset night-time blue light exposure, interventions
have been designed to either limit or discourage the use of electronic devices. Education
strategies aim at an overall reduction or elimination of the usage of such devices in the
period leading up to bedtime. Alternatively, methods can be introduced to limit blue light

exposure while still allowing device use. Blue light blocking glasses fall into this category.

Blue light blocking glasses include lenses designed to block light in the blue spectral
range. It is theorised that an individual wearing these glasses can maintain electronic
device use while minimising the disruption that blue light has on sleep/wake regulation.
While largely unstudied in adolescent athletes, positive results have been found in
adolescent males and recreational adult athletes (van der Lely et al., 2014; Bender,
Werthner & Samuels, 2017; Knufinke et al., 2019; and Knufinke et al., 2020). The
feasibility of getting adolescent rowers to wear blue light blocking glasses prior to

bedtime is unknown.

Accordingly, the purpose of the current study was to determine the feasibility and efficacy
of a sleep education intervention coupled with the introduction of blue light blocking
glasses in a group of elite adolescent rowers. It was hypothesised that the intervention

would improve subjective ratings of sleep and mood as well as extend sleep duration. A
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secondary aim was to identify whether sleep timing was different on nights before early

morning training and whether the intervention altered these patterns.

5.3 Method

5.3.1 Participants

Two high school male rowing teams were invited to participate in a pilot intervention.
Both teams combined had a total of 73 rowers who were informed of the study, and 22
individuals volunteered to take part. Rowers were required to be between the ages of 13
and 18; free of injury for the prior 6 months; be able to attend at least 90% of scheduled
training sessions; non-smokers; not currently taking medication with known side effects
on sleep and could not have a diagnosed sleep or mood disorder. Rowers were required
to complete the Athlete Sleep Screening Questionnaire (ASSQ) (Samuels et al., 2015;
and Bender et al., 2018) to identify undiagnosed sleep problems as well as previous
travel across time zones. Volunteers had to be an elite rower, which was defined as
having competed or qualified to compete at a national level regatta in the previous 12
months. Parental consent and participant assent were obtained for rowers younger than
16 while participant consent was obtained for rowers 16 years and older. The study
received ethical approval from the Massey University Human Ethics Committee

(Southern A, Application 18/86).

5.3.2 Procedure

A repeated-measures, field-based intervention study was piloted to compare daily
measures of sleep before and after sleep education and the introduction of blue light
blocking glasses (BlueBlockGlasses, Somnitude Inc., Toronto, Ontario, Canada). The 6-
week study comprised a 2-week baseline period and a 4-week intervention. At the start

of the intervention, participants attended a 45-minute sleep education workshop and
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received a sleep education booklet to reinforce the content covered during the workshop.
Coaches and parents were invited to the education session as well. All participants
received blue light blocking glasses at the workshop and were instructed to wear them

in the two hours leading up to their bedtime (as in Bender, Werthner & Samuels, 2017).

Baseline sleep and Intervention: Sleep Education and
training BlueBlockGlasses

) )

Info session [ \ !
14 Feb 24t Feb 24" Mar

VoL e

l l Week 1 l Week 2 l Week 3 l Week4| Week 5 l Week 6 l

1

45min Sleep Education Session

Figure 5.1. Depiction of the timeline for the 6-week study.

Coaches were asked to keep the training load as constant as possible throughout the 6-
week study. One of the rowing teams had 9 scheduled training sessions a week while
the other team had 10. Both teams had 4-weekday early morning training sessions which
commenced at 6:00am. Both teams also had weekend training scheduled to start at

8:00am on both Saturday and Sunday.

5.3.3 Measures

MotionLogger devices (Ambulatory Monitoring Inc. [AMI], Ardsley, NY, USA) were worn
by the rowers on their non-dominant wrist continuously for the 6-week study (Meltzer et
al., 2015). Data were recorded in 1-minute epochs using the monitor’s zero-crossing
mode (Meltzer et al., 2015). Sleep and wakefulness were inferred from the activity count
using the Cole-Kripke algorithm (Cole et al., 1992) in the manufacturer's software
(Action-W version 2.7.3045, Ambulatory Monitoring Inc., Ardsley, New York, USA). The
rowers were asked to press the event button on the watch when going to bed and upon

awakening. Sleep timing was also recorded daily on a timeline in a sleep diary. The event
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marker data and sleep timelines were then used to confirm periods of sleep as recorded

by actigraphy. Actigraphic measures that were extracted from the watches were:

Sleep Onset Latency —time to fall asleep from when participants indicated trying to fall

asleep

Sleep Onset —time participants first fell asleep

Midsleep point —midway point of a sleep period

Sleep Offset —time participants finally woke up

Sleep Duration —difference between Sleep Onset and Sleep Offset
The daily sleep diary incorporated the Hooper Index which was filled in alongside the
sleep timelines each morning upon awakening. The Hooper Index is a subjective
measure of sleep quality, stress, fatigue and muscle soreness rated on a 1-7 Likert scale
(Hooper & Mackinnon, 1995). The sleep diary also incorporated a yes/no question
regarding device use in the last hour before the rowers’ bedtime and a yes/no question
regarding the wearing of the blue light blocking glasses in the last 2 hours before

bedtime.

Rower chronotype was measured using the Morningness-Eveningness Scale for
Children (MESC) (Carskadon et al., 1993). While the primary use of the ASSQ was to
screen volunteers, the questionnaire also captured habitual caffeine use, evening device

use and chronotype for those who participated in the study.

5.3.4 Statistical analysis

Data was analysed to compare sleep before and after the intervention was introduced.
Additional analyses were conducted on data from the intervention period only to compare
sleep on nights the blue light blocking glasses were used to those where they were not

used. Data from all 6 weeks of the study were analysed to identify effects on nights of
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the week. Nights of the week were defined as taking place before “morning training”,
“morning off”, “weekend off”, and “weekend training”. Interaction effects of “intervention
by night of the week” and “blue light blocking glasses by night of the week” were also

included in statistical models.

All statistical analyses were run in SAS (version 9.4, SAS Institute Inc., Cary, NC, USA).
Actigraphic sleep variables were analysed using linear mixed models and incorporated
the Kenward-Roger adjustment (Littell et al., 2006). Assumptions of the model were
assessed visually and through Kolmogorov-Smirnov tests of normality. A threshold of
p=0.05 was set for significance for all statistical tests. Levene’s test was run to assess
variance in the data and where significant a more conservative alpha of p=0.01 was set
(Tabachnick & Fidell, 2013). Cumulative logit proportional-odds models were used to
analyze Hooper Index items and a binomial logistic regression model was used to
analyse device use. Holm-Bonferroni post hoc adjustments were calculated as well as
Cohen’s d for effect size (Field, Miles & Field, 2012). Effects were classified as small

(0.2-0.49), moderate (0.5-0.79) and large (=0.8) (Cumming, 2012).

5.4 Results

In total, 13 (mean + SD 16.2 £ 1.1 y) of the 22 volunteer rowers’ data are presented here.
Three volunteers withdrew from the study after consenting to participate. A further 6
participants had to be excluded from final analyses owing to large amounts (240%) of
missing data. No volunteers were excluded from the study based on screening and
ASSQ results. The rowers were all classified as ‘morning type’ according to both MESC
scores (35.7 + 2.9) and ASSQ chronotype questions (7.8 + 1.4). Of the 13 rowers who
were included in the analyses, compliance with wearing the actiwatches was higher at

baseline compared to intervention (81% during baseline; 70% during intervention).
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Compliance with filling in the diary was consistent over the entire study period (82%

during baseline; 83% during intervention).

Results indicate that actigraphic measures of sleep duration (p=0.37, df=1, 278, F=0.81),
sleep onset latency (p=0.39, df=1, 277, F=0.74), sleep onset (p=0.65, df=1, 274,
F=0.21), midsleep point (p=0.17, df=1, 275, F=1.89), and sleep offset (p=0.16, df=1, 282,
F=1.96) did not differ signficantly before versus after the intervention. There was a
significant interaction of intervention and nights of the week for sleep duration (p=0.04,
df=3, 272, F=2.73). Despite this, post hoc analyses found no significant change for sleep
duration for the same type of weeknight pre- and post-intervention (Table 5.1). Median
and range values for different nights of the week pre- and post-intervention are shown in

Table 5.1.

Ratings of fatigue (p=0.05, df=1, 293, F=3.98, d=0.1) and muscle soreness (p=0.02,
df=1, 293, F=5.29, d=0.2) on the Hooper Index were significantly lower during the
intervention compared to baseline (Figure 5.2). Sleep quality (p=0.42, df=1, 294, F=0.64,
d=0.1) and stress (p=0.97, df=1, 294, F=0.00, d<0.1), were not found to be significantly
different pre- and post-intervention. Device use also remained unchanged by the

intervention (p=0.64, df=1, 286, F=0.22, d<0.1).
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Table 5.1 Comparison of median (range) values for sleep variables for different
nights of the week pre and post-intervention.

Baseline Intervention Comparison
Median Median . ,
(Min-Max) (Min-Max) Adj p Value Cohen's d
Sleep Duration
. 8h41 8h37
Mornings off (7h12-9h29)  (6h34 - 11h47) ! <01
. - 6h57 7h15
Morning training (5h10 - 8h30) (5h11 - 8h45) 1 0.3
9h30 8h47
Weekend off (8h42 - 13h58)  (7hd8 - 11h58) 0.11 06
Weekend training 8h0o 7h52 1 0.1

(6h45 - 9h55) (6h14 - 10h13)
Sleep Onset Latency

Mornings off 8min (1-56min)  11min (1-74min) 1 0.2
Morning training 11min (4-59min) 10min (1-87min) 1 <0.1
Weekend off 10min (4-86min)  7min (1-13min) 1 0.7
Weekend training ~ 7min (4-35min)  11min (3-43min) 1 0.2
Sleep Onset
. 22:25 22:22
Mornings off (21:37 - 23:45)  (21:04 - 00:45) 1 <0.1
. - 22:12 21:59
Morningtraining 5115 ">3:54)  (20:29 - 23:48) 1 0.3
23:42 00:01
Weekend off (21:37-1:26)  (21:26 - 1:37) 1 0.4
- 22:50 22:44
Weekend training  »1.19 "00:28)  (21:07 - 00:57) 1 0.1
Midsleep
. 2:47 2:47
Mornings off (2:12-3:54) (119 - 4:48) 1 0.1
. - 1:43 1:41
Morning training (1:17 - 2:34) (00:51 - 3:02) 1 0.1
4:11 4:20
Weekend off (351 -5:53)  (2:40 - 5:37) 1 <0.1
- 2:55 2:52
Weekend training (2:01 - 4:05) (1:06 - 4:10) 1 0.2
Sleep Offset
. 7:01 7:08
Mornings off (6:29 -8:04) (458 - 9:27) 1 0.1
. - 5:13 5:16
Morning training (4:55 - 5:44) (4:28 - 7:11) 1 0.2
9:09 8:47
Weekend off (8:24 -11:34)  (7:55 - 10:09) 0.32 0.5
Weekend training 7:02 6:57 1 0.2

(5:34 -7:45) (5:04 - 7:58)

Note: Median and range values have been provided as the data was not normally distributed.
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Figure 5.2. Comparison of self-reported measure of Fatigue (A) and Muscle
Soreness (B) during Baseline and the Intervention. Error bars denote standard
deviation. Significant interactions are marked with brackets with effect sizes
above. Magnitude of effects: 0.2-0.4 = small; 0.5-0.79 = moderate; 20.8 = large.

Across the 263 nights of sleep diary data collected during the intervention period, the
blue light blocking glasses were reportedly used on 164 nights. Individual compliance for
wearing the glasses was 61% on average (SD £ 27%, range 10%-100%). Analyses
comparing sleep between participants with high and low compliance rates could not be
conducted due to the small sample size. The blue light blocking glasses were almost

always used when devices were used as well. Only 4% of individuals reported using the

glasses in the absence of using electronic devices.

Figure 5.3 shows the comparison between nights during the intervention when glasses
were worn and when they were not. No significant differences were found when
comparing nights where glasses were worn and when they were not for sleep duration
(p=0.17, df=1, 142, F=1.87), sleep onset latency (p=0.30, df=1, 142, F=1.09), sleep
onset (p=0.10, df=1, 138, F=2.69), midsleep point (p=0.32, df=1, 138, F=1) wake time

(p=0.40, df=1, 140, F=0.7), sleep quality (p=0.46, df=1, 176, F=0.54), stress (p=0.72,
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df=1, 175, F=0.13), fatigue, (p=0.29, df=1, 174, F=1.15) and muscle soreness (p=0.11,

df=1, 174, F=2.47).

Figure 5.3 also depicts variability in sleep timing across the week. Main effects for night
of the week were found for sleep duration (p<0.001, df=3, 268, F=94.54), sleep onset
(p<0.001, df=3, 264, F=30.33), midsleep point (p<0.001, df=3, 266, F=247.23) and sleep
offset (p<0.001, df=3, 275, F=376.64). No main effect of night was found for sleep onset
latency (p=0.68, df=3, 268, F=0.5). Post hoc analyses which further explore the main

effects for night of the week are presented in Table 5.2.
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Figure 5.3. Least Squared Means for Sleep Duration (A), Sleep Onset (B), Midsleep
(C) and Sleep Offset (D) comparing sleep timing on nights when glasses wereworn
and not worn . Error bars denote standard deviation. Dashed lines denote
recommended sleep duration.
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Table 5.2. Post hoc results comparing actigraphy variables between night

conditions.
Eetimate Eeimate @D Uge  Conen'sd

Sleep Duration
Morning Training 7h02 Morning off 8h35 -12.78 (272) <.0001 1.9
Morning Training 7h02 Weekend off 9h37 -14.37 (276) <.0001 2.7
Morning Training 7h02 Weekend training 7h53 -5.33 (273) <.0001 1.0
Morning off 8h35 Weekend off 9h37 -5.72 (274) <.0001 1.0
Morning off 8h35 Weekend training 7h53 4.23 (273) <.0001 0.7
Weekend off 9h37 Weekend training 7h53 8.1 (277) <.0001 1.4
Sleep Onset
Morning Training 22:17 Morning off 22:34 -2.84 (271) 0.077 0.5
Morning Training 22:17 Weekend off 23:34 -8.78 (273) <.0001 2.0
Morning Training 22:17 Weekend training 22:59 -5.35 (272) <.0001 0.8
Morning off 22:34 Weekend off 23:34 -6.84 (272) <.0001 1.4
Morning off 22:34 Weekend training 22:59 -3.18 (272) 0.031 0.3
Weekend off 23:34 Weekend training 22:59 3.36 (274) 0.018 0.9
Midsleep
Morning Training 1:47 Morning off 2:50 -15.29 (271)  <.0001 2.3
Morning Training 1:47 Weekend off 4:22 -25.2 (273)  <.0001 5.9
Morning Training 1:47 Weekend training 2:55 -12.22 (272)  <.0001 2.1
Morning off 2:50 Weekend off 4:22 -14.83 (272) <.0001 2.9
Morning off 2:50 Weekend training 2:55 -0.72 (272) 1 0.1
Weekend off 4:22 Weekend training 2:55 12.01 (274) <.0001 2.4
Sleep Offset
Morning Training 5:16 Morning off 7:07 -21.39 (275) <.0001 3.9
Morning Training 5:16 Weekend off 9:11 -30.94 (282) <.0001 7.8
Morning Training 5:16 Weekend training 6:49 -13.47 (276) <.0001 2.9
Morning off 7:07 Weekend off 9:11 -16.3 (280) <.0001 3.3
Morning off 7:07 Weekend training 6:49 2.58 (276) 0.086 0.6
Weekend off 9:11 Weekend training 6:49 15.89 (283) <.0001 3.0

Bold values represent statistically significant results.
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5.5 Discussion

The main aim of this study was to test the feasibility and efficacy of an intervention that
incorporated both sleep education and blue light blocking glasses in a group of
adolescent rowers. It was hypothesized that the intervention would extend sleep duration
and improve subjective ratings of mood and sleep quality. Although sleep duration did
not change significantly as a result of the intervention, self-reported measures of fatigue
and muscle soreness did reduce. Sleep quality and stress did not change. Baseline
findings indicated significant variation in the rowers' sleep patterns across a typical
training week. These differences were largely driven by the presence of early morning
training which shortened sleep by shifting sleep offset earlier. This pattern was not

improved by the intervention.

Blue light blocking glasses have been trialled in male adolescents and adult athlete
groups previously, with varying degrees of success (van der Lely et al., 2014; Bender,
Werthner & Samuels, 2017; Knufinke et al., 2019; and Knufinke et al., 2020). The most
notable effects of blue light blocking interventions in athletes is a reduction in sleep onset
latency as well as improvements in subjective sleep quality and mood (Bender et al.,
2017; Knufinke et al., 2019; and Knufinke et al., 2020). In the current study, no
differences were found for measures of sleep quality, stress or sleep onset latency.
Fatigue and muscle soreness were seen to reduce significantly with the intervention.
There were, however, no significant differences seen for either fatigue or muscle
soreness when comparing nights when the glasses were used to nights when they were
not used. Results showed sporadic and inconsistent use of the glasses by the rowers. It
is possible that to detect changes in sleep or subjective mood, more consistent use of
the glasses would be required by participants. Given the small study sample, it was not

possible to compare compliant and sporadic users to further investigate this hypothesis.
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It should also be noted that while significant changes in fatigue and muscle soreness
were found post introduction of the intervention, effect sizes for these changes remained
small. It is also possible that fatigue and muscle soreness changed pre — to- post-
intervention due to changes in training load across the 6-week study. Ideally session
ratings of perceived exertion would have been measured across the study to ensure that
training load did not fluctuate. Given the time commitment required from the coaches to
enable their teams to participate in the study session, ratings of perceived exertion were

omitted to limit the burden on the part-time coaches.

There are several recognised mechanisms for how evening electronic device use may
affect the sleep of adolescents (Cain & Gradisar, 2010). The first is the direct
displacement of sleep as a function of time spent using devices (Cain & Gradisar, 2010).
The second mechanism is the physiological arousal that results from viewing stimulating
content (Cain & Gradisar, 2010). Bright light, particularly in the blue spectrum, may
suppress melatonin and delay the circadian timing system and is the third mechanism
through which device use may influence sleep. Lastly, there has been a small body of
evidence suggesting that electromagnetic radiation from smartphones could impact
sleep architecture and delay melatonin production (Hamblin & Wood, 2002; Loughran et
al., 2005; and Wood et al., 2006). A major limitation of relying on blue light blocking
glasses to improve sleep is that the glasses only reduce the effects of light on sleep
(Cain & Gradisar, 2010) and do not address these other mechanisms. The education
provided to the rowers emphasised the need to reduce or avoid device use before bed
and to only use the blue light blocking glasses if device use could not be avoided, for
example for homework. The same educational material was presented to a group of
swimmers in a similar intervention which did not include the use of blue light blocking
glasses. The swimmers in that study significantly reduced device use after the

educational intervention with some indication of long-term behavioural change
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(Steenekamp et al., under review). These results suggest that in highly motivated groups
of young athletes, the preferred approach may be to start with sleep education and only
introduce blue light blocking glasses if sleep education does not result in behavioural
change. Giving adolescent athletes blue light blocking glasses from the outset may give
them a false sense of protection from the effects of device use before bed and potentially

even promote ongoing device use.

Another aspect of the current study was to identify how sleep fluctuates and is influenced
by the presence of early morning training. In New Zealand, rowing has more than double
the attrition rate during high school years than other sports (Sport New Zealand, 2012;
and Walters et al., 2017), which suggests that there are aspects of this sport that are
unattractive to or unmanageable for adolescents. Training times and their impact on
sleep could be a key factor that discourages adolescents from staying in this sport. A
better understanding of this issue and how to retain adolescent rowers is important in

the campaign to get and keep adolescents physically active (Walters et al., 2017).

A strong pattern of sleep timing was seen throughout the study and was unchanged by
the introduction of the intervention. Sleep timing and duration were dependent on
whether the following day was a weekday or weekend and whether there was training
scheduled for the following morning. Sleep before morning training during the week was
over half an hour shorter than on weekday nights preceding training weekday nights
before mornings off, largely due to wake time being advanced by almost two hours. The
rowers appear to compensate for this by going to sleep slightly earlier on nights before
training, however, least mean squared estimates indicated this was only by 18 minutes.
One of the reasons why the rowers could not simply go to bed significantly earlier to
compensate for early morning training is due to the wake maintenance zone (Dijk and
Czeisler 1995; Shekleton et al. 2013). The wake maintenance zone is a period in the

early evening where the circadian drive for alertness makes it very difficult to fall asleep
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(Kelly et al., 2015). During adolescence, the circadian timing system shifts later while the
homeostatic drive for sleep rises more slowly (Kelly et al., 2015). The combination of
these alterations to the two sleep wake regulation processes during adolescence results
in a later wake maintenance zone (Crowley and Eastman, 2018). This could mean that
even if the rowers chose to try to go to bed earlier to compensate for the early wake
times for training, their circadian physiology may have inhibited sleep if their desired

bedtimes coincided with their wake maintenance zone.

Rowing as a sport has some unigue considerations. Training on the open water is largely
dependent on weather and water conditions. Both the teams in this study are from
schools in Wellington, New Zealand and training sessions take place in Wellington
Harbour. The water is normally more amenable to rowing in the early morning prior to
the wind increasing. This also results in both teams sometimes travelling out of the city
on weekends to train on still bodies of water that provides better conditions. While
weekend training is scheduled to start mid-morning, this only offers the rowers the
opportunity to sleep in if the training takes place in the city. If the training requires travel,
the rowers need to get up early in order to get to the training lake which can be several
hours away. This further demonstrates how training schedules can dictate the sleeping

patterns of young rowers.

A limitation of this study was that only male teams were recruited to participate. Another
is that despite the large sample population the study had to draw from, less than 30% of
the rowers volunteered for the study. Furthermore, participant withdrawal and low
compliance saw another 9 rowers’ data excluded, leaving a final sample of 13 rowers.
Future studies aiming to implement similar interventions could try and address this issue
with longer recruitment periods and more direct contact with participants. Researchers
only made contact with the rowers at the beginning of the study, during the sleep

education session and when the Actiwatch batteries needed replacing after one month.
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In hindsight, scheduling regular check-ins, attending training sessions and increasing
overall rapport with the participants could have mitigated these issues. A similar study
with adolescence swimmers had high compliance and retention (Chapter 4). A major
difference between these populations was the status of the coaches. The swimmers had
a full-time paid coach whereas the rowing coaches were volunteers with careers apart
from their coaching commitments. The ability of coaches to commit time to such a study

should also be considered when designing similar interventions.

5.6 Conclusion

The intervention piloted in this small study did not find a significant change in sleep timing
and duration after introducing sleep education and blue light blocking glasses to
adolescent rowers. It should be noted that with a relatively small sample, large effects
would have been needed to see effects of the intervention on sleep, given the inter- and
intra-individual variability of the participants. A positive outcome of the intervention was
the indication of reduced levels of fatigue and muscle soreness. The clear pattern of
reduced sleep duration with early morning training suggests this is the primary factor
influencing rower’s sleep behaviour. Interventions, such as the one trialled here, have
yet to show evidence of sufficiently influencing sleep given the strong physiological
drivers of sleep onset in adolescents coupled with the extreme truncation of sleep by
early morning training. With a large body of evidence showing the crucial role sleep plays
in health and development during adolescence, careful consideration needs to be given

to the need for early morning training for adolescent rowers.
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CHAPTER 6 DISCUSSION

Sleep plays a vital role in maintaining and optimising physical health, cognitive
functioning, immunity, metabolic regulation, and recovery from physical activity
(Besedovsky, Lange, & Born, 2012; and Krause et al., 2017). A large body of scientific
literature shows, however, that adolescents around the world commonly do not meet
their recommended sleep requirements (Yang et al., 2005; Chen et al., 2006; Olds et al.,
2010; Garaulet et al., 2011; Leger et al., 2012; Maslowsky & Ozer, 2013; Lo et al., 2016;
and Short & Weber, 2018). It has also been documented that athlete populations are at
increased risk of insufficient or poor sleep owing to the nature of athletic endeavours,
over and above the risk factors that would typically affect sleep in the general population
(Vlahoyiannis et al., 2021). Previous literature identifies early morning training as a
praticular barrier to sleep in all athlete groups (Leeder et al., 2012; Hausswirth et al.,
2014; Sargent et al., 2014a; Sargent et al., 2014b; Lastella et al., 2015a; Schaal et al.,
2015; Suppiah et al., 2015; Blanchfield et al., 2018; Choi et al., 2018; Suppiah et al.,
2018; Gudmundsdottir, 2019; Ramos-Campo et al., 2019; Walsh et al., 2019 and

Vlahoyiannis et al., 2021).

Chapter 1 highlighted, however, that few studies have investigated the sleep of elite
adolescent athletes. Where these studies have been conducted, average sleep is often
presented rather than a nuanced picture of how sleep fluctuates across days in the
presence and absence of early morning training. Several sleep intervention studies have
been conducted with athlete and adolescent populations, however very few have
focused on adolescent athlete populations. Where these studies have been conducted,
they are usually confined to controlled environments such as training camps or
competitions rather than in situ interventions following adolescent athletes during their

everyday routines.
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Thus, the research in this thesis aimed to investigate the sleep/wake behaviours of elite
adolescent athletes with a predominance of early morning training and to pilot the effects
of sleep interventions within such populations. The following research questions were

posed to address these aims:

1. Does early morning training alter the sleep/wake behaviour of elite adolescent

athletes?

2. Can sleep education coupled with training rescheduling improve elite adolescent

athletes sleep/wake behaviour?

3. Can sleep education coupled with blue light blocking technology improve elite

adolescent athletes sleep/wake behaviour.

Two studies were undertaken to answer these research questions. The first study
monitored the sleep/wake behaviour of elite adolescent swimmers during a typical
training phase. Following baseline monitoring the swimmers underwent sleep education
training and had one of their training sessions rescheduled. The second study monitored
the sleep/wake behaviour of elite adolescent rowers during a typical training phase.
Following baseline, the rowers were presented with the same sleep education material
as the swimmers, but instead of training rescheduling were given blue light blocking
glasses for pre-bedtime use. The baseline monitoring phases of both studies were
designed to address the first research question while the interventions addressed

guestions 2 and 3.
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6.1 Key findings
6.1.1 Baseline sleep

The main finding of Chapter 3 was that median sleep duration was significantly truncated
on nights prior to weekday early morning training (6.7hrs) compared to nights before
weekday mornings off (8.8hrs) (p<.0001; d=2.3). The large magnitude of the effect size
suggests that this difference was relatively consistent throughout the sample rather than
due to a small subgroup. While the pattern of early morning training leading to sleep loss
is well established in adult athlete literature (Leeder et al., 2012; Hausswirth et al., 2014;
Sargent et al., 2014a; Sargent et al., 2014b; Lastella et al., 2015a; Schaal et al., 2015;
Suppiah et al., 2016; Blanchfield et al., 2018; Ramos-Campo et al., 2019; Walsh et al.,
2019 and Vlahoyiannis et al.,, 2021), the present findings add to the limited work
confirming this trend in adolescent athletes (Suppiah et al., 2016; Estivill-Domenech et
al., 2018; and Gudmundsdottir, 2019). Other studies that have quantified sleep amongst
adolescent athlete populations (Sargent et al., 2013; Roach et al., 2013; Suppiah et al.,
2015; Gerber et al., 2018; and Choi et al., 2018), have neglected to document sleep
differences on nights prior to training and nights prior to days of rest during the week.
For example, Gerber et al, (2018) control for possible confounding variables in their
comparison study looking at adolescent athletes with and without burnout, including type
of sport and time spent training, but do not mention the timing of training. The findings of
the current thesis suggest that any future research endeavour into the sleep

guantification of adolescent athletes has to take the timing of training into account.

In the current study, shortened sleep prior to early morning training was due to advanced
wake times while bedtimes remained largely unchanged and in line with those observed
for general New Zealand adolescents (Dorofaeff & Denny, 2006; Skidmore et al., 2013;

and Galland et al., 2017). These findings are consistent with those of Estivill-Doménech
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et al., (2018) (Figure 6.1), however, Gudmundsdottir, (2019) does not report sleep onset

or offset times, which limits any comparison with their data set.
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Figure 6.1. Graphic representation of the sleep timing of basketball players
monitored over atypical training week by Estivill-Domeénech et al. (2018).
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Figure 6.2. Graphic representation of the sleep timing of swimmers monitored over
typical training week by Steenekamp et al. (2020).

The findings from Chapter 3 as well as the Estivill-Domenech et al., (2018) study

demonstrate a clear curtailment of sleep by waking early for morning trainings with no
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change in bedtimes (Figure 6.1 & 6.2). To maintain recommended sleep durations on
nights prior to early morning training, the basketball players in Estivill-Domenech et al.,
(2018) and the swimmers and rowers in Chapter 3 would have needed to advance their
bedtimes significantly. The slower sleep pressure build-up during adolescence in
conjunction with a phase delay in circadian timing, however, dictates a propensity for
later bed and wake times (Crowley, Tarokh & Carskadon, 2012). The adolescent athletes
in these studies would need to advance their bedtimes to a time in the circadian timing
system’s cycle when the adolescent brain is likely to be promoting wakefulness (the
wake maintenance zone) (Dijk and Czeisler 1995; Wyatt, 2007; and Shekleton et al.
2013). Even if the athletes attempted to bring forward their bedtimes significantly, falling
asleep early could well prove a frustrating endeavor because of the physiological factors
controlling sleep timing (Kelly et al., 2015; and Crowley and Eastman, 2018). Another
way athletes could compensate for the reduced night-time sleep would be the adoption
of daytime naps. The findings Chapter 3, however, indicate that the adolescent
swimmers and rowers reported very few instances of napping and napping was not
mentioned in Estivill-Doménech et al., (2018) or Gudmundsdottir, (2019). If early morning
trainings cannot be avoided, then supplementing shortened night-time sleep periods with
daytime naps for adolescents is an area that could be explored. It should be noted,
however, that many of the athletes in Chapter 3 either had classes, swimming or rowing

training, or other extracurricular activities that removed opportunities for afternoon

napping.

Chapter 3 also demonstrated that the swimmers and rowers showed signs of social jetlag
over weekends whenever training was not present. The athletes went to bed and woke
up significantly later on weekends compared to during the week, as has been reported
for other New Zealand adolescents (Dorofaeff & Denny, 2006; Skidmore et al., 2013;

and Galland et al., 2017). The same trend was observed in the basketballers monitored
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in Estivil-Doménech et al, (2018). The hallmarks of social jetlag were less pronounced
in the rowers on nights prior to weekend morning trainings. These findings echo those
of Brand et al, (2010) who found less variability in sleep from weekday to weekend in an
adolescent athlete group who had weekend sporting commitments, when compared to
a sedentary control group. The circadian disruption caused by accruing a sleep dept
throughout the week and then ‘catching up’ sleep over the weekend has been well
documented to have negative outcomes for metabolic and psychological health and
academic outcomes for adolescents (Dorofaeff & Denny, 2006; Diaz-Morales &
Escribano. 2015; and Malone et al., 2016). What is yet to be established, however, is
the effect of repeatedly truncating sleep throughout the week as a result of intermittent
early morning training. It is currently unclear whether the additional disruption to sleeping
patterns as evidenced in Chapter 3 further exacerbates these health and academic

issues for adolescent athletes.

The changing physiological preference for later bed and wake times is associated with
a shift towards being more ‘evening type’ as puberty progresses (Giannotti et al., 2002;
Kim et al., 2002; Roenneberg et al., 2004; Roenneberg et al., 2007; and Randler & Bilger,
2009). The findings presented in Chapter 3, however, show that the swimmers and
rowers in these studies tended towards being “morning type”, based on both the MEC
and the ASSQ. Again, the results of Estivill-Doménech et al, (2018) show a similar trend
with only 2 of their 12 basketballers being rated as evening types on the compound
morningness scale (CMS), while 50% were morning types and the rest intermediate
types. These findings are thus counter to the chronotype changes typically found in
general populations of adolescents (Carskadon, 2011; and Carskadon, Vieira & Acebo,

2018).

There are several possible explanations. It is possible that adolescents who choose to

participate in sports with early morning training and continue to do so throughout
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adolescence without dropping out, are more inclined to be morning types. Adult studies
investigating chronotype in athlete populations provide evidence to support this
hypothesis, with more adult athletes tending to be morning types (Lastella et al., 2016;
and Vitale & Weydahl, 2017). An additional explanation may be that the chronotype
measuring tools used in this thesis have not yet been validated specifically in adolescent
athlete groups. It is possible that the questions on the scales do not accurately measure
chronotype in adolescent athletes because early morning wake ups are so ingrained in
their daily routines that this skews how they answers the items on these tools. To test
these hypotheses, validated chronotype tools for adolescent athlete populations are

needed within these populations

6.1.2 Swimmers’ intervention

The main finding from the intervention study with the swimmers documented in Chapter
4 was that sleep education and training rescheduling, while feasible, did not significantly
alter objective measures of sleep duration and swimming performance or subjective
measures of mood in this particular intervention. However, there was evidence of
improvement in the sleep behaviour of the swimmers, specifically around use of

electronic devices before bedtime.

School-based sleep education interventions within adolescent populations (reviewed in
Chung et al., 2017) and young adult athletes (Kaier et al., 2016; and Van Rywyk et al.,
2017) typically result in short-term weekday and weekend sleep extensions which revert
to control levels at follow-up. This contrasts with the findings of Chapter 4. One
explanation for the lack of change in the current intervention could be that the sleep
education used did not motivate behavioural change in the swimmers. Against this,
however, is the evidence of significant reductions in electronic device use before bedtime

throughout the intervention. Device use in the hour before bedtime fell significantly from
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91% of nights during baseline to 79% during the first half of the intervention and to 67%
during the second half of the intervention. Sleep education does not seem to elicit such
a change universally. Kaier et al, (2016) failed to see any positive behavioural change in
athletes’ sleep/wake behaviour following sleep education. These findings suggest that
the current intervention may have been successful in motivating changes to sleep/wake

behaviour.

Itis thought likely that the swimmers’ schedules simply did not have the flexibility to allow
for substantial changes to sleep timing that would result in sleep extension, regardless
of how motivated they were by the sleep education they received. Indeed, this was
assumed when designing the intervention and was the reason for the addition of training
rescheduling. Ideally, an early morning training session would have been rescheduled
to later in the day. However, the swimmers already had afternoon swim training daily
during the week and school schedules limited when training sessions could take place.
Although the current intervention did not significantly change sleep duration or subjective
mood measures, it is possible that significant changes might be found in a larger sample,

if the effect sizes were small.

6.1.3 Rower’s intervention

The intervention for rowers included blue light blocking glasses to supplement their sleep
education. As with the swimmers, the intervention with the rowers resulted in no
measurable change to sleep duration, perceived sleep quality or stress. Across the
intervention period, however, the rowers showed a reduction in subjective measures of

fatigue and muscle soreness in the morning.

Compliance using the actiwatches, sleep diaries and blue light blocking glasses during
the intervention was sporadic. A sizeable number of participants (27%) had over 40% of

data missing and had to be excluded from final analyses. Compliance using the blue
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light blocking glasses averaged only 61% in the final sample. These results call into
guestion the feasibility of such long interventions in populations of adolescent elite
athletes. In contrast to the findings in Chapter 4, previous studies have shown that blue
light blocking interventions in male adolescents and adult athletes can improve
subjective measures of sleep quality and mood while also decreasing sleep onset
latency (Bender et al., 2017; Knufinke et al., 2019; and Knufinke et al., 2020). This
difference may be attributable, at least in part, to the inconsistent use of the blue light-
blocking glasses by the rowers. However, the significant reductions in fatigue and muscle
soreness were similar on nights when rowers did or did not use the blue light-blocking
glasses prior to bedtime. Another potential explanation is that the reductions in subjective
fatigue and muscle soreness may reflect an unreported reduction in training load, which

could not be controlled.

6.2 Limitations

The limitations of the baseline data collection, as well as the intervention studies, have
been addressed in Chapters 3, 4 & 5. Limitations that apply to the research as a whole,

and comparisons of the interventions, are considered here.

The pilot interventions described in this thesis took place in the real world, which is both
a strength and a limitation. The main strength is that the feasibility of the interventions
was examined outside strictly controlled conditions. The limitations arise from

uncontrolled factors that may have confounded the study findings.

One potential confounding factor was the training load. Ideally, training intensity and
duration would have been kept consistent throughout the monitoring periods for both the
rowers and swimmers. While the coaches were asked to try and do this as best as they

could, the reality is that all the athletes and coaches were working towards competitions
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during their competitive seasons. To find 2 months in elite adolescent athletes’ schedules
free from competition, school holidays and major academic examinations is a logistical
improbability and compromises had to be made. Ideally, if training load could not be
controlled, it should have been measured. However, this would have placed additional
data recording demands on coaches and/or athletes and it was decided that this would
be a disincentive for deciding to participate, or for completing the required data collection
tasks. Athletes’ perceptions of training load also have limitations in accuracy and
reliability. Another potential confound was that several of the athletes participated in
other sporting and extracurricular activities. However, if this had been an exclusion

criterion, the sample of possible participants would have been too small.

The small sample sizes in the interventions are another limitation. This was in part
because elite adolescent athletes from a single sporting code are a limited population. It
was potentially possible to recruit from several clubs or teams, however, this would also
add variability to the sample, associated with different geographical locations, schooling
requirements, training loads, and training schedules. Two teams were recruited for the

rowers’ intervention and some of these issues were present.

Building rapport with the rowers was harder than with the swimmers from a researcher's
perspective. Typically, all the swimmers and their coach were present at each visit by
the researcher, which continually built the relationship with the participants. In contrast,
the rowers had a variety of schedules and were seldom present at researcher visits. The
rowers also had multiple coaches who were part-time compared to the swimmers’ one
full-time coach. These differences affected how the logistics of the interventions played

out.

Another difference was that the majority of the squad of swimmers took part in the

intervention, whereas only 22 out of 73 rowers volunteered to participate. The swimmers
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and their coach, by virtue of their training being the same for everyone, were effectively
participating as a group as well as individuals. It is possible that the swimmers as a group
kept each other accountable and motivated in the study, leading to better retention and
compliance rates than among the rowers, who did not have the same group commitment

to the intervention.

Another factor that could have caused differences in the rapport between participants
and the researcher was that performance testing only occurred with the swimmers. This
meant the researcher made more frequent contact with the swimmers and spent more
time in their early morning training. The absence of performance testing for the rowers
is also a limitation since no inferences could be made about how the intervention may
have affected their performance. However, performance testing of the rowers was not
feasible because it was not possible to conduct repeated tests with all of the participants

from both teams on the same day of the week at the same time.

6.3 Implications of findings

6.3.1 A message for sporting organisations and coaches

The findings of this thesis highlight the challenge that early morning training poses for
the sleep of adolescent athletes. The adverse consequences of inadequate and
disrupted sleep patterns during adolescence are well documented and confirm that
significant attention should be paid to optimising the scheduling of training for adolescent
athletes. The high prevalence of early morning training sessions is the result of tradition
and overloaded adolescent schedules. Creative and careful solutions need to be found

to reduce the need for early morning training sessions.

Recovery is a major component of athletic training and performance. Coaches must take
an active role in teaching and implementing scientifically backed recovery strategies that
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include ensuring adequate sleep according to accepted recommendations. Coaches
should also be monitoring their athletes’ recovery and sleep just as they would injury risk
from overtraining. Inadequate sleep increases the likelihood of injury and illness in

adolescent athletes, making it a vital measure to routinely monitor.

Sporting organisations should also carefully consider scheduling major events to
minimise negative effects on adolescent athlete sleep. Sleep and recovery should be
championed as an essential component in coach development programs as well as

athlete wellbeing programs such as the Sport New Zealand ‘Balance is Better’ campaign.

6.3.2 A message for parents

Parents need to understand the impact that puberty has on sleep regulation. The
changes that the homeostatic sleep process and circadian timing system undergo across
puberty result in a preference for later bed and wake times. Understanding this
physiological transition is the first step in engaging with this aspect of their children's
lives, rather than thinking that teenagers are being lazy or oppositional in their sleep

timing.

As shown in this thesis, social and training commitments can be at odds with
adolescents’ physiologically preferred sleep times and result in a sleep restriction.
Regular and persistent inadequate sleep can have consequences on mood, health
academic and sporting performance. Informed parents can provide an informed voice
advocating for their youngsters' sleep, for example on school boards or sport club

committees.

6.3.3 A message for health practitioners

Whether dealing with the mental or physical wellbeing of an adolescent athlete, a crucial
factor that needs to be taken into consideration is their sleep/wake behaviour and its
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relationship to training schedules. Monitoring tools that only show average sleep over a
week do not provide a nuanced enough picture of the fluctuations that adolescent athlete

sleep may undergo with changing training schedules.

6.4 Recommendations for future research

A clear message from this thesis is that a lot more work needs to be done to optimise
the training schedules of adolescent athletes in relation to their sleep opportunities. The
findings of Chapter 3 add to a limited body of previous research examining how sleep
duration and timing can vary over a week interspersed with early morning training in
adolescent athlete groups. Additional work is needed to identify the influence of age
(across pubertal stages) and sex on the impact of training schedules on the sleep of
adolescent athletes. The sample sizes in the studies in this thesis were not large enough

to address these issues.

Working with multiple sporting codes, clubs and teams also illuminated the fact that
intervention in adolescent athlete populations cannot be a one-size-fits-all approach. Any
intervention aiming to improve sleep/wake behaviour in adolescent athlete cohorts
needs extensive co-design with, and commitment from, the athletes and their support

networks, including coaches and parents.

The interventions piloted in this thesis provided mixed results. The swimmers’
intervention showed strong signs of being sustainable and feasible with high retention
and compliance, as well as evidence of positive sleep/wake behavioural change in
decreased bedtime device use. Indeed, the swimmers’ coach reported in informal
catchup with the researcher a year after the study that many of the swimmers had started
programming their smartphones to automatically switch to “do not disturb” mode when

connected to their home WIFI networks. This strategy could be a novel way to try and
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reduce nighttime device interaction in adolescents in general, not just athletes, and

should be investigated further.

The rowers’ study by contrast had lower retention and compliance rates. Some of the
potential reasons for this have been described above, and there are lessons to be
learned for future interventions. Understanding the dynamics of a sporting group is
critical when designing an intervention. Stakeholder engagement is vital for both design
and implementation of interventions because of the unique aspects of each sporting club

or team.

Future studies examining the efficacy of sleep education coupled with blue light-blocking
glasses should be undertaken to answer some of the questions arising from this thesis.
One issue that needs to be addressed is whether consistent use of blue light-blocking
glasses on consecutive nights is more effective for altering sleep/wake behaviour than
sporadic use. Another finding that deserves further investigation is why, given the same
sleep education material, the swimmers decreased their device use while the rowers did
not. It is possible that giving the rowers the blue light-blocking glasses from the outset
may have given them a false sense of protection from the effects of device use before
bed, and potentially even promoted device use. If this is indeed the case, then the
preferred approach with adolescent athletes may be to start with sleep education and
only introduce blue light-blocking glasses if sleep education alone does not result in

behavioural change.

The findings of this thesis also raise the question of the necessity for early morning
training. With evidence now showing an increased risk of illness, injury, and burnout in
athletes with poor sleep patterns, the cost-benefit of early morning training should be
thoroughly analysed. Research into the performance benefits as well as health

detriments of early morning training should be compared to training schedules that avoid

130



CHAPTER 6

early morning training. Optimal training schedules should be designed to maximise

performance improvements while limiting the impact on sleep/wake patterns.

6.5 Conclusion

The findings of this thesis add to the understanding of the bidirectional interplay between
athletic training and sleep patterns. The novel aspect of this thesis is that it highlights
just how critical it is to present the night-to-night variability of sleeping patterns in
adolescent athletes rather than reporting average weekly sleep, which is commonplace
in previous literature. Restricted sleep is a consequence of early morning training. The

next critical question is how we fix or improve the situation.

Chapters 4 & 5 trialled unique and tailored sleep interventions and both highlight the
complexity of intervening in the overloaded schedules of adolescent athletes. Both the
swimming team and rowing teams were receptive to piloting interventions around athlete
sleep as they acknowledge the problems that early morning training creates. The
swimmers in particular were highly motivated to make changes, as evidenced by their
coach being willing to alter training sessions and by the swimmers’ significant decrease
in electronic device use before bedtime. Despite this, changes in objective sleep
measurements were not found during the intervention for either the swimmers or rowers.
It should be kept in mind however that the small sample sizes in these pilot studies would

have limited their ability to identify changes with small effect sizes.

To reduce morning training and keep the training load consistent, a massive
rescheduling commitment would need to be undertaken by all stakeholders in the
adolescents’ lives. This would include the schooling system, the coaches and sporting
regulatory bodies, parents and guardians, friends, family, and most of all the athletes

themselves.
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Appendix 1

APPENDIX 1 INFORMATION LETTERS FOR SWIMMERS

Effects of sleep education and training rescheduling on the sleep and
swimming performance of elite adolescent athletes

ATHLETE INFORMATION SHEET

Introduction

The aim of this study is find out about junior swimmers’ sleep and swimming
performance.

You are at a stage in your life where your body naturally wants to go to sleep later
and wake up later.

Science tells us that your early morning training schedules might be cutting your
sleep short. This can affect your health and may affect your ability to do your best
in the pool.

Our plan is to teach you some more about sleep, and to reschedule some of your
morning training later in the day to see if we can improve your sleep.

Project Description

We will monitor your sleep for eight weeks. To do this, you will need to fill in a daily
sleep diary and wear an actigraph (a small watch that measures how much you
move).

Your performance will be measured by timing you in a race. You will need to swim
a race during your Friday morning training session once every two weeks (five
races over the eight weeks).

The eight-week study will be broken up into two time periods. The first two weeks
will be during your normal training and the next six weeks will be after we teach you
about sleep and change your training times.

A researcher will teach you about sleep at the beginning of the intervention. You
will also receive a booklet with sleep information in it. Half way through the
intervention, you will meet again with the researcher for another sleep lesson.

The researcher and your coach will change your training times so that you have
two mornings in a row without training. You will still train the same amount during
the week, just at different times than usual.

Your sleep and performance measures will be compared before and after you learn
more about sleep and change your training schedule.

Participant Recruitment

You may be invited to participate in the study after hearing about it from your coach
or your parents.
Taking part in the study is your choice and no one can force you to be
involved.
You can only take part in the study if you:

v Are between (and including) the ages of 14 and 18.

v' Have been chosen to compete or have competed in a national level
swimming competition.
Swim for Capital Swimming Club or Raumati Raptors.
Are not injured at the time of recruitment and attend 90% of their weekly
training sessions.

v
v

153



Appendix 1

v Have not been diagnosed with a sleep or mood disorder.
v" Are not taking medication known to effect sleep.
v" Non-smokers

Project Procedures

o If you would like to take part in this study, you and your parents (if you are younger
than 16 years of age) will have to give written consent using the form provided with
this information sheet.

o Allinformation you provide will be confidential. The research team (the people
named at the bottom of this page) will give you a participant identification number
that will be attached to all your data. During your data collection, we will use your
name and your contact details (including phone and email) to stay in touch with
you. Once you have finished data collection we will delete your contact information
and only keep your participant ID number.

If you decide to participate, you will be asked to do the following:
Sleep measures

¢ You will need to fill in a questionnaire that will take about 15 minutes. The
guestionnaire collects basic information about: you (age, sex, information about
your usual sleep and swimming, and contact details); whether you meet all the
criteria for being in the study.

¢ You will meet with a researcher who will give you an actigraph, and a sleep diary
and explain how to use them (photo of actigraph shown below). The sleep diary will
also include a questionnaire to tell whether you are a morning or an evening person
(your ‘chronotype’).

¢ You will need to wear the actigraph continuously (except when you are in contact
with water for a long time, like during swimming or taking a bath/shower) and
complete the sleep diary every day for 8 weeks.

» The actigraph is the size of a watch and is worn on
your non-dominant wrist. It measures movement, light,
temperature of the actigraph case (to detect when it is
worn), and keeps track of when you press a button
(you’re asked to press this when you get into and out
of bed). The actigraph does not collect any other
information and cannot tell the researchers what you
are doing. It cannot transmit data until it is handed .
back to the researchers. When you return the actigraph, the information is
analysed with a computer program to say when and for how long you have
slept. The sleep diary asks when you try to sleep, how often you wake, and
has space for you to rate how well you slept and any important notes, such
as when you took the watch off.

o Every week you will receive a phone call, text, or email message from a researcher
to check to see if you have any questions or need help with the study.

Intervention

¢ You will need to come to a session on sleep that your parents are also invited to
attend. It will be a 45-minute talk where you will learn more about sleep, why it is
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important for your health and swimming performance, and ways to help improve

your sleep.

You will receive a sleep information booklet to keep. It will have the information

from the lesson plus some extra details.

Three weeks into the intervention, you will have to come to another session with
the researcher. At this session, the group will get feedback on everyone’s usual

sleep. You will also get feedback on your own sleep (but this will not be shared with
the group). At this session, you can also tell the researcher how the study is going

and if you have any problems.

After two weeks in the study, some of your training times will be changed to give

you two mornings in a row without training. You will still do the same amount of
training in a week, only the times of the training sessions will be changed.

Performance measures

You will need to swim five races at training during the study.

You will swim a race every two weeks during your Friday morning training session.
Before each race, your coach will take you through a warm-up to get you ready (the

warm-up your coach would normally do with you before a real race).

The race you swim will be in the stroke and distance that you are best in (your

coach will help you decide if you are not sure).

Your race time will be taken and your performance will be compared over the
weeks you are in the study. You will also be asked how your body feels (called a

rating of perceived exertion) after your warm up and after your race.

Baseline sleep and Intervention: sleep education and no morning training on two
training consecutive weekdays
Info session | 1

You are here

" Week 1 Week 2 Week 3 Week4  Week5 Week 7 Week 8
‘J,-,r—-“"\\ Ia .
- @y |

| _ — < B - S
N A ok AN Rl I B~ RN B
. i )I . " /
% Performance Testing ¢ Zzz ) Sleep Education Session
-;:-._.'_ ol
Performance Testing
Friday morning training session
Time: between 5h30 and 7h00
Arrive at pool
Race = Stroke and distance you are the best in
Warm up
r "' 1 r l 1
RPE RPE
(rating of perceived exertion) (rating of perceived exertion)
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Data Management

e Your sleep and performance information will be analysed by researchers from the
Sleep/Wake Research Centre.

¢ None of the information collected will have your name attached to it. Instead, it will
be labelled with an identification number. Your individual information will only be
given to you and your parents (if you are under 16 years of age) and no one else
will have access to your information without your permission. No information that
could personally identify you will be used in any reports on the study.

e The findings of the study will be published in scientific papers and presentations
and as part of Travis Steenekemp’s doctoral thesis. You will receive a summary of
the findings of the study and have access to this on the Sleep/Wake Research
Centre website.

e You have the right to ask that any of your information only be used by the current
study and not again in the future.

¢ All data will be stored in secure facilities at the Sleep/Wake Research Centre,
Massey University. The signed consent form will be kept for 5 years then
destroyed. Hard copy data will be kept for 10 years after the study has been
completed then securely destroyed. Digital data (labelled with ID numbers only) will
be kept indefinitely, or until you ask us to delete it. If you want us to delete your
data, you will need to remember your participant ID number since it will not be
labelled with your name.

Risks, Inconveniences, and Benefits

Risks. Taking part in physical training always involves the risk of injury. The study has
been designed to try make sure that you are not asked to do more or less physical
training than you would usually do in a week. Major increases or decreases in training,
or when you are asked to do something you are not used to doing, are typically the most
likely times for getting injured. For this reason, the performance test you will be asked
to do is a swimming race in your best event. Being a national level swimmer, your body
should be used to the stress a swimming race would put on it.

Inconveniences. Wearing the actigraph might feel uncomfortable at times. There is a
chance that the watch might irritate you, especially at night if you do not usually wear a
watch while you sleep. There is also a chance that the watch might irritate your skin. If
this happens, let the researcher know as soon as possible. Filling in the sleep diary will
take a few minutes each day across the 8-week study. The diary has been kept as short
as possible to make it quick and easy for you to use. Changing your training times may
also cause inconvenience to you or your parents. The change in times may mean that
how you get to the pool and school will also have to change during the study.

Benefits. By being a part of this study, you will add to what we know about the sleep of
junior elite swimmers. You will also have the chance to learn more about how your body
works. You will learn about how you sleep, why sleep is important and how sleep is
linked to athletic performance. Once you are finished with the study, you will get
feedback on your own results (e.g., to see a chart of your sleep during the entire study).
To identify your data, you will need to remember and give the researchers your
participant identification number.
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Compensation for Injury

If physical injury results from your participation in this study, you should visit a treatment
provider to make a claim to ACC as soon as possible. ACC cover and entitlements are
not automatic and your claim will be assessed by ACC in accordance with the Accident
Compensation Act 2001. If your claim is accepted, ACC must inform you of your
entitlements, and must help you access those entitlements. Entitlements may include,
but not be limited to, treatment costs, travel costs for rehabilitation, loss of earnings,
and/or lump sum for permanent impairment. Compensation for mental trauma may also
be included, but only if this is incurred as a result of physical injury.

If your ACC claim is not accepted you should immediately contact the researcher. The
researcher will initiate processes to ensure you receive compensation equivalent to that
to which you would have been entitled had ACC accepted your claim.

Participant’s Rights

You are under no obligation to accept this invitation. If you decide to participate, you
have the right to:

e decline to answer any particular question;

¢ withdraw from the study at any time and take your data;

e ask any questions about the study at any time during participation;

e provide information on the understanding that your name will not be used in

reports (a participant ID number is used instead);
e be given access to a summary of the project findings when it is concluded.

Committee Approval Statement

This project has been reviewed and approved by the Massey University Human Ethics
Committee: Southern A, Application SOA 18/36. If you have any concerns about the
conduct of this research, please contact Dr Lesley Batten, Chair, Massey University
Human Ethics Committee: Southern A, telephone 06 356 9099 x 85094, email
humanethicsoutha@massey.ac.nz

Project Contacts
If you have any questions about this project, please do not hesitate to contact the
researcher:

Travis Steenekamp T.Steenekamp@massey.ac.nz e

This study is being undertaken as part of the researcher’'s PhD. You may contact the
project supervisors if you have any questions or issues with the study:

Primary supervisor: Associate Professor Leigh Signal T.L.Sighal@massey.ac.nz
Co-supervisor: Dr Jennifer Zaslona J.Zaslona@massey.ac.nz
Co-supervisor: Professor David Rowlands D.S.Rowlands@massey.ac.nz
Co-supervisor: Professor Philippa Gander P.H.Gander@massey.ac.nz
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Appendix 1

o Effects of sleep education and training rescheduling on the sleep
and performance of elite adolescent athletes

PARENTS INFORMATION SHEET

Introduction

The aim of this study is find out about junior swimmers’ sleep and swimming
performance.

Adolescents are at a stage in your life where your body naturally wants to go to
sleep later and wake up later.

Science tells us that their early morning training schedules might be cutting sleep
short. This can affect aspects of health and may affect their ability to do their best in
the pool.

Our plan is to teach swimmers some more about sleep, and to reschedule some of
your morning training later in the day to see if we can improve their sleep.

Project Description

Your child’s sleep will be monitored using diaries and actigraphy (small watch-like
device to measure wrist movement) for eight weeks: two baseline weeks followed
by a six-week intervention.

During Friday morning training session at two-week intervals, he/she will swim a
timed race in their best stroke and distance, with appropriate warm-up and
supervision from the coach (five testing sessions altogether).

The intervention will include two sleep education sessions and changes to the
timing sessions.

The sleep education will include a group seminar with the researcher at the
beginning of the intervention; a sleep education booklet designed specifically for
junior elite swimmers and their parents; and a follow up face-to-face meeting half
way through the intervention.

Training rescheduling will be arranged with your child’s coaches, to allow him/her to
have two consecutive weekday mornings free from training. This will give them a
chance to sleep in while keeping the overall training load for the week the same.
Sleep and swimming performance measures will be compared before and after the
intervention period.

Participant Recruitment

You and your child may be invited to participate in the study after hearing about it
from your child’s coach.
Participation is voluntary and there are no disadvantages if you choose not
to participate.
Swimmers will be eligible to take part in the study if they are:

v' Between (and including) the ages of 14 and 18.

v"Junior elite swimmers who have been chosen to compete or have

competed in a national level swimming competition.

v" Swim for a club whose coach is willing to be involved in the study.

v" Not injured at the time of recruitment and attend 90% of their weekly
training sessions.
Have not been diagnosed with a sleep or mood disorder.
Are not taking medication known to effect on sleep.
Non-smokers

ANRNEN
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Project Procedures

¢ If your child decides to participate and is less than 16 years of age, they will only be
allowed to do so if you provide written consent using the consent form provided
with this information sheet.

¢ All information you and your child provide will be confidential and will be labelled
and saved only with a participant identification number (not your names). We will
use your name and your contact details (including phone and email) during data
collection to stay in touch with you, but once we have finished data collection we
will delete your contact information and only keep your child’s participant ID
number.

If your child decides to participate, they will be asked to do the following:
Sleep measures

e They will need to fill in a questionnaire that will take about 15 minutes. The
guestionnaire collects basic information about: them (age, sex, information about
their usual sleep and swimming, and contact details); whether they meet all the
criteria for being in the study.

o They will meet with a researcher who will give them an actigraph, and a sleep diary
and explain how to use it (photo of actigraph shown below). The sleep diary will
also include a questionnaire to tell whether they are a morning or an evening
person (their ‘chronotype’).

o They will need to wear the actigraph continuously (except when they are in contact
with water for a long time, like during swimming or taking a bath/shower) and
complete the sleep diary every day for 8 weeks.

» The actigraph is the size of a watch and is worn on
the non-dominant wrist. It measures movement, light
intensity, the temperature of the actigraph case (to
detect when it is worn), and keeps track of when you
press a button (the swimmers are asked to press this
when they get into and out of bed). The actigraph
does not collect any other information and cannot tell
the researchers what they are doing. It cannot =
transmit data until it is handed back to the researchers. When they return
the actigraph, data are analysed with a computer program to estimate when
and for how long they have slept. The sleep diary asks when they try to
sleep, how often they wake, and has space for them to rate how well they
slept and any important notes, such as when they took the watch off. The
diary is short and concise and should only take a few minutes to fill out
daily.

e Every week they will receive a phone call, text, or email message from a researcher
to check to see if they have any questions or need help with the study.

Intervention

e Your child will need to attend a sleep education session that you as their parents
are invited to attend. This session will take place after the two baseline weeks. This
will be a 45-minute seminar where you will learn about sleep, why it is important for
your child’s health and performance, and ways they could improve their sleep (and
maybe yours too!).
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¢ You will receive a sleep information booklet that you will be able to keep. It will
include the information from the seminar, and additional helpful information.

e Three weeks into the intervention, they will be required to attend a follow up
session with the researcher where they will receive individual feedback on their
baseline sleep (their personal data will not be shared with the group). This will also
be an occasion to let the researcher know how you and your child are finding the
intervention.

¢ From the beginning of the intervention, their weekly training sessions will also be
rescheduled. They will not have training on two consecutive weekday mornings for
the six weeks of the intervention. Their training sessions will be moved but their
overall training load will not change; only the time at which training takes place will
change.

Performance measures

e They will be required to complete five performance testing sessions.

o Performance testing will take place during the Friday morning training session
every two weeks.

o The performance test will include a fixed warm-up (the warm-up their coach would
typically take them though before a real race) followed by a simulated race time
trial.

e The race will be in the stroke and distance they are most competitive in (their coach
will help them decide if they are not sure).

e Their race time will be recorded and their performance will be compared over the
weeks they take part in the study. Their ratings of perceived exertion will be taken
directly after their warm up and again after their race.

Baseline sleep and Intervention: sleep education and no morning training on two
training consecutive weekdays
Info session i |
You are here ! '
l' Week1l  Week?2 Week 3 Week4  Week5 Week6  Week?7 Week 8
yealily aaie
| | o fm) () | | |
- P,
| * % F * —E-iy L ke
: | \ : | : | /| | :
N ' ‘ /
% Performance Testing ¢ Zzz ) Sleep Education Session
s
Performance Testing
Friday morning training session
Time: between 5h30 and 7h00
Arrive at pool
Race = Stroke and distance you are the best in
Warm up
I o |
RPE RPE

(rating of perceived exertion) (rating of perceived exertion)
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Data Management

e Data will be analysed by researchers from the Sleep/Wake Research Centre.

None of the data collected will have your child’s name attached to it. Instead, it will
be labelled with an identification number. Individual data will only be made available
to your child (and you if your child is under the age of 16). No one else will have
access to their information without their permission. No material that could
personally identify them will be used in any reports on the study.

¢ The findings of the study will be published in peer-reviewed papers and
presentations. You will receive a summary of the findings of the study and have
access to this via hard copy or on the Sleep/Wake Research Centre website.

o De-identified data may subsequently be used in conjunction with data from other
studies to improve our understanding of sleep and circadian processes in young
people. Your child (and you if your child is under the age of 16) retains the right to
remove their data from subsequent analyses after the study ends.

¢ All data will be stored in secure facilities at the Sleep/Wake Research Centre,
Massey University. The signed consent forms will be kept for 5 years then
destroyed. Hard copy data will be kept for 10 years after the study has been
completed then securely destroyed. Digital data (labelled with ID numbers only) will
be kept indefinitely, or until you or your child asks us to delete it. If they want us to
delete their data, they will need to remember their participant ID number since it will
not be labelled with their name.

Risks, Inconveniences, and Benefits

Risks. Taking part in physical training always involves the risk of injury. The study has
been designed to ensure that your child is not asked to do more or less physical training
than they would typically do in a week. Major spikes or dips in training load are typically
the most likely times when athletes get injured. Keeping their training load consistent will
therefore minimise the risk of them getting injured during the intervention period even
though their training times are being altered. Injuries commonly occur when introducing
an unfamiliar stressor into training. For this reason, the performance test they will
perform is one that they will be accustomed to as an elite swimmer. The training load
and performance measures they will encounter during the study are no different to what
they would experience in their normal swimming routines.

Inconveniences. Wearing the actigraph may be considered an inconvenience. There is
a possibility that the actigraph can cause them some discomfort particularly if they do
not usually wear a watch when sleeping. If as a result of wearing the actiwatch they
experience a skin irritation, please notify the researcher so that corrective measures can
be taken. Keeping the sleep diary will take a few minutes each day across the 8-week
study. The diary has been kept as concise as possible to minimise its inconvenience to
the user. However, the change in their training times may be inconvenient to them or to
you. The change in training days may mean you have to adjust your routine for getting
them to the pool and to school.

Benefits. By participating in this project, they will contribute to an improved
understanding of the sleep of junior elite swimmers. You and your child will also have
the opportunity to gain insight into the workings of the human body. They will gain a
better understanding of their sleep patterns and sleep needs as well as how their body
reacts to the amount of sleep they get. Once their participation is complete, they may
contact the researchers to receive feedback on their individual data (e.g., to see a chart
of their sleep during the entire study). To identify their data, they will need to remember
and provide the researchers with their participant identification number.
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Compensation for Injury

If physical injury results from your participation in this study, you should visit a treatment
provider to make a claim to ACC as soon as possible. ACC cover and entitlements are
not automatic and your claim will be assessed by ACC in accordance with the Accident
Compensation Act 2001. If your claim is accepted, ACC must inform you of your
entitlements, and must help you access those entitlements. Entitlements may include,
but not be limited to, treatment costs, travel costs for rehabilitation, loss of earnings,
and/or lump sum for permanent impairment. Compensation for mental trauma may also
be included, but only if this is incurred as a result of physical injury.

If your ACC claim is not accepted you should immediately contact the researcher. The
researcher will initiate processes to ensure you receive compensation equivalent to that
to which you would have been entitled had ACC accepted your claim.

Participant’s Rights

You are under no obligation to accept this invitation. If you and your child decide to
participate, you have the right to:

e decline to answer any particular question;

¢ withdraw from the study at any time and take your data;

e ask any questions about the study at any time during participation;

e provide information on the understanding that your names will not be used in
reports (a participant ID number is used instead) unless you give permission to
the researcher;

be given access to a summary of the project findings when it is concluded.

Committee Approval Statement

This project has been reviewed and approved by the Massey University Human Ethics
Committee: Southern A, Application SOA 18/36. If you have any concerns about the
conduct of this research, please contact Dr Lesley Batten, Chair, Massey University
Human Ethics Committee: Southern A, telephone 06 356 9099 x 85094, email
humanethicsoutha@massey.ac.nz

Project Contacts
If you have any questions about this project, please do not hesitate to contact the
researcher:

Travis Steenekamp T.Steenekamp@massey.ac.nz e

This study is being undertaken as part of the researcher’s PhD. You may contact the
project supervisors if you have any questions or issues with the study:

Primary supervisor: Associate Professor Leigh Signal T.L.Sighal@massey.ac.nz
Co-supervisor: Dr Jennifer Zaslona J.Zaslona@massey.ac.nz
Co-supervisor: Professor David Rowlands D.S.Rowlands@massey.ac.nz
Co-supervisor: Professor Philippa Gander P.H.Gander@massey.ac.nz
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APPENDIX 2 SCREENING QUESTIONNAIRE
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97 UNIVERSITY
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UNIVERSITY OF NEW ZEALAND

“Effects of sleep education and training
restructuring on the sleep and swimming
performance of elite adolescent athletes”

Screening questionnaire

Please read each question carefully and answer ALL of the
guestions in this booklet.

Please remember that all of the information you provide for
this study is strictly confidential.
Your name is not kept with this information and so you
cannot be identified.

If you have any questions or concerns please ask a
researcher.

163



Appendix 2

GENERAL

What sex are you? (Please tick)

Non binary

What is your date of birth?

HEALTH CHECKLIST

O Male O Female O

............ Lo L

(day) (month) (year)

Have you traveled overseas in the last four weeks? O vyes oONo

If yes, where did you travel?

SMOKING
Do you describe yourself as a:

:[J Regular smoker

(I smoke one or more cigarettes per day)

s[] Ex-smoker

(I used to smoke but not any more)

STRESS

[ Occasional smoker

(I do not smoke every day)

.J Non-smoker

(I have never smoked regularly)

Are you currently experiencing a greater than your normal amount of stress? (e.g. a sick relative,

relationship break-up, writing exams, etc.)

dvyes oCNo
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Do you have any academic or other test scheduled for one week before and during the study?

Odves ONo

In general, would you say your health is?

o[JExcellent OJVery good .LJGood sOFair sOPoor

GENERAL HEALTH (please use the back of this sheet if you require more space.

Have you ever been diagnosed with a sleeping problem? O Yes [INo

If yes, please describe

Are you currently on any medication?

(prescription or over the counter) 1 yes [CINo

If 50, What MediCation? ........c.ooevoeeeeeeeeeeeeeeeeeeeeeeeeeeee e

Have you been on any medication in the past week? 0 yes [INo
(prescription or over the counter)

If 50, What MediCatioN? .......ceeeeeeeeee e e e

Do you currently have any physical illness? O Yes o[INo

If yes, What ilINeSS(ES)? .....vveeeeiiiieeeiiie e e e

Have you ever been diagnosed with a mood or mental health disorder? 0 Yes o[INo

I yes, What diSOrders? ........c.ooeoeeeeeeeeeeeeeeeeeeeeeeee e

Are you currently being treated for this disorder? O Yes o[INo

If yes, how is it being treated? ...

Do you have any personal or family history of respiratory problems?
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(e.g. asthma, allergies, bronchitis) 0 Yes o[INo

If 50, What ilINESS(ES)?  .ooeveeeeeeeeeeeeee e

Do you have any personal or family history of a mental illness? 0 Yes [INo

I 50, What ilINESS(ES)?  .eoeveeeeeeeeeeeeee e

List the types of exercise you do for an average Week ...........ccccouvvveieiiiineeenniinnennns

How much exercise do you do, on average per week? .. hours

How many swimming sessions are you expected to attend, on average per week? ..............

How many of these sessions do you go to, on average per week? ...

Have you been injured in the past month? L vYes  o[No

If 50, has this injury stopped you from being able to train normally? .....................
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Athlete Sleep Screening Questionnaire

INSTRUCTIONS

The following questions relate to your sleep habits. Please circle the best answer which you
think represents your typical sleep habits over the recent past. For all questions, circle a letter
from 'a’ to 'e' unless otherwise specified.

1.

During the recent past, how many hours of actual sleep did you get at night? (This
may be different than the number of hours you spent in bed.)

a) 5to 6 hours
b) 6to 7 hours
c) 7to8hours
d) 8to 9 hours
e) more than 9 hours

How many naps per week do you take?

a) none

b) once or twice

c) three or four times
d) five to seven times

How satisfied/dissatisfied are you with the quality of your sleep?

a) very satisfied

b) somewhat satisfied

c) neither satisfied nor dissatisfied
d) somewhat dissatisfied

e) very dissatisfied

During the recent past, how long has it usually taken you to fall asleep each night?

a) 15 minutes or less

b) 16 — 30 minutes

c) 31-60 minutes

d) longer than 60 minutes

How often do you have trouble staying asleep?
a) none
b) once or twice per week

c) three or four times per week
d) five to seven days per week
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10.

11.

12.

During the recent past, how often have you taken medicine to help you sleep
(prescribed or over-the-counter)?

a) none

b) once or twice per week

c) three or four times per week

d) five to seven times per week

Considering only your own “feeling best” rhythm, at what time would you get up if
you were entirely free to plan your day?

a) 5:00 am—6:30 am

b) 6:30 am—7:45 am

c) 7:45am-9:45am

d) 9:45am - 11:00 am

e) 11:00 am - 12:00 pm (noon)

How alert do you feel during the first half-hour after having awakened?

a) notatall alert
b) slightly alert
c) fairly alert
d) very alert

Do you consider yourself to be a morning type person or an evening type person?

a) definitely a morning type
b) more a morning type than an evening type
€) more an evening type than a morning type
d) definitely an evening type

Considering your own “feeling best” rhythm, at what time would you go to bed if you
were entirely free to plan your evening?

a) 8:00 pm—9:00 pm
b) 9:00 pm - 10:15 pm
c) 10:15pm-—12:30 am
d) 12:30am - 1:45am
e) 1:45am-3:00am

When you are travelling for your sport, do you experience sleep disturbance?

a) Yes
b) No

When you are travelling for your sport, do you experience daytime dysfunction
(feeling generally unwell or having poor performance)?

a) Yes
b) No
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13. Are you typically a loud snorer?
a) Yes
b) No

14. Have you been told that you choke, gasp, or stop breathing for periods of time during
sleep?

a) Yes
b) No

15. On average, how many caffeinated products (caffeine pills, coffee, tea, soda, energy
drinks) do you have per day? For coffee and tea, one drink = 6-80z/177-237ml; for
caffeinated soda, one drink = 1 can (120z/355ml)?

a) Less than 1 per day
b) 1-2 per day

c) 3perday

d) 4 perday

e) 5 ormore per day

16. Over the recent past, how often do you use an electronic device (example: cell phone,
computer, tablet, T.V. etc.) within 1 hour of going to bed?

a) Notatall
b) 1-3times per week
c) 4-6times per week
d) Every day

Please provide your contact details below. These details will be kept separately from the
information you have provided in this questionnaire and will be destroyed once your
participation in this study has been completed.

Name:

Swimming club:

Telephone number: (home)

(mobile)

E-mail:

THANK-YOU FOR COMPLETING THIS QUESTIONNAIRE.
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APPENDIX 3 ATHLETE CONSENT FORM

Effects of sleep education and training rescheduling on the sleep and
swimming performance of elite adolescent athletes - consent form

If you are under the age of 16, you will not be allowed to participate if a
parent does not sign this form as well!

This form will be securely held by the Sleep/Wake Research Centre for five (5)
years.

Researchers from the Sleep/Wake Research Centre have adequately answered any and
all questions | have about this data collection effort, my participation, and the procedures
involved. | understand that | may contact researchers from the Sleep/Wake Research
Centre to answer additional questions at any time during my participation.

| understand that records of my participation will be kept confidential, and that | will not
be identifiable by name or description in any reports or publications about this project.

| understand that | may withdraw from participation at any time without penalty. | also
understand that the researcher may stop my patrticipation in the study or exclude my
data if I no longer meet study criteria.

I wish/do not wish to be contacted in the eventuality that the researchers design a follow-
up study to further their understanding of the long-term efficacy of the current
investigation.

| understand that de-identified data from all participants in this study may subsequently
be used in conjunction with data from other studies to improve our understanding of
sleep in adolescent athletes.

| wish/do not wish to have de-identified data placed in an official archive. Note there is
no currently identified external archive in which to place data, though it is possible that
in the future such an archive will become available.

| have read and received a copy the study Information Sheet and had the details of the
study explained to me. | understand its contents, my questions have been answered to
my satisfaction, and | understand that | may ask further questions at any time.

| agree to participate in this study under the conditions set out in the Information Sheet.

Signature: Date:

Full Name - printed

Parental Signature: Date:

Full Name - printed
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APPENDIX 4 SLEEP EDUCATION MANUAL
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Welcome

You are at an incredibly exciting time of your life; you are young,
ambitious, talented, full of potential and...probably sleepy. As a teenager,
you face so many pressures in your daily life. You have to keep up with
school, stay connected with your friends and maintain a social life. As an
athlete, you have the added pressure of fraining and competing too. Let’s
not forget that you also need some time to relax, have fun and just be
young! With the long list of pressures you need to be juggling, it is no
surprise that a good night’s sleep is sometimes forgotten about or simply
not a priority. In fact, some research has found that only 15% of teenagers
get the recommended amount of sleep on weeknights. But wait, what is
the recommended amount of sleep for teens¢ How important is that good
night's sleep you might be missing out on¢ How does it affect your

everyday life? How does it affect your health and performance?

If you don't know the answers to these questions, it's okay! That's why this
booklet is here to help. After reading this booklet you should have a better
understanding of what sleep is, why it is important and what activities are
good or bad for sleep. Perhaps most importantly, it will explain how sleep
affects physical performance and why sleep should be a major priority for

any athlete.
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Back to basics

What is sleep

When we sleep, we become less responsive to what is going on around us
but our brains and bodies continue doing really important tasks. Sleep is
vital for recovery from the previous period of wakefulness and for
preparing the body for the upcoming time awake. Three aspects need to
kept in mind when thinking about healthy sleep. The first is sleep duration:
how long you slept. The second is sleep quality: how free of disruptions
your sleep was and how refreshed you feel when you wake up. The last
component of good sleep is sleep timing: how consistent your bedtimes
and rise times are from night to night. Getting enough, good quality sleep

at the right time of day is important for our brains and bodies to function

properly.

How do our bodies control when we sleep?
Two main factors control when we sleep and when we are awake. These
are:

1. The circadian body clock and;

2. The sleep drive

Most of the biological processes in the body follow a circadian rhythm,

meaning they have a 24-hour pattern of
Clock Time

activity. Deep inside our brains is a small 6 9 121518 21 24 3 6 9 12 15 18 21 24 3 6

group of cells that act as an internal 1_ Sleep

clock. They confrol many processes in “

30

Wakefulness
in Sleep Episode
{minutes)

our bodies including the rise and fall of certain

N

hormones, body temperature and our ability to fall

asleep. We even have circadian rhythms for

Plasma
Melatonin

physical and cognitive performance. We are

A

usually best at tasks that rely on being accurate

(degrees F)

Body Temperature
(difference from mean)

(mean Z-score)
o =
,p

N
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120 240 360
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early in the day, whereas, we are strongest and fastest in the late

afternoon.

Our body clocks are not the only thing that control when we sleep and
when we are awake. The other factor is called the sleep drive. The sleep

drive simply means that the longer you are awake, the sleepier you get.

The sleep drive is like blowing up a balloon. Every hour you are awake is
like one breath into the balloon. Once the balloonis full (which is like being
awake an entire day or about 16 hours) there is a lot of pressure built up
inside the balloon. The only way to get rid of the pressure is to let the air
out (for you, it is to sleep and this increased pressure will help you fall
asleep). However, if you confinue to blow air into the balloon (you stay
awake longer than you should) eventually the balloon will pop. We
promise that you won't ‘pop’ if you stay awake too long but your body

and your brain will stop working the way they should.
1 Sleep Drive

Sleep
pressure

Wakefulness Wakefulness

Sleep pressure Sleep pressure Sleep pressure Sleep pressure
increases decreases increases decreases

| “.Q / rAA /|/« ",’ V". /
Q% : ‘./ \._. TewN ’ \‘/ ‘ r ub
® & ® : @

The circadian rhythm and sleep drive work together to keep you awake
during the day and get you to fall asleep and stay asleep at night. In the
early evening our sleep drive is high but our circadian clock is telling us to
stay awake. This stops us falling asleep at dinner time. Our circadian clock
then stops telling us to stay awake and we are able to fall asleep. During

sleep, the sleep pressure (or drive) is released (the air in the balloon has
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been let out). We wake-up in the morning when the circadian clock starts

telling us to be awake.

Sleep Drive

Circadian
Rhythm

’
Wakefulness Wakefulness

7h00 23h00 7h00 23h00 7h00

Different types of sleep

Did you know that not all sleep is the same? During a normal night,
we have different types of sleep. The two different types of sleep
are non-rapid eye movement sleep (NREM) and rapid eye

movement sleep (REM).

Non-rapid eye movement sleep can be further broken down into
light sleep and deep sleep. During light sleep, our brain activity
and heart rate slows, and our muscles relax. It is not difficult to

wake someone from light sleep.

Deep sleep is a time of repair and growth. Blood flow to our

muscles increase, hormones for growth and development are

released and our energy stores in our muscles are topped up. It can be

difficult to wake someone up from deep sleep.

During rapid eye movement sleep our brains are very active. This is the
stage of sleep when we dream. Our eyes move quickly from side to side
and our brain activity and heart rate increases. Most of our muscles are
told by our brains to stop working during rapid eye movement sleep. We

think this happens so that we don't hurt ourselves while we are dreaming.
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Going from light sleep into deep sleep and then into REM sleep is one
sleep cycle. One full sleep cycle lasts about 20 to 110 minutes and we

usually go through five sleep cycles a night.

1 Sleep Cycle
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How much sleep do we need?

So...how much sleep do you think you need? Don't look down! That's

cheating!

Well | guess by now you've looked at the picture...and yes, that's right,
almost all teenagers need between eight and ten hours of sleep a night.
You might be wondering why you need so much
sleep. As a teenager your body is still growing and
developing and sleep is really important for this to
happen. Sleep is also incredibly important for storing

information and memories. High school is an important

time of your life for learning and without sleep, the
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information you learn during the day will not be stored properly.

Think of yourself as a flash drive. The things you learn during the day are
pieces of information you're collecting from the world. Good sleep helps
file that information on your main computer (your brain) and makes it easy
to find and remember it when you need to. Sleep also helps clear your
flash drive so there's enough space on it to learn new things the next day.
But, if you don’t sleep well or don’t get enough sleep, the information on
your flash drive may not be filed properly or saved at all onto your main

computerl!

w‘g(ﬁf“'#”

NEWBORN TODDLER PRESCHOOL  SCHOOL AGE
o-3 months 4- u monrhs 1-2 years 3-5 years 6-13 years 14- r7yeur-s 18-25 years 26-64 years
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How is sleep different for teens?

As you've already seen, as a teenager you
need less sleep than younger children but
you need more sleep than adults because
you are still growing and developing. But,
this isn't the only way your sleep might be

different from other age groups.

Remember the circadian body clock that
was mentioned earlier...well the fiming of a NEED
teenager’s circadian body clock slightly

differs to the timing of the circadian body :
clock at other life stages. During

adolescence, one of the hormones that is linked to our sleep (called
melatonin) is released slightly later by the brain. This means that teenagers
often don’'t feel tired until later at night and also find it very difficult to wake
up in the morning in time for school. Teenagers also often experience
social jetlag. This is when we don’t get enough sleep on weeknights but
then go to bed later and sleep for longer on weekends (or other free
days). Sleeping longer at the weekend seems like a good ideq, as you're
catching up on all the sleep you missed during your busy week. The
problem is caused by going to bed later and waking up later than you
would on a school night. Your body quickly adjusts to this new pattern of
sleep, but the shift back to an earlier rise time on Monday morning is much
harder. This is the same as going to Sydney for the weekend and then
back to the Kapiti Coast on Monday morning. Shifting your bedtimes and

rise times each weekend is the same as giving yourself jetlag each week.

This is why it is call8€l sOEIa IEA8. ) T 1 4 1 T £ (-
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What happens if we do not sleep enough?
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Sleep and athletes

Why is sleep important to athletes?
Health

Athletes need to be healthy and happy, not only to compete at their best,
but also to train at their best. Let’s talk about sleep and being healthy

first...

Our bodies are rather busy while we sleep.

One thing they are busy with is launching an

immune defence against things in our body
that make us sick. This immune response
also helps repair damaged tissue. These are
both really important for athletes. You have

to be healthy while you frain in order to

improve as much as you can while also
staying well. As you can see in the picture below, a study looking at illness

and sleep found that the less sleep people got, the more likely they were

io getsick LIKEhood of Infections B?SB(I on Hours
of Sleep per Night Dusigrel by

CYLMSportScience

Those who sleep less than five
hours are 4.5 times more likely to

~ 50
S8 have a cold than those who sleep
Eg seven hours
R R e
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~ o
S 53
§ g 20
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n S \ § .
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Average sleep per night (hours)

Reference ‘ >>
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e Behaviorally Assessed Sleep and Susceptibility to the Common Cold
et 0 S by Prather et al. in Sleep, September 2015
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Did you know that when you exercise you actually break down your
musclese Your muscle gets little tears in it when you train. These little tears
are then healed through your body's immune responses. If you
contfinuously tear your muscles while doing the same thing (for example
during training) your body starts to strengthen the muscles. This is your
body’s way of protecting itself. This is also the process that makes you
faster and stronger, because every time your muscle breaks down, it's
repaired to be better than it was before. Sleep is very important for this
process! If you aren’t getting enough sleep the tiny tears in your muscle
don’t repair as quickly, which might even mean you could get injured by

exercising damaged muscle.
Sleep loss can lead to many other ways you might get injured:

» You are more likely to take risks

» Your reaction time is slower

> You are less alert

» You are more likely to let your form slip
These are all likely reasons why the study summarised in the picture below,
found that junior athletes who got less sleep were more likely to get

injured!

Likehood of Injury Based on Hours of
SIeen ner "Ignt Designed by

CYLMSportScience
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average <8 hours per night
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The other part of being healthy that we sometimes forget about is mental
health. Being happy can be just as important to achieving our best on the
sports field or in the pool. After all, when you're feeling down do you really
train as hard as you could? And, if you aren’t training as hard as possible,

you aren’t going to do as well as you want when it comes to competition

EXERCISE

Some motivation required.

There is a link between poor sleep and many aspects of mental health,
including an increased risk of depression, low self-esteem, anxiety and
paranoia, irritability and feelings of inadequacy. So, sleep is just as

important for your mental health as it is for your physical health!

The consequences of
skipping sleep can be dire

The team focused on sleep times reported by an ethnically diverse

sample of 27,939 middle- and high-school students

3%

k hours
20%

5 hours

or less

Suicide attempts
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Performance

Have you ever thought about what is behind the best possible athletic
performance¢ Technically, we would say that sporting performance is
dependent on how an athlete “paces” themselves. A winning “pacing
strategy” is one where an athlete is pushing as hard as they can to finish
the race in the fastest possible time while minimising the chance of
fatiguing early. If you start a race too fast, you might get tired too early
and not get the time you wanted. Similarly, if you start a race too slow
because you're scared of getting tired, you also might not get the time

you wanted. The ideal pacing strategy sits nicely in the middle.

Why is this important for sleep? Well, not getting enough sleep can
change processes in our body that affect our pacing in sport. Perhaps one
of the most important components of pacing is an athlete’s ability to
accurately perceive how they feel before and during training or
competition. We call this perception of effort. Sleep loss has been shown
to lower our motivation levels and make us judge tasks as being harder
than we would if we were properly rested. Our bodies are also more
sensitive to pain, especially pain in response to extreme temperatures
when we don't get enough sleep. Our ability to judge distance is poorer.
Some studies even show that we are more likely to remember things that
are negative when we are sleep deprived which leads to low levels of

motivation and possibly even depression.

Another important component in

The body's 'fuel tanks’

athletic performance is having enough

energy stored in our bodies before we

Liver glycogen ~300 kcal

train or compete. When we exercise,

Muscle Glygogen ~2000 keal

our muscles need to contract 10 MAKE  wusce wigiyceride tfot) ~3000 keat Adipose tissue (fat) 7100000 keal!

us move. But, our muscles need energy

Blood glucose ~40kcal

in order for them to contract. In terms of
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athletic performance, our muscles need a constant energy supply for as
long as possible in order for us to perform our best. The energy we use
mainly comes from fats and carbohydrates which are stored in different

places in the body.

What this graph shows us, is that 100
we rely on different amounts of

carbohydrates and fats

depending on how hard we are

exercising (higher the % or o1l

VO2max the harder the

Percent energy from
fat and carbohydrates

exercise). What you will notice 0

= -o- Carbohydrate

0 20 40 60

from the graph, is that when we )
% VO, max

exercise really hard our muscles

use a lot of carbohydrates.

One study made athletes train and then gave them either a normal night
of sleep or no sleep. The study found that when they got no sleep after
training they didn't recover their muscle glycogen (their main
carbohydrate storage) as well as when they got the normal night of sleep.
That means that sleep loss may lead to poorer energy storage even if you
are eating a good diet! The same study also found that after not getting

enough sleep the athletes sprint times were worsel

These are just some of the ways in which poor sleep could have a negative

effect on your athletic performance!

“SLEEP IS THE MOST P()TF\T PFRF()R\I \\ E

ENHANCING ACTIVITY T

THE EFFECTS OF MORE SLEEP ON ATHLETIC THE EFFECTS OF LESS SLEEP ON ATHLETIC
PERFORMANCE PERFORMANCE
BASKETBALL PLAYERS: improved foul shot accuracy by 9%, 3- @ ALL: student athletes sleeping < 8 hours = ~70% more likely to get
point shot accuracy by 9.2%, court sprint time by .7 seconds injured
(= SWIMMERS: improved 15-meter sprint times by .51 seconds (8%), ALL: Sleep duration = strongest predictor of injury (not practice
reaction time off starting blocks by .15 seconds (17%). American hours, # sports played, strength training, gender, or coaching style)

records broken
'_“ ALL: Sleeping 6 hours/night lowers reaction time by 18%

TENNIS PLAYERS: significantly decreased serving
? accuracy after one night of less sleep. Caffeine did not
V change result
TENNIS PLAYERS: improved hitting

3 accuracy by 42% and sprint times by 8% BASKETBALL significantly decreased shooting

accuracy and fewer points scored, rebounds, steals, and
FOOTBALL PLAYERS: improved 40-yard blocks significantly increased # of technical fouls
dash and 20-yard shuffle times by .1 85
s TRACK AND FIELD: significantly decreased reaction

+ BASEBALL PLAYERS: faster reaction C—
times by 122ms (a fastball takes 400ms) an«
decreased fatigue by 40%

seconds,” field-goal accuracy by 20%.
Fewer mental errors by 50% llmes increased false starts and lapses in attention

yiy ® WEIGHT-LIFTERS lifted significantly less weight during
blceps curl, bench press, leg press, and dead lift

BASEBALL: 7 yrs. of data showed visiting team's sleep
'k\ loss due to travel resulted in home team scoring 1.24

more runs

After sleep education, 100% of STUDENT

ATHLETES got more sleep and 89%

experienced improved athletic performance
l} ALL: One night of sleep improves motor-

® |eaming task speed by 20% and accuracy by
%
o ;\e YOUNG ADULTS: ~ 5 hours of sleep/night for 2 nights =

10™ GRADE STUDENTS: significantly a 3X increase in lapses of attention and reaction times
leon f Q improved reaction time with 1 day/week
sleep for later school start time ADULTS: 19 hours awake = decrease in reaction time & eye-hand
I, coordination similar to performance when well rested but legally
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Sleep stealers

We now know what sleep is, how our body regulates it, and some reasons
why it's so important. Now it's time to learn what things might be bad for

our sleep!

Artificial light and especially
blue light (that is used in the
screens of media devices)
trick our bodies into thinking
it's still daytime. The bright
light does two things. Firstly, it
makes you feel wide awake

and alert. Secondly, the light

shifts the timing of our
circadian body clock. It delays the body clock and makes it hard to fall
asleep until later at night! The content you are looking at can also make
you more alert e.g. watching an action movie will be more alerting than

reading a book on an e-reader.

Ideally you should stop using devices that emit bright light at least an hour
before bedtime if you want to sleep well (try it for a while and see how

you feell). If you can’t turn off your phone,

95mg

tablet or computer before bedtime for AmOU”T of 80mg 82mg

caffeine pereup:
whatever reason, then you should at least g 45Mg
try to filter out the blue light (f.lux is an app 19mg 20mg 7’“9

. 3mg . I

you can use on any device). There are

& y @
mGny things We eGT Or drink ThGT COn Glso Decaf Hot Green Shot of Q\ of thk. haa\t Brewed

coffee  chocolate tea espresso cola Bull coffee coffee

cause sleep issues. Caffeine is one we

probably all know about! Caffeine is an ergogenic aid, which means it
improves our performance by making us more alert. The problem is, if we
make ourselves alert at the wrong time of the day it could mean we mess
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up our ability to fall asleep! Ideally, you should avoid having caffeine at
least 6 hours before bedtime. Caffeine doesn’t mean just coffee. Caffeine
is found in all sorts of food and drink. Something you need to be careful
about as an athlete is energy drinks or supplements, most of which have
caffeine in them. Make sure to check the labels of any sports drinks and
supplements you use to check whether they have caffeine and try avoid
using ones that do especially if you're using them before or after an

afternoon/evening training session.

Some people use certain types of drugs to help them fall asleep, like
alcohol or marijuana. One of the problems with these substances (there
are lots of other problems that we won't talk about here) is that they stop
us getting the normal amount of REM (or dreaming) sleep. Our brain then
catches up on the REM sleep it has missed out on once the level of alcohol

or marijuana in our body drops. This results in very disturbed sleep.

Other things that can stimulate our bodies and affect sleep include noise,

eating too close to bedtime, exercising too close to bedtime and nicotine.

Avoid
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Sleep tips
Now we know what we shouldn’t do, it's time for what we should do!
> Try and have a daily routine you stick to! Our bodies like routine!

When possible, try to go to bed and wake up about the same time

each day. This can be really hard if you have early morning training

but at least try and keep your bedtimes the same each night.

Having a bedtime routine is also a great way to get your body ready
for bed at night.

» Reading a book (a real one not on a devicel) can be a great
addition to your bedtime routine. Reading can relax us and you
should read with a warm (yellow) light rather than the blue light from
devices.

» Taking a warm shower is another good thing to add to a bedtime
routine. Our bodies find it hard to go to sleep if it's too hot, in fact,
our body temperature drops naturally when our body is preparing
to go to sleep. So why a warm shower if our bodies like it cool before
bed? Well, the warm water causes something called vasodilation.
This is when our blood vessels get wider to allow more blood to flow
around the surface of our bodies. Our bodies do this to cool our
blood down and to make sure we don't overheat. This happens
when we exercise tool When you get out of the shower your blood

has moved to the surface and cools down because of the cold air.
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When it circulates around your body your core temperature then
drops which gets us primed for sleep! If you took a cold shower, your
extremities (arms and legs) would get cold but your blood vessels
would constrict (get smaller) stopping cold blood circulation to your
core. Your body is a pretty smart cookie!

Relaxation techniques are also a good way to wind down. We really
struggle to fall asleep when we are nervous or anxious. That's why
athletes sometimes struggle to sleep before competitions! Try and

find a nice quiet activity that relaxes you. Again, tfry and make sure

AP

it's not something that involves —f
too much light or noise (Netflix
isn't on the approved listl). Some
suggestions would be
meditation or breathing
exercises, journaling or maybe
reading as mentioned earlier.
Find what works best for you and
try adding it to your routine!

Avoid going to bed late and oversleeping on weekends! Catching
up on sleep over the weekend can feel like a good thing....until
Monday morning hits! If you go to bed late and oversleep or wake
up super late on the weekend, you shift the timing of your circadian
body clock. When you have to wake up early on Monday morning
again your body is out of sync and you can feel even more tired

than you did at the end of last week!
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» Comfy is best! It might seem obvious, but being comfortable is
important for the best sleep possible. Find what sleeping conditions

you like the best, do you like a soft,

hard or medium mattresse What
smells relax you and make you feel
at home? What smells are off
putting and would bug you? What

sort of pillows do you likee Try and

find all the little combinations for
your bedroom that make you feel like you're in your own little
heaven! This could be really important if you're competing away
from home. We all struggle the first few nights in a new place. If you
have the space, pack your favorite blanky, pillow and anything else
that will make you feel a little more at home in a different bed.

> Afraid of the dark....it's actually your friend! We already covered
that light should be avoided before sleep, but you should also try to
make sure your room is as dark as possible when you sleep. Even
those little LED lights can be enough of a bother that they can delay
falling asleep. Some athletes have reported travelling with blackout
tape when they compete to cover lights on hotel TVs or phones.
Some tape down curtains where little cracks of light come through.
The smallest thing can be really irritating the night before a big race!
Consider travelling with eye shades or ear plugs if you struggle with

noise and light!
HOURS BEFORE BED »

. aeo@®

Stop drinking Stop drinking Finish Turn off Night, night!
caffeine alcohol exercising electronics
Finish eating dinner Stop working, studying

(2-3 hours) & stressing
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Final thoughts

| hope this booklet has helped you learn more about sleep and given you
the motivation and tools to get the sleep you deservel
Remember...tfraining is important for doing your best in your sport, but you
can only frain properly when you are well rested. Don’t sacrifice all your

hard work by not recovering properly!

. & Eat, sleep, and swi that's ail | «
ralnlng Wn eam |Ccp eam Sleep
B Team Tired MICHAEL PHELPS @

; Chronic sleep loss can lead to Tennis playersget a Sleep loss means an 1%
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Sleep improves spht-second 2 days of slesp restriction Sleep extension provides swimmers
decision making abilay can lead to a 3x increase in lapses a 7% mprovement in reaction time

g | e @ of stteatien and reactivity. ' off the starting block. &€ |love to sleep. 99
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X
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How to keep up to date with science and helpful
resources:

>  You can follow me on twitter: @TravistyRSA

Other scientists who you should consider following are (there are so many
but this is a good startl):

Matt Walker Dr. Amy M. Bender, PhD
@sleepdiplomat @Sleep4Sport

Professor of Neuroscience at UC Berkeley; Mom of 3 | ronman | BEball HOF | Adjunct
Sleep Scientist at Google; Author: Why Kinesiology Prof | Research Scientist on a
We Sleep mission to promote sleep for better

health + performance |
© California, USA

& s eepdiplon © Calgary, Alberta, Canada
sleepdiplomat.com

&
YLMSportScience

@YLMSportScience

'® Scientific advisor of AS Monaco FC
_ To find out a snapshot of what is
new in Sports Sciences 1l

@ Monaco / France

(‘,? YLMSportScience.com

Some helpful websites to visit are:

https://sleepfoundation.org/

https://www.sleephealthfoundation.org.au/
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APPENDIX 5 SLEEP DIARY INSTRUCTIONS

o

INFORMATION ABOUT WEARING THE ACTIGRAPH

The small watch-sized object you will be wearing on your wrist is an actigraph . It contains an accelerometer and memory chip and records movement . The
data from the actigraph is analysed along with the information from the sleep diary to determine sleep duration .

1. Wear the actigraph on your non-dominant wrist (the hand you don’t write with). It is important that you do not change wrists as this may change the
information that we get from the actigraph .

2. The actigraph should be attached reasonably firmly so that it does not move about on your wrist. If it does move about, tighten the strap slightly .

3. The actigraph must be removed for any contact with water (e.g. showering, swimming), but it is important that you put it back on again afterwards .

4. If you take the actigraph off for any reason (for showering, to take a swim etc) then please note this in your sleep diary.

5. If you forget to put the actigraph back on at any stage then put it on as soon as you remember. Please write in the diary the time when you put the
actigraph back on.

6. We cannot tell what you are doing from the actigraphy data. We can only tell whether you are moving or not.

7. On the front of the actigraph there are two small buttons . The left one, labelled ‘EVENT Select, is the event marker. If you push this, a small mark will

appear on the data output . It does not stop or start the actigraph . The actigraph will keep recording the entire time you are wearing it.

8. We would like you to push the event marker when you start trying to sleep and again when you stop trying to sleep. Please do this whenever you intend
to sleep for 10 minutes or longer.

‘EVENT Select’
button

193



Appendix 5

INFORMATION ABOUT COMPLETING THE SLEEP/TRAINING DIARY

Information about filling out the sleep/training diary
1. We are interested in any sleep that is 10 minutes or longer . It does not matter whether this is during the day or during the night.

2. The information that is important to us is the times that you begin trying to sleep and when you finish trying to sleep for any sleep that is 10 minutes or
longer.

3. Record all times in local time, using the 24-hour clock .
4. When you are about to begin trying to sleep :
a. Mark the time on the timeline with an arrow and record the time above/below it.

b. Beginning (BGN) is the time when you begin trying to sleep. Some people may get into bed and read etc, but we do not need to know this, we only need to
know when you begin trying to go to sleep.

5. When you have finished trying to sleep :
a. Mark the time on the timeline with an arrow and record the time above/below it.

b. Finished (FSH) is when you wake up and are no longer trying to sleep. At this time you may either get out of bed or begin to read etc, but you are no longer
trying to sleep.

6. Beginning and Finish are the times we would like you to push the event marker on the actigraph.
7. Ifyouwake up during your sleep to get a drink, go to the toilet etc, you do not need to write anything in the duty/sleep d iary. If yougetupfor more than 10
minutes then please treat any later sleep as a new sleep period.

Below is an example of a completed timeline. ‘FSH’ indicates the time the participant woke up on that day while the ‘BGN’ ind icates the time that the participant
went to bed that day. Times are written next to the arrows to provide more accurate bed and wake up times.

BGN 2215
0000 0200 0400 0500 0800 1000 1200 1400 1600 180 000 200 2400

IR BN N B B R A N B B R | N
Date: 11/ 02/ 2018

Please indicate the start and end times of any sleep period longer than 10 min on the timelines below.

Please indicate the start and end times of any sleep period longer than 10 min on the timelines below.

FSH 0715 BGN 2300
0000 0200 0400 0500 0800 1000 1200 1400 1600 1800 00 um 2400

T T T T T A A Y Y Y N Y O IO

Information about filling out the sleep/training diary

1. The following section should be completed as soon as possible after you wake up in the morning.

2. Thefirst question has to do with whether you used an electronic device 1 hour before bed the night before. There is no right or wrong answer, just be
honest!

Did you use electronic devices 1 hour before bed? [X] Yes [] No

1. Wewould like you to rate the quality of the sleep you have just woken up from. Clearly mark or indicate the phrase that most fits your sleep quality:
1 - Very, very 7 - Very, very
good 2 - Very good 3‘ Gogd 4 - Average 5 - Bad 6 - Very bad bad
Sleep Quality b X & L} L) L) P N
& = - = = #5
1. Next, kindly mark how stressed you are feeling in your general life. This might include stress from school, training, competi tion, personal relationships etc.
1 - Very, very 7 - Very, very
Tow 2 - Very low 3 - Low 4 -{\vegge 5 - High 6 - Very high high
Stress >« °e AA L) < N
w ~ — ~ -~
- -~
1. Thethird scale we would like you to fill out is how fatigued you feel. Do you feel tired? Does your body feel weak? This is where you would tell us that!
1 - Very, very 7 - Very, very
Tow 2 -(eryl:w 3-Low 4 - Average 5 - High 6 - Very high high
Fatique > < AA L) . P N
— ~— —_ — - -~
— -~
1. Andthe final scale you are being asked to fill out has to do with how sore your muscles are. Please indicate how much painy ou feel.
T-very.very | 2. very low 3-Low 4 - Average 5 High 6-Very high | 7-Vern, very
low PN high
Muscle -
Soreness >« ) AA L) ) l<\
= = 3 v
1. Thelast thing we ask you fill out on your daily diary is a comment section. This section is where you can tell us how you sl ept, how training is going

Comments: Had really weird dreams last night and couldn’t fall asleep after that. But | felt really strong
during training today! Broke my personal best!
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FULL EXAMPLE
Sleep diary Date: 01/ 02 / 2018

Please indicate the start and end times of any sleep period longer than 10 min on the timelines below.

FSH 0600 BGN 2200
L 0x0 0400 : 0300 100 1200 1400 1600 1800 00 um 2400
1

Ll I R B B R A B A

Did you use electronic devices 1 hour before bed TYes No [X]

Cross out the most relevant response.

1 - Very, very 7 - Very, very
good 2 - Very good 3 - Good 4 - Average 5\87 6 - Very bad bad
Sleep Quality > <’ ‘ - Lia - fawid
\# o) e ~ -~
‘.;: = ~o” = - -~
1-Very.vey | 5 very low 3- Low 4 gvegge 5 - High 6-Very high | 7~ Vew.very
low AW 4 high
Stress > <‘, Y L) o B
\v v 3 — \ v-v ’A\
1 - Very, very 7 - Very, very
low 2 - Very low 4 - Average 5 - High 6 - Very high high
Fatique (» <) .e ) .o (.o
w w _— — ~ e |
A\ N - -~
1 - Very, very " 7 - Very, very
R 2 - Very low 4 - Average 5\H|7 6 - Very high high
Muscle — L~ =
Soreness > ° e y( AA L) 4; <\ <
\ = <5 - a s

Comments: Think | am getting ill. | have a sore throat.

195



Appendix 6

APPENDIX 6 INFORMATION LETTERS FOR SWIMMERS

Pilot interventions aimed at improving the sleep/wake patterns of junior

rowers -

ATHLETE INFORMATION SHEET

Introduction

This is a follow-on study looking at sleep interventions in junior athletes.

The aim of this study is find out about junior rowers’ sleep and rowing performance.
You are at a stage in your life where your body naturally wants to go to sleep later
and wake up later.

Science tells us that your early morning training schedules and social lives might be
cutting your sleep short. This can affect your health and may affect your ability to do
your best in your sport.

Our plan is to teach you some more about sleep and to see if we can improve your
sleep by getting you to either wear blue light blocking glasses at night or by taking
part in a goal setting exercise.

Project Description

We will monitor your sleep for eight weeks. To do this, you will need to fill in a daily
sleep diary and wear an actigraph (a small watch that measures how much you
move).

Your performance will be measured by timing you in ergometer time trials. You will
need to do a 2km time trial once every two weeks (three time trials over the eight
weeks).

The eight-week study will be broken up into four time periods. The first two weeks
will be during your normal training.

The next four weeks (the intervention period) will be after we teach you about sleep.
You will either be given a pair of blue light blocking glasses or asked to take part in
a goal setting exercise for the intervention.

After the intervention period will be the week of Maadi cup where we want to measure
your sleep during competition.

Finally, we also want to measure your sleep during the week after Maadi to see how
your sleep changes during recovery from competition.

A researcher will run two sessions to teach you about sleep during the project that
you must attend. The first one will be at the start of the intervention period. At this
session you will receive a ‘sleep information’ booklet. The second will be half way
through the intervention period.

You will be put into one of two groups, either in a blue light blocking glasses group
or a goal setting group. The glasses group will be asked to wear glasses that limit
the amount of blue light you see in the 2 hours before bed each night. The goal
setting group will be asked to complete some questions that are aimed to motivate
you to make changes to your sleep behaviour.

Your sleep and performance measures will be compared before and after you learn
more about sleep and go through the intervention.
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Participant Recruitment

You may be invited to participate in the study after hearing about it from your coach
or your parents.
Taking part in the study is your choice and no one can force you to be
involved. Deciding to participate will have no impact on your selection for
future competitions.
You can only take part in the study if you:
v Are between (and including) the ages of 13 and 18.
v" Have been chosen to compete or have competed in a national level rowing
competition.
v" Row for a club that has agreed to take part in this study (ask your coach if
you aren’t sure).
v" Will be available to attend all the required intervention sessions.
v'Are not injured at the time of recruitment and attend 90% of their weekly
training sessions.
Have not been diagnosed with a sleep or mood disorder.
Are not taking medication known to effect sleep. For example, sleeping
tablets; some cold and flu medications; certain pain medications containing
caffeine; antihistamines etc.
v" Non-smokers

AN

Project Procedures

If you would like to take part in this study, you and your parents (if you are younger
than 16 years of age) will have to give written consent using the form provided with
this information sheet.

All information you provide will be confidential. The research team (the people named
at the bottom of this page) will give you a participant identification number that will
be attached to all your data. During your data collection, we will use your name and
your contact details (including phone and email) to stay in touch with you. Once you
have finished data collection we will delete your contact information and only keep
your participant ID number.

If you decide to participate, you will be asked to do the following:

Sleep measures

You will need to fill in a questionnaire that will take about 15 minutes. The
guestionnaire collects basic information about: you (age, gender, information about
your usual sleep and rowing, and contact details); whether you meet all the criteria
for being in the study.

You will meet with a researcher who will give you an actigraph, and a sleep diary and
explain how to use them (photo of actigraph shown below). The sleep diary will also
include a questionnaire to tell whether you are a morning or an evening person (your
‘chronotype’).

You will need to wear the actigraph continuously (except when you are in contact
with water for a long time, like during rowing or taking a bath/shower) and complete
the sleep diary every day for 8 weeks.
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» The actigraph is the size of a watch and is worn on your
non-dominant wrist. It measures movement, light,
temperature of the actigraph case (to detect when it is
worn), and keeps track of when you press a button
(you're asked to press this when you get into and out
of bed). The actigraph does not collect any other
information and cannot tell the researchers what you
are doing. It cannot transmit data until it is handed back "
to the researchers. When you return the actigraph, the information is
analysed with a computer program to say when and for how long you have
slept. The sleep diary asks when you try to sleep, how often you wake, and
has space for you to rate how well you slept and any important notes, such
as when you took the watch off.

Every week you will receive a phone call, text, or email message from a researcher
to check to see if you have any questions or need help with the study.

Intervention

You will need to come to a session on sleep that your parents are also invited to
attend. It will be a 45-minute talk where you will learn more about sleep, why it is
important for your health and rowing performance, and ways to help improve your
sleep.

You will receive a sleep information booklet to keep. It will have the information from
the lesson plus some extra details.

Two weeks into the intervention, you will have to come to another session with the
researcher. At this session, the group will get feedback on everyone’s usual sleep.
You will also get feedback on your own sleep (but this will not be shared with the
group). At this session, you can also tell the researcher how the study is going and
if you have any problems.

After two weeks in the study, you will be put in one of two groups. The one group will
get blue light blocking glasses to wear each night before bed. The other group will
do a goal setting program where you will do a writing exercise for 60-minutes. Both
of these interventions are designed to help your sleep. You will also be given the
intervention of the other group that you were not in once the study is over. This means
that you won’t miss out even if one is found to be better than the other!

Performance measures

You will need to do three 2km time trials at training during the study.

You will do your 2km time trial the same time of day and on the same day of the week
each time.

If you normally have something to eat before morning training please do so. We
would like you to eat your usual breakfast and to do the same on all performance
measure days.

Before each time trial, your coach will take you through a warm-up to get you ready
(the warm-up your coach would normally do with you before a real race).

Your trial time will be taken and your performance will be compared over the weeks
you are in the study. You will also be asked how your body feels (called a rating of
perceived exertion) after your warm up and after your race.
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Intervention:
Basellne-s!eep and Sleep education + grouped intervention Recovery week
training Goal setting group vs Glasses group

. l Y . )
Information

session Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

L mY g my)
T T T T T
* Performance Testing Maadi Cup

@ 45min Sleep Education Session

Jj Motivation session for goal setting group

Data Management

e Your sleep and performance information will be analysed by researchers from the
Sleep/Wake Research Centre.

e The data from this study may be compared to previous study’s results.

None of the information collected will have your name attached to it. Instead, it will
be labelled with an identification number. Your individual information will only be
given to you and no one else will have access to your information without your
permission. No information that could personally identify you will be used in any
reports on the study.

e The findings of the study will be published in scientific papers and presentations and
as part of Travis Steenekemp’s doctoral thesis. You will receive a summary of the
findings of the study and have access to this on the Sleep/Wake Research Centre
website.

e You have the right to ask that any of your information only be used by the current
study and not again in the future.

o All data will be stored in secure facilities at the Sleep/Wake Research Centre,
Massey University. The signed consent form will be kept for 5 years then destroyed.
Hard copy data will be kept for 10 years after the study has been completed then
securely destroyed. Digital data (labelled with ID humbers only) will be kept for 10
years, or until you ask us to delete it. If you want us to delete your data, you will need
to remember your participant ID number since it will not be labelled with your name.

Risks, Inconveniences, and Benefits

Risks. Taking part in physical training always involves the risk of injury. The study has
been designed to try make sure that you are not asked to do more or less physical
training than you would usually do in a week. Major increases or decreases in training,
or when you are asked to do something you are not used to doing, are typically the most
likely times for getting injured. For this reason, the performance test you will be asked
to do is a rowing time trial. Being a competitive rower, your body should be used to the
stress a rowing time trial would put on it.

Inconveniences. Wearing the actigraph might feel uncomfortable at times. There is a
chance that the watch might irritate you, especially at night if you do not usually wear a
watch while you sleep. There is also a chance that the watch might irritate your skin. If
this happens, let the researcher know as soon as possible. Filling in the sleep diary will
take a few minutes each day across the 8-week study. The diary has been kept as short
as possible to make it quick and easy for you to use.
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Benefits. By being a part of this study, you will add to what we know about the sleep of
junior rowers. You will also have the chance to learn more about how your body works.
You will learn about how you sleep, why sleep is important and how sleep is linked to
athletic performance. After the study you will be offered the intervention that you were
not a part of. Once you are finished with the study, you will get feedback on your own
results (e.g., to see a chart of your sleep during the entire study). To identify your data,
you will need to remember and give the researchers your participant identification
number.

Compensation for Injury

If physical injury results from your participation in this study, you should visit a treatment
provider to make a claim to ACC as soon as possible. ACC cover and entitlements are
not automatic and your claim will be assessed by ACC in accordance with the Accident
Compensation Act 2001. If your claim is accepted, ACC must inform you of your
entitlements, and must help you access those entitlements. Entitlements may include,
but not be limited to, treatment costs, travel costs for rehabilitation, loss of earnings,
and/or lump sum for permanent impairment. Compensation for mental trauma may also
be included, but only if this is incurred as a result of physical injury.

If your ACC claim is not accepted you should immediately contact the researcher. The
researcher will initiate processes to ensure you receive compensation equivalent to that
to which you would have been entitled had ACC accepted your claim.

Participant’s Rights

You are under no obligation to accept this invitation. If you decide to participate, you
have the right to:
e decline to answer any particular question;
e withdraw from the study at any time and take your data;
e ask any guestions about the study at any time during participation;
e provide information on the understanding that your name will not be used in
reports (a participant ID number is used instead) ;

This project has been reviewed and approved by the Massey University Human Ethics
Committee: Southern A, Application 18/86. If you have any concerns about the conduct
of this research, please contact Dr Lesley Batten, Chair, Massey University Human
Ethics Committee: Southern A, telephone + 646 356 9099 x 85094, emalil
humanethicsoutha@massey.ac.nz .

Project Contacts

If you have any questions about this project, please do not hesitate to contact the
researcher:

Travis Steenekamp T.Steenekamp@massey.ac.nz I

This study is being undertaken as part of the researcher's PhD. You may contact the
project supervisors if you have any questions or issues with the study:

Primary supervisor: Associate Professor Leigh Signal T.L.Sighal@massey.ac.nz
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Co-supervisor: Dr Jennifer Zaslona J.Zaslona@massey.ac.nz
Co-supervisor: Professor David Rowlands D.S.Rowlands@massey.ac.nz
Co-supervisor: Professor Philippa Gander P.H.Gander@massey.ac.nz
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APPENDIX 7 STATEMENTS OF CONTRIBUTION FOR
CHAPTER 3-6

DRC 16

GRADUATE
RESEARCH
SCHOOL

UMIVERSITY OF NEW ZEALAMD

STATEMENT OF CONTRIBUTION
DOCTORATE WITH PUBLICATIONS/MANUSCRIPTS

We, the candidate and the candidate’s Primary Supervisor, certify that all co-authors have consented to
their work being included in the thesis and they have accepted the candidate’s contribution as indicated
below in the Staternent of Originality.

Mame of candidate: Travis Steenskamp

Mame/title of Primary Supervisor: Prof Leigh Signal

Inwhich chapter is the manuscript /published work: Chapter 3

Please select one of the following three options:
@ The manuscript/published work is published or in press

+  Please provide the full reference of the Research Output:

Steanekamp, T., Zaslona, J., Gander, P., Rowlands, D., & Signal, T. L. (2021). Sleep/wake behaviour
of compatitive adolescent athleles in Mew Zealand: insight inlo the impact of early morning training.
Sleap Medicine, 77, B8-85. hitps://doi.org/10. 1016/ sleep.2020.11.023

O The manuscript is currently under review for publication = please indicate:

+  The name of the journal:

+  The percentage of the manuscript/published work that
was contributed by the candidate:

B0.00

L Describe the contribution that the candidate has made to the manuscript/published work:
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Diraft, Writing - Review & Editing, Visualization
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: gup&mmmﬁ it &UWMF
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pdtiiotended that the manuscript will be published, but it has not yet been submitted to a journal
e - -y - Raviewd Editing 5 h

Date: 30-Oct-2022
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Date: 31-0ct-2022

This form should appear at the end of each thesis chapter/section/appendix submitted as a manuscript/
publication or collected as an appendix at the end of the thesis.
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L
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