














Various physiological and lifestyle factors make shorter sleep durations more prevalent in
young people, leaving them at risk of sleep deprivation. Adolescents, in general, experience
alterations in sleeping and waking patterns that arise from changing academic demands,
increased autonomy, expanding social opportunities, involvement in part-time jobs, and
increased access to drugs and alcohol (Carskadon, 1990). The circadian timing system undergoes
a phase delay during adolescent development, leading to later bedtimes and later wake times
(Carskadon & Dement, 2011). However, adolescents must wake up earlier throughout the week
to arrive to school on time. Student athletes may need to wake up earlier than the non-athlete
students for sport practices before the school day begins, putting them at an increased risk for
sleep deprivation. Compared to youth non-athletes, youth student athletes have been identified as
a higher risk group who may be more likely to experience sleep insufficiencies and reduced sleep
quality due to their rigorous academic and athletic demands (Fox et al., 2020).

There are numerous consequences that may be experienced by youth because of short
sleep durations. Researchers have found that lack of sleep can contribute to the decline of
subjective well-being in adolescents (Roeser et al., 2012). Adolescents who sleep the
recommended amount or more have reported significantly higher health-related quality of life
(HRQOL) when compared to poor sleepers (Roeser et al., 2012). HRQOL is defined as “a
multidimensional construct pertaining to the physical, emotional, mental, social, and behavioral
components of well-being and function as perceived by the individual and/or observers”
(Bullinger, 1991, p.1). Decreases in subjective well-being have shown to be even more
detrimental in adolescent athletes. Studies show decreased HRQOL can impair performance,
increase risk of injury, and may represent early signs of overtraining (Jones et al., 2017; Watson

& Brickson, 2018). Moreover, one study suggests that sleep may be the most important in



dictating wellbeing; more so than training load or game demands encountered (Sawczuk et al.,
2018a).

In addition to overall poorer health outcomes and decreases in well-being, lack of sleep
has known effects on performance, neurocognitive functioning, and recovery from exercise
(Paruthi et al., 2016b). One study found that less than eight hours of sleep per night is associated
with impairments in cognitive performance, mood, alertness, and increased daytime sleepiness
(Van Dongen et al., 2003). Another study found that verbal and visual memory, as well as visual
motor speed, are all reduced in young people who experience restricted sleep (Sufrinko et al.,
2016). This means that a young person’s cognitive and academic performance could easily be
impaired as a result of poor sleep quality. Very specific and important functions including
muscle growth and repair, fat catabolism, and bone growth and remodeling all occur throughout
the sleep cycle (Davenne, 2009). Therefore, the effects of poor sleep may contribute to increased
risk of injury or delayed recovery after injury in adolescent athletes (Dwivedi et al., 2019).

Overall, very little research has been conducted to determine the effects of sleep
deprivation in adolescent athletes. However, within the research that does exist, sleep has been
shown to provide protective benefits such as reducing the likelihood of injury (Milewski et al.,
2014), and other symptoms of poor recovery from training and competition (Milewski et al.,
2014; Sawczuk et al., 2018a). Only one study has examined the impact of sleep deprivation on
injury rates in young athletes. The researchers involved with this study collected information
about sleep practices and used that information to correlate various training practices with risk of
injury in adolescent athletes (Milewski et al., 2014). The results showed that hours of sleep per
night and an athlete’s grade in school were the best independent predictors of injury (Milewski et

al., 2014). Adolescent athletes sleeping less than eight hours per night were 1.7 times more likely



to be injured compared to athletes sleeping eight or more hours per night (Milewski et al., 2014).
Considering this increased risk of injury, it would be beneficial to look further into this problem
of decreased sleep in adolescent athletes and the effects it may have in this population.

The purpose of this study is to investigate the relationships between sleep quality, health-
related quality of life, and injury in high school student athletes. There are two research
questions that will be explored to investigate these relationships. The first research question that
will be addressed is “What is the relationship between sleep quality and health-related quality of
life?”. The null hypothesis states that there is no relationship between sleep quality and health-
related quality of life. The alternate hypothesis states that student athletes who report better sleep
quality will also report better health-related quality of life compared to those who report worse
sleep quality. The second research question intended to be answered is “What is the relationship
between sleep quality and injury and/or illness occurrence?”. The null hypothesis states that there
is no relationship between sleep quality and injury and/or illness occurrence. The alternate
hypothesis states that student athletes who report poor sleep quality will experience a higher

occurrence of injury and/or illness.
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CHAPTER 2
METHODS
Study Design

A cross-sectional survey design was used to investigate the relationship between sleep,
health-related quality of life, and injury in high school student athletes. Sleep quality was
measured utilizing the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) and health-
related quality of life was measured by the Pediatric Quality of Life Inventory (PedsQL) (Varni
etal., 1999).

Participants

The participants of this study include a convenience sample of student athletes (n = 100,
M age = 15.86, SD = 1.25 years, female = 43, male = 57) from two large (AAAAAA) high
schools in the same county with similar socioeconomic statuses (SES). SES was determined
based on governmental resource assistance in the high schools (Diemer et al., 2013). One of the
high schools had 36 percent of students receiving free or discounted lunches based upon need in
2020. Similarly, the other had 28 percent of students receiving free or discounted lunches during
the same year.

For the purpose of this study, a student athlete was defined as anyone actively
participating in any of the sports recognized by the Georgia High School Association (GHSA)
and eligible to compete according to GHSA guidelines through their high school. Participants
were from in-season (n = 86) or pre-season (n = 14) sports of wrestling, basketball, competition
cheer, game day cheer, baseball, lacrosse, soccer, tennis, golf, or bass fishing with game day

cheerleaders (n = 25) representing the most athletes from one sport. Participants with a
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diagnosed sleep disorder would be excluded from this study, however none met this exclusion
criteria. See Table 1 for full participant demographics.
Instrumentation

Demographics. Questions regarding sex, age, grade in school, race, sport, position
played, role on team (i.e. varsity starter, varsity reserve), caffeine consumption, history of sleep
disorders, and injury history were asked in a survey format. These questions gave insight on the
participants’ characteristics and identified certain inclusion and/or exclusion criteria. All of this
data was deidentified and kept safe on a password protected personal computer.

Pittsburgh Sleep Quality Index. The Pittsburgh Sleep Quality Index (PSQI) (Buysse et
al., 1989) is a clinically valid measurement of sleep quality in adolescents and adults (Mollayeva
etal., 2016; Zhou et al., 2012) . It is a self-report instrument that assesses sleep quality in
reference to the past month (Buysse et al., 1989). The PSQI is the most abundantly used
assessment tool of sleep quality throughout research and clinical practice (Manzar et al., 2016;
Mollayeva et al., 2016). This tool consists of 19 self-reported items. The first four items are free
response questions regarding bedtime, time it takes to fall asleep, wakeup time, hours of actual
sleep, and time in bed. Other items of the PSQI ask individuals to report frequencies of sleep
problems such as failing to fall asleep within half an hour, waking up during the night, and
waking up to go to the bathroom. Individuals were also asked about their overall impression of
sleep quality, the use of sleep medications, and dysfunction throughout the day.

All guestions on the PSQI are further divided into seven components of sleep: subjective
sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of
sleep medication, and daytime dysfunction. Each of these component’s scores have a range of

zero to three. A score of zero relates to no difficulty and a score of three indicates severe
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difficulty. These seven component scores are then added into one global score with a total
ranging from zero to 21. A higher score demonstrates poorer sleep quality. Poor sleep quality is
defined as a global score of five or more with a diagnostic sensitivity of 89.6% and specificity of
86.5% (Buysse et al., 1989). Detailed instruction on how to score the PSQI can be found in
Appendix A.

Pediatric Quality of Life Inventory. The Pediatric Quality of Life Inventory (PedsQL)
(Varni et al., 1999) is a health-related quality of life (HRQOL) assessment intended for use with
children and adolescents ages two to 18 (Varni et al., 1999). There are many variations of this
inventory that exist for different populations within the age group. The PedsQL Short Form
(SF15) Version 4.0 Teen Report (ages 13-18) was utilized throughout this study to capture the
HRQOL of the participants included. This multidimensional self-report scale consists of 15
questions covering three dimensions of HRQOL, including the physical, psychological, and
social domains (Varni et al., 2001) and can be found in Appendix B. The PedsQL asks questions
regarding how the respondents feel about their health and activities, feelings, interactions with
others, and school related activities (Varni et al., 2001). Items on the PedsQL were generated
based on an extensive search of relevant literature and interviews with patients, parents, and
healthcare professionals to ensure content validity (Varni et al., 1999). The respondents were
instructed to select a number on a four-point Likert scale based upon how much they have been
affected by a specific problem in the past month.

Items were reverse-scored and transformed linearly (0=100, 1=75, 2=50, 3=25, 4=0)
(Varni et al., 2001). A higher score indicates better HRQOL (Varni et al., 2001). The assessment
was scored by adding the sum of the items and dividing the sum by the number of items

answered (Varni et al., 2001). This accounts for any missing data (Varni et al., 2001). The score
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was not computed if more than 50% of the items are left unanswered (Varni et al., 2001). All
participants met these criteria, answering over 50% of the items. Internal consistency reliability
for the Total Scale Score is valued at «=0.88 (Varni et al., 2001). Both the PSQI and PedsQL are
administered reflecting on the previous month’s experiences.

Injury and Illness Data. Detailed records regarding all injury and illness incidences that
occur during practice or competition are kept as part of routine care by the athletic trainer(s). The
primary investigator of this study had access to health records as part of routine injury/illness
management as an athletic trainer, assuring compliance with the Health Insurance Portability Act
(HIPAA). Every student athlete who came to the athletic trainer(s) with concerns about an injury
or illness throughout the time of this study were treated for that condition by the athletic
trainer(s) per usual. Injury and illness records of those who participated in this study were used
by the primary investigator to confirm those who were uninjured during this time. Some
participants self-reported injury/illness at the time of the survey, however not all injuries were
able to be confirmed through medical records. This was due to the athlete not reporting their
injury/illness to the athletic trainer for any reason. As previous researchers have required
(Milewski et al., 2014), an injury or illness must have resulted in time loss from practice and/or
competition to be considered as such. If an injury or illness did not result in any amount of time
loss from practice and/or competition it was not included as an outcome measure in this study.
Procedures

Approval of the High Schools’ Board and Institutional Review Board was obtained
before the recruitment of participants took place. Participants were then recruited via word of
mouth after approval was gained from both entities. Parent/guardian informed consent forms

were given to students interested in participating in the study or informed consent forms to
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students who were 18 years old. The forms were completed and returned to the coaches or
athletic trainers and then ultimately returned to the primary investigator before data collection
took place. Written assent forms for minors were completed on the day of data collection before
the survey was completed. Participants were also provided with mental health resources via a
debriefing form after the survey was completed.

The demographic questionnaire, the PSQI and the PedsQL were combined into one
survey and administered via Qualtrics (Qualtrics, 2020) software. The survey was administered
using a QR code on an electronic device over a three-week period. Qualtrics (Qualtrics, 2020)
estimated that both surveys would take approximately five minutes to complete and awarded the
survey with a “great” iQ score. See Appendix C for the survey that was utilized for this study.

The primary investigator administered the surveys and instructed the participants on how
to complete it. Participants gave their name at the beginning of the survey so that their answer
regarding injury/illness history could be compared with their medical records by the primary
investigator. However, data was deidentified with an assigned ID number prior to data analysis
to maintain the participants’ confidentiality. A separate document contained a key of the
assigned ID numbers which was kept on a password protected personal computer. This and all
other instructions were relayed to the participants before the surveys were distributed. The
survey data and injury/illness data was organized and manually added to IBM SPSS Statistics
(SPSS, 2019) for further analysis.

Data Analysis
Data was analyzed using IBM SPSS Statistics (SPSS, 2019) with an alpha value set to

0.05. Descriptive statistics were provided on all demographic variables (Mean, Standard
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Deviation, 95% CI), the PSQI global scores (Median, Standard Error, Interquartile Range), and
total PedsQL scores (i.e., Median, Standard Error, Interquartile Range).

The first research question: “What is the relationship between sleep quality and health-
related quality of life?”, was analyzed using a Spearman’s Rho correlation. The second research
question: “What is the relationship between sleep quality and injury and/or illness occurrence?”
was analyzed using a chi square test. Participants were identified as either “injured” or “non-
injured” and then put into two groups based on their PSQI scores: “good sleepers” (who were
given a global PSQI score less than 5) or “poor sleepers” (who were given a global PSQI score

of 5 or more) (Buysse et al., 1989).



Table 1

Demographics

n Percent
Sex (n = 100)
Male 57 57
Female 43 43
Non-binary 0 0
Grade (n = 100)
Freshman 25 25
Sophomore 27 27
Junior 29 29
Senior 19 19
Age (n =100)
13y 1 1
14y 15 15
15y 23 23
16y 30 30
17y 20 20
18y 11 11
Race (n = 100)
Black or African American 29 29
White or Caucasian 53 53
Hispanic or Latino 5 5
Pacific Islander 1 1
Multiracial or Biracial 12 12
Current Sport (n = 100)
Game Day Cheer 25 1
Girls’ Basketball 13 13
Boys’ Basketball 24 24
Wrestling 24 24
Baseball 5 5
Lacrosse 2 2
Soccer 4 4
Tennis 1 1
Golf 1 1
Bass Fishing 1 1
Caffeine Consumption (n = 100)
Never 13 13
1-2 times a week 41 41
3-4 times a week 20 20
5-6 times a week 4 4
Everyday 20 20
Multiple times every day 2 2
Injury/lliness History (n = 100)
Not within the past month 54 54
Within the past month 46 46
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CHAPTER 3
RESULTS

Participant Characteristics

A total of 100 high school student athletes with an average age of 15.86 years old (SD =
1.25) were included in this study. More males (n = 57) than females (n = 43) chose to participate.
The student athletes included in this study were currently participating in game day cheer (n =
25), girls’ basketball (n = 13), boys’ basketball (n = 24), wrestling (n = 24), baseball (n = 5),
lacrosse (n = 24), soccer (n = 4), tennis (n = 1), golf (n = 1), or bass fishing (n = 1). 35
participants (n = 35) reported currently participating on an organized sport team outside of
school. Participants were in grades nineth (n = 25), tenth (n = 27), eleventh (n = 29), or twelfth (n
= 19). They identified as Black or African American (n = 29), White or Caucasian (n = 53),
Hispanic or Latino (n = 5), Pacific Islander (n = 1), or Multiracial or Biracial (n = 12). No
participants (n = 0) reported being diagnosed with a sleep disorder by a physician. When asked
how often they consume caffeine, 13 participants reported never consuming caffeine (n = 13), 41
reported one to two times a week (n = 41), 20 reported three to four times a week (n = 20), four
reported five to six times a week (n = 4), 20 reported everyday (n = 20), and two participants
reported consuming caffeine multiple times every day (n = 2). Fifty-four percent of participants
reported “no” (n = 54) and 46% reported “yes” (n = 46), when asked if they had been sick or hurt
within the past month to the extent that they missed time from a practice or game. See table 1 for
full demographics.
Sleep Quality and Health-Related Quality of Life

The median PSQI Global Score across all participants (n = 100) was six (SD = 2.91, IQR

= 4). Seventy-five percent of participants (n = 75) scored equal to or greater than five on the
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Global PSQI Score, indicating that they were “poor” sleepers (Buysse et al., 1989). The
remaining twenty-five percent of participants (n = 25) scored less than five on the PSQI Global
Score, indicating that they were “good” sleepers (Buysse et al., 1989). The median PedsQL Total
Scale Score for all participants (n = 100) was 84 (SD = 15.92, IQR = 18.3). There were no
outliers present in the PSQI Global Scores, however there were four moderate outliers present in
the PedsQL Total Scale Scores upon observation of the box and whisker plots. These outliers
were included in the analysis. A Spearman’s rank correlation was computed to assess the
relationship between sleep quality (PSQI Global Score) and HRQOL (PedsQL Total Scale
Score). The relationship between these two variables was determined to be monotonic, upon
visual inspection of a scatterplot. There was a significant moderate negative correlation between
sleep quality and HRQOL, rs (98) = -.487, p < .001. Participants with higher PSQI Global Scores
(worse sleep quality) were associated with having lower PedsQL Total Scale Scores (worse
HRQOL).
Sleep Quality and Injury and/or lliness Occurrence

A Pearson chi-square test for association was conducted between sleep quality and injury
and/or illness occurrence. All expected cell frequencies were greater than five. Therefore, the
assumptions for utilizing a chi-square were met. The relationship between these two variables
was statistically significant, X? (1; N = 100) = 4.348, p = .037. The effect size for this finding,
Cramer’s V, was mild (oc = .209). Participants with worse sleep quality were associated with

higher injury and/or illness occurrence within the past month.
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CHAPTER 4
DISCUSSION

The purpose of this study was to investigate the relationships between sleep quality,
health-related quality of life (HRQOL), and injury in high school student athletes and was driven
by the following two research questions. The first is “What is the relationship between sleep
quality and health-related quality of life?” and, second, “What is the relationship between sleep
quality and injury and/or illness occurrence?” The results of this study show that poor sleep
quality is associated with worse HRQOL and higher occurrence of injury and/or illness.

The results of this study demonstrate that high school student athletes recognized as
“poor” sleepers, according to the Pittsburgh Sleep Quality Index (PSQI), were associated with
having lower HRQOL scores on the PedsQL than those who were recognized as “good” sleepers.
The alternate hypothesis of this study is accepted, which states that student athletes who report
better sleep quality will also report better health-related quality of life compared to those who
report worse sleep quality. Previous research has shown that adolescents who sleep the
recommended amount or more have reported significantly higher HRQOL when compared to
poor sleepers (Roeser et al., 2012). Another study revealed that worse sleep quality was
significantly associated with worse physical function/mobility, and greater self-reported anxiety,
depressive symptoms, fatigue, and pain interference among adolescent athletes (Potter et al.,
2020). Therefore, the results of the present study are consistent with previous findings regarding
the relationships between sleep quality and HRQOL in the literature.

The findings also revealed that poor sleep quality is associated with higher injury and/or
illness occurrence in high school student athletes. Results showed that lower sleep quality, as

measured by the PSQI, was associated with higher occurrence of injury and/or illness that
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prevented athletes from participating in their sport. This was expected due to the implications
that poor sleep quality has been proven to have on adolescents, such as deficits in cognition,
mood, memory consolidation, and athletic performance which can all contribute to an increased
risk of injury (Andrade et al., 2016; Juliff et al., 2018; Kopasz et al., 2010; Louca & Short,
2014). Therefore, the alternate hypothesis is accepted which states that student athletes who
report poor sleep quality will experience a higher occurrence of injury and/or illness.

There is very limited research regarding sleep quality and sports injuries in adolescent
athletes. Milewski et. al (2014) found that the amount of sleep per night was associated with the
risk of injuries in adolescent athletes. This study collected information about sleep practices and
then correlated various training practices with the risk of injury (Milewski et al., 2014). Whereas,
in the current study, a validated measure of sleep quality was used and compared to HRQOL and
injury occurrence in reflection of the past month. Hours of sleep per night and grade in school
were the best independent predictors of injury in the previous study (Milewski et al., 2014). High
school student athletes sleeping less than the recommended eight hours per night were 1.7 times
more likely to be injured compared to athletes sleeping eight or more hours per night (Milewski
et al., 2014). The current study adds to the previous evidence that sleep and injury do have a
significant relationship in adolescent athletes.

There are numerous consequences of decreased sleep among adolescents that have been
explored throughout the literature. Insufficient sleep has been associated with increased risk for
obesity, diabetes, poor mental health, attention and behavior problems, and poor academic
performance (Lowry et al., 2012; Owens et al., 2014, Paruthi et al., 2016a). Furthermore, lack of
sleep has known effects on performance, neurocognitive functioning, and recovery from exercise

(Paruthi et al., 2016b). It has been found that sleep represents a critical brain state and time
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window for memory consolidation (Walker & Stickgold, 2006). Severe disruption of the sleep
cycle or overall lack of sleep can interfere with the memory consolidation process and may lead
to deficiencies in motor learning development (Kopasz et al., 2010). Although there may not be a
single explanation for how insufficient sleep leads to increased risk of injury and/or illness, all
these factors could contribute.

There are various factors that may play a role in the sleep and wake patterns of
adolescents. Between the ages of 13 and 19 years old, adolescents experience profound changes
in sleep and development in their early to late teenage years (Carno et al., 2003). Several
hormonal and neurological changes occur during puberty, delaying the onset of melatonin
increase and effecting the circadian regulation of sleep in adolescents (Campbell et al., 2007;
Darchia & Cervena, 2014). This change in the circadian timing system is known as a phase delay
and leads to later bedtimes and later wake times (Carskadon & Dement, 2011). During this time,
adolescents may experience an increase in sleepiness and disruption in night-time sleep that is
believed to be caused by increasing social and school demands and the changing hormonal
secretion patterns (Anders et al., 1980). Seventy-five percent of the participants in this study
were categorized as “poor” sleepers according to their Global PSQI score (Buysse et al., 1989).
In 2015, the CDC revealed that two thirds of U.S. high school students reported sleeping less
than the recommended eight to 10 hours per night on school nights (Wheaton, 2018). This holds
true in the findings of the current study. However, with adolescent athletes being at a higher risk
of shorter sleep durations (Fox et al., 2020), one could expect that high school student athletes
would report shorter sleep durations more frequently when compared to their non-athlete peers.
This means that the percentage of poor sleepers in this study could be considered lower than

expected.
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Previous research has demonstrated the association between low familial SES and
increased sleep difficulties in adolescents (Lewien et al., 2021). Another study revealed that
adolescents whose parents have higher income and educational attainment levels report higher
HRQOL, as measured by the PedsQL (Kim et al., 2021). Possible mediators of these
relationships may include greater pre-sleep worries, disruptive sleep conditions, poorer
neighborhood conditions, academic demands, and a less healthy lifestyle in lower SES families
(Bagley et al., 2015; Marco et al., 2012; Singh & Kenney, 2013; Yang et al., 2005). This is
important to consider when looking at two lower SES high schools like in the present study.
Strengths

The population characteristics of this study strengthen its validity. The male to female
ratio is fairly distributed, with 57 percent male participants and 43 percent female participants.
Likewise, there was a fair distribution of white to non-white participants in this population. Fifty-
three percent of participants were white, whereas 47 percent were either Black/African
American, Hispanic/Latino, Pacific Islander, or Multiracial/Biracial. Therefore, the sample
displayed diversity among race and ethnicity. There was also a wide variety of athletes from
different sport teams in this population. Sleep quality and HRQOL were both measured with
instruments proven to be valid in the adolescent population. This strengthens the internal validity
of the study by utilizing valid measurement tools for sleep quality and HRQOL.

Limitations

There are several limitations in this study. Although the PSQI has been validated for its
use within the adolescent population (Zhou et al., 2012), the results should be interpreted with
caution as they may not reflect the nature of adolescent sleep quality (Ji & Liu, 2016). For

example, the PSQI does not consider the possible discrepancy between weekday and weekend
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sleep patterns, which is typical of adolescents (Ji & Liu, 2016). The PSQI rates seven hours as
good sleep duration, however the American Academy of Sleep Medicine states that adolescents
should ideally sleep somewhere between eight and 10 hours (Consensus Conference Panel et al.,
2015). Therefore, the PSQI may not be the best measure of sleep quality for this study’s
population. Future research should consider more accurate and objective measures, such as wrist
actigraphy, to measure sleep and compare data to the recommended values for this population.
This study only observed sleep quality, HRQOL, and injury/illness history over a short period of
time (one month). This limits our knowledge about the subjects’ sleep quality, HRQOL, and
injury/illness over long periods of time and throughout fluctuations in their training load. There
are various other factors that could contribute to decreased HRQOL and injury/illness
occurrence. Injury history was not always able to be confirmed through medical records due to
some injuries not being reported to the athletic trainer for any reason. It is assumed that all
participants answered the questions honestly and to the best of their abilities. Recall bias may
have affected the accuracy of the participants’ answers.
Conclusion

In conclusion, the results of this study show that decreased sleep quality has a significant
relationship with HRQOL and injury/illness occurrence. It is important to find new ways to
mitigate the risk of injury in high school athletics, due to the high incidence of injury that is
experienced in this population. Sleep quality and quantity are important aspects of the health and
well-being of adolescent athletes. Experiencing poor sleep quality or decreased duration comes
with deficits in quality of life, performance, neurocognitive functioning, and recovery from

exercise in adolescents (Paruthi et al., 2016b). The results of this study add to the current
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evidence within the literature that poor sleep quality may contribute to poor HRQOL and
increased risk of injury and/or illness in adolescent athletes.

Advocating for better sleep quality among adolescent athletes is a new method to injury
prevention that is worth further exploration. Athletic trainers are at the forefront of preventing
and managing injuries at all levels of competition, but especially in the secondary school setting
as athletic trainers are oftentimes the most accessible health care providers present in this
environment. Therefore, it is important for athletic trainers to consider every component of
injury prevention and evaluation. Sleep quality is an important aspect to examine in preventing
sport-related injuries from happening in the first place, but also throughout the process of
recovery from exercise and/or injury. Measurement tools such as the PSQI and PedsQL are valid
assessment tools that should be used to evaluate and manage patient care as not all patients
present with conspicuous signs or symptoms. Advising high school student athletes on the
significance of maintaining adequate sleep and exploring new ways to enhance their sleep

quality should be considered as an approach to injury prevention.
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APPENDIX A

PITTSBURGH SLEEP QUALITY INDEX

Name: Date:

Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month only. Your answers
should indicate the most accurate reply for the majority of days and nights in the past month. Please answer
all questions.

During the past month, what time have you usually gone to bed at night?

During the past month, how long (in minutes) has it usually taken you to fall asleep each night?

1.

2.

3. During the past month, what time have you usually gotten up in the morning?

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

5. During the past month, how often have you had | Not during | Less than Once or | Three or more
trouble sleeping because you... the past once a twice a times a week
month week week

a. Cannot get to sleep within 30 minutes
. Wake up in the middle of the night or early
morning

Have to get up to use the bathroom

. Cannot breathe comfortably

. Cough or snore loudly

Feel too cold

. Feel too hot

. Have bad dreams

Have pain

j. Other reason(s), please describe:

(o

el ole | ~|e |ale

6. During the past month, how often have you
taken medicine to help you sleep (prescribed or
“over the counter”)?

7. During the past month, how often have you had
trouble staying awake while driving, eating meals,
or engaging in social activity?

No Only a Somewhat A very big
problem very slight ofa problem

at all problem problem

8. During the past month, how much of a problem

has it been for you to keep up enough enthusiasm

to get things done?
Very Fairly Fairly Very
good good bad bad

9. During the past month, how would you rate
your sleep quality overall?
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Scoring the PSQI

The order of the PSQI items has been modified from the original order in order to
fit the first 9 items (which are the only items that contribute to the total score) on a single
page. Iltem 10, which is the second page of the scale, does not contribute to the PSQI
score.

In scoring the PSQI, seven component scores are derived, each scored 0 (no
difficulty) to 3 (severe difficulty). The component scores are summed to produce a global
score (range 0 to 21). Higher scores indicate worse sleep quality.

Component 1: Subjective sleep quality—question 9

Response to Q9 Component 1 score
Very good 0
Fairly good 1
Fairly bad 2
Very bad 3

Component 1 score:
Component 2: Sleep latency—questions 2 and 5a

Response to Q2 Component 2/Q2 subscore
< 15 minutes 0

16-30 minutes 1

31-60 minutes 2

> 60 minutes 3

Response to Q5a Component 2/Q5a subscore
Not during past month 0

Less than once a week 1

Once or twice a week 2

Three or more times a week 3

Sum of Q2 and Q5a subscores Component 2 score

aw—=0o
[o) RN S \V}

2
- 3

Component 2 score:
Component 3: Sleep duration—question 4

Response to Q4 Component 3 score
> 7 hours 0
6-7 hours 1
5-6 hours 2
< 5 hours 3

Component 3 score:______
Component 4: Sleep efficiency—questions 1, 3, and 4
Sleep efficiency = (# hours slept/# hours in bed) X 100%
# hours slept—question 4
# hours in bed—calculated from responses to questions 1 and 3

Sleep efficiency Component 4 score
> 850/0 0
75-84% 1
65-74% 2
< 65% 3

Component 4 score;_
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Component 5: Sleep disturbance—questions 5b-5j
Questions 5b to 5j should be scored as follows:

Not during past month 0
Less than once a week 1
Once or twice a week 2
Three or more times a week 3

Sum of 5b to 5j scores omponent 5 score
0

C
0
1-9 1
2
3

10-18
19-27
Component 5 score;
Component 6: Use of sleep medication—question 6

Response to Q6 Component 6 score
Not during past month 0
Less than once a week 1
Once or twice a week 2
Three or more times a week 3

Component 6 score:
Component 7: Daytime dysfunction—questions 7 and 8

Response to Q7 Component 7/Q7 subscore
Not during past month 0
Less than once a week 1
Once or twice a week 2
Three or more times a week 3

Response to Q8 Component 7/Q8 subscore
No problem at all

Only a very slight problem 1

Somewhat of a problem 2

A very big problem 3

Sum of Q7 and Q8 subscores Component 7 score

w0
[2 0N S \V)
wnN = O

Component 7 score:

Global PSQI Score: Sum of seven component scores:

Copyright notice: The Pittsburgh Sleep Quality Index (PSQI) is copyrighted by Daniel J.
Buysse, M.D. Permission has been granted to reproduce the scale on this
website for clinicians to use in their practice and for researchers to use in non-
industry studies. For other uses of the scale, the owner of the copyright should
be contacted.

Citation: Buysse, DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh
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Which of the following best describes you?

Asian

Black or African American

White or Caucasian

American Indian or Alaska Native

Hispanic or Latino

Native Hawaiian or Pacific Islander

Multiracial or Biracial

Other race/ethnicity not listed
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What school sport(s) are you CURRENTLY participating in at this time? (Please select all that apply)

Football

Cross country

Volleyball

Competition cheer

Game day cheer

Baseball

Softball

Girls' basketball

Boys' basketball

Wrestling

Lacrosse

Soccer

Track

Other

What position do you play in your sport? (Ex: quarterback (football); flyer (cheerleading); setter
(volleyball); pitcher (baseball or softball)
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What is your role on the team? (Ex: varsity starter; varsity reserve (sub); JV starter; JV reverse; Freshman
starter; Freshman reserve)

What other school sport teams have you been a part of in the past year? (Please select all that apply)

Football

Cross country

Volleyball

Competition cheer

Game day cheer

Baseball

Softball

Girls' basketball

Boys' basketball

Wrestling

Lacrosse

Soccer

Track

Other
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Are you currently participating in an organized sport team outside of school? (ex: club sport, travel team)
Yes

No

Have you ever been diagnosed with a sleep disorder by a physician?
Yes

No

Have you been sick or hurt within the past month to the extent that you have missed time from a practice
and/or a game?

Yes

No

How often do you consume caffeine? (Ex: energy drinks, coffee, coke/soda/pop)
Never
1-2 times a week
3-4 times a week
5-6 times a week
Everyday

Multiple times everyday
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The following questions relate to your usual sleep habits during the past month only. Your answers
should indicate the most accurate reply for the majority of days and nights in the past month. Please
answer all questions.

During the past month, what time have you usually gone to bed at night? Ex: 11 PM

During the past month, how long (in minutes) has it usually taken you to fall asleep each night?

During the last month, what time have you usually woken up in the morning to start your day? Ex: 8 AM

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

For each of the remaining questions, check the one best response. Please answer all questions.



During the past month, how often have you had trouble sleeping because you...

Not during the Less than once a Once or twice a Three or more
past month week week times a week

a) cannot get to
sleep within 30
min

b) wake up in the
middle of the
night or early

morning

c) have to get up
to use the
bathroom

d) cannot breathe
comfortably

e) cough or snore
loudly

f) feel too cold
g) feel too hot
h) had bad dreams

i) have pain

During the past month, how would you rate your sleep quality overall?
Very good
Fairly good
Fairly bad

Very bad
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During the past month, how often have you taken medicine (prescribed or "over the counter™) to help you
sleep?

Not during the past month
Less than once a week
Once or twice a week

Three or more times a week

During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the past month
Less than once a week
Once or twice a week

Three or more times a week

During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get
things done?

No problem at all
Only a very slight problem
Somewhat of a problem

A very big problem



In the past ONE month, how much of a problem has this been for you...
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Never Almost Never

It is hard for
me to walk or
run more than

one block

It is hard for
me to run

It is hard for
me to do
sports activity
or exercise

It is hard for
me to lift
something

heavy

It is hard for
me to do
chores around
the house

| feel afraid or
scared

| feel sad or
blue

| feel angry

| worry about
what will
happen to me

| have trouble
getting along
with other
teens

Other teens do
not want to be
my friend

Other teens
tease me

Sometimes

Often

Almost
Always
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Itis hard to
pay attention
in class

| forget things

I have trouble
keeping up
with my
homework
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APPENDIX D
EXTENDED LITERATURE REVIEW
Sleep is an essential component of life from birth and all throughout adulthood. It can
significantly impact an individual’s physical development, emotions, performance, and quality of
life. Therefore, many people have come to value their sleep throughout the entirety of their lives.
Sleep has long been an interest of researchers. During recent years, a large body of research has
evolved involving sleep and how it can contribute to athletes’ health and wellness. It has been
discovered that an athlete’s overall health and athletic performance can be affected by their
relationship with sleep. Research has investigated the effects of sleep deprivation in athletes, and
this has been used to educate them on the importance of obtaining quality sleep as a part of their
competitive success. However, most of this research has been focused on professional and
collegiate athletes. The following literature review encompasses various topics related to sleep
quality and any potential effects it may have on the overall health and wellness of adolescent
student athletes.
Overview of Sleep
Sleep is a multidimensional concept composed of a mixture of both physiologic and
behavioral processes that is essential for optimal health. According to the National Institute of
Mental Health (NIMH) the continuous cycle of sleep can be defined in this way: “Sleep and
wakefulness are endogenous, recurring, behavioral states that reflect coordinated changes in the
dynamic functional organization of the brain and that optimize physiology, behavior, and health.
Homeostatic and circadian processes regulate the propensity for wakefulness and sleep”
(National Institute of Mental Health. Arousal and Regulatory Systems: Workshop Proceedings,

2013, p.1). Itis crucial that athletes are aware that although sleep is a state of decreased alertness
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and slower bodily functions, it is a key component of the rest-activity cycle with very specific
functions taking place during quality sleep (Davenne, 2009).

The physiologic processes that occur during sleep allow for its measurement and
categorization into different states and stages (Carno et al., 2003). These states and stages are
defined on the basis of characteristic patterns in the electroencephalogram (a measure of brain
wave activity), the electrooculogram (a measure of eye movement activity), and the surface
electromyogram (a measure of muscular activity) (Carno et al., 2003). The continuous recording
of this array of electrophysiologic parameters to define sleep and wakefulness is known as
polysomnography (Carno et al., 2003). These recordings typically display two broad categories
of sleep called random eye movement (REM) and nonrandom eye movement (NREM) (Carno et
al., 2003).

The appropriate progression of REM and NREM sleep contributes to an overall good
night’s sleep and optimal restoration of the body. NREM and REM sleep can be characterized in
various ways as sleep progresses, each serving a different purpose. Under normal circumstances,
NREM sleep occurs at the onset of sleep and can be further subdivided into three stages based
upon depth of sleep (Carskadon & Dement, 2011). These stages range from stage one (the
lightest and easiest to arouse from) to stage four (the heaviest and most difficult to arouse from)
(Carno et al., 2003). Stage one begins with a change in brain wave activity associated with
falling asleep and typically lasts only one to five minutes (Suni, 2020). Body temperature drops,
muscles begin to relax, and breathing and heart rate slow throughout the second stage, which
may last up to fifty percent of the night (Suni, 2020). Stage three is identified by an even deeper
sleep as muscle tone, pulse, and breathing rate continue to decrease (Suni, 2020). Researchers

believe that this stage gives way to restorative functions of the body, allowing for recovery and
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growth (Suni, 2020). During NREM sleep, growth hormone is released stimulating protein
synthesis (Davenne, 2009). Muscle growth and repair, fat catabolism, and bone growth and
remodeling all occur during NREM sleep (Davenne, 2009).

Characteristics of REM sleep allow for its differentiation from NREM sleep. REM sleep
is not divided into subcategories like NREM sleep is. The most commonly used marker of REM
sleep is rapid eye movement (Carskadon & Dement, 2011). This stage is usually associated with
minimal or scattered mental activity and dreaming (Carskadon & Dement, 2011). REM sleep
may play a role in memory consolidation and learning as well as more effective muscle repair
following exercise (Davenne, 2009). It has been discovered that a lack of REM sleep may
negatively affect memory and motor skill development (Stickgold, 2005). The importance of
quality sleep is revealed within this information, especially for the athletic population who are
constantly placing extreme amounts of physical stress upon their bodies.

Monitoring Sleep

The methods of monitoring sleep duration and quality and their respective advantages
and limitations should be considered to understand and evaluate the relevant literature.
Polysomnography (PSG) is currently the gold-standard method for assessing sleep duration and
quality (Marino et al., 2013). This technique utilizes collections of surface electrodes, each
measuring physiologic parameters of sleep, including brain dynamics of electroencephalography
(EEG), eye movements, muscle activity, heart physiology, and respiratory function (Marino et
al., 2013). Obtaining these measurements typically requires a controlled setting under the
continued supervision of a sleep technician in a laboratory (Marino et al., 2013). This may
interfere with a subject’s comfort and lead to skewed results that would not otherwise be

obtained if the subject was sleeping comfortably in their usual sleep environment. However,
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polysomnography offers very specific and precise measurements. Time series data are gathered,
processed, and either analyzed visually or with the use of a mathematical algorithm (Marino et
al., 2013).

Another popular method of monitoring sleep is wrist actigraphy. This measurement is
utilized using an accelerometer in a wrist worn device such as a watch that measures movement.
Although this approach may not be as accurate as PSG, it supports large-scale, population-level
research by facilitating less expensive or obtrusive sleep measurements and enabling
measurement across a wider range of circumstances and locations (Marino et al., 2013). Marino
and colleagues validated wrist actigraphy in comparison to PSG and found that the participant-
specific accuracy was above 80% for most participants in their study (Marino et al., 2013).

Although actigraphy and PSG offer more definite and objective measurements, they lack
subjectivity of the sleeping experience. A more subjective measurement of sleep occurs with the
use of sleep questionnaires. This type of measuring tool comes with a few advantages and
disadvantages. Even though sleep questionnaires are affordable, easy to access, and take less
time to complete, they do not offer the precisely calculated measurements of sleep quantity and
quality like PSG. The Pittsburgh Sleep Quality Index (PSQI) is the most commonly used self-
report questionnaire for assessing general sleep quality (Buysse et al., 1989; Mollayeva et al.,
2016). It has been found to be a reliable and valid tool for the identification of both adult and
adolescent self-reported sleep problems (Mollayeva et al., 2016; Raniti et al., 2018). The PSQI
consists of 19 items that assess sleep habits, sleep disturbances, and daytime impairments
experienced during the previous month (Buysse et al., 1989). The first four items are free
response questions regarding bedtime, time it takes to fall asleep, wakeup time, hours of actual

sleep, and time in bed. Other items of the PSQI ask individuals to report frequencies of sleep
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problems such as failing to fall asleep within half an hour, waking up during the night, and
waking up to go to the bathroom. Individuals are also asked about their overall impression of
sleep quality, the use of sleep medications, and dysfunction throughout the day. The items are
used to calculate seven component scores that correspond to specific domains of sleep:
subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbance, use of sleep medication, and daytime dysfunction (Buysse et al., 1989). These
component scores are then summed to generate a global score representing sleep quality (Buysse
et al., 1989). Poor sleep quality is defined as a global score of five or more with a diagnostic
sensitivity of 89.6% and specificity of 86.5% (Buysse et al., 1989).
Adolescent Sleeping Patterns and Associated Risks

According to the American Academy of Sleep Medicine, adults require between seven
and nine hours of sleep for optimal health and functioning, while adolescents require additional
sleep, ideally between eight and 10 hours (Consensus Conference Panel et al., 2015; Paruthi et
al., 2016a). Adolescents (ages 13 to 19 years old) experience profound changes in sleep and
development in their early to late teenage years (Carno et al., 2003). Several hormonal and
neurological changes occur during puberty, delaying the onset of melatonin increase and
effecting the circadian regulation of sleep in adolescents (Campbell et al., 2007; Darchia &
Cervena, 2014). Research has shown that stages three and four of NREM sleep decrease both in
absolute numbers and in total percentage throughout puberty as hormonal and other
developmental changes occur (Anders et al., 1980). The time to REM sleep also decreases,
however total REM sleep time remains unchanged during this time (Carno et al., 2003).

Adolescents experience an increase in sleepiness and disruption in night-time sleep that is
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believed to be caused by increasing social and school demands and changing hormonal secretion
patterns (Anders et al., 1980).

Many factors can affect adolescent sleep and wake patterns which may put them at risk of
sleep deficiency. Adolescents experience later bedtimes and waketimes, often prompted by early
school start times, academic demands, social activities and events, caffeine consumption, and
screen time at night (Crowley et al., 2007; Falbe et al., 2015; Owens et al., 2014). Based upon
data collected in 2015, the CDC revealed that two thirds of U.S. high school students report
sleeping less than the recommended eight to 10 hours per night on school nights (Wheaton,
2018). Young student athletes have been identified as an at-risk group who may be more likely
to experience short sleep durations and reduced sleep quality compared to young non-athletes
due to their busy training and competition schedules in addition to regular academic demands
(Fox et al., 2020).

Insufficient sleep among children and adolescents is associated with increased risk for
obesity, diabetes, poor mental health, attention and behavior problems, and poor academic
performance (Lowry et al., 2012; Owens et al., 2014; Paruthi et al., 2016a). Sleep has also been
shown to provide protective benefits such as reducing the likelihood of injury, and other
symptoms of poor recovery from training and competition in adolescent athletes (Milewski et al.,
2014; Sawczuk et al., 2018b). These protective benefits will be discussed later. Although some
mechanisms involved may be unclear, young athletes are at risk of altered sleep and wake
patterns (Fox et al., 2020). Therefore, it is necessary to understand the consequences associated
with reduced sleep, particularly with regard to performance and health related outcomes (Fox et
al., 2020). The following sections will outline the associated risks of decreased sleep quality in

regards to health and well-being, learning, and performance.
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Sleep and Well-Being

Promoting sleep among adolescent athletes may help minimize the negative effects of
increased training load and several elements of subjective well-being (Watson & Brickson,
2018). Decreases in subjective well-being impair performance, increase risk of injury, and may
represent early signs of overtraining (Jones et al., 2017; Watson & Brickson, 2018). Adolescents
who sleep the recommended amount or more have reported significantly higher health-related
quality of life (HRQOL) when compared to poor sleepers (Roeser et al., 2012). HRQOL is
defined as “a multidimensional construct pertaining to the physical, emotional, mental, social,
and behavioral components of well-being and function as perceived by the individual and/or
observers” (Bullinger, 1991).

Watson and Brickson (2018) found training load and sleep quality to be significant and
independent predictors of mood, fatigue, stress, and soreness in adolescent female soccer players.
In this study, participants were asked to provide daily ratings of fatigue, mood, soreness, stress,
and sleep quality on a Likert-type scale as well as sleep duration from the previous night.
Significant increases were observed in all well-being measures as nightly sleep duration and
sleep quality increased (Watson & Brickson, 2018). Therefore, promoting sleep among young
student athletes could help mitigate the effects of increased training load on subjective wellbeing.

Sleep has also been found to be positively correlated to adolescent athlete well-being
measures. Sawczuk and collogues (Sawczuk et al., 2018a) evaluated the influence of sleep
duration, sleep quantity, and sleep index on subjective well-being in young athletes. This study
used the Perceived Recovery Scale (PRS) (Laurent et al., 2011), a daily well-being
questionnaire, and self-reported sleep duration, sleep quality, and sleep index to assess the

relationship of sleep and wellbeing while accounting for known training stressors of training



63

load. The researchers found that self-reported sleep duration was more strongly associated with
well-being (r=0.28) than training load (r=-0.05) (Sawczuk et al., 2018a). This suggests that sleep
may be more important in dictating wellbeing than training load and game demands encountered
in athletics.

Insufficient sleep duration has been linked to psychological consequences in young
people, such as mood disturbances and increased risk of depression (Mejri et al., 2017). It is
unclear whether the psychological consequences of reduced sleep are exacerbated in young
athletes due to factors such as training and competition or the stress associated with competition
(Mejri et al., 2017; Sawczuk et al., 2018b). Findings of one study indicated that worse sleep
quality was significantly associated with worse physical function/mobility, and greater self-
reported anxiety, depressive symptoms, fatigue, and pain interference among a group of healthy
adolescent athletes (Potter et al., 2020). Another study showed that several nights of sleep
restriction adversely affected adolescents’ mood and ability to regulate their emotions (Baum et
al., 2014). Participants within this study reported feeling less alert, less efficient, more helpless,
forgetful, and exhausted (Baum et al., 2014). In addition to lacking energy, they reported
increased feelings of tension, anger, and anxiety (Baum et al., 2014). Therefore, it is appropriate
to consider sleeping patterns in relation to an individual’s mental health concerns and their
overall health-related quality of life.

Sleep and Performance

Recently, there has been an upwards trend in research on sleep and its implications on
athletic performance. Sleep deprivation has been negatively associated with both endurance and
anaerobic performance (Fullagar et al., 2015). Lack of sleep has known effects on various

aspects of not only athletic performance, but cognitive performance as well. Andrade and
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colleagues (Andrade et al., 2016) completed a cross-sectional study to investigate the effect of
self-reported sleep quality and mood on performance in young volleyball players. Sleep quality
was not associated with a win or loss. However, this study found that with each point increase in
confusion level, there was a 19.7% reduction in sleep quality which can negatively influence an
athlete’s performance and interfere with attaining the desired game result (Andrade et al., 2016).
In addition, athletes who slept well and won their games had lower tension levels (Andrade et al.,
2016).

Another study found that longer sleep durations were positively associated with finishing
place during a national netball tournament (Juliff et al., 2018). Juliff and colleagues (Juliff et al.,
2018) monitored sleep for the duration of a netball tournament (6 days) using wrist actigraphy
monitors and sleep diaries. Findings from these objective measures indicated that teams with
longer average sleep durations finished higher in the tournament’s final placings (Juliff et al.,
2018). These findings suggest that adequate sleep duration is essential for peak athletic
performance in adolescents (Juliff et al., 2018).

Cognitive and academic performance may also be affected by decreased sleep quantity
and quality in adolescent athletes. One study examined the effects of restricted sleep and sleep
related symptoms on baseline neurocognitive performance in adolescents. Athletes reporting
reduced sleep duration the night prior to testing performed significantly worse across all domains
of the ImMPACT (ImPACT Applications Inc., 2019) battery (Sufrinko et al., 2016). Another study
found that sustained attention, reaction time, cognitive processing speed, and subjective
sleepiness were all significantly worse following one night without sleep compared to 10-hour
sleep opportunities (Louca & Short, 2014). These factors impair daytime functioning in

adolescents, leaving them at greater risk of poor academic outcomes and decreased social
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functioning (Louca & Short, 2014). Poussel and colleagues (Poussel et al., 2014) assessed sleep
patterns and academic performance in a group of young elite athletes. Forty-one percent of
athletes subjectively estimated their sleep quality as poor or just efficient, which was
significantly associated with poor academic outcomes (Poussel et al., 2014). The combination of
all these deficits in various aspects of performance could possibly lead to athletic injury in
adolescents due to a lack of sleep.
Sleep and Motor Learning

Motor skills generally improve during adolescence, which is associated with improved
motor performance (Patel & Baker, 2006). This may contribute to improvements in sport-
specific skill performance in adolescent athletes (Patel & Baker, 2006). Over the years,
substantial evidence surrounding sleep and its importance for learning, memory, and the
underlying neural plasticity has surfaced (Kopasz et al., 2010). Newly formed memories are not
stable or accessible for delayed retrieval until they go through a process of consolidation in the
brain (Kopasz et al., 2010). It has been found that sleep represents a critical brain state and time
window for memory consolidation (Walker & Stickgold, 2006). Previous studies show that sleep
is associated with a replay and reorganization of neuronal activity in the brain (Hobson & Pace-
Schott, 2002). It has been discovered that the same areas of the brain that are activated while a
motor skill is introduced or learned are reactivated during REM sleep (Peigneux et al., 2003).
This reactivation during sleep may lead to neuroplasticity and the development of new motor
learning pathways (Peigneux et al., 2003). Learning, memory, and their underlying neural
plasticity allows humans to gain information and develop skills in response to internal and
environmental stimuli throughout their entire lifetime, but these processes are most utilized in

young people during their developing years (Brehmer et al., 2007). Therefore, sleep is critical in



66

the development of long-term memory and various forms of learning, including motor learning,
which is especially important to adolescent athletes who are developing new sport specific skills.

Various studies of motor sequence learning have reported that nighttime sleep and post-
training daytime naps have improved task performance and favored memory consolidation
(Stickgold, 2005; Walker et al., 2002). Motor sequence learning involves complex movement
sequences in which subjects are asked to perform as quickly and accurately as possible (Nagai et
al., 2017). Sleep between practice and retention testing has resulted in a 33% overnight
improvement in performance of a finger-to-thumb opposition task (Fischer et al., 2002) and a
20% overnight improvement in motor skill performance of finger tapping (Walker et al., 2002).
The cognitive requirement of a skill being learned will determine which stage of sleep is most
beneficial for memory consolidation (Fogel et al., 2007). Overnight improvement in the finger-
tapping task correlated with the amount of stage two NREM sleep (Walker et al., 2002), whereas
improvement in the opposition task correlated with the amount of REM sleep (Fischer et al.,
2002). Less cognitively taxing skills are most likely to benefit from stage two NREM sleep and
more cognitively involved skills benefit from REM sleep for consolidation (Fogel et al., 2007).
Severe disruption of the sleep cycle or overall lack of sleep can interfere with the memory
consolidation process and may lead to deficiencies in motor learning development (Kopasz et al.,
2010). This disruption in motor learning could possibly put young athletes at an increased risk of
injury.
Sleep and Sport-Related Injury in Adolescents

According to the CDC, it is estimated that high school sports are responsible for 2 million
injuries, 500,000 doctor visits, and 30,000 hospitalizations every year (Centers for Disease

Control and Prevention (CDC), 2006). The National High School Sports-Related Injury
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Surveillance System Study was established in 2005-2006 to provide insight on the types of
injuries occurring in high school sports (Doshan, 2015). This study relies on weekly reports from
certified athletic trainers across the United States, which include any injury sustained by an
athlete during the week (Doshan, 2015). The data from these reports is then analyzed to
determine the rates, patterns, and trends of high school sports-related injuries (Doshan, 2015).
Based on this study, the overall injury rate in all high school sports combined was 2.44 injuries
per 1,000 athlete exposures (Patel et al., 2017). An athlete exposure is defined as one athlete
participating in one game or practice, with the possibility of sustaining an injury (Patel et al.,
2017). The most injuries occurred in American football with a rate of 4.36 injuries per 1,000
athlete exposures (Patel et al., 2017). Overall, the injury rates were higher in competition
compared to practice (Patel et al., 2017).

Extensive research has been done on sleep and athletic performance, however little is
known about the role that sleep deprivation plays in the risk of injuries in adolescent athletes
(Milewski et al., 2014). Much attention has been given to the relationship between training
factors and athletic injuries, but very few studies have examined the impact of sleep deprivation
on injury rates in young athletes (Milewski et al., 2014). Lack of sleep in athletes has been
shown to stimulate the inflammatory cascade (Mejri et al., 2017), increase lactate production
(Mougin et al., 1992), activate catabolic and anabolic pathways (Cedernaes et al., 2015), and
alter hormonal levels (Leproult & Van Cauter, 2011). These biochemical responses to decreased
sleep and the effects of sleep on recovery, mood, and performance, may lead to the increased risk
of injury and/or illness in adolescent athletes who have problems with achieving the

recommended amount of sleep (Dwivedi et al., 2019).
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Milewski and colleagues (Milewski et al., 2014) are the only to examine only the impact
of sleep deprivation on injury rates in young athletes. An online sleep-related questionnaire was
completed by participants and the responses where then correlated with data obtained from a
retrospective review of injury records maintained by the school’s athletic department. Results
showed that the strongest predictor of injury was sleeping less than 8 hours, compared to other
variables such as gender, age, grade in school, number of sports, private coaching, strength
training, weeks per year participating in sports, hours per week of participating in sports, and the
subjective assessments of “having fun in sports” (Milewski et al., 2014). Athletes who slept less
than 8 hours per night were 1.7 times more likely to sustain an injury (Milewski et al., 2014).
Therefore, encouraging young athletes to get optimal amounts of sleep may help protect them
against athletic injuries (Milewski et al., 2014).

Another study by von Rosen et al. (2017) investigated self-perceived stress, nutrition
intake, self-esteem, and sleep as potential risk factors on injury incidence. A questionnaire was
emailed to adolescent participants, once during the fall semester and once during the spring
semester in the same school year. Results showed that athletes sleeping more than 8 hours during
weekdays and reaching the recommended nutrition intake during the autumn semester reduced
the odds of sustaining a new injury during the spring semester (von Rosen et al., 2017).
Consistent with Milewski et al. (2014), this study found that not enough sleep may be a risk
factor of sustaining a new injury (von Rosen et al., 2017).

The primary aim of another study was to determine the effects of overtraining. However,
the investigators asked for each athlete’s mean sleep duration per night and found that injuries
characterized as fatigue-related overuse or acute injuries (which amounted to 51.6% of injuries)

were more common in athletes who reported less than 6 hours of sleep the night before the injury
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occurred (Luke et al., 2011). Although there is no single etiological explanation for how sleep
leads to increased injury risk, the effects of poor sleep on performance and recovery, cognition,
attention, reaction speed, and athletes’ mood and mental health may all contribute to this
increased risk of injury (Dwivedi et al., 2019).

Sleep and Concussion

Sleep disruption is commonly reported following traumatic brain injury (TBI). A sport
related concussion is a TBI induced by biomechanical forces (McCrory et al., 2017). In the
United States, an estimated 1.6 million to 3.8 million sports-related concussions occur each year
and concussion is a common sports related injury among adolescents in particular (Langlois et
al., 2006). The diagnosis of acute sport related concussion involves the assessment of a range of
domains including clinical symptoms, physical signs, cognitive impairment, neurobehavioral
features and sleep/wake disturbances (McCrory et al., 2017). Therefore, the relationship between
sleeping behaviors and sport related concussion has been of interest and investigated by
researchers.

The management of sports-related concussions utilizes sequential neurocognitive
assessments and self-reported symptom inventories to assess recovery and safety for return to
play (McClure et al., 2014). Evidence suggests poor sleep prior to a concussion is associated
with more severe neurocognitive impairment and worse post-concussive symptoms (Sufrinko et
al., 2015). Sufrinko et al. found that athletes who slept poorly had worse post-concussion
symptom scale (PCSS) scores five to six days after sustaining a concussion (Sufrinko et al.,
2015). The same authors have also examined the effect of restricted sleep and sleep related
symptoms on baseline neurocognitive performance. Athletes reporting reduced sleep duration the

night prior to testing performed significantly worse across all domains of the IMPACT battery
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(Sufrinko et al., 2016). Another study found that athletes sleeping fewer than seven hours before
baseline testing performed worse on three of four IMPACT scores and reported more symptoms
compared to those sleeping more (McClure et al., 2014). Therefore, healthcare providers should
consider both pre-assessment and pre-injury sleep patterns in athletes under their care before
interpreting changes between baseline and post-injury ImMPACT scores (Dwivedi et al., 2019).

Establishing the time of recovery after a sport related concussion is a difficult task for
healthcare providers. Patients frequently experience more persistent symptoms such as chronic
migraines, anxiety, attention problems, and sleep dysfunction (McCrory et al., 2017). Both
shortened and protracted sleep after concussion may suggest that an individual is still actively
recovering or having worse post-concussive symptoms, as patients who sleep less than or more
than normal tend to perform worse on IMPACT testing (Kostyun et al., 2015). Bramley et al.
(Bramley et al., 2017) found that adolescents who reported sleep disturbances following a sport
related concussion suffered a prolonged recovery period, supporting the theory that disrupted
sleep after a TBI is associated with impaired recovery and can lead to cognitive decline.
However, current evidence remains inconclusive with regard to whether changes in sleep
patterns are a cause of prolonged recovery or a post-concussive symptom itself (Dwivedi et al.,
2019).
Conclusion

Maintaining appropriate sleep habits is essential to the health and well-being of youth.
Youth athletes, in particular, are at an increased risk of sleep deprivation compared to their non-
athlete counterparts. This could be due to their very rigorous athletic and academic demands on
top of an apparent phase delay in circadian rhythm that occurs during adolescence. The available

literature on this topic suggests that poor sleep quality is associated with deficits in cognition,
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memory consolidation, athletic performance, and HRQOL which can overall contribute to an
increased risk for injury in adolescent athletes. Given the high number of sports related injuries
in the adolescent population, it is important to promote awareness of the health-related behaviors
that may predispose an athlete to injury, including poor sleep habits. Healthcare providers should
educate young athletes on the importance of maintaining adequate sleep hygiene and help them
explore new ways to improve their sleep quality to potentially prevent sports related injury and

increase quality of life.



