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Abstract: Injury prevention in sports is critically influenced by cognitive factors, particularly sleep quality and cognitive
skills. Research has underscored the role of cognitive processes in injury risk and recovery, highlighting that inadequate
sleep and poor cognitive functioning can significantly elevate injury susceptibility. Despite the well-documented benefits
of adequate sleep and cognitive training in mitigating injury risk, access to sports psychology expertise is limited among
athletes and health care providers. This work reviews the literature on the effectiveness of cognitive skills and sleep
training in reducing sports-related injuries. Sleep affects musculoskeletal recovery, cognitive function, and immune
response, which may further exacerbate injury risk. Neurobiological processes during sleep are crucial for muscle repair,
cognitive function, and immune efficiency, all of which are integral to reducing the injury risk in athletes. Environmental
factors such as travel schedules, training intensity, and competitive pressures disrupt sleep and increase the risk of injury.
Cognitive Behavioral Therapy for Insomnia has shown promise in addressing sleep disturbances by improving sleep habits
and addressing cognitive distress related to sleep. In addition, cognitive skills training, including mental skills training and
mindfulness, enhances perceptual awareness, decision making, and reaction times, potentially reducing injury incidence
by improving cognitive and motor function. Evidence supports the pivotal role of sleep and cognitive skills in preventing
sports injuries. Interventions like Cognitive Behavioral Therapy for Insomnia and mental skills training can effectively
address these factors, suggesting that integrating these approaches into athlete training programs could significantly
enhance injury prevention strategies. Level of Evidence: Level V, expert opinion.
njury-prevention strategies are crucial for maintain-
1
Iing athletes’ health and performance longevity.

Research indicates that cognitive factors play a signifi-
cant role in injury occurrence and recovery.2 Quality
and quantity of sleep are known contributing factors
impacting cognitive and physiological factors, affecting
injury risk.3,4 Athletes often experience inadequate
sleep, with studies showing that approximately 28% of
student-athletes report sleep difficulties and nearly
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50% of elite athletes sleep less than the recommended
7 to 9 hours per night.5 Insufficient sleep correlates
with increased injury risk, with athletes who sleep less
than 7 to 8 hours per night being significantly more
prone to injuries.6,7 Despite the known benefits of sleep
and cognitive enhancement for preventing sport-
related injury, few athletes and health care providers
have access to experts in sport psychology who can
assist in training athletes to achieve high-quality sleep
and cognitive skills that reduce the likelihood of injury.
This article will review the literature on the benefits of
cognitive skills training and sleep training for reducing
injury risk in sports.

Prevalence of Sleep-Related Injury in
Athletes

Numerous studies indicate that athletes, especially
those in high-intensity training or competition periods,
often experience insufficient sleep.1,8-10 A survey of
elite athletes found that approximately 28% of student-
athletes reported difficulty sleeping.5 Additional studies
reported that approximately 50% of elite athletes
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Fig 1. Factors influencing sleep quality and recovery.
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reported poor sleep quality, with an average sleep
duration of less than the recommended 7 to 9 hours per
night, with football athletes reporting the least amount
of average hours sleeping.6,7,10,11 Studies consistently
show that athletes who sleep less than 7 to 8 hours per
night are at a greater risk of injury.12-14 A study on
adolescent athletes found that those who slept fewer
than 8 hours were 1.7 times more likely to get injured
than those who slept for 8 or more hours each
day.10,11,15 Researchers who have explored optimal
sleep quantity to reduce injury rates and improve per-
formance have commonly found athletes need between
8 and 10 hours of sleep per night depending upon
training and competition demands and other lifestyle
factors.16,17

Role of Sleep in the Likelihood of Injury
Although today’s athletes have access to extensive

training and evaluation tools aiding in their sport
development, one of the most critical variables often
remains overlooked by their coaches and
trainersdquantity and quality of sleep.4,6,18 Sleep has a
profound impact on musculoskeletal, cognitive, and
learning development.14 Importantly, each of these
factors mediate the relationship between sleep and
sport-related injury. During sleep, several neurobio-
logical, neuroendocrine, and neurocognitive processes
occur, which impact mental acuity, perceptual aware-
ness, reaction times, soft-tissue repair, and immune
function.10,11,19 Sleep is crucial for muscle recovery,
repair, and growth. During deep sleep stages, the body
releases human growth hormone, testosterone, and
prolactin, which facilitate tissue repair and muscle
growth, reducing the likelihood of overuse injuries and
improving the musculoskeletal systems’ response to
dynamic movement in sport.20 Poor sleep impairs
sensorimotor processes (balance), motor coordination,
and retention of newly learned motor skills.4,21 In
combination with reduced soft-tissue recovery rates,
these neuromuscular impairments dramatically in-
crease the risk of injury for otherwise-healthy
athletes.14,22

Similarly, during light stages of sleep, including REM
sleep, various neurocognitive processes occur to both
restore and build cognitive functions that directly affect
the likelihood of injury.14 During REM sleep memory is
consolidated, synaptic connections are built, and pro-
cedural memories (how to do things) are laid
down.23-25 When sleep is impaired either in quantity
(truncated) or quality (impaired sleep stages), these
neurocognitive processes are altered, impacting our
working memory function when awake and, for ath-
letes, performing in sport. Specifically, athletes experi-
ence a reduced ability to perceive and process
information in their environment, reaction times are
slowed, they are more distracted, tasks take longer to
complete, they are more emotionally impulsive, and
they are more likely to make high-risk decisions as they
overestimate the likelihood of a positive
outcomes.14,26-29

Finally, sleep deprivation can create problems related
to immune function. Immune cells peak in concentra-
tion during slow-wave sleep; therefore, when sleep is
truncated and or sleep stages are altered, immune
functioning is weakened.30,31 A weakened immune
function makes athletes more susceptible to illness and
prolonged recovery times, which can indirectly increase
injury risk and decrease recovery rates.14,32,33 As
demonstrated in Figure 1, dysregulation in sleep
pattern stemming from cognitive distress, poor sleep
habits, and sleep disorders can increase the risk of
injury in athletes.

Barriers to Sleep for Athletes
Although the benefits of sleep quantity and quality

are clear, there are still many environmental factors
and sleep disorders that place athletes at heightened
risk for sleep complications. Athlete travel schedules are
a leading cause of sleep disruption, causing chronic
sleep-related issues for athletes.28 Travel across time
zones can cause jet lag, and inconsistent sleep schedules
resulting from changing travel times can disrupt sleep
patterns like circadian rhythms which help regulate the
sleep process.34 In addition, Samuels34 found that
changing game times from afternoon to evening,
sometimes starting as late as 9 PM, has stimulating
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effects that prohibit athletes from falling asleep quickly
when it is finally time to go to sleep. Similarly, the in-
tensity and training load an athlete is experiencing can
cause physiological discomfort that also leads to sleep
disruptions. Finally, and perhaps most importantly, the
chronic stress caused by pressures related to competi-
tion, social approval, and performance anxiety can
create impairments in autonomic nervous system
(ANS) functioning and ruminative worry promoting
sleep-related disorders such as insomnia.14,35,36

Given the foundational nature of sleep to the neu-
rocognitive and perceptual performance and soft-tissue
recovery, it is clear ensuring effective sleep is the single
most critical cognitive prevention strategy to reduce
injury risk. Athlete schedules, stressors, and workload
all create significant boundaries to achieving efficient
and effective sleep at worst causing clinical sleep dis-
orders and at best reducing the overall quantity and
quality of sleep for athletes. These environmental bar-
riers prime athletes for sleep problems and disorders,
making cognitive behavioral training for insomnia a
key prophylactic intervention to reduce risk for sport-
related injuries.

Interventions to Improve Sleep
Cognitive Behavior Therapy for Insomnia (CBTi) is a

structured and evidence-based treatment strategy to
address sleep behavior challenges and clinical sleep
disorders. CBTi can be provided by licensed mental
health providers with specific training. In addition,
there are telehealth self-paced module CBTi treatment
interventions for the most determined and conscien-
tious patients. Herein, we will detail the theory behind
CBTi and the core components of pathogen CBTi with a
brief description of each intervention technique.
Two underlying factors have been identified within

the literature as the likely etiologic pathogens for
transient and clinical insomnia.37-40 The first potential
cause is cognitive distress, which prevents someone
from achieving a parasympathetic state and neuro-
cognitive brain wavelength conducive to falling
asleep.37,38 These worries may be because of personal
life stress or even just worry about getting enough sleep
or being able to fall asleep. Likewise, with a series of
sleepless nights, a person’s desire to get sleep and worry
about not getting it intensifies, further perpetuating the
problem.37,38,41 This is why cognitive interventions
become a central treatment strategy to alter unhelpful
thinking patterns that contribute to ongoing worry
about sleep.
The second potential cause is poor sleep habits and

behaviors (sleep hygiene), which cause dysregulated
circadian rhythms, making it difficult for the brain to
anticipate when sleep should happen and subsequently
mobilize the brain and body for sleep.37,39 Behaviors
contributing to poor sleep hygiene include irregular
bedtimes and wake times, engaging in stimulating ac-
tivities before bed, light exposure before bed or early in
the morning, and engaging in nonsleep-related activities
in your bed.37 Behavioral interventions target altering
these disruptive habits and creating increased consis-
tency improving hypothalamic-pituitary and neuro-
cognitive conditions that support high quality and
quantity sleep (Supplemental Figure 1).
It is critical to note that both behavioral and cognitive

factors impacting insomnia do so through the neuro-
biological arousal model.37 Specifically, thoughts and
stimulating behaviors induce activation in the sympa-
thetic branch of the ANS, which directly competes with
parasympathetic activation necessary for both falling
asleep and staying asleep.37,41-43 Therefore, cognitive
behavioral interventions like CBTi are intended to
improve relaxation and reduce the stimulation that
triggers the sympathetic nervous system.44 Because
cognitive and behavioral actions can trigger sympa-
thetic nervous system arousal, treatment must target
thoughts, somatic experiences, and behaviors to ach-
ieve successful outcomes.37,41

Cognitive interventions primarily target dysfunctional
beliefs about sleep that perpetuate the insomnia process
(Supplementary Figure 2).45 Specifically, cognitive
reframing is used to mine for the patient’s negative,
dysfunctional, or irrational beliefs about sleep and to
confront those beliefs with more rational statements
that reduce sleep pressure causing sympathetic activa-
tion. For example, a female patient who believes they
will not be able to perform successfully at all as the
result of missing 3 hours of sleep (from lying awake)
would challenge this thought by acknowledging all of
the times she did successfully perform on little sleep.
She would then be instructed to remind herself with a
cue statement, “I don’t need a perfect night’s sleep or
even great sleep to perform well.”
As the result of increasing psychoeducation for ath-

letes around the importance of sleep for sport perfor-
mance and training, along with wearable devices that
increase sleep awareness, sometimes to a level of
obsession, increasing numbers of athletes are losing
sleep over their worries about sleep. Lopes Dos Santos
et al.46 found that the pressures athletes feel from
themselves, their athletic trainers, coaches, and wear-
able devices often can trigger the stress that directly
prohibits achieving the necessary amount of activation
in the parasympathetic nervous system (PNS) to get to
sleep and stay asleep . The risks associated with
becoming obsessed with sleep, also referred to as
orthoinsomnia, should be part of good sleep education
programming and may need to be directly addressed in
CBTi with athletes.41,47

Given the onset of insomnia is often a direct byproduct
of personal or sleep stress and worry, which then triggers
ANS arousal in the PNS branch, combining cognitive
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interventions with autogenic training strategies is often a
very successful combination of interventions to reduce
time awake in bed.14,48-51 These types of somatic in-
terventions function to reduce physiological signs of
stress and activate the parasympathetic branch of the
ANS.43,52 Some techniques may include paced breathing
exercises, in which a person counts time on inhaling,
exhaling, and holding one’s breath. Guided relaxation
techniques like a body scan focused on letting go of any
tension notices, or progressive muscle relaxation where
one progressively tightens and relaxes muscle groups
throughout the entire body. These techniques pair well
with cognitive strategies to aid patients in observing
early success in treatment, increasing motivation, and
capitalizing on placebo effects, which inherently make
treatment more effective.52

Behavioral interventions to improve sleep quality and
quantity in CBTi begin with environmental conditions
and habits and become increasingly aggressive to
decondition associations that directly impact the ner-
vous system’s arousal states.37,41,53 During sleep hy-
giene education, patients explore all of the factors in
their sleep environment that may be prohibitive to
sleep, such as lighting, temperature, in-room distrac-
tions (animals or partners), bed comfort, and electronic
use. Along with the guidance of a treatment provider,
patients then develop a sleep game plan outlining a
sleep routine to remind their brain and body to wind
down sufficiently for sleep. Likewise, patients conduct
an inventory of their sleep environment to address any
barriers to sleep they can modify.
Often, good sleep hygiene and a sleep routine instills

the confidence in patients that they can get good sleep
to address transient bouts of insomnia; however, some
cases of clinical insomnia can be resistant and require
more aggressive strategies. One such strategy includes
stimulus control.54 Stimulus control uses principles of
classical conditioning to extinguish any associations the
brain and body have made between one’s bed and not
being able to sleep. Kim et al.52 report that those with
insomnia often lay in bed for long periods of time,
becoming increasingly agitated and activated, with their
beds becoming a trigger for stress when they lay down,
triggering a stress response instead of a relaxation
response in the ANS . Stimulus control reduces time
spent in bed awake or stressed by instructing patients to
get out of bed after 15 to 20 minutes awake and do
something relaxing until they feel drowsy again and
can try to return to their bed for sleep. They are
encouraged to continue this process until they suc-
cessfully fall asleep. This intervention uses the princi-
ples of classical conditioning to extinguish the
problematic association and can be effective for treating
both initial and middle parainsomnia.37

Similarly, another behavioral intervention sometimes
used in CBTi is paradoxical intention.53 During this
practice, the patient is instructed to try to stay awake as
long as possible. This has 2 mechanisms of action: first,
cognitively it reduces irrational beliefs about “needing
to fall asleep,” thereby reducing feelings of pressure that
are prohibitive to achieving a parasympathetic state.
Second, it increases the level of fatigue in a patient by
the time they do go to bed, reducing risks of negative
associations with the bed that result from lying
awake.37

For the most resistant forms of insomnia, sleep re-
striction may be prescribed. Sleep restriction includes
reducing the amount of time a person plans to sleep to
only the average amount of sleep they are currently
getting.55 The patient is then instructed to select a
bedtime that is that amount of hours before their
desired waketime. For example, if a person is only
sleeping an average of 5 hours per night because of
initial insomnia, and need to wake up at 6 o’clock in the
morning, they would be instructed to set a bedtime of
one in the morning to ensure they fall asleep quickly
and obtain consolidated sleep. In combination with
sleep hygiene practices, the patient is then gradually
instructed to increase their bedtime in increments to
slowly train their brain and body to sleep for longer
stretches and feel drowsy earlier and earlier in the
evening.
Sleep interventions should be a provider’s first line of

defense for reducing the risk of injury in large part due
to the tremendous impact sleep has on neurocognitive
function which is often the mediator for sport-related
injury.4,11,28,56 If a patient is sleeping sufficiently
already, additional cognitive training exercises can be
implemented to improve perceptual awareness,
response times, and decision making, which further
support the safety of athletes competing in sport.57
How Cognitive Skills Impact Injury Risk/
Prevalence

Cognitive training often is referred to as mental skills
training in the discipline of sport psychology is intended
to enhance the neurocognitive function of the central
and peripheral nervous system to improve outcomes in
sport performance.58 Specifically, the mental skills
trained are intended to directly impact functions like
decision-making, perceptual awareness, response and
reaction times, attention and focus, coping with pres-
sure, and better situational awareness.59,60 Although
one can infer the potential benefits of neurocognitive
training as a prophylactic for injury, limited research
exists to support this hypothesis. However, a prepon-
derance of the literature does indicate these neuro-
cognitive abilities play a role in being able to effectively
cope with the dynamic movements required in sport in
efficient and effective ways; likewise, it is these dy-
namic, fast-paced, and unpredictable factors that often
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lead to sport injury.58,61 Thus, one can assume if an
athlete has better neurocognitive abilities to support
responsiveness to dynamic and unpredictable sport
situations, they are more likely to be able to protect
their bodies from injury.61 Herein, we will outline the
key mental skills that directly impact decision making
under pressure, perceptual-awareness, and neurologic
responsiveness to incoming stimuli (see Table 1 for a
comprehensive summary). Addressing cognitive abili-
ties and mental skills are most critical to injury
prevention

Perceptual-Cognitive Skills
Perceptual cognitive abilities are intended to enhance

an athlete’s ability to read the environment, recognize
patterns, and decode and respond to incoming stimuli
more rapidly and accurately.58,60 Perceptual cognitive
skills are trained with mental skills such as visualization
and imagery, virtual reality, dual-task training, and
increased variability in practice conditions and sce-
narios. Visualization and imagery is the practice of
creating internal experiences that mimic real-life
competition scenarios. The psychoneuromuscular the-
ory underpins the practice of visualization and imagery,
which suggests that neurologic pathways for move-
ments and responses can be relatively charged during
the practice of visualization and imagery to increase
pathway efficiency. Similarly, virtual reality training
also allows the brain to increase repetition under vari-
able conditions to initiate motor learning without the
wear and tear of physical activity. Also, introducing
unusual variables into the practice environment allows
an athlete to build better mental maps, improving re-
action times and response times, as research shows
these psychomotor abilities in sport are a function of
improved visual scanning and pattern recognition
rather than the actual speed of neural
Table 1. Summary of the Various Cognitive and Arousal Regulatio
Improvement, Along With Their Related Training Methods and K

Skill Type Description

Perceptual-cognitive skills Enhances an athlete’s ability to read the
environment, recognize patterns, deco
respond to stimuli rapidly and accura

Attentional focus skills Ability to focus on critical information a
attention while ignoring distractions,
injury risk.

Decision-making skills Reduces sport injury risk by improving
decisiveness, reducing hesitancy, and
motor coordination.

Arousal regulation skill Managing nervous system arousal to ba
effects of autonomic nervous system
on central nervous system functions,
cognitive performance and injury pre
communication.58,62 This is pertinent, as mental map-
ping through mental imagery enables athletes to visu-
alize and rehearse movements without physical
practice, significantly enhancing their performance by
simulating real-life actions.63,64 This technique is
effective for athletes of all ages and skill levels, aiding in
the development of functional representativeness and
better performance outcomes.65

Furthermore, during dual-task training athletes are
asked to perform a cognitive task at the same time they
complete a physical task, which has been demonstrated
to improve focus and decision making under pressure.
For example, a study by Faubert and Sidebottom66

found that athletes who engaged in dual-task training
had better performance and were less prone to injuries
during high-pressure situations.

Attentional Focus Skills
The ability to attend to critical information, sustain

attention over a lengthy and taxing competition or
practice period, and drive out irrelevant distractions has
been shown to impact injury-related risks in sport.59,60

Specifically, several studies have found that athletes
with greater cognitive function scores had a lower
incidence of sports-related concussions.60,67-69 The
mechanism of action believed to mediate the relation-
ship between attentional control and sports-related
injury is enhanced situational awareness and better
cognitive recognition.
Skills used to train attention and focus include con-

centration exercises, such as concentration grids, in
which a large box contains a grid with the numbers 1-
50 or 1-100 randomly scattered in each small box across
the grid. To complete the exercise, a participant must
cross off each number in order until they finish timing
themselves and competing for better times with each
trial. Memorization, trying to attend closely to small
n Skills Involved in Sports Injury Prevention and Performance
ey Supporting Studies

Training Methods

de, and
tely.

Visualization and imagery, virtual reality, dual-task
training, increased variability in practice.

nd sustain
impacting

Concentration exercises (grids, memorization),
mindfulness training shifting focus (internal vs
external).

enhancing
Timed decision-making drills under conditions,

arousal regulation technique (breathing control),
self-talk, observation of success, and
visualization.

lance the
responses
improving
vention.

Breath control techniques (diaphragmatic
breathing, box breathing, 4:6 breathing),
autogenic training (progressive muscle
relaxation, guided relaxation), mindfulness
meditation, biofeedback training (heart rate
variability, heart rate, skin conductance, etc.).
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details of an object for a set amount of time, and/or
trying to shift attention from an internal focus on your
inner thoughts and feelings or to an external focus on
things in your surroundings both broadly or more
narrowly are all concentration exercises that can be
practiced to improve attentional control.70,71

Perhaps the most widely supported evidence-based
training method for improving attention and focus is
mindfulness training.72 Through various mindfulness
training exercises, a participant works to draw attention
to something specific like his or her breathing, tracking
all of the sensations in the moment, noticing when
attention has drifted and gently without self-judgment
returning attention to the object of focus the
breath.70,71 Repetitive deliberate mindfulness practice
has been shown to improve concentration, sustained
attention, mental flexibility, and the ability to re-focus
quickly.72

Decision-Making Skills
Important to reducing sport injury risk attributable to

neurocognitive factors is improved decisiveness. Often,
injuries are a result of hesitancy, which places the body
in odd positions, increases muscle tension, slows reac-
tion times, and decreases confidence, which in turn
impairs motor coordination during dynamic sport situ-
ations.59-61,68-70,73,74 Similar to other cognitive skills,
decisiveness can be improved with targeted mental
skills training.75 For example, mental training drills in
practice that require timed decision making under
increasingly stressful conditions and variable levels of
distraction are an excellent way to improve decisiveness
while balancing accuracy. Importantly, to aid the
athlete in coping with these conditions effectively
arousal regulation and concentration skills, like breath
control and verbal cueing, are a necessary foundation
for these drills to improve skills rather than undermine
confidence. Likewise, confidence itself can be addressed
with mental skills training strategies like self-talk,
observation of vicarious success, and visualization,
which in turn also supports increased decisiveness and
motor control/coordination.73,76

Arousal Regulation Skills
Attentional control, decision making, and perceptual

cognition rely on managing nervous system arousal to
balance the effects of ANS responses on central nervous
system functions.61 Effective regulation of arousal en-
sures that ANS influences, such as stress or relaxation,
are appropriately integrated, enabling optimal cognitive
performance and decision-making. This interplay be-
tween the ANS and central nervous system is crucial for
athletes seeking to maintain focus, process information
accurately, and make well-informed decisions on and
off the fields of play. Yerkes and Dodson77 demon-
strated the Kuznets curve, often referred to as the
inverted-U, relationship between ANS arousal and
performance. Specifically, this seminal study explained
that as the sympathetic nervous system (SNS) is acti-
vated we see an enhancement in neurocognitive and
neurophysiological performance, specifically, with
increasing doses of norepinephrine and epinephrine the
brain and body are mobilized for fast and efficient ac-
tion, attention narrows, we become increasingly alert,
and our body delivers more blood and oxygen to our
muscles. It is easy to see why this activation of our SNS
can be very beneficial to sport performance and
reduction in injury risk; however, as we become
increasingly stressed and/or anxious, we receive larger
doses of norepinephrine and epinephrine, which results
in more intense SNS responses triggering our instinct to
run, fight, or freeze, which is not helpful to perfor-
mance and actively detrimental to the key cognitive
and physiological tasks necessary to protect oneself
from injury. Specifically, our digestive system shuts
down, causing nausea and reducing the body’s ability to
distribute nutrients needed to the body, our pupils
dilate, and attention narrows to a point where we can
no longer perceive and track visual stimuli in our pe-
riphery; similarly, our ability to perceive sounds is
blunted, we receive so much oxygen to our muscles in
such a short time we deplete our energy stores very
quickly, preventing us from having needed energy late
in performance.60,61,70 Intuitively, we can infer these
impairments to one’s perceptual-cognitive abilities,
situational awareness, and decision-making will nega-
tively impact an athlete’s ability to protect oneself from
injury.
Although the ANS is generally functioning outside of

conscious awareness, the field of sport and performance
psychology has developed mental strategies and skills
that have been found to directly impact an athlete’s
ability to up-regulate and down-regulate the ANS to
achieve optimal neurocognitive and neurophysiological
conditions for performance.78 The most efficient and
effective way to consciously regulate the ANS is via
breath control, specifically balancing inhales and ex-
hales to either increase or decrease arousal.78 Breath
strategies for activating the PNS and down-regulating
the SNS specifically include (1) diaphragmatic breath-
ing, which emphasizes breathing deep into the belly/
diaphragm and equalizing the inhale with a long slow
and complete exhale; (2) low and slow breathing,
which also emphasizes breath pacing focused exclu-
sively on elongating each breath and attempting to
reduce the total number of breaths per minute; (3) 4:6
breathing, which emphasizes the importance of the
exhale for activating the PNS effectively by inhaling for
4 seconds and exhaling for slightly longer 6 seconds;
and (4) box breathing, also a paced breathing technique
in which the athlete uses breath holds along with in-
hales and exhales of in for 4, hold for 4, out for 4, and
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again hold for 4. Zaccaro et al.78 communicate the
advantage of breath techniques is that they can be
performed for brief periods of time or longer periods in
a dose-response fashion to down-regulate a little, or a
lot.
In addition to breath techniques, autogenic training

such as progressive muscle relaxation or guided relax-
ation as well as meditation techniques like mindfulness-
based training can have a direct impact on global ANS
function via increasing overall balance between the
SNS and PNS.79 In progressive muscle relaxation, an
athlete is guided verbally through a process of system-
atically contracting and releasing muscle groups to
reduce neuromuscular messages that impact SNS acti-
vation. In guided relaxation, the athlete is guided
through various imagery or visualization practices that
also reduce neuromuscular tension. During mindful-
ness meditation, athletes are guided through a medi-
tation practice focused on the ability to stay present in
the moment, which reduces cognitive anxiety regarding
future fears that trigger an SNS response. Although
breathwork can be used actively during performance,
these types of trainings are typically done pre- or
postcompetition or practice.
Finally, aiding athletes in improving their interocep-

tive awareness of ANS activity can also allow for crea-
tive self-guided interventions and skills to improve ANS
regulation. The means of doing so are via biofeedback
training modalities during which an athlete’s biological
ANS responses are measured and made visible to the
athlete for them to play with different strategies and
determine which strategies are most effective for
consciously influencing their ANS. Biofeedback uses
biological measurement technology to assess things like
heart rate variability, skin conductance, breaths per
minute, heart rate, skin temperature, and blood pres-
sure. Given the critical role of the ANS for optimizing or
undermining the neurocognitive functions critical to
self-protection from injury, similar to sleep, almost any
mental skills program designed for injury prevention
should include ANS management skills.

Conclusions
A broad body of literature supports the importance of

neurocognitive abilities in protecting an athlete from
injury.2,19,21,58,60,68,80 Similarly, a preponderance of
evidence indicates sleep is the bedrock for the effective
functioning of one’s neurobiology and neurophysiology
and sleep disturbances create direct limitations on these
abilities.3,10,14,37 Likewise, research strongly supports
the negative impact of sleep deprivation on both ath-
letic performance and injury risk directly.2,3,8,9,13-15,41

In contrast, there is a limited amount of research
exploring the direct effects of mental skills training on
reducing injury risk in sport.73,79 However, given the
evidentiary support that mental skills training does
improve neurocognitive and neurophysiological func-
tions directly tied to perceptual acuity in sport and that
these functions have been proven to directly influence
injury risk, it is safe to infer mental skills training is
likely to be an aid in addition to other physiological
strategies in preventing injury.66 Noting that mecha-
nisms to reduce injury include improved sleep and
optimal neurocognitive skills and numerous evidence-
based interventions exist to improve and optimize
sleep and neurocognitive abilities offering sleep and/or
mental skills training interventions prophylactically to
athletes may be an effective way to reduce the risk of
injury.13-15,59,69,70,81 Specific interventions could
include CBTi, visualization and imagery, mindfulness
training, autogenic training, autogenic training, and
modification of sport drill to improve perceptual-
cognitive skills.14,41,61,66,71-74
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