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ABSTRACT

Obijectives: Sleep is essential for musculoskeletal and cognitive recovery. Adolescent athletes
tend to sleep pootly compared to adults and it may predispose them to sports injuries. Our
aims are to estimate whether the quantity/quality of sleep are associated with sports injuries
in adolescent athletes and to compare the quantity/quality of sleep between the training and
competition seasons, and the school vacation period. Material and Methods: It was a cohort
study with 19 track and field athletes of both sexes, aged between 12 and 21 years. We evaluated
their sleep-wake habit through actigraphy during three phases: 1 - mid-season, 2 - competition,
and 3 - school vacation. The previous six months injury history and the occurrence of injuries in
a six-month follow-up were recorded. Logistic regression and variance analysis were performed.
The significance level used was 0.05. Results: Wake after sleep onset (WASO) predicted previous
injuries (OR=1.144) and time awake (TA) predicted injury occurrence (OR=0.974). TA decreased
from phase 2 to phase 3 (p=0.004), total sleep time (TST) increased from phase 2 to phase 3
(»p=0.012), and WASO decreased between phases 1 and 2 (p=0.001) and between phases 1 and
3 (p=0.025). Conclusion: Our study demonstrated that the quantity and quality of sleep were
associated with musculoskeletal injuries in adolescent track and field athletes. Previous injuries
were predicted by WASO and the occurrence of injuries was predicted by TA. Furthermore,
during the vacation period they had lower TA and WASO, and higher TST than on school days.
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INTRODUCTION

Sleep is an active process considered a functional,
cyclical, and reversible state, which is important for the
maintenance of physiological and cognitive functions of
human beings'. Good sleep quality predicts good mental and
physical health”and it is recognized as one of the most effective
recovery strategies®. In recent yeats, the general population has
experienced a reduction in sleep duration which can generate
potential risks to the individual’s health’. In this sense, the
interest about the athletes’ sleep has increased, considering its
beneficial effects to musculoskeletal recovery’.

Athletes have a greater need for sleep compared with
the general population; howevet, sleep restriction is common in
athletes especially before competitions and it can significantly
impact their performance'. Some factors may explain the
worsening in sleep quality in athletes such as increased cortisol
concentrations®, increased sympathetic activity®, increased
central body temperature’, presence of muscle pain®, as well as
anxiety and thoughts about sports competition’. Thus, typical
changes in hormone secretion patterns induced by sleep debt
can decrease protein synthesis and increase protein degradation,
impairing skeletal muscle integrity*'’; therefore, sleep deptivation
can affect the process of sports recovery in this population'.

Adequate sleep duration, good sleep quality, regularity
of the sleep-wake cycle, and absence of sleep disorders are all
factors that contribute to achieving healthy sleep in adolescents'
Several benefits of healthy sleep in adolescents include general
health, cardiovascular, metabolic, mental and immunological
aspects, and to their body development as well’. A consensus
of the American Academy of Sleep Medicine states that
adolescents should sleep between 8 and 10 hours per night',
however, considering that they are in a crucial period for brain
development', some authors argue that adolescents should sleep
atleast 9 houtrs a night'®. On the other hand, when adolescents ate
under a state of reduced sleep duration, impairments in motor
and cognitive function may occurt'. Despite tecommendations,
insufficient sleep is highly prevalent among adolescent athletes!”
and could be explained by habits such as staying awake later and
waking eatlier in the morning due to school commitments'®. Due
to biological and environmental factors, is expected a gradual
delay in chronotype during adolescence, reaching its peak at the
end of puberty, which means a preference for going to bed later
and waking up later’. Therefore, the school start time in many
countries including Brazil, contradicts this factor and it requites
adolescents to wake up in the early morning, inducing a situation
of chronic sleep testricion®. Added to the sleep changes
expected by age, the need of managing the sports demands
with school and/ot even with work demands may predispose
adolescent athletes to an even poorer sleep condition?. In this
sense, a recent study by Patel et al. (2020)* found through
actigraphy measurements a mean total sleep time (TST) on
weekdays of 6.04 hours in 17 adolescent athletes of track and
field from the USA. However, the mean TST on weekends was
7.01 hours. Furthermore, the authors found a positive correlation
between TST and performance on neurocognitive tasks.
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As quantity and quality of sleep might influence muscle
recovery®’ insufficient sleep may increase the occurrence of
musculoskeletal injuries in athletes'. Milewski et al. (2014)" using
subjective measures found that adolescent athletes who slept
less than 8 hours per night had a 1.7 increase in the risk of being
injured. Moreover, a recent study conducted with elite soccer
players showed that athletes with worse sleep quality presented a
greater amount and higher severity of musculoskeletal injuries®.

Although some studies have investigated the associations
between sleep and sports injuries, most of them used subjective
methods such as questionnaires to evaluate sleep. Thus, the
literature lacks information on whether some specific sleep
variables measured through objective instruments could predict
musculoskeletal injuries in adolescent athletes. In addition, it is
important to understand the sleep characteristics of adolescent
athletes and their patterns on school days and vacation periods since
it could have some implications for their training programs. The
aim of the present study is to estimate whether the quantity and
quality of sleep assessed by objective measures would be associated
with musculoskeletal injuries in adolescent athletes. Our secondary
aim is to compare the quantity and quality of sleep between the
training and competition seasons, and the school vacation period.

MATERIAL AND METHODS

The study was approved by the research ethics
committee of the Federal University of Minas Gerais on
number 64492016.8.0000.5149 and all athletes signed the free
and informed consent form.

Participants

The sample was obtained by convenience. Initially, we
recruited 30 athletes of both sexes (19 males and 11 females)
aged between 12 and 21 years, however, 11 athletes were excluded
from the final sample because they did not participate in all
procedures and/or did not use the wtist actigraph for more than
seven consecutive days. Thus, the final sample was composed
of 19 athletes (13 males and 6 females). They were recruited
from the track and field teams (categories - 100, 200, and 400
meters) of the Sports Training Center of the Federal University
of Minas Gerais and they participated in competitions at local,
regional and/or national level in the last 6 months.

Procedures and evaluation
Sleep

The sleep evaluations were performed in three
phases:

1. Phase 1 (August 2018) - mid-season of sports season.

2. Phase 2 (October 2018) - competitive period.

3. Phase 3 (January 2019) - school vacation period
maintaining sports training.

Sleep analysis was performed using an Actiwatch 2 wrist
activity monitor actigraph (Philjps Respironics®, Andover, MA),
an instrument that allows continuous monitoring of rest-activity
cycle in different populations™. In athletic populations, actigraphy
has been considered the preferred method to measure sleep
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objectively as it has minimal impact on sleep and training routines®.
The data collected by the wrist actigraph were stored in its
internal memory, then they were transferred to a computer
and analyzed through the software Action-W version 02,
Ambulatory Monitoring Inc®, in which a graphic record was
generated in the actogram of each athlete. The vatiables
analyzed by the device were time awake (TA), TST, sleep
latency (LAT), sleep efficiency (SE), and awakenings after
sleep onset (WASO). LAT is defined as the transition period
between wakefulness and sleep onset, and for all age groups the
recommended value for LAT is <15 minutes, which indicates
a good sleep quality®. SE is established as the petcentage of
the proportion between TST and the time that the individual
remains in bed, and the current recommendation for good
quality sleep is SE = 85%? WASO reflects sleep fragmentation,
and the literature recommends WASO values <20 minutes to
be considered good sleep quality?.

The athletes were instructed to wear the actigraph on
the non-dominant wrist and to use it continuously for 10 days
maintaining their usual sleep-wake pattern during the study
period. In addition, the athletes were asked to fill out a sleep
diary to record the sleep-wake cycle and to check when sleep
episodes and nap periods started and ended, as well as to record
the moments when the wrist actigraph was removed. The
procedures were the same in all three evaluation phases.

Musculoskeletal injuries

To characterize the athletes’ previous injuries, we used
a modified version of the Fédération Internationale de Foothall

Association (FIFA) questionnaire®

to collect the history of injury
considering the six months prior to the first sleep assessment.
The questionnaire modifications were made along with the
technical committee: 1) the question related to the practice of
football was removed: “Was it caused by contact or collision?”:

2, <

“with another player”; “yes, with the ball”; “yes, with another
object (specify)”; 2) three new questions were added. A question
regarding the practice of track and field: “Was the injury caused

2, <«

by a fall or contact?” with the following answers: “no”; “yes,

by fall”; “yes, contact with the barrier”; “yes, contact with

2,

another athlete”; “yes, contact with another object (specify).
In addition to a question about the withdrawal from sports
activities: “Did you need to interrupt sports activities?” with
the following answers: “total absence”; “partial restriction”;
“physiotherapeutic treatment without withdrawal from sport
activities”. Finally, a question regarding the physical therapy
assessment was also added: “Was the injury evaluated by a
physical therapist?” with the following answers: “no”; “yes”.
The questionnaire charactetizes each sports injury in relation

to the date of the event and the return to sport, part of the body,

Table 1. Sample characteristics (n=19).

injury type, medical diagnosis, recurtence, mechanism, and causes™.
According to Fuller et al. (2006)%, injury is conceptualized as
any physical complaint suffered by an athlete that results from
a training or a competition, regardless of the need for medical
attention and/or withdrawal from sports activities.

To record and monitor the occurrence of injuries, an
electronic form was used in which the athlete’s name, gender,
age, sport category and dominant limb were recorded. Regarding
injuries data, the classification, location, type, diagnosis,
recurrence, mechanism, time away from sports practice®, and
duration of physiotherapy treatment were recorded.

Statistical analysis

The descriptive analysis of the variables was presented
quantitatively, as well as the means and standard deviation were
calculated according to the data obtained. The variables related
to musculoskeletal injuries (previous injuries and occurrence of
injury) were settled as dichotomous variables (1 = yes; 2 = no).
The Shapiro-Wilk test was applied to verify the normality of
the data. With the purpose of estimating the prediction of
musculoskeletal injuries, it was performed a binary logistic
regression having as independent variables the variables related
to sleep such as TA, LAT, TST, SE, and WASO, after observing
the absence of multicollinearity by the value of r among the
variables. Finally, to compare the means of sleep variables, in the
three evaluation phases, variance analysis (ANOVA) of repeated
measures was used. When necessary, Bonferroni’s post hoc was
used. The significance level used was 0.05. The analyses were
performed in the software SPSS (version 20.0).

RESULTS

The characteristics of the sample are shown in Table 1.
Thirteen boys and six girls composed the final sample. In relation
to the school shift, 12 of them studied in the morning (07:30 to
12:00) and 7 studied at night (19:00 to 22:30).

Binary logistic regression was performed, using
sleep variables as independent variables, such as TA, LAT,
TTS, EF, and WASO. In this model, the dependent variable
was previous injuries and the occurrence of musculoskeletal
injuries, in a dichotomous way (1 = yes; 2 = no). This process
was repeated with the variables of phases 1, 2 and 3. According
to the logistic regression, the model containing WASO was
statistically significant [X*(1)=9.023; p=0.003; RNegelkerke=0.517]
with 84.2% of correct classification. WASO was a significant
predictor of previous injuries (OR=1.144) in phase 1. The
model containing the selected sleep-related variables (TA, TST,
and LAT) was statistically significant [X*(1)=6.472; p=0.011;
R2Negelkerke=0.422] with 78.9% of cotrect classification. TA was

Age (years) Body weight (kg) Height (m) BMI (kg/m?)

Weekly training frequency Sex School shift

16.89 £ 2.75 62.35 + 8.33 1.72 £ 0.11 211 £1.42

4.63 +0.77 13 male athletes 12 morning shift

6 female athletes 7 night shift

Notes: Values represented in mean and SD (£). Abbreviations: BMI = Body mass index.
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a significant predictor of the occurrence of musculoskeletal
injuries (OR=0.974) in phase 2.

Table 2 shows the descriptive results of the variables
related to musculoskeletal injuries in the group, such as the
number of injuries and physiotherapy sessions in all evaluation
phases (August 2018, October 2018, and January 2019).

After analyzing the injury form, variables such as the
need to be withdrawn from sports practice, the region and
side of the body that was injured, the mechanism of injury
and whether the injury had been caused by overuse or trauma
were collected during the three-month training period and the
vacation period (Table 3).

Viegas F, et al.

Table 4 describes the sleep variables in the three evaluation
phases. For TA, the results revealed an significant effect and it was
shown that the TA decreased significantly from phase 2 to phase
3 [Fes9=0.512; p=0.004]. For LAT, no statistically significant
differences were found between the phases [F0=1.678; p=0.201].
For the TST, the results revealed a time effect, so we can affirm that
the TST increased significantly from phase 2 to phase 3 [F39=5.062;
$=0.012]. For SE, no statistically significant differences were found
between the phases [F30=0.824; p=0.447]. For WASQ, the results
revealed a time effect. Furthermore, we observed that the WASO
decreased significantly between phases 1 and 2 [Fps=14.531;
»=0.001], and between phases 1 and 3 [F30=14.531; p=0.025].

Table 2. Descriptive data for the variables related to musculoskeletal injuries: number of injuries and number of physiotherapy sessions in phases 1, 2 and 3 (n=19).

Phase 1 Phase 2 Phase 3
Number of injuries 9 6 4
Number of physiotherapy sessions 23 23 5

Notes: Phase 1 = August 2018 (mid-season of the sports season); Phase 2 = October 2018 (competitive period); Phase 3 = January 2019 (end of sports season and school vacation period).

Table 3. Characteristics of retrospective and prospective injuries: withdrawal from sport practice, body part, body side, injury mechanism and overuse/trauma (n=19).

Characteristic of injuries

Relative frequency (%)

Withdrawal from sport practice Partial (7.4%)

Physiotherapeutic treatment without withdrawal from sports activities (92.6%)

Body region Neck/cervical (3.7%)

Lumbat/sacrum/pelvis (14.8%)

Shoulder/clavicle (7.4%)

Wist (3.7%)
Hip/groin (3.7%)
Thigh (29.6%)
Kaee (3.7%)

Leg/Achilles tendon (25.9%)

Ankle (7.4%)

Body side Dominant (44.4%)
Non-dominant (7.4%)
Bilateral (25.9%)

Not applicable (22.2%0)

Injury mechanism Fracture (3.7%)

Sprain/ligament injury (3.7%)

Stretch/tension/injury/muscle cramp (88.9%)

Tendon injury/rupture or tendinosis (3.7%)

Overuse/trauma Overuse (92.6%)

Trauma (7.4%)

Notes: Values represented in relative frequency (%o).

Table 4. Descriptive data for sleep variables - awake time, sleep latency, total sleep time, sleep efficiency, and wake after sleep onset during ten days of actigraphy

monitoring (n=19).

Sleep variables Phase 1 Phase 2 Phase 3 ?
Time awake (min) 957.29 + 69.33 980.72 *+ 68.48 924.1 + 63.62* 0.004
Sleep latency (min) 20.81 £ 10.48 24.16 £ 1351 184 % 13 0.201
Total sleep time (min) 433.01 £ 44.48 416.41 £ 46.44 453.1 £ 56.96* 0.012
Sleep efficiency (%) 82.5 £ 3.69 83.29 £ 6.53 84.25 £ 491 0.447
Wake after sleep onset (min) 46.03 £ 12.42 29.21 £ 9.95# 36.14 + 15.28# 0.001

Notes: Values represented in mean and SD (%) and relative frequency (%). Phase 1 = August 2018 (mid-season of sports season); Phase 2 = October 2018 (competitive period);

Phase 3 = January 2019 (end of sports season and school vacation period); * = Differs from phase 2; #Differs from phase 1.
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DISCUSSION

The aims of this study were to investigate the
association between the quantity and quality of sleep measured
objectively through actigraphy and musculoskeletal injuries in
adolescent athletes, and to compare the quantity and quality of
sleep between the training and competition seasons, and the
school vacation period. The results showed that WASO was
negatively associated and was able to predict the history of
previous injuries. An increase in TST and reduction of WASO
in the vacation period were observed, concomitant with the
reduction of musculoskeletal injuries in this period. In addition,
the athletes presented TST, LAT, SE, and WASO values

compatible with poor quality sleep in all evaluation phases?
After performing the logistic regression model, we found

that WASO was a significant predictor of previous musculoskeletal
injuries, as well as TA was a significant predictor of the occurrence
of musculoskeletal injuties. Corroborating our findings, Silva
et al. (2019)® found that 30% of the musculoskeletal injuries
were explained by WASO in a sample of elite soccer athletes.
Previous studies that used questionnaire to evaluated sleep found
through the logistic regression model that the adolescent athletes
who slept the recommended amount reduced the occurrence of
musculoskeletal injuties by 61%. Finally, it was observed that by
increasing one minute of TA, the athlete was 2.6 times less likely
to suffer a prospective musculoskeletal injury. As sports injury has
a multifactotial nature® the results of the present study reveal that
sleep can be one of the factors related to injury occurrence and
should be considered in adolescent athletes.

WASO represent sleep fragmentation. Our findings
raise concerns about the presence of complaints of several
episodes of awakenings during the night since they may be
associated with musculoskeletal injuries in adolescent athletes.
Thus, this is an important sleep variable to be taken into
consideration in sports practice by the staff professionals,
whether in adult athletes based on previous studies™ or also in
adolescent athletes based on the findings of this study.

When comparing the sleep variables between the
evaluation phases, we detected a significant reduction in
TA and WASO, and a significant increase in TST during the
school vacation period. Also, we found a lower number of
musculoskeletal injuries and physiotherapy sessions in that phase.
In the sports context, athletes are expected to have episodes of
sleep restriction especially due to the frequency, intensity, and
volume of training®, in addition to pre-competitive anxiety’,
possibly as occurred in the phase 2 of the present study when
they were in a competitive period. Furthermore, when dealing
with adolescent athletes, this becomes even more worrisome
due to a susceptibility to sleep alterations in this life period®™,
consideting that they must manage spotts and school demands®.

LAT, SE, and WASO are variables related to sleep
quality? and they wete measured in this study. The sleep
quality of adolescent athletes can be influenced by the
combination of school and sports commitments™ as well
as by their chronotype, depending on the schedules imposed
by society (e.g, training shift and school start time).

Sleep Sci. 2022;15(3):305-311

For example, adolescents presenting an eveningness chronotype
might have difficulties in waking up too eatly to study®. At
this stage of life, adolescents undergo several biopsychosocial
changes, including the sleep-wake cycle, and it is a phase of
constant development, in which sleep plays a crucial role®. Our
sample presented LAT, SE, and WASO values that characterize
their sleep as poor quality’. LAT is defined as the transition
period between wakefulness and sleep onset expressed in
minutes, and values =15 minutes indicates good sleep quality.
In phase 1, a mean LAT of 20.81 minutes was observed; in
phase 2, 24.16 minutes; and in phase 3 (vacation), 18.4 minutes.
In a study conducted with Brazilian soccer athletes the authors
found a mean LAT of 29.65 minutes”. Howevet, according
to Geotge and Davis (2013)*, during adolescence there is an
increase in LAT due to hormonal changes. In relation to SE,
values =285% are considered normal, in phase 1, mean SE of
82.5% was observed; in phase 2, 83.29%; and phase 3 (vacation),
84.25%. In recent studies, Brazilian elite soccer athletes had a
mean SE of 81.6%* and young American football athletes
showed a SE of 89.85%%. Regarding WASO, the literature
recommends WASO values =20 minutes to have a good sleep
quality®. The athletes of the present study presented in phase 1
a mean WASO of 46.03 minutes; phase 2, 29.21 minutes; and in
phase 3 (vacation), 36.14 minutes.

In addition, we found in phase 1 (training period) a
mean TST of 433.1 minutes, which is equivalent to 07h:13min; in
phase 2 (competitive period), 416.41 minutes, which is equivalent
to 06h:56min; and in phase 3 (school vacation/training petiod),
453.1 minutes, which is equivalent to 07h:33min. In all phases
the mean TST was below the 8 to 10 hours recommended by
The American Academy of Sleep Medicine'? and it was even
worse on school days. Due to the circadian alterations that
occur in this period of life, a reduction in TST is often seen
in this population®*. Particulatly in adolescence, they have
a preference for later bedtimes and to wake up late as well
which associated with the early morning school commitments,

it can impair their sleep™”’

. However, the chronotype can
also influence the sleep of adolescent athletes and those who
present an eveningness chronotype have a delayed sleep due to
biological and environmental factors®, which was not evaluated
by the present study and may have influenced our findings.
Accotding to McKnight-Eily et al. (2011)¥, the vast
majority of adolescents report insufficient sleep durations.
In the population of Brazilian adolescents, Bernardo et al.
(2009)* identified through subjective methods that about 39%
of adolescents had shorter sleep duration. More recent data
obtained by questionnaires showed that about 53% of Brazilian
adolescents tend to report a short sleep duration with an average
of less than 8 hours of sleep per night". In the present study
with an adolescent athletic sample, we found a sleep duration
of around 7 hours per night measured through an objective
instrument, which is consistent with those findings. In addition,
as showed by Fullagar et al. (2015)", athletes from individual
sports such as track and field tend to report poorer sleep
compared to team sports athletes, especially close to competitions.



The increase in TST found during the vacation period may be
due to the fact that there was no need to manage school and
sports commitments in that phase. According to Roberts et al.
(2009)*, environmental factors such as school demands tend
to significantly restrict the duration of sleep in adolescents.
Yet, the increase in sleep amount in adolescents duting school
vacation has already been observed in other studies in a Brazilian
population through subjective measures”. Regarding LAT and
SE, there were no significant differences between the evaluation
phases in adolescent athletes in our study, however, school is not
the only factor that could influence sleep and other sociocultural
aspects can have an impact on it".

Considering the results obtained in our study, adolescent
athletes and members of the sports staff should be aware of the
quantity and quality of sleep in this population and consider the
increased injury risk when athletes are in a condition of sleep
restriction and/or low quality of sleep in their training programs.

A possible limitation of the present study was only 6
months of follow-up; however, even in this short period it was
possible to record the occurrence of injuties. Moreover, injuries that
occurred outside the sports context may not have been captured in
the monitoring, Another possible limitation was the quantification
of sleep since naps were not taken into account as a source of
additional sleep, and only night sleep was considered. Finally, the
athletes’ chronotype (morningness, indifferent, or eveningness)
was not evaluated and it could influence their sleep quantity.

CONCLUSION

The quantity and quality of sleep is associated to the risk
of musculoskeletal injury in adolescent track and field athletes.
In addition, during the vacation period, adolescent athletes had
lower time awake, higher TST, and lower sleep fragmentation.
These findings emphasize the importance of sleep assessment in
the sports context and the impact sleep can have on health and,
consequently, on the performance of adolescent athletes. Thus,
sleep variables related to sleep quality should be considered by
professionals who deal with adolescent athletes, since they may
present associations with musculoskeletal injuries and might be
worse during school days.

ACKNOWLEDGEMENTS

The authors want to thank the Censro de Treinamento Esportivo
(CTE/UFMG), Centro de Estudos em Psicobiologia e Fxercicio (CEPE),
Centro Multidisciplinar em Sonoléncia e Acidentes (CEMS.A), Fundagao de
Amparo a Pesquisa do Estado de Minas Gerais (EFAPEMIG), Coordenagio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES — Finance code 001)
and Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPQ).

REFERENCES

1. Fullagar HHK, Duffield R, Skorski S, White D, Bloomfield J, Kolling S,
et al. Sleep, travel, and recovery responses of national footballers during
and after long-haul international air travel. Int ] Sports Physiol Perform.
2016;11(1):86-95. DOT: https://doi.org/10.1123/ijspp.2015-0012

2. Ohayon M, Wickwire EM, Hirshkowitz M, Albert SM, Avidan A, Daly
FJ, et al. National Sleep Foundation’s sleep quality recommendations:
first report. Sleep Health. 2017 Feb;3(1):6-19. DOL https://doi.
org/10.1016/j.s1eh.2016.11.006

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Viegas F, et al.

Halson SL. Nutrition, sleep and recovery. Eur ] Sport Sci. 2008;8(2):119-
26. DOT: https://doi.org/10.1080/17461390801954794
Dattilo M, Antunes HKM, Medeiros A, Monico Neto M, Souza HS, Tufik
S, Mello MT. Sleep and muscle recovery: endocrinological and molecular
basis for a new and promising hypothesis. Med Hypotheses. 2011
Aug;77(2):220-2. DOL https://doi.org/10.1016/j.mehy.2011.04.017
O’Donnell §, Bird S, Jacobson G, Driller M. Sleep and stress hormone
responses to training and competition in elite female athletes. Eur ]
Sport Sci. 2018 Feb;18(5):611-8. DOL https://doi.org/10.1080/17461
391.2018.1439535
Kivlighan KT, Granger DA. Salivary alpha-amylase response to
competition: relation to gender, previous experience, and attitudes.
Psychoneuroendoctinology. 2006 Jul;31(6):703-14. DOT: https://doi.
org/10.1016/j.psyneuen.2006.01.007
Veale JP, Pearce AJ. Physiological responses of elite junior Australian rules
footballers during match-play. ] Sports Sci Med. 2009 Sep;8(3):314-9.
Hainline B, Derman W, Vernec A, Budgett R, Deie M, Vorak J, et
al. International Olympic committee consensus statement on pain
management in elite athletes. Br | Sports Med. 2017;51(17):1245-58.
DO https://doi.org/10.1136/bjsports-2017-097884
Juliff LE, Halson SL, Peiffer JJ. Understanding sleep disturbance
in athletes prior to important competitions. ] Sci Med Sport. 2015
Jan;18(1):13-8. DOL: https://doi.org/10.1016/j.jsams.2014.02.007
Monico-Neto M, Dattilo M, Ribeiro DA, Lee KS, Mello MT, Tufik S, et
al. REM sleep deprivation impairs muscle regeneration in rats. Growth
Factors. 2017 Apr;35(1):12-8. DOTI: https://doi.org/10.1080/0897719
4.2017.1314277
Reilly T, Edwards B. Altered sleep-wake cycles and physical performance
in athletes. Physiol Behav. 2007 Feb;90(2-3):274-84. DOI: https://doi.
org/10.1016/j.physbeh.2006.09.017
Paruthi S, Brooks LJ, D’Ambrosio C, Hall WA, Kotagal S, Lloyd RM,
et al. Recommended amount of sleep for pediatric populations: a
consensus statement of the American Academy of Sleep Medicine. |
Clin Sleep Med. 20162;12(6):785-6. DOI: https://doi.org/10.5664/
jesm.5866
Paruthi S, Brooks LJ, D’Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et
al. Consensus Statement of the American Academy of Sleep Medicine
on the recommended amount of sleep for healthy children: methodology
and discussion. ] Clin Sleep Med. 2016b;12(11):1549-61. DOT: https://
doi.org/10.5664/jcsm.6288
Copenhaver EA, Diamond AB. The value of sleep on athletic performance,
injury, and recovery in the young athlete. Pediatr Ann. 2017 Feb;46(3):106-
11. DOI https://doi.org/10.3928/19382359-20170221-01
Segura-Jimenez V, Carbonell-Baeza A, Keating XD, Ruiz JR, Castro-
Pinero J. Association of sleep patterns with psychological positive
health and health complaints in children and adolescents. Qual Life Res.
2015;24:885-95. DOL: https://doi.org/10.1007/s11136-014-0827-0
Durmer JS, Dinges DE Neurocognitive consequences of sleep
deptivation. Semin Neurol. 2005;25(1):117-29. DOL:  https://doi.
org/10.1055/5-2005-867080
Milewski MD, Skaggs DL, Bishop GA, Pace JL, Ibrahim DA, Tishya W,
et al. Chronic lack of sleep is associated with increased sports injuries
in adolescent athletes. ] Pediatr Orthop. 2014 Mar;34(2):129-33. DOI:
https://doi.org/10.1097 /bpo.0000000000000151
Andrade MM, Benedito-Silva AA, Domenice S, Arnhold IJ, Menna-
Barreto L. Sleep characteristics of adolescents: a longitudinal study. J
Adolesc Health. 1993 Jul;14(5):401-6. DOI: http://doi.org/10.1016/
$1054-139X(08)80016-X
Roenneberg T, Kuchnie T, Pramstaller PP, Ricken ], Havel M,
Guth A, et al. A marker for the end of adolescence. Curr Biol. 2004
Dec;29(14):R1038-R9. DOL https://doi.org/10.1016/j.cub.2004.11.039
Louzada FM, Pereira SIR. Adolescents’ sleep/wake patterns and school
schedules: towards flexibility. Biol Rhythm Res. 2018 Jun;50(1):78-84.
DO https://doi.org/10.1080/09291016.2018.1491263
Taylor L, Chrismas BCR, Dascombe B, Chamari K, Fowler PM. The
importance of monitoring sleep within adolescent athletes: athletic,
academic, and health considerations. Front Physiol. 2016;7:101. DOI:
https://doi.org/10.3389/fphys.2016.00101
Patel AR, Hsu A, Perez IA, Wren TAL, Edison BR. Assessing the effects
of sleep on neurocognitive performance and injury rate in adolescent
athletes using actigraphy. Res Sports Med. 2020 Jan;28(4):498-506. DOI:
https://doi.org/10.1080/15438627.2020.1716229
Silva A, Narciso FV, Soalheiro I, Viegas F, Freitas LSN, Lima A, et al.
Poor sleep quality’s association with soccer injuries: preliminary data.
Int ] Sports Physiol Perform. 2019;15(5):671-6. DOL: https://doi.
org/10.1123/ijspp.2019-0185

Sleep Sci. 2022;15(3):305-311

310



The sleep of adolescent athletes

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Natale V, Plazzi G, Martoni M. Actigraphy in the assessment of insomnia:
a quantitative approach. Sleep. 2009 Jun;32(6):767-71. DOI: https://doi.
org/10.1093/sleep/32.6.767
Roberts SSH, Teo WP, Warmington SA. Effects of training and
competition on the sleep of elite athletes: a systematic review and
meta-analysis. Br J Sports Med. 2018;53(8):1-11. DO http://dx.doi.
org/10.1136/bjsports-2018-099322
Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr R, Dvorak |, et al.
Consensus statement on injury definitions and data collection procedures
in studies of football (soccer) injuries. Br ] Sports Med. 2006 Mar;40(3):193-
201. https://doi.org/10.1097/00042752-200603000-00003
Von Rosen P, Frohm A, Kottorp A, Fridén C, Heijne A. Too little sleep
and an unhealthy diet could increase the risk of sustaining a new injury
in adolescent elite athletes. Scand ] Med Sci Sports. 2017;27(11):1364-71.
DOI: https://doi.org/10.1111/sms.12735
Bittencourt NFN, Meeuwisse WH, Mendonga LD, Nettel-Aguirre A,
Ocarino JM, Fonseca ST. Complex systems approach for sports injuries:
moving from risk factor identification to injury pattern recognition —
narrative review and new concept. Br J Sports Med. 2016;50:1309-14.
DO http://dx.doi.org/10.1136/bjsports-2015-095850
Sargent C, Lastella M, Halson SL, Roach GD. The impact of training
schedules on the sleep and fatigue of elite athletes. Chronobiol Int.
2014 Sep;32(10):1160-8. DOL https://doi.org/10.3109/07420528.201
4.957306
Gradisar M, Gardner G, Dohnt H. Recent worldwide sleep patterns
and problems during adolescence: a review and meta-analysis of age,
region, and sleep. Sleep Med. 2011 Feb;12(2):110-8. DOI: https://doi.
org/10.1016/j.sleep.2010.11.008
Nedelec M, Aloulou A, Duforez F, Meyer T, Dupont G. The vatiability
of sleep among elite athletes. Sports Med Open. 2018 Jul;4(34):1-13.
DO https://doi.org/10.1186/s40798-018-0151-2
Owens JA, Dearth-Wesley T, Lewin D, Gioia G, Whitaker RC.
Self-regulation and sleep duration, sleepiness, and chronotype in
adolescents. Pediatrics. 2016 Dec;138(6):¢20163157. DOL: https://doi.
org/10.1542/peds.2016-1406
Bernardo MPSL, Pereira EF, Louzada FM, D’Almeida V. Dura¢ao do
sono em adolescentes de diferentes niveis socioeconémicos. ] Bras
Psiquiatr. 2009;58(4):231-7. DOT: http://dx.doi.org/10.1590/S0047-
20852009000400003

Sleep Sci. 2022;15(3):305-311

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

George NM, Davis JE. Assessing sleep in adolescents through a better
understanding of sleep physiology. Am ] Nurs. 2013 Jun;113(6):26-31.
DOT: https://doi.org/10.1097/01.naj.0000430921.99915.24

Burke TM, Lisman PJ, Maguire K, Skeiky L., Choynowski JJ, Capaldi VF,
et al. Examination of Sleep and injury among college football athletes.
The J Strength Cond Res. 2019 Mar;34(3):609-16. DOI: http://doi.
org/10.1519/JSC.0000000000003464

Thortleifsdottir B, Bjoérnsson JK, Benediktsdottir B, Gislason T,
Kristbjarnarson H. Sleep and sleep habits from childhood to young
adulthood over a 10-year period. ] Psychosom Res. 2002 Jul;53(1):529-37.
DOL https://doi.org/10.1016/50022-3999(02)00444-0

Mello I, Louzada F, Menna-Barreto L. Effects of school schedule
transition on sleep-wake cycle of Brazilian adolescents. Sleep Hypn. 2001
Jan;3(3):106-11.

Kansagra SM. Adolescent chronotype and self-regulation: the power of
when. Pediatrics. 2016;138(6):¢20163157. DOL https://doi.org/10.1542/
peds.2016-3157

McKnight-Eily LR, Eaton DK, Lowry R, Croft B, Presley-Cantrell L,
Perry GS. Relationships between hours of sleep and health-risk behaviors
in US adolescent students. Prev Med. 2011 Oct/Dec;53(4-5):271-3. DOL:
https://doi.org/10.1016/j.ypmed.2011.06.020

Felden EPG, Filipin D, Barbosa DG, Andrade RD, Meyer C, Louzada
FM. Factors associated with short sleep duration in adolescents. Rev
Paul Pediatr. 2016 Mar;34(1):64-70. DOL: http://dx.doi.org/10.1016/j.
rppede.2015.10.007

Fullagar HHK, Skorski S, Duffield R, Hammes D, Coutts AJ, Meyer T.
Sleep and athletic performance: the effects of sleep loss on exercise
performance, and physiological and cognitive responses to exercise. Sports
Med. 2015;45:161-86. DOT: https:/ /doi.org/10.1007/s40279-014-0260-0
Roberts RE, Roberts CRR, Duong HT. Sleepless in adolescence:
prospective data on sleep deprivation, health and functioning
J Adolesc. 2009 Apr;32(5):1045-57. DOL: https://doi.org/10.1016/j.
adolescence.2009.03.007

Sousa IC, Louzada FM, Azevedo CVM. Sleep-wake cycle irregularity
and daytime sleepiness in adolescents on school days and on vacation

days. Sleep Sci. 2009;2(1):30-5.



	_Hlk72568052
	baep-author-id2
	baep-author-id3
	baep-author-id4
	baep-author-id5
	baep-author-id6
	baep-author-id7

