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ABSTRACT

Previous studies show the need to find a solution to improve the athlete's recovery and
help overcome their sleep disorders. Sleep hygiene is a list of habits and recommendation that
enhance sleep quality. Sleep hygiene education has been used in some research to fill the need of
the athletes. Still, a lack of information exists on the development of sleep hygiene programs and
related impacts. This thesis aims to perform a systematic review of the literature of scholarly
journals articles from 2007 to 2018, focusing on the relationship between sleep hygiene
education and athletes sleep quality and quantity. The investigation concluded with 16 qualifying
articles. A synthesis of recommendations from all studies offered sleep hygiene suggestions for
athletes; all the results are provided in table 12. The further overall conclusion of the selected
articles settled that sleep hygiene is recommended for athletes, yet the methods and strategies are
vague and not precise. A strong recommendation from this systematic literature review is the
creation of a standardized list of sleep hygiene habits focused on athletes to improve their sleep

quality and quantity.
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I.  INTRODUCTION:

Sleep is considered a state of no or diminished movement and sensory responsiveness (H.
H. K. Fullagar, Duffield, et al., 2015)."We spend about one-third of our life either sleeping or
attempting to do so" (Aminoff, Boller, & Swaab, 2011). Still millions of Americans suffer from a
severe sleep disorder. Copenhaver and Diamond (2017) introduced that sleep time is usually
given up to compel all the activities of every day. Athletes are a considerable part of the
population affected by these sleep disorders (Ford et al., 2014). Coaches and athletes consider a
good sleep a critical factor for optimal performance (Venter, 2014). Around 1 in every 4 players
experiences sleeping problems (Tuomilehto et al., 2017). In 2008, a research stated sleeping is a
vital part of the stress-recovery balance in an athletes routine (Halson, 2008).

Williamson (2000) studied a group of 39 subjects where half consumed 0.1% of alcohol,
and the other half were deprived of 28 hours of sleep, later they were tested on their speed
response, agility, vigilance, divided attention, and others. The researcher was able to correlate
low levels of fatigue due to sleep deprivation could weaken reaction times, similar to or even
higher than having a blood alcohol level over the legal limit for driving (Williamson, 2000).

A study with the Australian Football League reported that athletes have an average of 6.8
hours of sleep per night (Lastella, Roach, Halson, & Sargent, 2015). Studies reported an average
guantity of sleep in athletes between 6.5 to 8.0 hours (Lastella et al., 2015; Leeder, Glaister,
Pizzoferro, Dawson, & Pedlar, 2012). This range is below the recommended hours of sleep by
the National Sleep Foundation, which advocates 7 to 9 hours of sleep. According to Calder

(2003), athletes should sleep between 9 to 10 hours. On a total of 23 studies, athletes ranked their



sleep <5 (scale 1 to 10), indicating that their sleep was not sufficient nor refreshing (Gupta,
Morgan, & Gilchrist, 2017). Even when athletes obtain 7 to 8 hours of sleep for days, they still
present significant changes in their sleep parameters compared to a control group, that could
suggest low sleep quality (Leeder et al., 2012).

After a period of sleep extension, Stanford University men’s varsity basketball players
found to have a better performance. The results included better shooting accuracy, faster sprint
time, and they found basketball players have a better mood and less fatigue (Mah, Mah,
Kezirian, & Dement, 2011). In 2018, a research showed a positive correlation with longer sleep
duration to finishing places in a multiday event, the first 2 teams had an average of 8:02 hours
compared to the bottom teams which average a sleep duration of 7:01 hours (Juliff, Halson,
Hebert, Forsyth, & Peiffer, 2018). In swimmers, an increase sleep time to 10 hours of sleep for 6
to 7 weeks follow an improvement in turn time and reaction time (Mah, Mah, & Dement, 2008).

There are multiple strategies recommended in order to recover from sleep debt in
athletes. Some are sleep extension (including daylight naps), post-exercise recovery strategies
(i.e., meditating, muscle relaxation) and sleep hygiene. This study will only aim to focus on sleep
hygiene techniques. Sleep hygiene is the easiest to administer since the participants can self-
report and administer the techniques without any additional help. The sleep homeostatic and the
circadian rhythm can be overridden by behavioral factors, in either a beneficial way or with a
bad outcome (Bjorvatn & Pallesen, 2009).

Many alterations in the environment could affect athletes; examples of these variants
could be the traveling for competitions, jet-lag, the training time, and caffeine consumption (H.

H. K. Fullagar, Duffield, et al., 2015). According to Lack and Wright (2007), the distress in an



athlete’s life pattern can cause a uncontrolled homeostatic pressure and emotional regulation,
affecting the circulating levels of melatonin and core temperature, all causing an impediment on
sleep onset. Researches tend to agree that coaches, trainers, and mentors are not giving enough
importance to the impact of sleep deprivation (Gupta et al., 2017).

A systematic literature review in 2018 focused on relating the efficacy of sleep
interventions on athletes; the study highlighted that athletes sleep disturbance came at two-time
points (Bonnar, Bartel, Kakoschke, & Lang, 2018). One of them was during the regular training
period, when the altercation of the athletes' sleep was due to chronic sleep complaints, a response
to heavy training workloads, and poor sleep hygiene. The other time period is competition
season where athletes present sleep disturbances due to pre-competition anxiety and disruption to
usual sleep routines.

There is a limited understanding of the effects of sleep on athletic performance because
there is reduced availability of participants who qualify to enter athlete-based studies (H. H. K.
Fullagar, Duffield, et al., 2015). As well as the variations that could affect sleep deviate per case,
due to each person being and reacting differently to a stimulus. Some of the variation include but
are not limited to sport, type of athlete, and training plan. According to Bonnar and colleagues
(2018), 2 methodological issues reduce the relevance of the multiple findings in sleep studies.
These issues included that sleep studies based their research on populations who do not qualify
as elite/professional athletes, or that the recovery outcome or performance results were not
measured in tandem with sleep. The study also reported that many of the sleep studies do not
focus on the real-life scenarios for athletes since they are based on extreme sleep deprivation

instead of partial deprivation (Bonnar et al., 2018).



Many athletes are seeking to solve their sleeping issue. Prior other literature reviews have
shown that there is insufficient knowledge regarding guidance on how to treat sleep disorder in
athletes (H. H. K. Fullagar, Duffield, et al., 2015). Tuomilehto et al. (2017) found that 36% of
their study population of athletes took sleep medication at least 1 night per week. Melatonin is a
natural option that could be administered to athletes. Melatonin can be found as a supplement, or
it can also be found naturally in some foods (Nédélec et al., 2015). The abuse of melatonin can
lead to hypothermic and hypnotic responses, leading to impairment in performance (Atkinson,
Drust, Reilly, & Waterhouse, 2003). These supplements are not banned by the World Anti-
Doping Agency, since there is not enough data on them. However, research studies in this area
have not completely concluded if melatonin impairs performance.

Different researchers have been trying to find a sleep recovery strategy that aims the
athlete's issues. Based on the lack of current information and clarity regarding the sleep needs of
athletes, this thesis aims to perform a systematic review of the literature of scholarly journal
articles from 2007 to 2018, in order to focus the relationship of sleep hygiene education and

athletes sleep quality and quantity.



Il.  PREVIOUS STUDIES:

Even though this is a new field of investigation, the term sleep hygiene has been used since
1997 (Hauri, 1977). However, the field of sports has primarily ignored this topic. The following
subheadings will organize the prior related studies: Sleep deprivation effects, causes of sleep
deprivation on athletes, sleep tracking techniques, sleep hygiene, and sleep hygiene techniques.

A. SLEEP DEPRIVATION EFFECTS ON ATHLETES

Halson (2013), research recognized that nights of sleep is the best recovery an athlete
could get, not only physiologically but psychological as well. There are several theories of the
function of sleep, according to Frank and Benington (2006). One of the hypotheses is a
neurometabolic theory which implies that sleep helps in the healing of the nervous and metabolic
cost of the waking state. Another theory is the recovery effects on the endocrine system and the
immune system. The research also has a theory which imposes that sleep has an essential role in
cognitive development, especially on the synaptic plasticity, learning and memory(Frank &
Benington, 2006). Studies like the one conducted by Stickgold (2005), stated that there is an
improvement in the motor task after a night of sleep, compared to a group of people who had a
period of being awake.

Fullagar (2015) described the meaning of sleep in athletes in respects to memory
consolidation, and motor learning is key to their performance. Elite athletes need an ongoing
adaptation on their motor learning and cognitive adaptation for theirs to performance (Mahoney
& Avener, 1977). Athletes need an optimal brain state for them to process the training

information (Mahoney & Avener, 1977). O’Donnell and Driller (2017) mention that the



emphasis of the contribution to the psychophysiological recovery of the elite athletes by sleep is
neglected. Kellmann (2010) believes that a sign of overtraining syndrome is disturbed sleep.

Many studies have shown that the impact of sleep debt and sleep loss have a negative
impact on athletes. Competitive athletes are at higher risk of presenting performance issues due
to sleep quantity and quality because they are under higher demands which expose the harmful
effects of sub-optimal sleep (Van Ryswyk et al., 2017). Fullugar et al. (2015) provided a review
of all the current evidence that could relate sleep to recover, and the resulting are worrying. Even
though, the amount of study in the area is low; a conclusion was drawn. The study stated that low
levels of sleep led athletes to reduced abilities to understand and follow instructions, increased
errors in decision making, lower reaction times, and problems with memory retention and recall
(H. H. K. Fullagar, Duffield, et al., 2015).

A previous study established that the highest impact of sleep deprivation on athletes was
shown on their sport-specific skill execution, their muscular and anaerobic power, and their
resistance (H. H. K. Fullagar, Duffield, et al., 2015). As well, the impact of sleep deprivation
would be seen in their cognitive reactions such as in their reaction time, memory, decision
making, fine motor movements. In contrast, their aerobic output and maximal measurement of
strength do not seem to show a significant impact after a lousy night of sleep (H. H. K. Fullagar,
Duffield, et al., 2015). According to Bonnar et al. (2018) sport-specific skills execution,
muscular and aerobic power, and submaximal sustained exercise bouts are debilitated when there
is partial sleep deprivation. Also, injury rates will increase in an athlete after a night of fewer

than 6 hours of sleep (Luke et al., 2011).



Harada et al (2016), presented a leaflet that included an explanation that a late bedtime
will lessen the production of growth hormone for athletes. Growth hormone is required to repair
the damage of muscle and small vessels that might have been injured during training; a late sleep
onset impairs this adjustment process (Harada et al., 2016). This hormone stimulates protein
synthesis and has an impact on muscle and bone repair, and it is released from the pituitary gland
during the night (Davenne, 2009). Another aspect that is affected by sleep loss is the athlete's
mood which can negatively affect their performance (Lane, 2000; Pilcher & Huffcutt, 1996).
Yoo, Gujar, Hu, Jolesz, & Walker (2007), proposed a hypothesis to explain the relationship
between a bad mood and sleep deprivation is the reduced connectivity between the prefrontal
cortex and the amygdala with increased activity of the amygdala. Having a poor mood has been
related to being a sign of over-training and over-reaching (Coutts, Reaburn, Piva, & Rowsell,
2007).

The majority of the studies that show the effects of sleep loss on athletes' only use and
recreate extreme cases of sleep deficit (Bonnar et al., 2018). Still, many studies lack the
representation of real-life encounters which athletes pursue in their career (H. H. K. Fullagar,
Skorski, et al., 2015). Hence; further research needs to be done to study real-life scenarios which
athletes encounter.

B. CAUSES OF SLEEP DEPRIVATION ON ATHLETES:

Elite athletes have many constraints non-professional athletes will not endure. These are
the high levels of training, travels, a tight competition season schedule, high-intensity
training/activities before bedtime, games at night, napping during the day, use of enhancers such

as caffeine, and others (American Sleep Disorders Association, 1997). Other conditions that



could affect the disruption of sleep are the raised temperature after exercising (Nédélec et al.,
2015), the light and noise disruption (O’Donnell & Driller, 2017), the psychological stress (H. H.
K. Fullagar, Duffield, et al., 2015) and the elevated muscle tension and distress after a training
session (Halson, 2014)

Fullagar et al. (2015) compiled all the situations that could affect a team-sport athlete into
3 categories: team-sport matches played at night, sleep and travel fatigue, and sleep and
congested competition schedules.

As Fullagar et al. (2015) highlighted game time are often established by television
programs, usually ending in night games . Meyer and colleagues (2014) presented that at the
European Soccer Tournaments games are usually scheduled at night, reporting in less sleep on
their players . Moreover, in the Spanish La Liga, some games will not even start until 10:00 PM
delaying the players' bedtime (Nédélec et al., 2013). Besides, it has to consider that players will
have to attend to other commitments after the game such as social functions, press conferences
and recovery practices (Nédélec et al., 2013). In 2014, a study pointed out that on game nights
the athlete's sleep duration was less compared to other nights (Eagles, Mclellan, Hing, Carloss, &
Lovell, 2014). Physical activity increases arousal and is considered that any exercise at later
hours of the day will result in more sleep disturbances compared to training during daylight
(Meyer et al., 2014). Another study suggested that the sleep quality of judo athletes was affected
after performing a maximal aerobic exercise during the evening, the investigation had a result of
more awakenings and a higher sleep-onset latency (Souissi et al., 2013). However, an sleep onset

deferred can also be produced by cognitive fatigue and mental stimulation (Stickgold, 2005).



In 2014, elite Australian soccer players reported a significant reduction of their sleep
duration and quality on nights before an away game (Fowler et al., 2017). Fullagar et al. (2015)
describe travel fatigue to be linked to the frequency and the distance traveled during the season.
Samuels (2012), stated that there is a difference between jet-lag fatigue and travel-induced
fatigue, jet-lag consist of time-zone changes and its effects. The effects of travel-induce fatigue
can include difficulty in sleep onset, acute fatigue, a decline in mood, dehydration, and loss of
motivation(Samuels, 2012).

Athletes are asked to maintain a heavy loaded training/games schedule. This is visible in
Major League Baseball players; their games are played every 2 days, all across the country,
affecting their circadian rhythm and many others aspects that could prevent an optimal sleep
(Winter, Hammond, Green, Zhang, & Bliwise, 2009). There is a potential that a high physical
workload might influence the quality and quantity of sleep (H. H. K. Fullagar, Duffield, et al.,
2015). Besides, since 1997 there has been mentioning that sleep can be affected by high training
volumes (Taylor, Rogers, & Driver, 1997). The stress-recovery balance is affected by excessive
training loads, resulting in injury and reduce performance (Kellmann, 2010).

Compared to other recovery practices (i.e., electrical stimulation, cold water immersion,
compression garments) sleep is not tight to the compliance of the athlete (Nédélec et al., 2015).
Cole (2005), describe the sleep/wake process as a “flip-flop switch” that once the switch has
been established, the process will follow transition instead of resisting it. Nonetheless, the
transitional process from awake to sleep and opposite where the “switch” is partially active for

both ways tends to more unstable, and the more active state (sleep or wake) will turn down the



opposite. Using practices that players can self-administer, such as sleep hygiene, can help to ease
the unstable process and allows a smoother system to wake up/fall asleep (Cole, 2005).

C. SLEEP TRACKING TECHNIQUES:

Halson (2014), advocated that athletes should use wristwatch actigraphy or sleep diaries
to track their sleeping patterns during the season. Sleep can be tracked in different ways, some
can be objective (polysomnography and actigraphy), and others can be subjective (i.e.,
questionnaires).

The best and cheapest way to track sleep is by using actigraphy devices that monitor the
movement of athletes during the night. Some devices are even able to measure heart rate and
light exposure of the athlete. The use of actigraphy in the healthy adult population has been valid
and reliable (Sadeh, 2011). The benefits of using actigraphy include that the patient can use it on
their home environment, and is less intrusive compared to polysomnography (PSG) (Dennis,
Dawson, Heasman, Rogalski, & Robey, 2016; O’Donnell & Driller, 2017). The objective
measurements are more intrusive and expensive than a subjective approach, and they usually
need to be coupled with specialized expertise which makes it even harder to use in a study (M.
W. Driller, Mah, & Halson, 2018). As well, the use of objective measurements can be time-
consuming when a large number of athletes is being assessed.

Another way to track sleep is with a subjective approach using self-reports, such as
journals and questionnaires. One of the questionnaires most used is The Pittsburgh Sleep Quality
Index (PSQI); has become a standardized measure to analyze sleep quality. The PSQI has been
used since 1989 when the questionnaire was designed (Buysse, Reynolds, Monk, Berman, &

Kupfer, 1989). The index comprehends of a 19 self-rated questionnaire to evaluate the subjective

10



sleep quality for the past month. The PSQI classifies the question into 7 subscale measures: sleep
duration, subjective sleep quality, habitual sleep efficiency, sleep latency, use of sleep
medication, daytime dysfunction and sleep disturbances. The score of the subscale adds to a total
of 21 points, the higher the score is the worst sleep quality, 5 being the cutoff score. Buysse et al.
(1989) stated that is has a specificity of 86.5% to identify sleep disorder.

The Morningness-Eveningness Questionnaire (MEQ) by Horne and Ostberg (1976)
includes 19 questions that allow measuring the aspect morningness. The questionnaire includes
subscales such as preferred time for performing activities (that will require physical and mental
alertness), time feeling sleepy, and sleep habits. The score range goes from 16 to 86 points, with
normative values of 16 to 30 “definitely evening type,” 31 to 41 “moderate evening type,” 42 to
58 “neither type,” 56 t0 69 “moderately morning type,” 70 to 86 “definitely morning type.

The Profile of mood states (POMS) is used to measure the mood states in athletes (Van
Ryswyk et al., 2017). POMS was designed in 1971, and it consists of 65 questions with 6
subscales (McNair, Lorr, Droppleman, & Educational and Industrial Testing Service, 1971). The
questionnaire ranks the patients into 6 moods being tension, depression, anger, vigor, fatigue,
and confusion. Due to its long structure, POMS is usually modified to smaller version adapted to
the researchers' goals.

The Epworth Sleepiness Scale (ESS) is another self-reported questionnaire that allows
the rank of daytime sleepiness in patients (Mastin, Bryson, & Corwyn, 2006). ESS was designed
in 1991, and it includes 8 questions that add to a score scale of O to 8 if the final score adds up to

higher than 10 it suggests significant daytime sleepiness (Johns, 1991).
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Lastly, sleep diaries are an option to track self-reported measurement. They are valid and

inexpensive and seems to show a correlation with actigraphy (Kawada, 2008). A sleep diary can

be modified and used to the convenience of the research; the journal could be used to track

estimations of bedtime, sleep quality, daytime functioning, rise time, and other measurements.

D. SLEEP VARIABLE MEASURES:

Sleep tracking devices and questionnaires are used to measure and calculate sleep

variables. Here a modified table (table 1) adapted from O’Donnell and Driller (2017) and Driller,

McQullan and O’Donnell (2016) which includes the definition and measurement of the most

common sleep indices.

Table 1 (Sleep Variables Measures)

Sleep Indices

Units

Description

Total Sleep Time (TST)

Minutes

Time spent asleep

Sleep Efficiency (SE) Percentage (%) Total time in bed divided by total sleep time
Total Time in bed Minutes Total time spent in bed (does not means
(TTB) sleeping)

Sleep Latency (SL) Minutes Time taken to fall asleep

Wake Episode per

Number count

Total numbers of awakening per night

(WED)

Night (WE)

Sleep Onset Variance Minutes Variation in sleep onset time (variation in
(SOV) sleep latency)

Wake Variance (WV) Minutes Deviation in wake time

Wake Episode Duration | Minutes Mean wake episode duration

Sleep Onset Time
(SOT)

Time of day (hh:mm /P.M.)

The exact time when fell asleep

Wake Time (WT)

Time of day (hh:mm /A.M.)

The exact time when woken in the morning

12




Samuels (2008) mentioned that 3 main factors would compromise the recuperative
outcome of sleep. These 3 factors are Sleep quality (or Sleep efficiency), Total Sleep Time
(TST) and the time of sleep (phase in the circadian rhythm timing). Sleep Efficiency can be very
uncertain because even when the calculation of the percentage (TBT/TST) gives a high number,
the person can still report a low sleep quality. Sleep quality does not have a defined definition.
Still, sleep quality could be referred to as personal satisfaction (Krystal & Edinger, 2008). There
is a window that can be the best and smoothest time to go to sleep, and this period is the time
when the secretion of melatonin is high (Borbély, 1982). Even when the athletes are under
extreme conditions that violate the basics of sleep hygiene the circadian rhythm impact is still
apparent (Van Maanen et al., 2015).

E. SLEEP HYGIENE AND TECHNIQUES:

Doctor Hauri (1977) was the first one to use the term "sleep hygiene" He used the term to
refer to all recommendations he indicated to his patients who presented insomnia. Hauri (1977),
used this term to discuss the effects caused by the use of caffeine, alcohol, and exercise. The the
term was defined as a set of environmental and behavioral recommendations to enhance sleep
quality (Hauri, 1977). Sleep hygiene is also known as sleep habits (Mastin et al., 2006). The
American Sleep Disorder Association (1990, p. 73) described inadequate sleep hygiene as a
“Sleep disorder due to the performance of daily living activities that are inconsistent with the
maintenance of good quality sleep and full daytime alertness”.

Sleep disturbances are issued at the beginning of every human life; new parents are being
addressed in many ways on how to “sleep train” their babies. Dr. Copenhaver and Dr. Diamond

(2017) addressed on the Pediatric Annals journal that the American Academy of Pediatrics has a
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guide for children from 6 months to 6 years to discuss the introduction of sleep hygiene with
parents, however, there is a lack on recommendations of how to continue the habits is later years,
especially in the adolescents years.

Sleep hygiene incorporates numerous recommendations that are established on lifestyle
aspects and behaviors, but it also includes environmental factors (O’Donnell & Driller, 2017).
The American Academy of Sleep Medicine (2001) included as sleep hygiene all practices and
conditions that encourage uninterrupted and sufficient sleep. The strategies for sleep hygiene
have evolved with time and research on the behavioral factors that worsen or improve sleep
(Nédélec et al., 2015). Hauri posted the original list of strategies for sleep hygiene in 1977; he

later posted an updated list on 1991(Hauri, 1977, 1991). These recommendations are:

Table 2

List of Sleep Hygiene Recommendations by Hauri (1991)

Curtail time in bed.

Never try to sleep.

Eliminate the bedroom clock.

Exercise in the late afternoon or early evening.
Avoid coffee, alcohol, and nicotine.
Regularize the bedtime.

Eat a light bedtime snack.

Explore napping.

Monitor use of PRN hypnotics.

©oOoNO~wWNE

Stepanski and Wyatt (2003) analyzed the list and gave one interpretation for the rule 2
“Never try to sleep” they described that the best way to interpret is not to make patients
diagnosed with insomnia go to bed if they are not sleepy. In other words, not make the patient

force their way to sleep. The researchers also interpreted the rule 3 to eliminate any distraction or
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arousal during the night that could develop undesired cognitive activity (Stepanski & Wyatt,
2003).

Sleep hygiene strategies have been adapted to more limited instructions (Stepanski & Wyatt,
2003). The recomendations now includes tactics such as appropriate napping, light therapy,
consistent sleep pattern, optimal temperatures, limiting enhancing products (e.g., caffeine and
alcohols), keeping a regular sleep-wake cycle (Copenhaver & Diamond, 2017; Fullagar, Skorski,
Duffield, & Meyer, 2016; Nédélec et al., 2015). Other advice includes in sleep hygiene are
reducing the stress and arousal hours before sleep (Stepanski & Wyatt, 2003). The Association of
American Sleep Disorders (1997) mentioned the following sleep hygiene recommendations:
avoidance of consumption of caffeine or alcohol near bedtime, setting a wakeup time and
bedtime, avoiding high-intensity exercise or activities that need high levels of concentration
before bedtime, avoid daytime napping.

The International Classification of Sleep Disorders (ICSD)(American Sleep Disorders
Association, 1990)added a diagnosis category as “Inadequate Sleep Hygiene” (1990). The

behaviors presented by patients with poor sleep hygiene were described as the following.
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Table 3

ICSD definition of Inadequate sleep hygiene

PoppE

o

8.
9.

Daytime napping at least two times each week.

Variable wake-up times or bedtime.

Frequent periods (two to three times per week) of extended amounts of time spent in bed.
Routine use of products containing alcohol, tobacco, or caffeine in the period preceding
bedtime.

Scheduling exercise too close to bedtime.

Engaging in exciting or emotionally upsetting activities too close to bedtime.

Frequent use of the bed for non-sleep-related activities (e.g. television watching, reading,
studying, etc).

Sleeping on an uncomfortable bed (poor mattress, inadequate blanket, etc).

Allowing the bedroom to be too bright, too stuffy, too cluttered, too hot, too cold, or in some
way not conducive to sleep.

10. Performing activities demanding high levels of concentration shortly before bed.
11. Allowing mental activities, such as thinking, planning, reminiscing, etc. to occur in bed.

Mastin, Bryson and Corwyn (2006), created with an assessment of Sleep Hygiene called the

Sleep Hygiene Index; it includes 13 questions to indicate if the patient presents inadequate sleep

hygiene. The questionnaire asks the patient to rank on how frequent they occupy in precise

behaviors (never, rarely, sometimes, frequently, always). The total items are score added to

obtain a global assessment of sleep hygiene; a high score is related to a lack of inadequate sleep

hygiene. The following table includes the sleep hygiene index (Mastin et al., 2006).
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Table 4

Sleep Hygiene Index Items:

| take daytime naps lasting two or more hours.

I go to bed at different times from day to day.

I get out of bed at different times from day to day.

I stay in bed longer than | should two or three times a week.

| exercise to the point of sweating within 1h of going to bed.

I use alcohol, tobacco, or caffeine within 4h of going to bed or after going to bed.

I do something that may wake me up before bedtime (i.e. play video games, use the internet or

clean).

8. 1go to bed feeling stressed, angry, upset, or nervous.

9. luse my bed for things other than sleeping or sex (i.e. watch television, read, eat, or study).

10. | Sleep on an uncomfortable bed (i.e. poor mattress or pillow, too much or not enough
blankets).

11. Isleep in an uncomfortable bedroom (i.e. too bright, too stuffy, too hot, too cold, or too noisy).

12. 1do important work before bedtime (i.e. pay bills, schedule, or study).

13. I think, plan, or worry when | am in a bed.

NoogkrwdE

Caia et al.(2018) noted that the most common way to present sleep hygiene is via an
educational session, which is inexpensive and simple with a very easy implementation. In an
educational session, patients are thought about healthy sleep habits, and they are prompted to
follow a set of recommendations to enhance their sleep (Zarcone, 2003). The recommendation is
commonly used since it does not require a professional and, they can be self-enforced it (lIrish,
Kline, Gunn, Buysse, & Hall, 2015). Bonnar et al. (2018), highlighted that implementing these
techniques does not require any special equipment or training. Therefore, the recommendations
are easy to apply when athletes are away for competition or at home.

A sleep hygiene education is a first-line intervention to patients who present sleep problems
or want to improve their sleep but do not necessarily qualify for a clinical treatment (Irish et al.,
2015). Another reason to use sleep hygiene education is that its adherence is high and increases

over time compared to other treatments according to Berger and associates (2002).
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Stepanski and Wyatt (2003), found a correlation which states that the use of sleep hygiene
education improves sleep quantity and quality. O’Donnell and Driller (2017), mentioned varying
levels of success across sleep hygiene studies on populations other than athletes. After a week
with daily 50-minute sleep hygiene course, a group of 58 adolescent students showed a
significant decrease in their sleep latency (De Sousa, Araujo, & De Azevedo, 2007). In a study of
391 employees of an information technology company, results were obtained 4 weeks after a 50-
minute of sleep hygiene, and it showed that their daytime sleepiness was reduced (Kakinuma et
al., 2010). In university students, sleep hygiene education seems to improve sleep quality and
sleep onset latency (Stepanski & Wyatt, 2003). Maintaining similar sleep-wake times helped to
synchronize the circadian rhythm, resulting in a better sleep quantity and quality.

When considering athletes, the data is still uncertain due to interplay interactions between
sleep hygiene, psychological parameters, and the recovery of exercise (H. H. K. Fullagar,
Duffield, et al., 2015). The usefulness of sleep hygiene principles is worth investigating before
educating athletes in sleep hygiene. It is critical to consider the importance of sleep in their
recovery and performance. Preceding data indicated that sleep hygiene practices improved sleep
quality and show some reduction in fatigues and perceived soreness in elite tennis players

(Duffield, Murphy, Kellett, & Reid, 2014).
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1.  METHODS:

The strategy for this research included the use of 12 databases: ERIC, Academic Search
Premier, Applied Science & Business Periodicals Retrospective: 1913-1983 -H.W. Wilson-,
eBook Collection -EBSCOhost-, Health and Psychosocial Instruments, Health Source:
Nursing/Academic Edition, MEDLINE, Military & Government Collection, OpenDissertations,
PsycARTICLES, PsycINFO, and SPORTDiscus. The 12 databases were used on 3 different
searches in February 2018. The articles selected ranged from the 2007 to 2018 publication
period. A reference librarian recommended the suggested databases as well as keywords related
to each search.

There is 2 other literature reviews similar to this study : Bonnar et al. (2018) and Gupta et
al. (2017). Both of them lead a systematic review using PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols), based on their flow chart and the original
PRIMA proposed by the PRISMA-P group et al. (2015) a final chart (table 5) was submitted and

used to hold the systematic review process for this thesis.
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Table 5 (PRISMA flowchart)

P

Database searches

Identification

Screening and eligibility

Included

1.5leep Hygiene, 2 Sleep 35 Hvei
Aihletes, Intervention, c. %ng
S Education S  Athletes, g
= = Education =
12 DATABASE

(ERIC, Acadenric Search Premier, Applied Science & Business Periodicals
Retrospective: 1913-1983 -HW. Wilson-, eBook Collection -EBSCOhost-,
Health and Psychosocial Instruments, Health Source: Nursing/Academic
Edition, MEDLINE, Military & Government Collection, OpenDissertations,
PsycARTICLES, PsycINFO, SPOR TDiscus)

Total studies retrieved (N= 81)

v ' Record Excluded
=2
Potentially relevant full unique (N=26)
text articles (Eeywords, title, .
abstract) *  Duplicates
(N=45) = Did not use requested keywords
*  Arficle not written in English
= Focused on medication/sleep apnea
= Focused on Muslins Athletes,
Ramadan
= Focused on nuintional diets
interventions
= Non-athlete sample
Additional records
" through forward
searching (of potentially
relevant records)
¥ (N=2)
Articles included in
systematic review
(N=16)
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To be considered for this systematic literature review, each article went through a
preselection process. First, the title and abstract were analyzed. If the article did not seem
consistent with the topic of sleep hygiene; the study was eliminated. Sleep hygiene is an essential
part of the investigation, hence, to be included the articles needed to implement a sleep hygiene
education program to enhance athletes sleep quality. All the articles not written in English and
duplicates were discarded from the search. No exclusion was made due to age range in their
population. Literature reviews that included sleep hygiene implementation on athletes were
included as well.

On the first search, the keywords used were: “sleep hygiene,” “athletes,” AND
“education.” The initial database search suggested 15 articles that met the selection criteria. After
some elimination of duplicates and unrelated articles, the total number was 6.

On the second search, the following keywords were used: “sleep intervention,”
“athletes,” AND “education.” The investigation suggested 24 articles that met the selection
criteria. Still, following further examination, again eliminating duplicates and unrelated articles,
the final number of articles number was only 4.

The third inquiry used the keywords: “sleep hygiene” AND “athletes.” The search
initially produced 42 articles. Though discarding duplicates from the 2 previous searches, and
unwanted material the final number of considered publication was 7.

The given analysis resulted in a total of 16 articles. Each of the articles was read and
analyzed according to their sleep measurement. Additional studies were analyzed if they were
cited in more than 4 of the selected articles, even when they were older than our time frame. The

information was considered pertinent if it was used as based information for one of the selected
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articles. This review was based on 3 searches to show the readers that even with different
keywords, there is not enough information to investigate the sleep needs of athletes.

Many articles had to be eliminated from this literature review because they were not
directly related to the topic. A typical field that was found in many articles using the term "sleep
hygiene in athletes” was focused upon Muslim athletes and their training schedule during
Ramadan. These studies were excluded because their research was based on an extreme
environment and unique requirements. Muslim students fast from dawn until the sunset for the
total length of Ramadan. As well according to Fowlers and colleagues (2017), most Muslims
athletes practice salat alfajr (dawn prayer) where they are required to wake at dawn to pray.
These sleep interruptions and circadian rhythm changes during their fasting periods will give a
different result compared to athletes who will not follow these trends.

Another frequent topic that was omitted from the review were research based on
nutritional strategies. These studies based their hypothesis on how the nutritional intake of
athletes could affect their performance and recovery process (including sleep). The search that
resulted in higher studies and articles nutritionally related was the second inquiry, were 3 articles
had to be excluded due to being based on carbohydrate intakes and its effect on sleep and
athlete’s performance. For example, Killer, Svendsen, Jeukendrup, and Gleeson (2017) aimed to
show the effects of moderate vs. high carbohydrate intervention on sleep parameters, mood state
and exercise performance during intensified training. They came with results that the total sleep
time was higher in the control group vs the group with a high carbohydrate diet. Still, they
recommended that athletes should implement sleep strategies such as sleep hygiene in order to

optimize their sleep (Killer et al., 2017).
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IV. RESULTS:

The information obtained from the 16 articles analyzed in the review is presented in a
modified version of a table used in the systematic review by Bonnar et al. (2018). The articles
were reviewed on their methods (Intervention Method, Sleep hygiene Specific Recommendation,
Time Period, Sleep Tracking system) the population (total number, gender percentage, type of
sport/athlete) and their results (Sleep measurements, and outcomes). The literature reviews were
included in the review adding their conclusion to the results. The following tables 6, 7 and 8

include all the articles and the analysis made for this thesis.
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Table 6 (Results table 1)
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Table 7 (Results table 2)
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Table 8 (Results table 3)
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The Questionnaires used in all the studies are presented in the following figure 2 which
also includes the number of articles that used the questionnaire. The most used ones were ESS,
MEQ, PSQI, and SHI. Sleep diaries were used as a tracking system by 5 studies. Different
actigraphy where used on the research, the list of brands is displayed in a figure 3 with the

number of times used.
Table 10
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Mumber of time used
o b om b B
—
% -
Y —
T —
% —
—
—
—
% —
%
—
—
%Y —

O S W O o) “
P & @LQG“@QO@Q’%?@Q‘G&*
3‘0 ,_-,‘Q?' o =
& 5F & §
S G 3
F ¥
- < B
2©
Table 9
Actigraph Device
25
- 2
o
v
3
£ 15
=
=
o
s 1
0
E
205
0
Philips Respironics Readiband Sense Wear Vivago Ultrawatch

Brand/Name

27



The sample size varied from 10 to 891. However, it seems that when the sample sized
was high studies only tracked the sleep improvement by questionnaires. The dominant gender in
the sample population was male (6 where all men studies). Only 1 study used an all-female
sample, and 4 research used a mixed population. The time ranged varied from 2 weeks to 1 year.
Only 1 research had a duration of over a year, 5 studies lasted at least 4 weeks, but less than 6
months and 3 research were under 4 weeks period.

In terms of sleep variables, 2 studies found no difference between the control group and
variable; 4 studies found a higher TST, lower WV, and WED were only found once, a higher SE
was present in 1 journal, a higher WE was stated once. Out of the total, 5 articles recommended
the use of sleep hygiene to find better performance and recovery and 2 studies mention a higher
sleep quality. From the entire selection, only 1 article presented that even when sleep hygiene
was violated the sleep quality was better if sleeping was done at night, instead than during the
day. The article by Driller et al. (2018), was not included in these results because their study was
aimed to create a new sleep questionnaire that was addressed strictly to athletes. Still, the study
by Driller et al. (2018), was included in the review tables (Tables 6, 7 and 8) because they
introduce part of the SHI (sleep hygiene index) to their final questionnaire due to the importance
of sleep hygiene.

Out of 16 studies, 5 were a literature review, 4 were based on questionnaires, 2 used only
actigraphy, and 6 used a mix of tracking modalities (questionnaires, actigraphy and sleep
diaries). Out of these, 6 studies did not present a specified sleep hygiene strategies nor provided a
list of habits that the athletes were recommended to follow; they were rather vague. Of the total,

7 of the journal articles used specific sleep hygiene recommendations which are all included in
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the table 8. The list of sleep hygiene recommendations are included in figure 4, which includes

any habit that was mentioned at least 2 times, and the number times that the recommendation

was mentioned.

Table 11 (Specific sleep hygiene recommendations found)

Reference

Sleep Hygiene Recommendations

I
Copenhaver

etal. (2017).

Bright morning light maintain consistent bedtime on both weekdays and weekends,
Avoid evening light exposure from technology,

Maintain an optimal bedroom sleeping temperature,

Engage in activities to relax and prepare for bed at least 30 min prior to bed,

Limit caffeine intake.

I
Bird, (2013).

Maintain a regular schedule of going to bed and waking up.

If you cannot sleep within 15 minutes, get out of bed and try performing a mundane
task,

Eliminate bedroom clock,

Avoid coffee, alcohol, and nicotine in the hours before bed,

Avoid watching television, eating, working or reading in bed,

Be conscious of food and fluid intake before bedtime,

Nap appropriately,

Maintain a room temperature comfortable for sleeping.

I
Fullagar, et

al. (2015)

No technology 30 min before bedtime,

No TV or use of a laptop in bed,

Have a dark, cool (but not cold), quiet room (blinds closed),

Set a regular sleep schedule where possible and introduce relaxation and meditation
techniques if necessary.

[
Fullagar, et

al. (2016)

Proceed to their bedrooms at 23:45 in preparation of sleep,

Lights dimmed and provide earplugs and eye mask,

No technology or light stimulation for 15 to 30 minutes before bed,
Lights must be turned off by 00:00
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Harada, et al.

Early morning exposure to sunlight,

(2016) ¢ Sunlight exposure after breakfast,
e Use of lighting emitting low-color-temperature lights,
e Protein-rich breakfast,
¢ Limitation to watching TV at night, limitation of PC use at night, limitation of
playing an electric game at night,
e Recording of sleep diary
I
Nédélec, et e Use of glasses fitted with short-wavelength filter after the match,
al. (2013) e Consume high-electrolyte fluids between cessation of match and bedtime,
e Consume a high glycemic index meal,
e Consume protein immediately prior to sleep,
e Consume Montmorency tart cherry juice concentrate and/or tryptophan-containing
food,
e Use recovery strategies aimed at reducing muscle soreness,
e Create a low-light and cool sleep environment,
o Void all electronic stimulants in the hour prior to sleep,
e Eliminate the bedroom clock,
o Explore the use of brain entrainment and meditation,
e Use acute dawn-simulation therapy during the last 30 minutes prior to waking,
e Have a regular bedtime/wake time and avoid sleeping too late in the morning off
days,
o Nap briefly and appropriately,
o Engage in active daytime behaviors and bright morning light exposure during off
days.
O'Donnell, et | e Maintaining a regular bed and wake time,
al. (2017) e Ensuring quiet, cool and dark bedroom environment,

Avoidance of caffeine and other stimulants prior to sleep,
Avoidance of light-emitting technology devices in the hours prior to sleep,
Implementation of relaxation strategies before bed.
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Table 12 (Sleep hygiene habits)

Sleep hygiene Recommendations

Having a quiet bedroom

Having a dark bedroom

MNap goproprigely [max 30 min, and close to ey dternoon)
Avoid doing other activity rather than sleep in bed
Elminatethe bedroom clock

Limit de consumption of caffeine, alcohol and ncotine
Implementing relaxation technigues before bed

Having optimal bedroom temperature

Avoidance of lisht-emitting technology devices before sleep

Maintain a regular =chedule for bedtime and wake time

Exposure to morning bright light

3

=]

=

1

5]

3 4

Times used



V. DISCUSSION:

Gupta, Morgan, and Gilchrist (2017), performed research on sleep quality and insomnia
among athletes and report this topic is still unexplored in sports science and medical literature.
There is little information or recommendations on how to treat sleep disorders in athletes (
Fullagar et al., 2016). A way to decrease sleep deprivation is by incorporating sleep hygiene
education into the athlete program (Nédélec et al., 2015). In the study “Optimizing sleep to
maximize performance: Implications and recommendations for elite athletes” the authors
compiled a list of suggestions to improve sleep in athletes, and they included a list of healthy
sleep habits (sleep hygiene) (Simpson, Gibbs, & Matheson, 2017).

Sleep hygiene education provides the athletes with a robust framework on various
aspects of lifestyle and behavior (De Sousa et al., 2007). Education on sleep hygiene might
improve athletes overall sleep time, resulting in a better performance (Bonnar et al., 2018; H. H.
K. Fullagar, Duffield, et al., 2015; H. Fullagar et al., 2016; Knufinke, Nieuwenhuys, Geurts,
Coenen, & Kompier, 2018; O’Donnell & Driller, 2017). Nédélec et al. (2015), reported the
constraints that elite soccer players say are highly associated with inadequate sleep hygiene.
Harada et al. (2016), showed that during the month the athletes were being intervened the sleep
latency and slept depth was significantly longer and shallower. Lastella and others (2015), stated
that sleep hygiene practices would introduce athletes to strategies that will help them improve
their sleep quantity and quality. Tuomilehto et al. (2017),included that even athletes themselves
stated that if they received better guidance about sleep, it could influence on their performance.

Hoshikawa et al. (2018), investigations highlighted a necessary relation between poor

sleep quality and hygiene-factors; these factors varied according to sex. For males, it seems that
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TTB, sleep hygiene factor thinking about trouble in bed and the depressive mood correlated to
poor sleep quality. For females, having an irregular get up time and thinking about troubles in
bed, depressive mood and WT were associated with poor sleep quality. A the study found that
only less than 20% of athletes responded that they avoid the use of electronic devices before bed
(Hoshikawa et al., 2018).

O'Donnell and Driller (2017), made a similar conclusion in their literature review where
most sleep studies using sleep hygiene had a similar TST, but a difference in SL. O'Donnell and
Driller (2017), explained that the cause could be the time in the athletes training; if they had
practice at night, it could affect their core temperature delaying the SOT. Another result found
was low percentages on SE. Though, Fullagar et al. (2015) explained that forcing athletes to
extend their TBT will not improve their TST if they are not under sleep deprivation. Caia et
al.(2018) had the same explanation that even when the sleep education session encourages
athletes to an earlier bedtime, the SOT was later, resulting in a lower SE.

The limitations to comparing these studies are the distinction in their sleep-assessment
methodologies (e.g., the difference between the actigraph brand, the variation of the sleep
questionnaires, and the sleep diaries structures) and each methodology includes their own margin
of error. Some reports only used 1 tracking system; the combination of 2 methods (i.e., sleep
diary and actigraphy) can increase the accuracy of the results. The use of a combination of
methods helps to obtain a better perception of the athletes' subjective measures of their sleep.
O'Donell and Driller (2017), stated that 1 limitation of their study was that they only used
actigraphy, obtaining only objective results. The researchers admitted that the combined use of

sleep diaries could have amplified their investigation with more accurate results, and capture
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more details of the outcomes of the sleep hygiene education session(O’Donnell & Driller, 2017).
On the same track, Hoshikawa et al.(2018), stated that their investigation limitation was that they
only used questionnaires, and these are not objective measures.

A discrepancy was found in athletes’ sleep reports. Even when the actigraphy-based sleep
ranked them with optimal sleep quality, their self-report (journals, questionnaires) indicated the
opposite, athletes reported waking up fatigued and not well rested (Krystal & Edinger, 2008). An
athlete could be sleeping the same total hours as a healthy control group; however; there is a
significant difference in the parameters (Leeder et al., 2012).Van Ryswyk et al. (2017) had the
same discrepancy in their results; a sleep education had a significant improvement in the athletes
self-reported (sleep diaries) SE, TST, vigor, and fatigue. Still, the actigraphs trackers did not
showed the same results; they did not find any improvement compared with the baseline
measures. Van Ryswyk et al. (2017), gave 2 explanations to this either athletes were over-
estimating their TST, and the desire to show adherence to the recommendation (Marino et al.,
2013). The second alternative is that the settings on the actigraphy made an underestimation of
the TST. Sargent, Lastella, Halson, and Roach (2016), had an investigation that compared the
results from polysomnography vs. an actigraph. The journal article by Sargent et al. (2016),
concluded that the actigraphs underestimated the TST by approximately 50 minutes and
overestimated wake duration by 40 minutes. Sargent et al. (2016), stated that the use of the
actigraphy is still useful if they are adapted to an appropriate sleep/wake threshold; athletes need
a higher sensitivity device.

Some authors argue that the questionnaires used to evaluate sleep are not directed nor

accurate when applying to athletes. Scholars such as Samuels et al. (2016), considered that the
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PSQI ranked the athletes sleep higher than what athletes were reporting. These critics stated that
the standard questionnaires were designed for the general population and did not take into
account the limitations and restriction athletes endure (Samuels et al., 2016). The Athlete Sleep
Screening Questionnaire (ASSQ) was developed for athletes, and its state to have good reliability
based on test-retest percentage agreement (Samuels et al., 2016). Driller and colleagues (2018),
claimed that there was still a gap in the questionnaire ASSQ to provide behavioral modification
based on response and individualized feedback, to fill this gap they develop the Athlete Sleep
Behavior Questionnaire (ASBQ). The ASBQ combines the international classification of sleep
disorders, sleep hygiene index, and the previous recommendation made to elite athletes to
addresses sleep disorders. At an earlier literature review, it is stated that to obtain more
meaningful outcomes the use of sleep questionnaires directed to athletes needs to be used
(Bonnar et al., 2018).

Another limitation was encounter in the sample population. Each author had a different
interpretation of what an athlete is; some used as a sample of elite athletes, others used people
that exercise daily. Some mention college and high schooler athletes, which are a completely
different case scenario since they not only have strict training schedules, they also have to fit
classes and study time in their day. The predominance of males provides a partial result; females
have different results because their menstrual cycle seemed to influence their sleep patterns
(Manber & Bootzin, 1997).

As of sleep hygiene strategies, only 7 out of the 16 studies presented a specified list.
Though the other just stated that they included sleep hygiene habits without describing which

ones. This issue makes it impossible to give an accurate result and to draw a conclusion since is
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unknown which strategies were used on those articles. This thesis failed to encounter any 2
studies that implement an identical set of sleep hygiene recommendations.

On the systematic review made by Bonnar et al. (2018), highlighted that sleep hygiene
studies use to miss an adequate control group making it seem that the sleep hygiene sessions did
not have any impact on the athletes observed. When the reviews were based on baseline
measurements, these were obtained in 1 to 2 weeks, and we believe that these are not accurate,
since an athlete’s schedule changes depending on their stage in their season.

As discussed in the literature review section for sleep hygiene is also refer to sleep habits
(Mastin et al., 2006). Sleep hygiene is a list of recommendations and habits to improve sleep
quality. The term “habits” is defined as “behavioral patterns enacted automatically in response to
a situation in which the behavior has been performed repeatedly and consistently in the past”
(Lally & Gardner, 2013, p. S137). The journal article described habit as a behavior that has been
repeated in a consistent setting, and the person begins to process the action with less thought as
control of the behavior and with more efficiency, this will later transfer into an automatic
response (Lally, van Jaarsveld, Potts, & Wardle, 2010).

A study performed by Lally et al. (2010), made an investigation to see how long it would
take to form a habit. They asked 96 participants to perform the same habit for 84 days and to log
every day if they had performed the behavior as well as to complete a self-report habit index
(SRHI). This index measures lack awareness, efficiency, and lack of control. They came out with
the conclusion that the mean time to acquire a habit is 66 days, and the range was from 18 to 254
days. As well, they found out that missing a day did not affect the long-term results (Lally et al.,

2010). The correlation found by Lally and colleagues (2010), revokes the statement made by
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Maltz (1999) which proclaims that only 21 days are needed to form a habit. The time ranged of
the investigations on sleep hygiene on athletes ranged from 2 weeks to 1 year, only 1 of them
was over a year. Out of all research, only 3 of the research came up with conclusions under 4
weeks, resulting in less than the mean time of 66 days to form a habit.

Studies like the one by Harris et al. (2015), which had an adverse outcome or found no
difference after a sleep hygiene education could have been because of the limitation mention
above. In the case of the investigation by Harris et al. (2015) it only lasted 4 weeks, and they
even mention that they selected an hour to enforce the restriction of the electronic devices too
late and too close to the bedtime, meaning that the use of the devices until 22:00 could still be

affecting the athletes sleep.
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VI. CONCLUSION:

After an entire review of 16 articles, most of them seem to come to the same conclusion.
The implementation of sleep hygiene education could improve the overall quality of the athletes’
sleep. Sleep hygiene education could serve as an easy and reliable approach to enhance athletes’
rest and does not require any help from a professional. Yet, the current implementation and
strategies used in these articles for sleep hygiene education are vague and lack precision leading
to error or a gap of unknown variables. To avoid inconsistency in the finding of the studies in
athletes’ sleep a standardized list of sleep hygiene recommendations and habits need to be
created. The creation of the new list of sleep hygiene habits must be develop focused on athletes
restrains and constrains. Future research should be focused on creating a new standardized list of
sleep hygiene and using appropriate sleep-assessment measurement for athletes (i.e.,

questionnaires and actigraphy).
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