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Aim: Sleep and physical activity are two important lifestyle factors that
significantly influence overall health and wellbeing. This comprehensive
review aims to provide a detailed understanding of the interplay between
sleep and physical activity habits.

Methods: A narrative review was conducted through a comprehensive
assessment of primary and secondary sources, incorporating scientific
publications from databases such as MedLine, Cochrane, Embase, PsychINFO,
and Cinahl. The inclusion criteria focused on studies published between
2000 and 2025, addressing topics such as physical activity, sleep quality,
sleep disorders, energy balance, and related health outcomes. Exclusion
criteria included gray literature, unpublished studies, books, conference
proceedings, and dissertations.

Results: The results highlight the complex bidirectional relationship between
sleep and physical activity. Regular physical activity improves sleep quality and
duration, while adequate sleep enhances physical activity performance and
recovery. Sleep disorders negatively affect physical activity engagement, but
interventions involving exercise demonstrate significant potential in mitigating
these effects.

Conclusions: In conclusion, understanding the multifaceted interactions
among sleep, physical activity, and nutrition is crucial for promoting overall
health and wellbeing. Future research should leverage advancements in
wearable technology, personalized interventions, and precision medicine
approaches to optimize these interrelated behaviors and their health impacts.
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1 Introduction

Sleep and physical activity are fundamental lifestyle factors
that significantly influence overall health and wellbeing (1).
Understanding the interplay between sleep and physical activity
habits is crucial for developing effective strategies to enhance
health outcomes. Numerous studies have explored the complex
these their
bidirectional nature and the intricate mechanisms underlying

relationship  between behaviors, highlighting
their interactions. Research has shown that physical activity can
have a substantial impact on sleep quality and duration. Regular
physical activity has been associated with improved sleep
outcomes, including enhanced sleep efficiency (SE), reduced
sleep latency, and increased total sleep time (2, 3). In addition,
higher levels of physical activity have been linked to a decreased
risk of developing sleep disorders such as insomnia (4).
However, the timing, intensity, and duration of physical activity
can influence sleep, with vigorous exercise close to bedtime
potentially disrupting sleep (5).

Conversely, sleep plays a crucial role in physical activity
performance and recovery. Adequate sleep duration and quality have
been associated with better athletic performance, cognitive function,
and motor skills (6, 7). Insufficient sleep, on the other hand, can lead
to decreased exercise capacity, impaired reaction time, and increased
injury risk (8, 9). Moreover, sleep has been shown to affect the
physiological processes involved in postexercise recovery, including
muscle repair and glycogen restoration (10). Furthermore, the
relationship between sleep and physical activity extends to the
regulation of energy balance and weight management. Sleep
deprivation (SD) has been associated with alterations in appetite-
regulating hormones, such as increased ghrelin levels and decreased
leptin levels, leading to increased food intake and a higher risk of
obesity (11). Physical activity can modulate these hormonal profiles,
potentially mitigating the negative effects of sleep deprivation on
energy balance and weight control (12).

Importantly, sleep disorders can significantly impact physical
activity engagement and performance. Conditions such as
obstructive sleep apnea have been associated with reduced physical
activity levels and exercise capacity (13). Conversely, physical
activity interventions, including exercise training and physical
therapy, have shown promise in improving sleep quality and
reducing the risk of sleep disorders (14, 15). The complex
relationship between sleep and physical activity involves multiple
underlying mechanisms. Circadian rhythms, hormonal regulation,
and neural pathways play key roles in coordinating the interactions
between these behaviors (16, 17). Moreover, nutrition has emerged
as a significant factor that can influence both sleep and physical
activity outcomes (18). Optimal dietary patterns and nutrient
intake can support healthy sleep and physical activity, while
inadequate nutrition can impair performance in both domains.

To comprehensively understand the interplay between sleep
and physical activity habits, this review synthesizes existing
knowledge across a variety of research domains. We will explore
the impact of physical activity on sleep quality and duration, the
effects of sleep on physical activity performance and recovery,
and the role of sleep in energy balance and weight management.
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In addition, we will investigate the influence of sleep disorders
on physical activity engagement and the potential benefits of
physical activity interventions for improving sleep outcomes.
Moreover, we will examine the impact of timing, intensity, and
duration of physical activity on sleep, and the reciprocal effects
of sleep duration and quality on physical activity. Furthermore,
we will delve into the potential underlying mechanisms,
including circadian rhythms, hormonal regulation, and neural
pathways. The interrelationships between nutrition, sleep, and
physical activity will also be explored, along with potential
synergies for intervention strategies. Lastly, we will highlight
future perspectives, such as advancements in wearable
technology, personalized interventions, and precision medicine
approaches, to further enhance our understanding and optimize
the interplay between sleep and physical activity habits.
Narrative reviews are essential for academic knowledge as they
provide a comprehensive understanding of a topic, integrate diverse
evidence sources, stimulate critical analysis, identify research gaps,
and guide future investigations. Unlike systematic reviews,
narrative reviews capture the breadth and depth of a subject,
serving as valuable educational tools and facilitating knowledge
acquisition. They excel at synthesizing qualitative and quantitative
research, fostering discussions, generating hypotheses, and
proposing theoretical models. Moreover, narrative reviews adapt
to evolving research, ensuring relevance and contributing to the
advancement of knowledge across various academic disciplines.
To achieve the objectives of this narrative review, a
comprehensive assessment was conducted, incorporating
primary sources, such as scientific publications, and secondary
sources, such as bibliographic indexes, web pages, and databases.
The primary focus of this narrative review was to gain a
thorough understanding of the intricate relationship between
The

encompassed English manuscripts published between 2000 and

sleep and physical activity habits. search criteria

2025, except for classic literature, while excluding gray literature.
additional
retrieved articles, practice guidelines, editorials, and letters. To

Furthermore, references were sought through
encompass the multifaceted nature of mental health, a range of
databases including MedLine, Cochrane, Embase, PsychINFO,
and Cinahl were utilized. Studies addressing topics related to
nutrition, physical activity, sleep, sleep quality, sleep disorders,
physical performance, recovery, activity habits, medicine, and
wearable technology were included. Exclusion criteria consisted
of research falling outside the specified time, topics beyond the
scope of this review, and unpublished studies, books, conference
proceedings, abstracts, and dissertations. We extracted the
information and allocated the data based on our respective areas

of expertise.

2 Physical activity as a modulator of
sleep: effects, mechanisms, and
exercise prescription

Sleep is a fundamental component of physical and mental
health, with current recommendations suggesting a minimum of
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7 h of sleep per night for adults to support optimal functioning. In
recent years, growing evidence has highlighted physical activity as
a key behavioral factor capable of modulating sleep quality and, to
a lesser extent, sleep duration, reinforcing the bidirectional
relationship between these two lifestyle behaviors (19).

2.1 Effects of physical activity on sleep
quality and duration

A substantial body of evidence supports the beneficial effects
of physical activity on sleep, particularly on subjective sleep
quality. A meta-analysis demonstrated that exercise interventions
consistently improve sleep quality across diverse populations.
Acute exercise has been associated with modest improvements
in sleep onset latency (SOL), sleep efficiency, slow-wave sleep
(SWS), and wake time after sleep onset, whereas chronic
exercise appears to exert small-to-moderate benefits on sleep
quality and more limited effects on total sleep time (20, 21).

Importantly, accumulating evidence suggests that physical
activity is more strongly and consistently associated with
improvements in sleep quality than sleep duration. While sleep
duration and quality are conceptually related, they appear to be
partially independent constructs, and improving sleep quality
may represent a more achievable and clinically relevant target
for exercise-based interventions.

2.2 Underlying mechanisms linking
exercise and sleep

The sleep-promoting effects of physical activity are mediated
through multiple, interacting physiological mechanisms. Exercise
influences  hypothalamic-pituitary-adrenal axis regulation,
autonomic balance, circadian rhythmicity, and neuroendocrine
signaling, all of which play critical roles in sleep regulation (22).

Regular physical activity contributes to improved circadian
alignment and sleep-wake regularity, potentially reducing stress-
related hyperarousal and attenuating cortisol dysregulation
associated with sleep disruption. In addition, exercise-induced
increases in neurotrophic factors such as brain-derived
neurotrophic factor and insulin-like growth factor have been
linked to enhanced neuroplasticity, reduced inflammation, and
improved cognitive and emotional regulation, which may
indirectly support better sleep quality (23, 24).

Other

modulation of thermoregulation and inflammatory signaling.

proposed mechanisms include exercise-related
Moderate elevations in body temperature following exercise may
facilitate subsequent nocturnal temperature downregulation,
promoting sleep onset and slow-wave sleep. Similarly, exercise-
induced changes in inflammatory cytokines appear to follow a
dose-dependent pattern, whereby moderate activity supports
restorative sleep, whereas excessive exercise loads may disrupt
sleep continuity. Overall, no single mechanism fully explains the
effects  of highlighting ~ the
multifactorial nature of this relationship.

sleep-enhancing exercise,
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2.3 Physical activity as a non-
pharmacological intervention for sleep
disorders

Beyond general sleep enhancement, physical activity has
emerged as a promising non-pharmacological strategy for
improving sleep disturbances and reducing the burden of
sleep disorders. Insomnia and obstructive sleep apnea (OSA)
are among the most prevalent and costly sleep disorders,
affecting a substantial proportion of the adult population
(25).
effects on

Exercise interventions have demonstrated beneficial

sleep quality, daytime functioning, and
cardiometabolic health in individuals with sleep disorders,
their

treatment option.

reinforcing role as an adjunctive or alternative

In particular, moderate-intensity exercise has been associated
with improvements in sleep architecture and symptom severity
in individuals with obesity-related OSA, potentially through
reductions in body mass index, improvements in respiratory
function, and enhanced upper airway muscle tone. Evidence
regarding restless legs syndrome remains more limited, but
emerging intervention studies suggest that regular, moderate
exercise may reduce symptom severity and improve sleep quality

in affected individuals (25).

2.4 Exercise prescription: timing, intensity,
and dose

While physical activity generally exerts beneficial effects on
sleep, the timing, intensity, and volume of exercise appear to
modulate these outcomes. Observational and experimental
studies indicate that moderate-intensity exercise is consistently
associated with improved sleep quality, whereas high-intensity
exercise performed close to bedtime may delay sleep onset and
reduce sleep efficiency in some individuals. However, recent
systematic reviews suggest that evening exercise does not
universally impair sleep, particularly when completed sufficiently
bedtime and

and chronotype.

before tailored to individual tolerance

Exercise intensity appears to play a more critical role than time
of day, with moderate-intensity sessions generally yielding the
most favorable sleep outcomes.

Current physical activity

guidelines—recommending at least 150 min per week of
moderate-intensity or 75 min per week of vigorous-intensity
exercise—are associated with small-to-moderate improvements
in subjective sleep quality (26), with greater benefits observed
when exercise volume or intensity slightly exceeds minimum
recommendations (27, 28).

Nevertheless, excessive exercise duration or volume may
surpass an individual threshold and negatively affect sleep,
underscoring the importance of personalized exercise
prescription. Aerobic, resistance, and mind-body activities
such as and Pilates have all

walking, yoga, tai chi,

demonstrated sleep-enhancing effects, allowing flexibility in

frontiersin.org


https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

intervention design based on individual preferences and clinical
context (29).

2.5 Strength of evidence, inconsistencies,
and research gaps

Overall, the evidence supporting a positive association
between physical activity and sleep quality is relatively robust,
particularly for subjective sleep outcomes and moderate-
intensity exercise interventions in adult populations. Meta-
analyses and randomized controlled trials consistently indicate
improvements in sleep quality, sleep onset latency, and sleep
efficiency following regular physical activity, supporting a
clinically meaningful relationship. In contrast, evidence linking
physical activity to changes in sleep duration is less consistent,
with generally small or null effects reported across studies
(23, 28, 30).

Despite these strengths, several inconsistencies remain in the
literature. Findings related to exercise timing, intensity, and
volume are heterogeneous, with some studies reporting sleep-
disruptive effects of late or high-intensity exercise, while others
observe neutral or even beneficial outcomes. These discrepancies
are likely influenced by methodological differences, individual
factors such as chronotype and fitness level, and variations in
sleep assessment methods, limiting direct comparability across
studies (31, 32).

Important gaps also persist regarding causality and
population-specific effects. Much of the existing evidence is
observational, precluding definitive conclusions about causal
pathways between physical activity and sleep. Moreover, most
intervention studies have been conducted on healthy adults,
with comparatively limited data in older adults, adolescents,
clinical populations, and individuals with sleep disorders. Sex-
specific responses, long-term adherence, and interindividual
variability in responsiveness to exercise-based sleep
Although

emerging evidence suggests sex-specific responses to exercise—

interventions remain underexplored (33, 34).
sleep interactions, with aerobic exercise appearing particularly
effective for improving sleep quality in women, the role of
hormonal status and long-term sleep recovery remains
insufficiently explored. Moreover, while short-term exercise
interventions (8-12 weeks) reliably improve sleep outcomes,
maintaining long-term adherence poses a major challenge,
with benefits often diminishing over time in the absence of
continued support. Finally, interindividual variability in sleep
responses to exercise remains poorly understood, as recent
work suggests that natural within-subject fluctuations may
exceed true physiological responsiveness, underscoring the
need for more rigorous, long-term and personalized
intervention studies (35, 36).

Finally, there is a need for greater consistency and rigor in
intervention design. Future studies should adopt standardized,
objective measures of both physical activity and sleep,
incorporate sufficiently long follow-up periods, and explicitly

account for moderating factors such as baseline sleep status,
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chronotype, and comorbidities. Addressing these gaps will be
essential to advancing personalized, evidence-based exercise
prescriptions aimed at optimizing sleep health.

3 The effects of sleep on physical
activity performance and recovery

Numerous studies have shown that adequate sleep duration and
quality are closely linked to improved physical activity development.
Hence, adequate rest allows the body to recover and repair itself,
leading to enhanced physical performance and skill acquisition.
During sleep, the brain consolidates memories and motor skills
acquired during physical activity. In turn, sufficient sleep facilitates
the encoding and integration of new movement patterns,
enhancing motor learning and coordination (37, 38). Moreover,
sleep plays a critical role in hormonal regulation, including the
secretion of growth hormone (GH), which is essential for muscle
growth and tissue repair. Adequate sleep promotes optimal
hormone balance, facilitating the development of lean muscle mass
and overall physical performance (39).

Several authors have highlighted the detrimental impact of
sleep loss on exercise performance. Sleep loss has been shown
to exert a harmful effect on individuals, with numerous adverse
consequences documented due to sleep deprivation. Thus, sleep
deprivation involves a reduction in muscular strength and
endurance (40, 41),
including decreased motivation levels and increased perceived
effort (42-44), processing
developments, such as diminished fine motor skills (45). Other

a modification in emotional mood,

and alterations in cognitive
authors have described the negative impact of sleep deprivation
on strength. In a study conducted of judokas, partial sleep
deprivation timed at the end of the night decreased muscle
strength and power during short-term maximal performances
(46). It has also been described that sleep deprivation may have
an adverse impact on endurance. Recent research has shown
that total sleep deprivation in cyclists can impair prolonged
self-paced endurance performance by approximately 10% for a
duration of around 60 min (47). This highlights the significant
impact sleep deprivation can have on an individual’s ability to
sustain endurance activities at a high level. Similarly, in a study
conducted in military populations, it was observed that partial
sleep deprivation can increase both cardiorespiratory and
psychological strain, ultimately limiting an individual’s capacity
for high-intensity endurance activities (48). Sleep disruption has
also been negatively related to a reduction in aerobic power. In
one study, athletes completed cycling tests under different sleep
conditions, including normal sleep, partially deprivation (4 h),
and complete sleep deprivation. Aerobic performance was
impaired by 11.4% under complete deprivation and 4.1% under
partially deprivation (49). Sleep deprivation negative impacts
tasks requiring a high level of precision. For example, in a
study of dart-throwing athletes, sleep deprivation was associated
with diminished alertness, increased fatigue, and small but
measurable declines in performance (45).
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On the topic of physical recovery, several researchers have
pointed out how sleep loss could have a negative impact.
Optimal recovery is essential for repairing damaged tissues,
replenishing energy stores, and adapting to the physiological
demands of exercise. Sleep deprivation disrupts these recovery
processes, compromising the body’s ability to repair and restore
itself after physical activity. These findings may be explained by
the fact that sleep disruption may compromise GH release,
which has been extensively related to sleep regulation (50).
During sleep, the body releases GH, which plays a crucial role
in tissue repair and muscle growth. However, inadequate sleep
can disrupt the normal secretion of GH, impairing the body’s
ability to recover effectively. Recent literature has emphasized
the key role that GH plays in regulating protein anabolism (51).
This mechanism is mediated through IGF1-dependent endocrine
and paracrine processes, as well as IGF1-independent pathways.
The overall impact of GH on whole-body protein metabolism
involves the redirection of amino acids toward synthesis, while
reducing their irreversible oxidative loss. However, it is
important to note that the effects of GH on different tissues
vary, with distinct impacts on muscle tissue compared to extra-
muscular tissues. In addition to its effects at the protein level,
GH also involves metabolic processes, which promote energy
production in muscle cells through different biochemical
GH has
glycogenolysis and gluconeogenesis as well as stimulating lipid

sources. Hence, been described as enhancing
oxidation and diminishing carbohydrate utilization (52, 53).
Moreover, apart from GH activity, sleep deprivation can also
impact glycogen replenishment, which is vital for restoring
energy stores in the muscles and liver. Hence, glycogen serves as
a readily available source of glucose when the body requires
energy. In one study, 10 athletes underwent 30h of sleep
deprivation  during consecutive-day  intermittent  sprint
performances, after which their muscle glycogen content was
examined. The study involved a single-day “baseline” session,
followed by two consecutive-day experimental trials. These trials
were separated by either a normal night’s sleep or a period of
no sleep. As a result, individuals who were sleep deprived had
significantly reduced muscle glycogen rates compared to those
who had sufficient sleep (54). This decrease in glycogen
replenishment can result in decreased energy availability during
subsequent exercise sessions, hindering overall performance and
recovery. These results highlight the importance of adequate
quality and duration for restoring body functioning and
supporting recovery after exercise. Moreover, incorporating
daytime napping has been suggested as a beneficial approach to
enhance recovery, particularly in intensive training regimens

that involve multiple training sessions within a single day (55).

4 The role of sleep in regulating
energy balance and weight
management

The biological mechanisms that regulate sleep are determined
by the genetic information encoded by the sensory marker light.
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Within this framework, essential physiological processes that
facilitate the production of sleep can be differentiated and are
activated at different intensities throughout the 24-hour light-
dark cycle (56, 57). The purpose of these processes is to
maintain the internal balance of the sleep-wake periods (58).

Different hormones and cellular assemblies involved in sleep-
related processes have been identified. Melatonin, which is
produced in the pituitary gland and synthesized from
tryptophan, is released into the bloodstream, and reaches its
highest levels during the night (59). This hormone acts mainly
(SCN),
neuronal circuits connected to the retina, responsible for
detecting sunlight (60).

Conversely, adenosine facilitates reactive homeostasis via

on the suprachiasmatic nucleus which maintains

cellular metabolic processes linked to neural activity (61).
Adenosine is an endogenous purine nucleoside and has a
negative dromotropic effect (62). It accumulates in the lateral
hypothalamus and can inhibit information access by binding to
receptors in the ventrolateral preoptic region, allowing the arrest
of ascending reticular system activity (63).

In addition, another factor regulating sleep is body
temperature. At the end of the day, daily activity decreases,
accompanied by a reduction in body temperature. This allows
one to enter a state of rest, characterized by a decrease in neural
activity and the induction of sleep. Body temperature usually
decreases at the onset of sleep and during the second stage of
the full cycle, when it reaches its lowest levels (64, 65).

During sleep, there is secretion of different hormones such as
the thyroid-stimulating hormone secreted in the pituitary gland,
the GH secreted in the hypothalamus, and cortisol secreted in
(66).
maintaining physiological homeostasis in living beings and are

the adrenal glands These hormones contribute to
essential for hormonal stabilization (67, 68).
related to different

neurological processes of brain repair and restoration of

Endocrine homeostasis is closely
executive functions (69). For example, during deep sleep, the
consolidation of learning and memory is established, particularly
during rapid-eye movement (REM) phases (70). Sleep also plays
a fundamental role in the induction and regulation of humoral
and cellular immunity (71). Cellular immunity is activated
through tumor necrosis factor (TNF) and interferon, which
drive cells determined for phagocytosis of harmful particles or
viruses. Specialized cells, such as natural killer and monocytes,
produce IL4, IL6, IL10, and IL13 during sleep. Sleep cycle
disturbances can impair immune modulation and the ability to
deal with harmful or dangerous cells (72).

Energy balance is maintained through several processes, which
can be genetic and environmental, including stress, diet, physical
activity, microbiota, and sleep (73, 74). However, all of them are
activated through the genes MC4R and FTO. MC4R, a
G protein-coupled receptor, regulates appetite through the
hypothalamic leptin-melanocortin pathway. FTO encodes the
FTO, a of the Fe (II) family and
2-oxoglutarate-dependent This is
different functions, such as the demethylation of nucleic acids in
vitro (75-77).

enzyme member

oxygenase. involved in
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Sleep determines the release of hormones that have
intracellular reparative capacity, as well as those hormones that
are involved in the regulation of energy balance and weight
control (78, 79). When sleep disturbances occur, the efficiency
of the neuroendocrine system is compromised, as in the case of
sleep apnea. This pathology is dangerous because normal air
exchange is interrupted, leading to high cardiac excitation, high
levels of stress, and shortness of breath (80, 81).

For all these reasons, there is growing interest in the
relationship between sleep and eating patterns, energy balance,
and body weight. Recent studies have demonstrated a direct
relationship between adequate sleep patterns and metabolic
alterations, which otherwise contribute to pathologies such as
obesity, metabolic syndrome, or intestinal alterations (82).
Studies have shown that the higher the quality of sleep, the
greater the chances of reducing body mass index. Similarly, the
lower the quantity and quality of sleep during the first few years
of life, the higher the risk of obesity in childhood and adulthood
(83, 84). Other studies using physiological sleep measures such
as actigraphy or polysomnography (PSG), which provide records
motor activity, have reported data on sleep deprivation and
its direct association with increased risk of overweight and
obesity (85, 86).

In animal models, previous studies have shown that sleep
modulation is altered during the development of obesity,
suggesting that the regulatory mechanisms of sleep and body
weight may be interconnected (87). Sleep deprivation has been
linked to
particularly within the orexin neuropeptide system, in the lateral

alterations in hypothalamic peptide signaling,
and posterior hypothalamus (88). In addition, after a few days
of sleep deprivation, the plasma concentration of leptin is
reduced while increasing ghrelin levels, a hormone involved in
the regulation of appetite and nutritional balance. Ghrelin is
also involved in other physiological processes such as insulin
secretion (89, 90). In studies in which people were maintained
on a 4-h daily sleep schedule, a significant decrease in glucose
tolerance was observed, as well as increases in plasma insulin
concentration and insulin-like growth factor or IGF-1, a
that effects  (91).

Moreover, sleep deprivation affects the proper functioning of

hormone modulates growth hormone
glucose homeostasis, and altered sleep patterns are implicated in

insulin  sensitivity and glucose tolerance. Selective sleep
deprivation in the third stage, or low non-rapid eye movement
sleep (SNREM), decreases insulin sensitivity and physiological
modifications, producing a prediabetic state (92). This indicates
that sleep is closely tied to the regulation of glucose metabolism.
Alterations in sleep patterns increase the risk of developing

pathologies related to body weight (77, 93).

5 The impact of sleep disorders on
physical activity

Sleep is widely acknowledged to play an essential role in

maintaining healthy mental and physical functioning (94, 95).
Despite this significance, there is still a lack of understanding
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regarding the rationale for why people sleep. Sleep’s
fundamental function in metabolic balance has been established,
and recent investigations have shown that sleep regulates key
molecular pathways (96). Light, jet lag (97), and diet (98) are
just a few of the environmental elements that can affect how
long and how well you sleep, but genetics also plays a role (99).
Despite the complexity surrounding the necessity, rationale, and
results of sleep, sleep is an essential function for humans.
Human adaptability to physiological and psychological stressors
has a significant impact on physical activity outcomes and is
influenced by a wide range of factors, such as prior experience,
fitness level, level of motivation, and natural variations in
physiological and behavioral processes across the 24-h cycle
(100, 101). The SCN in the hypothalamus regulates these
circadian cycles (102). Humans are extremely sensitive to
changes in their natural environment, especially through the
light-dark cycle, but the SCN cannot always maintain full
control over these patterns (94).

Sleep is a recurrent, brief, and highly functioning state
governed primarily by neurological mechanisms. Insomnia and
other sleep disorders are increasingly identified in people of all
ages. Sleep disorders are risk factors for depression, mental
illness, heart disease (103), metabolic syndrome, and high blood
pressure (104). Stress, anxiety, stimulant use, and exposure to
electronic devices before bedtime are all known to diminish the
quality of sleep (105). Increasing research suggests that diet,
physical activity, and good sleeping habits can exert major
influences on how well one sleeps (106). Tsunoda et al. reported
that people who lead active lives sleep better and for longer than
their sedentary counterparts. The quality of sleep can be
improved without the use of pharmaceuticals if we increase our
daily physical activity, outdoor exposure, and participation in
activities such as walking (107). Moreover, in adults, regular
exercise improves sleep quality when practiced over time.
Increasing one’s activity time and step count leads to better
sleep, thus reinforcing the idea that any form of physical
exercise is better than none (21). Jannsen et al. found in a
recent review that infants with higher total physical activity
levels tend to have shorter sleep durations and fewer naps
during the day (108). Nevertheless, children and preschoolers
with higher daily activity levels report better sleep quality and
more consistent sleep patterns, suggesting that physical activity
improves sleep (108). The quality of sleep is also influenced by
the intensity of exercise. For example, preschoolers who engage
in mild forms of physical activity tend to stay up later at night
(109). Moreover, 73% out of 91 adolescents (11-19 years old) in
Fairbrother et al’s study reported problems staying asleep, and
65% had trouble falling asleep (110). Regular moderate-to-strong
exercise is correlated with later bedtimes and shorter total sleep
durations. In contrast, children between the ages of one and
three who engage in more physical activity have improved
sleep quality, fall asleep faster, and have fewer nighttime
awakenings (108).

As already observed, physical exercise may affect our ability to
sleep, but there is a reverse scenario where sleep disorders affect
athletic performance and regular physical activity habits
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The effects of sleep deprivation on the athletic performance of both professional athletes and active individuals.
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(Figure 1) (6). Endogenous circadian rhythms and typical sleep—
wake cycles can become desynchronized. When individuals go
to bed later than usual or get up earlier than usual, this is
termed sleep restriction (SR). On the other hand, SD is the
result of chronic sleep loss in which a person obtains little or no
sleep for an extended period (i.e., many nights) (111). Findings
by Mougin et al. indicate that SR increases physiological
demand during athletic performances, leading to fatigue in
athletes at a faster rate than normal (112). It appears that
submaximal strength, muscular power (40), and anaerobic
power all decrease after SR (45, 113). While these results suggest
that SR hinders several aspects of sports performance, it remains
unclear if sleep is crucial to performance in all athletes who
experience brief, one-time spells of SR. However, poor sleep
quality and quantity can trigger an imbalance in the autonomic
nervous system (ANS), mimicking the overtraining condition.
Sleep deprivation has been linked to an increase in
proinflammatory cytokines, which may contribute to immune
system malfunction. Furthermore, many studies have found that
cognitive functioning slows down and becomes less accurate
when people do n’t get sufficient sleep (6). In addition, although
sufficient data suggest that SD can have a major effect on
aspects of athletic performance (54), the exact effect of SD on
exercise performance is unclear (114, 115). This is especially
relevant for the amount of time it takes to become completely
exhausted while running for longer than 30 min (116). However,
Symons et al. found no difference between SD participants and
a control group on several maximum isometric and isokinetic
strength tests for the upper and lower body after 60 h. Several
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studies have confirmed that one’s grip strength performance
does not decline with time spent awake (114). Nevertheless,
Skein et al. noted that after 30 h of SD, 10 team sport athletes
experienced slower mean sprint speeds, decreased muscle
glycogen concentration, lower voluntary force and activation
during maximal isometric knee extensions, and an increase in
perceptual effort (54).

Both SD and SR may arise due to many factors in athletic
contexts, such as travel schedules or training/playing at night
(117). Sleep disruptions can increase homeostatic pressure, as
well as have effects on emotional control, core temperature, and
circulating melatonin, thereby delaying the onset of sleep. After
many such occurrences, sleep deprivation and impaired
cognitive and physiological functioning may set in (118).
Erlacher et al. reported that while many athletes claimed that
sleep disruption had little effect on their performance, others
noted negative side effects such as a bad disposition the
following day (119). Furthermore, 15% of the athletes reported
experiencing nightmares in the 12 months prior to a major
(120). Lastella et al. found that

approximately 70% out of 103 athletes experienced poorer sleep

competition or game
than usual on the night before a competition, falling well below
the recommended 8 h of sleep for healthy adults. Common
reasons included nerves, noise, toilet breaks, and early start
times (121). However, some studies reported that there was no
significant shift in heart rate variability or other measures of
autonomic nervous system activity among top female athletes in
team sports just before a big game (122). In contrast, Edmonds
observed

et al reduced parasympathetic and/or primary
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sympathetic modulation in athletes prior to a game, with their
autonomic responses to standing dramatically reduced during
and after the game for up to 4 days (123).

Although sleep is widely acknowledged to be important for
human and athletic performance, the literature remains divided
on whether or not a lack of sleep leads to a reduction in actual,
measurable performance (124). Athletes may experience sleep
deprivation right before a competition or if they are required to
exercise at unusually early hours, but there is less proof of this
happening in team sports (125). Contradictory evidence exists
for the effect of acute SR. Performance during maximal one-off
efforts (in particular for maximal strength) is generally
maintained, but SD appears to have a negative impact on
exercise performance (particularly endurance and repeated

exercise bouts) (6).

6 The impact of sleep duration and
quality on physical activity
performance and recovery

Sleep is a fundamental human behavior that plays a crucial

role in biopsychosocial development and has significant
implications for biological, physical, psychological, and cognitive
health (126). Although research in this area remains limited,
empirical studies focusing on sleep in professional athletes have
increased in recent years. Sleep health has a profound impact on
various dimensions of professional athletics, including training,

injury risk, recovery, and actual performance.

6.1 The impact of sleep on performance

The role of sleep in supporting training efforts is crucial, as it
not only facilitates adherence to demanding training schedules but
also maximizes the benefits derived from training by enabling
peak effort and endurance. Several studies have specifically
examined the impact of sleep on the training of professional
athletes (127-130). For instance, a study by Peacock et al. (127)
explored the training camp of professional mixed martial arts
athletes over a 6-week period, finding that better sleep quality
and regularity were associated with fewer missed practice
sessions, likely due to reduced fatigue, illness, and injuries.
Similarly, Fitzgerald et al. (128) demonstrated that reduced sleep
quantity was linked to a higher incidence of illness among
professional Australian football athletes. Moreover, Peacock
et al. revealed that improved sleep characteristics, such as
reduced sleep latency, were correlated with enhanced physical
performance during the 6-week training period (127). Teece
et al. (130) highlighted the negative effects of short sleep
duration on the aerobic capacity of professional rugby athletes
during preseason training. In addition, Serpell et al. (129)
identified significant relationships between sleep duration and
efficiency and salivary testosterone and cortisol levels in a
sample of professional rugby athletes, highlighting the impact of
these hormones on training ability and outcomes.
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Furthermore, recent reviews are suggesting a strong positive
correlation between sleep and athletic performance, including
sports-specific skill execution, strength, and anaerobic power
(131). It is a fundamental requirement for overall health and
recovery, facilitating homeostatic processes that rejuvenate and
replenish major physiological and psychological functions of the
body (132). The optimal duration of sleep for athletes remains a
topic of debate, with recent studies suggesting that healthy
adults should aim for 7-9h of sleep per night to support
daytime functioning (133). Athletes are advised to prioritize
approximately 8h of sleep per night to prevent the
neurobehavioral deficits associated with sleep deprivation (132).

Insufficient sleep has been shown to negatively affect both
physiological and psychological performance (134). The primary
psychological impact of sleep deprivation is altered mood states,
impaired decision-making skills, and cognitive impairment
(135). Decision-making skills are crucial in sports, and when
sleep duration and quality are compromised, the cognitive
processes
impaired, leading to decreased performance outcomes (117).

involved in decision-making during sports are

While the physiological effects of sleep loss are less pronounced,
they include reduced immune function (due to decreases in
natural killer T cells) (117), decreased submaximal sustained
performance (134), and even reduced glucose metabolism,
which can contribute to increased fatigue.

Various factors, such as gender and the type of sport or
exercise, can influence an athlete’s sleep patterns. Some studies
suggest that women generally have better sleep quality compared
to men of the same age range. However, others argue that the
effects of sleep deprivation are similar for both men and women
(135). Different sports also impact athletes’ sleep patterns, with
factors such as volume,

training intensity,

psychological stress (especially during precompetition training),

frequency,

and external factors, including work obligations, family
relationships, and academic commitments, all playing a role (136).

These findings highlight that sleep is a fundamental human
that plays a

development and has significant implications for biological,

behavior crucial role in biopsychosocial
physical, psychological, and cognitive health. While the research
in this area is still limited, there has been an increase in
empirical studies focusing on sleep in professional athletes. Sleep
health has a profound impact on various dimensions of
athletics,

recovery, and actual performance.

professional encompassing training, injury risk,

6.2 Sleep duration and physical activity
performance

Sufficient sleep duration has been consistently associated with
improved physical activity performance. Research suggests that
individuals who obtain an adequate amount of sleep exhibit
enhanced speed, power, accuracy, and reaction time during
exercise. Longer sleep durations have been linked to increased
endurance, improved muscular strength, and better overall
athletic performance (137). Adequate sleep duration enables the
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body to replenish energy stores, repair damaged tissues, and
optimize neural and physiological processes necessary for
(138). On the
inadequate sleep duration has been shown to impair physical

optimal physical performance contrary,
activity performance (139). Sleep deprivation negatively affects
cognitive function, reaction time, motor coordination, and
decision-making abilities, leading to decreased accuracy and
Athletes

experience insufficient sleep may experience fatigue, reduced

reduced overall performance. who  consistently
motivation, and an increased risk of injuries during training or

competition (140).

6.3 Sleep quality and physical activity
performance

In addition to sleep duration, the quality of sleep also plays a
vital role in physical activity performance. The stages of sleep,
particularly the deep sleep stages (slow-wave sleep), are crucial
for cellular repair, muscle recovery, and the release of growth
hormone (60). During deep sleep, tissue repair and muscle
protein synthesis occur, contributing to optimal recovery and
adaptation from exercise-induced stress. Research indicates that
poor sleep quality—characterized by frequent awakenings,
disruptions, or inadequate time spent in the deep sleep stages—
can negatively impact physical activity performance (141).
Impaired sleep quality has been associated with decreased
reaction time, decreased accuracy, diminished focus, and
increased perception of effort during exercise. It can also lead to
increased levels of inflammation, which may hinder recovery
processes and increase the risk of overtraining syndrome.

6.4 Sleep duration and quality in recovery

Sleep serves as a critical period for recovery and adaptation
after physical activity. During sleep, the body repairs damaged
tissues, synthesizes proteins, restores energy reserves, and
enhances immune function. Sufficient sleep duration and high-
quality sleep are necessary for optimal recovery from exercise-
induced fatigue and muscle damage (142). Inadequate sleep
duration and poor sleep quality can prolong recovery time and
compromise the body’s ability to repair and adapt. Insufficient
sleep restricts the release of growth hormone, which is essential
for tissue repair and muscle growth (143). It also impairs
glycogen restoration, negatively affecting energy replenishment
for subsequent training sessions. Without adequate recovery,
athletes may experience reduced performance, increased risk of
injury, and heightened susceptibility to illness.

6.5 Sleep perturbances due to travel and
time zone change

When athletes travel across time zones, their sleep health often
deteriorates due to factors such as disruptions to their circadian
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rhythm, travel fatigue, and irregular sleep patterns (144). Roy
and Forest (145) investigated the effects of time zone change on
the performance of teams in the National Basketball Association
(NBA), National Hockey League (NHL), and National Football
League (NFL) over a five-season period (2010-2015) by
analyzing winning percentages based on the direction of travel
and game time. Their findings showed that traveling westward,
but not eastward, was associated with a significantly lower
winning percentage in the NBA and NHL, with a similar trend
observed in the NBA. Interestingly, this effect was primarily
observed in evening games, as no significant circadian
disadvantage or advantage was found in afternoon games. The
study also revealed a linear reduction in winning percentage for
each additional time zone traveled, which was statistically
significant across all three sports. Charest et al. (146) obtained
similar results in their examination of the effects of travel on
back-to-back games in the NBA, spanning multiple seasons.
They found a 3.69% lower winning percentage when teams
traveled westward compared to eastward. However, this study
also highlighted the influence of factors beyond travel direction
and time zone change—such as the sequence of games and
distance traveled—on team performance. Glinski and Chandy
(147) further supported the detrimental effects of westward time
zone change on NBA performance in their study on the impact
of jet lag on free throw shooting. Their results showed that
teams had a significantly lower free throw percentage when
experiencing jet lag (traveling across at least three time zones)
compared to non-jet lagged games, but this effect was specific to
westward travel and not observed in eastward travel. However,
not all studies consistently support the notion that time zone
change negatively affects performance in westward travel. Leota
et al. (148) found that time zone changes in the eastward
direction, but not westward, were associated with reduced NBA
winning percentages and overall point, rebound, and field goal
Zacharko et al. (149)
concluded that eastward travel across time zones led to worse

percentage differentials. Similarly,
performance results compared to westward travel in professional
soccer players. Lastly, McHill and Chinoy (150) reported lower
winning percentages and decreased shooting accuracy, effort,
and defensive performance when traveling across time zones,
regardless of travel direction. However, the magnitude of these
effects varied depending on the direction of travel. Overall, these
findings suggest that time zone change, in any direction, is likely
to negatively impact competitive performance, with sleep health
being a central factor in these relationships (137).

7 The potential mechanisms
underlying the relationship between
sleep and physical activity, including
the role of circadian rhythms,
hormonal regulation, and neural
pathways

The mechanisms regulating sleep have an impact on the gene
expression of the central nervous system (CNS) and involve the
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endocrine, immune, and energy regulation systems. Sleep is
determined by the activation of the SCN, which integrates
information from all parts of the organism (151). This
suprachiasmatic nucleus-hypothalamus axis regulates the sleep—
wake cycle at the molecular level through a constant
maintenance of energy by circadian fluctuations of enzymes
involved in tissue metabolism (152). It is known that the
circadian rhythm of sleep is generated through different
feedback processes that are determined by the amount of
ambient light on circadian genes within SCN cells (153, 154).

of the

hypothalamus, allowing interaction between the anterior and

All information is integrated in the nuclei
posterior hypothalamus, the brainstem, and the basal forebrain,
where the most essential neuromodulators in mammals are
located, and which project to a large part of the olfactory system
and the cerebral cortex (155). REM-NREM sleep cycles are
regulated by the ultradian oscillator of the mesopontine junction
and the transition between these cycles is modulated by the
locus ceruleus and the nucleus oralis pontis reticularis (156).
During non-rapid eye movement sleep (NREM) sleep, a
decrease in sympathetic activity is evident, reducing overall
activity of the organism. In contrast, REM sleep is associated
with neuronal repair actions, including memory consolidation,
synaptic homeostasis, brain maturation, and learning (157).

All this is also consistent with other mechanisms that are
coordinated by the light-dark cycle, such as thermogenesis,
glucose metabolism, intake, and lipid levels, which present
modulations due to alterations in this circadian pattern (158).
Therefore, when the quality and quantity of sleep are not
adequate, different pathologies
alterations in insulin sensitivity and glucose tolerance, which are

organic appear, such as

risk factors for developing diabetes,

syndrome, and other diseases (159, 160).

obesity, metabolic

Sleep has been directly linked to physical activity. The study of
this field has seen increased interest in recent years, given the
evidence of similar sleep patterns in patients with pathologies such
as obesity, diabetes, or insulin resistance (161). Recent studies have
shown that alterations in sleep patterns increase the expression of
the antioxidant enzymes Glyoxalase-1 and Glutathione reductase,
while increasing oxidative stress in the hippocampus, amygdala,
and cerebral cortex (162). Moreover, physical activity and sleep are
governed by distinct yet interconnected homeostatic physiological
mechanisms that interact to facilitate sleep during periods of
light These
somnogenic regions in the brain by lowering body temperature to

reduced exposure. mechanisms activate the
prepare the organism for sleep induction (104).

Physical activity is closely associated with the regulation of
ultradian cycles, whose activity decreases in the early afternoon.
Physical exercise should be performed at a time that favors
endogenous rhythms, considering the type of activity to be
performed and individual factors, but ideally 4-5h before going
to sleep (163). Electroencephalogram (EEG) recordings show
that individuals who perform regular physical activity exhibit
slow brain wave activity across all sleep cycles. On the contrary,
people with low or no physical activity presented less slow brain

wave activity in addition to a greater predisposition to present
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depressive symptomatology. This indicates that these processes
are interrelated and that these two systems work together to
maintain organic homeostasis (164-166).

Sleep is also related to hormonal regulation. In relation to the
immune system, proinflammatory cytokines are in charge of
modulating sleep and their activity is altered with sleep
deprivation (69, 167). Modifications of sleep—wake patterns have
been observed in conditions such as fibromyalgia, major
depressive disorder, or infectious diseases, directly impacting the
immune system. Sleep is associated with the expression of
T cells and the proinflammatory cytokines such as TNF-o and
IL-6, which rise in the presence of sleep disturbances (168). In
addition, the expression of cell adhesion molecules Mac-1 and
L-selectin on lymphocytes and monocytes shows alterations in
the circadian rhythm and its periodicity, linked to the
modulation of leukocyte-induced pathogenesis of asthma or
cardiovascular crises and strokes (169).

Different sleep cycles have an impact on glucose and insulin
secretion, with hypoglycemia sometimes occurring at night.
Glucose metabolism intensifies its activity through the influence
of the SCN, which prepared the body for awakening and
increased activity (170). Maintaining the circadian rhythm
supports the proper circulation of afferent and efferent signals
and protects against ANS dysfunctions such as diabetes or
metabolic syndrome (171). Low melatonin levels promote
insulin sensitivity, reduce blood pressure during sleep, and
flattened melatonin rhythms (172).

Sleep dysfunction induces an increase in cortisol levels in the
late afternoon, leading to very high amounts of glucocorticoids
(101).
initiation of slow-wave brain activity, cortisol tends to be

During the physiological processes underlying the
inhibited, and during this sleep period, orexins regulate food
metabolism and energy balance as well as reward mechanisms,
so that sleep restriction for one night is sufficient to affect leptin
levels the next morning as well as cortisol rhythms (173).

In relation to neuronal pathways, the connections between
these specialized cells are maintained during the sleep cycle.
During this period, they assume the function of maintenance
and repair, which allows the elimination of toxins that are
stored throughout the day (174). As the day comes to an end,
chemical signals moderate neuronal activity, inducing sleep
(175). GABA or y-aminobutyric acid is a neurotransmitter that
acts as the main inhibitor of the CNS; in addition to other
functions, and once it is activated, it blocks the transmission of
information from motor neurons, favoring the reduction of
excitation (176). On the other hand, norepinephrine and orexin
are responsible for maintaining neuronal activity in certain
Other
neurotransmitters such as acetylcholine, adrenaline, serotonin,

regions of the brain during  wakefulness.
and histamine are also present (177, 178).

The brainstem and the ascending reticular activating system
are essential for cortex stimulation, particularly in the region of
the posterior hypothalamus since this is where the waking state
is maintained (179). With the release of glutamate, the cortex is
activated via the dorsal pathway and the ventral pathway of the
cerebral cortex and

hypothalamus, projecting to the
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hippocampus (180). During sleep, the cerebral cortex and the

thalamus interact. There are two neuronal circuits in the
brainstem that act alternatingly to induce sleep or wakefulness;
they are composed of reduced neuronal groups that form very
complex circuits in a structural network to maintain
homeostasis (181).

There are other brain regions that are involved in sleep
modulation. According to recent studies, the area known as the
pons sends signals to the thalamic nuclei and the cortex and
communicates with the spinal cord to temporarily block motor
activity (182). In addition to the reticular activating system,
researchers have investigated whether the nucleus of the solitary
tract, which is in the dorsal medulla, could create a link between
the

gastrointestinal functions (183). Although it has no direct

sleep-wake state and cardiovascular, respiratory, and
projection to the cortex, it does project to areas of the
brainstem, thalamus, and hypothalamus, thereby reaching the

cortex by innervation and modulating waves during sleep (184).

8 The impact of nutrition on sleep and
physical activity

Individual differences in digestive and metabolic processes
account for a large portion of the observed variability in dietary
variables. In addition, hormones and inflammatory states can be
directly or indirectly affected by nutrition, both of which
contribute to sleeplessness. Although the role of diet in
(185),
explanations have been proposed. To begin, certain parts of

controlling sleep is multifaceted several possible
one’s diet can have an immediate effect on one’s ability to rest
(186). In addition, the inflammatory status, which is also closely
associated with sleeplessness, may be changed by long-term
dietary changes (187). Numerous studies have demonstrated that
sleep disruption is linked to increased levels of glucocorticoid
and decreased levels of inflammatory cytokines (particularly
C-reactive protein and interleukin 6) (104). Melatonin is a well-
known sleep aid that informs the body about when it should be
dark and when it should be light. The effects of melatonin on
sleep and circadian rhythm are mediated by two G-protein-
coupled receptors, MT1 and MT2. Thus, melatonin-containing
foods have an effect on sleep quality (188).

Within this broader lifestyle context, recent evidence has
emphasized the integrative role of chronotype and physical
activity in shaping sleep and dietary behaviors. Evening
chronotypes appear more vulnerable to poor sleep quality,
whereas shifts toward a morning chronotype are associated with
marked improvements in sleep quality alongside distinct dietary
patterns, underscoring the interconnected nature of sleep,

physical activity, chronotype, and nutrition (189).

8.1 Nutrition and sleep quality

There has been a notable surge in research on the connection
between dietary patterns and sleep quality over the past few
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decades. Studies have included therapeutic interventions and
enhanced nutrition, as well as general information about the role
of diet in sleep. A high-glycemic index (GI) diet has been linked
to an increased risk of stroke, cancer, and other long-term
illnesses (190). Rapid elevation of blood glucose after eating a
high-GI diet prompts a counteracting rise in insulin production
and subsequent humoral effects (191). Katigiri et al. reported
inconsistent effects of carbohydrates on slumber. A high-GI diet
was associated with increased incidence of insomnia over 3 years
their of of
postmenopausal women. In addition, higher intakes of added

in prospective  study a large population
sugars, starch, and non-whole/refined grains were each associated
with higher incidence of insomnia (Figure 2) (192). A study
comparing the effects of a very low-carbohydrate diet consumed
for 48 h increased the proportion of SWS and decreased the
proportion of REM sleep (the “dreaming” stage of sleep) (193).
However, carbohydrates are often recommended for better sleep
because they boost tryptophan uptake by the brain, where it is
metabolized into serotonin and melatonin (194) Nevertheless, not
everyone will experience a consistent improvement in sleep
quality after ingesting tryptophan because of the brain’s
conversion of tryptophan to serotonin, a neurotransmitter known
to influence many distinct aspects of sleep and wakefulness
(194, 195). Some serotonin is converted to melatonin, but the
exogenous dose of melatonin required to affect sleep cannot be
credibly supplied by diet (194). Saturated fatty acids appear to be
detrimental to sleep health. Lengthy periods of ingestion of
saturated fatty acids contribute to diabetes, which is frequently
associated with sleep disorders (196). However, according to
research, a diet low in omega-3 polyunsaturated fatty acids
(PUFAs) disrupts nocturnal sleep by influencing the melatonin
rhythm and circadian clock functioning (197). In obese patients
with obstructive sleep apnea syndrome, there is also a beneficial
relationship between omega-3 fatty acid composition in gluteal
adipose tissue and sleep wellness, including slow-wave sleep and
rapid-eye movement sleep (198).

Gao et al. reported that a lack of vitamin D is linked to an
increased risk of sleep disorders such as poor sleep quality,
short sleep duration, and drowsiness (199). When individual
studies were examined, most of them revealed a beneficial
relationship between vitamin D intake and sleep quality (199).
Cross-sectional research of people in the United Kingdom found
a link between fruit and vegetable consumption and sleep
wellness, with long sleepers showing high plasma vitamin
C levels (200). The benefits of vitamin B12 on sleep are likewise
debatable. A case study revealed that vitamin B12 treatment was
effective in treating a free-running sleep-wake cycle and delayed
sleep phase syndrome (201). However, sleep length has also
been connected to micronutrient status, with sleep duration
being positively associated with Fe, Zn, and Mg levels but
adversely associated with Cu, K, and vitamin B12 levels (202).
Overall, however, the findings support that micronutrient-rich
diets, such as plant-based diets, are positively associated with
improved overall sleep health (203, 204). Moreover, Scoditti
et al. showed that higher adherence to a Mediterranean diet is

connected with adequate sleep duration and numerous
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found to improve sleep health.
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Dietary patterns affect sleep. The Western diet generates more insomnia than the Mediterranean diet. Vitamins D and C and omega-3 have been

indications of better sleep quality (205). An interesting study
carried out by Jansen et al. reported that a healthy plant-based
diet and a breakfast-type food pattern were linked to earlier
sleep time 2 years later. It has also been suggested that a plant-
based diet was linked to shorter sleep phase delays over time.
A meat- and carbohydrate-based diet pattern, on the other
hand, was linked to more social jet lag. These findings suggest
the potential benefits of a nutritious diet, in addition to other
sleep hygiene principles, may help teenagers in achieving and
maintaining adequate sleep (206).

8.2 Nutritional interventions and how they
affect sleep quality and performance

Diet has been demonstrated to significantly affect sleep in
general populations; however, less is known about its effects on
sleep in athletically trained groups. Barnard et al. reported that
evening consumption of high-glycemic index carbohydrates and
protein rich in tryptophan may reduce sleep latency. Although
promising, more research is required to clarify the impact of
probiotics, cherry juice, and beetroot juice on the sleep of
athletes. Athletes experiencing sleep difficulties should be
screened for caffeine use and trial dietary strategies (e.g.,
evening consumption of high-GI carbohydrates) to improve
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sleep (207). Gratwicke et al. suggested that the ingestion of
carbohydrates to enhance sleep parameters is inconclusive,
though food with a high glycemic index appears to offer modest
benefits. It has been shown that tart cherry juice improves sleep
herbal
kiwifruit and protein interventions improve both (Figure 3)

quantity, supplements improve sleep quality, and
(208). However, other studies have supported the idea that daily
energy intake is negatively correlated with productivity and
nocturnal total sleep time, and positively correlated with wake
after sleep onset (WASO), regardless of the nocturnal GI meals
(209). Vlahoyiannis et al. indicated that eating a high-glycemic
index lunch after a single session of spring interval training can
increase sleep efficiency and decrease sleep onset latency. The
enhancements in sleep had no negative effects on the subjects’
capacity to leap or their aerobic endurance. On the other hand,
better sleep was correlated with faster reaction times in visual
tasks (210). Nevertheless, caffeine supplementation (6 mgkgl)
did not enhance the 800-m running performance of trained
runners but did affect their sleep quality (211). On the contrary,
Miller et al. specified that caffeine can improve athletic
performance; however, athletes should be wary of the stimulant’s
negative impact on sleep
late

competition) (212). Overall, the scientific literature suggests that

if they consume it regularly

(particularly  for afternoon/evening  training  and

athletes and sports professionals can improve sleep and
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while caffeine can worsen sleep and improve performance.

Diet management in athletes will influence their performance as well as their sleep health. Herbal supplements, cherry, or kiwi will improve sleep,
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performance by intentionally manipulating macronutrient timing
and type, dietary supplementation, and caffeine intake.

9 The potential synergies between
physical activity, sleep, and nutrition
Interventions

The potential synergies between physical activity, sleep, and
nutrition interventions have garnered increasing attention in
with the
interconnectedness of these lifestyle factors. The interplay

recent  years, numerous  studies  exploring
between physical activity and sleep has been investigated in
several studies. For instance, Chaput et al. (213) conducted a
study involving adults and found that higher physical activity
levels were associated with improved sleep duration and quality.
These findings are supported by Sanz-Martin et al. (214), who
reported a positive correlation between physical activity and
sleep duration among adolescents. Similarly, it has been
demonstrated that regular physical activity was linked to
decreased sleep latency and increased sleep efficiency. These
studies collectively suggest that engaging in physical activity may
positively influence sleep patterns. Moreover, the timing of
exercise in relation to sleep has been explored. Youngstedt et al.
(5) found that engaging in moderate-intensity aerobic exercise
in the morning led to improved sleep quality. In contrast,
evening exercise was associated with prolonged sleep latency (5).
These findings highlight the importance of considering exercise
timing when examining the relationship between physical
activity and sleep.

In terms of nutrition and sleep, the influence of macronutrient

composition on sleep quality has been investigated. Afaghi et al.
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(215) observed that a higher carbohydrate intake was associated
with improved sleep quality and decreased sleep onset latency.
Similarly, St-Onge et al. (167) reported a positive correlation
between carbohydrate consumption and sleep efficiency (216).
In addition, protein intake has been implicated in sleep
outcomes. Higher protein intake has been linked to fewer
awakenings during sleep (215). These findings suggest that
dietary choices, particularly the consumption of carbohydrates
and protein, may impact sleep quality. Micronutrient
deficiencies have also been associated with sleep disorders.
Grandner et al. (217) highlighted that deficiencies in iron,
magnesium, and vitamin D were linked to an increased risk of
(199)

association between low vitamin D levels and poor sleep quality.

sleep disorders. Similarly, Gao et al reported an
Ensuring adequate intake of these micronutrients through a
balanced diet or supplementation may potentially improve
sleep quality.

Integrating interventions targeting physical activity, sleep, and
nutrition may yield synergistic effects on various health outcomes.
Mikkelsen et al. (218) conducted a study that examined the effects
of a combined intervention on mental health. They found that a
12-week combined intervention significantly reduced symptoms
of depression and anxiety compared to single-component
interventions. This suggests that addressing multiple lifestyle
factors simultaneously may yield greater mental health benefits.
Furthermore, combined lifestyle interventions encompassing
physical activity, sleep, and nutrition components have shown
promise in improving metabolic health and reducing chronic
disease risk factors. For example, it was reported that a
combined lifestyle intervention led to greater improvements in
insulin sensitivity and lipid profiles compared to individual
interventions targeting only one lifestyle factor (219).
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10 Wearable technology for
monitoring sleep and physical activity

Sleep assessment has gained significant attention in recent
decades, leading to the development and incorporation of
various devices to evaluate sleep quality. PSG is widely
recognized as the gold standard for assessing sleep since its
introduction in clinical practice in 1974 (220). PSG is a
that the
monitoring of multiple dimensions of sleep. Typically, a PSG

comprehensive technique involves simultaneous

recording includes measurements of central, frontal, and
occipital EEG activity, eye movements, chin and other muscle
activity (EMG), electrocardiogram, pulse oximetry, respiratory
efforts, nasal and oral airflow, and body position (220).
Depending on individual needs and conditions, PSG can be
complemented with additional sensors, allowing for a more
detailed evaluation of sleep patterns and characteristics (221).
Although PSG provides the

comprehensive assessment of sleep, it is a complex, expensive,

most accurate and
and time-consuming procedure (222). It requires trained
technicians to set up the equipment and specialized expertise
to analyze the collected data. Consequently, self-reported sleep
measures have been widely used as a more accessible
alternative for assessing sleep quality. Sleep diaries and
questionnaires, for instance, offer subjective estimations of
various sleep-related parameters and are commonly employed
of (7). Several
questionnaires have been developed specifically for sleep

for initial screening sleep disorders
assessment, including the Karolinska Sleep Diary (223), the
Pittsburgh Sleep Quality Index (PSQI) (224), the Epworth
Sleepiness Scale (225), and the Sleep Hygiene Index (226), as
well as questionnaires tailored to athletes such as the Athlete
Sleep Behavior Questionnaire (227) and the Athlete Sleep
Screening Questionnaire REF (228). These instruments provide
valuable insights into subjective sleep experiences and can
serve as effective screening tools for identifying potential
sleep issues.

Another objective

behavior, particularly in certain populations, is actigraphy.

method for assessing sleep/wake
Actigraphy has gained popularity as a reliable alternative to
PSG. Actigraphic devices typically include triaxial (3D) or
biaxial (2D) accelerometers that record movement patterns
over time. Through specific algorithms, these devices estimate
sleep/wake behaviors based on activity levels. Actigraphy
indirectly measures sleep by analyzing individuals’ motor
activity levels, assuming that fewer movements occur during
sleep (134). Various sleep parameters—such as total sleep
SOL, SE, and WASO—can be

wakefulness/sleep ~ data

derived from the
(134).
Actigraphy offers a convenient and practical method for

time,
collected by actigraphy
objectively measuring sleep in both athletes and non-athletes.
It is more affordable than PSG, requires less expertise in
device setup and data analysis, and allows for long-term sleep
monitoring. Actigraphy can be performed in participants’
habitual sleep environments, such as their own homes and
bedrooms, with minimal discomfort.

Frontiers in Sports and Active Living

14

10.3389/fspor.2026.1739588

The market for consumer wearable devices has experienced
remarkable growth, providing individuals with the means to
monitor their physical activity, sleep, and other behaviors (229).
The growing interest in sleep among the general population has
been facilitated by the introduction of commercial wearables
and nearables designed for sleep tracking. Wearable technology
refers to electronic devices and systems integrated into clothing
or worn on the body (230). Smartwatches, GPS-enabled
sneakers, and wristbands are examples of wearable devices that
have become increasingly popular. These devices offer a
combination of user-friendly features and affordability, allowing
for simple and long-term sleep monitoring. They do not require
expertise as most of them do not export raw data but utilize
proprietary algorithms to analyze and interpret the collected
data. These typically
applications that directly display the results (229). Dedicated

devices are connected to remote
sleep trackers have emerged as a niche within the wearable
market. These devices focus solely on monitoring sleep-related
metrics and are designed to be worn during the night. They
employ a combination of sensors—such as accelerometers,
gyroscopes, and sometimes even ambient light sensors—to
capture detailed information about sleep duration, sleep stages,
and sleep interruptions. Some sleep trackers also offer features
like snore detection and analysis of sleep positions. Moreover,
wearable devices in the form of rings have also entered the sleep
tracking market. These rings are worn on the finger and utilize
various sensors, such as pulse wave sensors, to gather data on
sleep patterns. The compact design of these rings allows for
unobtrusive and comfortable sleep monitoring. To analyze and
interpret the data collected by wearable devices, manufacturers
typically provide companion mobile applications or web
platforms. These applications display sleep metrics, generate
sleep reports, and offer insights into sleep patterns over time.
Many of these platforms leverage machine learning algorithms
to provide recommendations for

personalized improving

sleep quality.

11 Personalized interventions for
ﬁpl’gimizing sleep and physical activity
abits

In recent years, there has been a growing interest in
developing personalized interventions to optimize sleep and
physical activity habits. Personalization is crucial because
vary their
preferences, and behaviors. By tailoring interventions to meet

individuals in sleep patterns, activity levels,
the specific needs and characteristics of individuals, it is possible
to enhance the effectiveness and engagement of interventions
aimed at improving sleep and physical activity. Research has
explored the use of personalized interventions in the context of
sleep and physical activity. Ghanvatkar et al. (231) conducted a
scoping review on personalized physical activity interventions,
highlighting the importance of considering individual variations
in activity levels, requirements, preferences, and behavior when

designing interventions. Personalized approaches were shown to
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promote and sustain physical activity behaviors. Furthermore, a
study by Shimamoto et al. (232) investigated the effectiveness of
brief personalized interventions for improving physical activity
and sleep among older adults. The study utilized mHealth
strategies—including self-monitoring, motivational messages,
activity reminders, and phone coaching—to facilitate
participation and engagement in physical activity. The findings
suggested that personalized interventions delivered through
mobile health platforms have the potential to positively impact
both physical activity and sleep behaviors.

of

personalized interventions in improving sleep outcomes and

Recent research has demonstrated the effectiveness
physical activity levels. For example, a recent systematic review
showed how physical activity programs have positive effects on
sleep outcomes, particularly in the adolescent population (233).
Another study by Ghanvatkar et al. (231) highlighted the
importance of personalization in mobile health interventions
aimed at increasing physical activity. These findings emphasize
the need for tailored approaches to address sleep and physical
activity habits. Moreover, combining interventions targeting
both physical activity and sleep quality has shown promise in
improving overall health outcomes. In another study, the
authors implemented a mobile health combined behavior
intervention focusing on physical activity and sleep quality,
which resulted in positive changes in participants’ behaviors
(234). This suggests that personalized interventions addressing

both domains can lead to more comprehensive and
effective outcomes.
A randomized controlled pilot trial investigated the

preliminary effect of a 24-week mHealth-facilitated personalized
intervention on physical activity and sleep in community-
dwelling older adults. The intervention included personalized
exercise prescription, training, goal setting, and financial
incentives, with the incorporation of mHealth strategies such as
self-monitoring, motivational messages, activity reminders, and
phone coaching. The study found positive outcomes in terms of
improving physical activity levels and sleep quality among the
(235).  Another that

personalized goal setting and daily logging with dynamic

participants scoping review found
feedback improved overall sleep quality, subjective sleep quality,
sleep onset latency, wake-time variability, sleep hygiene, and
insomnia severity (236).

In another study where authors reviewed the relationship
between sleep and physical activity and their impact on
health, they

mechanisms between

human proposed  several physiological

sleep and exercise, including the
influence of physical activity on sleep quality and duration, as
well as the effects of sleep on physical activity performance
and recovery. There is also a bidirectional relationship
between sleep and physical activity, suggesting that those with
sleep disorders may benefit from engaging in increased
(237). A of the

interrelationship between sleep and exercise showed that

physical activity systematic review
higher leisure-time physical activity was correlated with better
sleep, suggesting that engaging in leisurely physical activity

can improve sleep quality. Conversely, the authors also
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suggested that the relationship between sleep disorders and
physical activity is bidirectional, with sleep disorders resulting
in greater fatigue throughout the day, thus lowering the
Another
examined the effect of various physical activity intervention

likelihood of exercising (19). scoping review
strategies on sleep across different populations. The review

found that personalized goal setting and daily logging with

dynamic feedback can improve overall sleep quality,
subjective sleep quality, sleep onset latency, wake-time
variability, sleep hygiene, and insomnia severity. Other

intervention programs—including behavioral feedback, goal
setting, or health coaching programs—provided behavioral
support to improve adherence through phone contact, email
connect, or group sessions (238).

Collectively, these studies provide valuable insights into the
potential benefits of personalized interventions for optimizing
sleep and physical activity habits. By considering individual
characteristics and tailoring interventions accordingly, it is
intervention outcomes

possible to enhance and promote

healthier sleep and activity behaviors.

12 Future lines of research

Future research in the field of sleep and physical activity
should focus on several key areas to expand knowledge and
provide comprehensive insights into this complex interplay. The
following lines of research are suggested:

o Longitudinal studies: Examine the bidirectional relationship

between sleep extended

periods. This will help establish causal relationships and

and physical activity over
determine how changes in one behavior influence the other
over time.

« Intervention studies: Investigate the effectiveness of different
physical activity interventions in improving sleep quality and
reducing the risk of sleep disorders. Explore various types
and intensities of physical activity interventions and their
specific effects on sleep outcomes.

o Mechanistic studies: Further investigate the underlying
mechanisms linking sleep and physical activity, including the
role of circadian rhythms, hormonal regulation, and neural
pathways. This will provide a deeper understanding of the
physiological processes involved in the interplay between
sleep and physical activity.

o Sleep disorders and physical activity: Explore the impact of
different sleep disorders on physical activity levels and
patterns. Investigate how sleep disorders, such as insomnia or
sleep apnea, affect physical activity engagement, performance,
and adherence to exercise programs.

o Individual differences: Investigate individual differences in
the relationship between sleep and physical activity.
Explore how factors such as age, sex, chronotype, and
genetic variations influence the interplay between sleep and
physical activity.
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o Technology and interventions: Explore the potential of
wearable technology and personalized interventions for
monitoring and enhancing sleep and physical activity habits.
Investigate the effectiveness of mobile applications, wearable
devices, and personalized feedback systems in promoting
healthy sleep and physical activity behaviors.

13 Conclusion

This narrative review highlights the complex and dynamic
bidirectional relationship between sleep and physical activity,
emphasizing their joint relevance as modifiable lifestyle behaviors
with profound implications for physical, metabolic, and mental
health. The evidence consistently indicates that regular physical
activity, particularly at moderate intensity, is associated with
improvements in sleep quality, while adequate sleep duration and
quality are essential for optimizing physical performance, recovery,
and long-term engagement in physical activity. Importantly, these
relationships are not linear but are shaped by multiple interacting
factors, including exercise timing, intensity, chronotype,
nutritional habits, and individual characteristics.

Despite a robust body of evidence supporting the beneficial
effects of physical

activity on sleep quality,

inconsistencies remain—particularly regarding sleep duration,

important

high-intensity exercise, and evening training. Much of the
current literature is observational, limiting causal inference, and
intervention studies often focus on short-term outcomes in
relatively homogeneous adult populations. Consequently, key
gaps
sex differences,

persist  concerning  population-specific  responses,

long-term adherence, and interindividual
variability in responsiveness to exercise-based sleep interventions.

This review also underscores the integrative role of nutrition
and chronotype in shaping sleep—physical activity interactions,
reinforcing the need to move beyond isolated behavioral
approaches. Emerging evidence suggests that combined lifestyle
interventions targeting sleep, physical activity, and dietary
patterns may vyield synergistic benefits for metabolic health,
mental wellbeing, and disease prevention. In this context,
advances in wearable technology and digital health tools offer
promising opportunities to monitor sleep and physical activity
objectively, support personalized interventions, and improve
long-term adherence.

Future research should prioritize well-designed longitudinal
and randomized controlled studies that incorporate objective
measurements, diverse populations, and sufficient follow-up
durations to clarify causal pathways and optimize intervention
design. Embracing personalized, chronobiologically informed,
and multisystem approaches will be essential to translating the
growing body of evidence into effective, scalable strategies for
improving sleep health, physical activity engagement, and
overall wellbeing.

Frontiers in Sports and Active Living

16

10.3389/fspor.2026.1739588

Author contributions

VC-S: Writing - review & editing, Writing - original draft,
Conceptualization, Methodology, Data curation, Supervision,
Investigation. LR-F: Writing - original draft. AB-V: Writing —
original draft. DR-C: Investigation, Writing — original draft. PR:
Writing - original draft. RY-S: Writing - original draft. AM-R:
Data curation, Writing - review & editing, Investigation,
Writing - original draft. JT-A: Writing — original draft.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

Figures were created with BioRender.com 20

September 2025.

on

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The authors AM-R, DR-C declared that they were an editorial
board member of Frontiers at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://BioRender.com
https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

References

1. McCall CA, Duncan GE, Watson NF. Twin studies in sleep medicine: a review.
Med. Res. Arch. (2021) 9. doi: 10.18103/mra.v9i7.2471

2. Chennaoui M, Arnal PJ, Sauvet F, Léger D. Sleep and exercise: a reciprocal issue?
Sleep Med. Rev. (2015) 20:59-72. doi: 10.1016/j.smrv.2014.06.008

3. Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The effects of
physical activity on sleep: a meta-analytic review. J. Behav. Med. (2015) 38:427-49.
doi: 10.1007/5s10865-015-9617-6

4. Brand S, Kirov R, Kalak N, Gerber M, Schmidt NB, Lemola S, et al. Poor sleep is
related to lower emotional competence among adolescents. Behav Sleep Med. (2016)
14:602-14. doi: 10.1080/15402002.2015.1048450

5. Youngstedt SD, Kline CE, Elliott JA, Zielinski MR, Devlin TM, Moore TA.
Circadian phase-shifting effects of bright light, exercise, and bright light + exercise.
J. Circadian Rhythms. (2016) 14:2. doi: 10.5334/jcr.137

6. 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.
doi: 10.1007/540279-014-0260-0

7. Lastella M, Vincent GE, Duffield R, Roach GD, Halson SL, Heales L], et al. Can
sleep be used as an indicator of overreaching and overtraining in athletes? Front.
Physiol. (2018) 9:436. doi: 10.3389/fphys.2018.00436

8. Chtourou H, Souissi N. The effect of training at a specific time of day: a review. /.
Strength Cond. Res. (2012) 26:1984-2005. doi: 10.1519/JSC.0b013e31825770a7

9. Milewski MD, Skaggs DL, Bishop GA, Pace JL, Ibrahim DA, Wren TAL, et al.
Chronic lack of sleep is associated with increased sports injuries in adolescent
athletes. J. Pediatr. Orthop. (2014) 34:129-33. doi: 10.1097/BP0O.0000000000000151

10. Robey E, Dawson B, Halson S, Gregson W, King S, Goodman C, et al. Effect of
evening postexercise cold water immersion on subsequent sleep. Med. Sci. Sports
Exerc. (2013) 45:1394-402. doi: 10.1249/MSS.0b013e318287{321

11. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated
with reduced leptin, elevated ghrelin, and increased body mass Index. PLoS Med.
(2004) 1:e62. doi: 10.1371/journal.pmed.0010062

12. Bryant EJ, King NA, Blundell JE. Disinhibition: its effects on appetite and
weight regulation. Obes. Rev. (2008) 9:409-19. doi: 10.1111/j.1467-789X.2007.
00426.x

13. Simon SL, Higgins J, Melanson E, Wright KPJ, Nadeau KJ. A model of
adolescent sleep health and risk for type 2 diabetes. Curr. Diab. Rep. (2021) 21:4.
doi: 10.1007/s11892-020-01373-1

14. Reid KJ, Baron KG, Lu B, Naylor E, Wolfe L, Zee PC. Aerobic exercise improves
self-reported sleep and quality of life in older adults with insomnia. Sleep Med. (2010)
11:934-40. doi: 10.1016/j.sleep.2010.04.014

15. Yang P-Y, Ho K-H, Chen H-C, Chien M-Y. Exercise training improves sleep
quality in middle-aged and older adults with sleep problems: a systematic review. J.
Physiother. (2012) 58:157-63. doi: 10.1016/S1836-9553(12)70106-6

16. Paul R, Anafi RC. Insomnia in patients with comorbid medical problems. Clin
Handb Insomnia. (2017):199-219. doi: 10.1007/978-3-319-41400-3_11

17. Morris CJ, Purvis TE, Hu K, Scheer FAJL. Circadian misalignment increases
cardiovascular disease risk factors in humans. Proc Natl Acad Sci U S A. (2016)
113:E1402-11. doi: 10.1073/pnas.1516953113

18. St-Onge M-P, Grandner MA, Brown D, Conroy MB, Jean-Louis G, Coons M,
et al. Sleep duration and quality: impact on lifestyle behaviors and cardiometabolic
health: a scientific statement from the American Heart Association. Circulation.
(2016) 134:2367-86. doi: 10.1161/CIR.0000000000000444

19. Dolezal BA, Neufeld EV, Boland DM, Martin JL, Cooper CB. Interrelationship
between sleep and exercise: a systematic review. Adv Prev Med (2017) 2017:1364387.
doi: 10.1155/2017/1364387

20. Atoui S, Chevance G, Romain AJ, Kingsbury C, Lachance JP, Bernard P. Daily
associations between sleep and physical activity: a systematic review and meta-
analysis. Sleep Med. Rev. (2021) 57. doi: 10.1016/j.smrv.2021.101426

21. Sullivan Bisson AN, Robinson SA, Lachman ME. Walk to a better night of sleep:
testing the relationship between physical activity and sleep. Sleep Health. (2019)
5:487-94. doi: 10.1016/j.s1eh.2019.06.003

22. Van Cauter E, Balbo M, Leproult R. Impact of sleep and its disturbances on
hypothalamo-pituitary-adrenal axis activity. Int | Endocrinol. (2010) 2010:759234.
doi: 10.1155/2010/759234

23. De Nys L, Anderson K, Ofosu EF, Ryde GC, Connelly J, Whittaker AC. The
effects of physical activity on cortisol and sleep: a systematic review and meta-
analysis. Psychoneuroendocrinology. (2022) 143. doi: 10.1016/J.PSYNEUEN.2022.
105843

24. Alnawwar MA, Alraddadi MI, Algethmi RA, Salem GA, Salem MA, Alharbi
AA. The effect of physical activity on sleep quality and sleep disorder: a systematic
review. Cureus. (2023) 15:e43595. doi: 10.7759/CUREUS.43595

Frontiers in Sports and Active Living

17

10.3389/fspor.2026.1739588

25. Kline CE, Crowley EP, Ewing GB, Burch JB, Blair SN, Durstine JL, et al. The
effect of exercise training on obstructive sleep apnea and sleep quality: a
randomized controlled trial. Sleep. (2011) 34:1631. doi: 10.5665/SLEEP.1422

26. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al.
The physical activity guidelines for Americans. JAMA. (2018) 320:2020-8. doi: 10.
1001/JAMA.2018.14854

27. Vitale JA, Bonato M, Galasso L, La Torre A, Merati G, Montaruli A, et al. Sleep
quality and high intensity interval training at two different times of day: a crossover
study on the influence of the chronotype in male collegiate soccer players. Chronobiol
Int. (2017) 34:260-8. doi: 10.1080/07420528.2016.1256301

28. Myllymiki T, Rusko H, Syvéoja H, Juuti T, Kinnunen ML, Kyréldinen H, et al.
Effects of exercise intensity and duration on nocturnal heart rate variability and sleep
quality. Eur J Appl Physiol. (2012) 112:801-9. doi: 10.1007/S00421-011-2034-9

29. Li L, An J, Wang D, Li H. Which exercise prescription is most effective for
patients with sleep disorders?: a network meta-analysis of 30 randomized
controlled trials. Sleep Biol Rhythms. (2025) 23:355-72. doi: 10.1007/541105-025-
00596-7

30. Ramos-Campo DJ, Avila-Gandia V, Luque AJ, Rubio-Arias J. Effects of hour of
training and exercise intensity on nocturnal autonomic modulation and sleep quality
of amateur ultra-endurance runners. Physiol Behav. (2019) 198:134-9. doi: 10.1016/].
PHYSBEH.2018.10.020

31. Kim N, Ka S, Park J. Effects of exercise timing and intensity on physiological
circadian rhythm and sleep quality: a systematic review. Phys Act Nutr. (2023)
27:52. doi: 10.20463/PAN.2023.0029

32. Leota ], Presby DM, Le F, Czeisler M, Mascaro L, Capodilupo ER, et al. Dose-
Response relationship between evening exercise and sleep. Nat Commun. (2025) 16.
doi: 10.1038/541467-025-58271-X

33. Chen Y, Lyu J, Xia Y, Zhu ], Tong S, Ying Y, et al. Effect of maternal sleep,
physical activity and screen time during pregnancy on the risk of childhood
respiratory allergies: a sex-specific study. Respir Res. (2020) 21. doi: 10.1186/
$12931-020-01497-8

34. Melia CS, Soria V, Salvat-Pujol N, Cabezas A, Nadal R, Urretavizcaya M, et al.
Sex-Specific association between the cortisol awakening response and obsessive-
compulsive symptoms in healthy individuals. Biol. Sex Differ. (2019) 10. doi: 10.
1186/513293-019-0273-3

35. Landen S, Hiam D, Voisin S, Jacques M, Lamon S, Eynon N. Physiological and
molecular sex differences in human skeletal muscle in response to exercise training. J
Physiol. (2023) 601:419-34. doi: 10.1113/JP279499

36. Wang P, Chen Y, Zhang A, Xie C, Wang K. Comparative efficacy of exercise
modalities on sleep architecture in adults with sleep disorders: A systematic review
and network meta-analysis of randomized controlled trials. (2025). doi: 10.1016/j.
sleep.2025.106680

37. Stickgold R, Walker MP. Sleep-Dependent memory triage: evolving
generalization through selective processing. Nat Neurosci. (2013) 16:139-45.
doi: 10.1038/nn.3303

38. Brawn TP, Fenn KM, Nusbaum HC, Margoliash D. Consolidating the effects of
waking and sleep on motor-sequence learning. J Neurosci. (2010) 30:13977-82.
doi: 10.1523/JNEUROSCI.3295-10.2010

39. Esposito JG, Thomas SG, Kingdon L, Ezzat S. Anabolic growth hormone action
improves submaximal measures of physical performance in patients with HIV-
associated wasting. Am ] Physiol Endocrinol Metab. (2005) 289:E494-503. doi: 10.
1152/ajpendo.00013.2005

40. Reilly T, Piercy M. The effect of partial sleep deprivation on weight-lifting
performance. Ergonomics. (1994) 37:107-15. doi: 10.1080/00140139408963628

41. Chase JD, Roberson PA, Saunders MJ, Hargens TA, Womack CJ, Luden ND.
One night of sleep restriction following heavy exercise impairs 3-km cycling time-
trial performance in the morning. Appl Physiol Nutr Metab. (2017) 42:909-15.
doi: 10.1139/apnm-2016-0698

42. Axelsson J, Ingre M, Kecklund G, Lekander M, Wright KP, Sundelin T.
Sleepiness as motivation: a potential mechanism for how sleep deprivation affects
behavior. Sleep. (2020) 43. doi: 10.1093/sleep/zsz291

43. Khemila S, Abedelmalek S, Romdhani M, Souissi A, Chtourou H, Souissi N.
Listening to motivational music during warming-up attenuates the negative effects
of partial sleep deprivation on cognitive and short-term maximal performance:
effect of time of day. Chronobiol Int. (2021) 38:1052-63. doi: 10.1080/07420528.
2021.1904971

44. Romdhani M, Hammouda O, Chaabouni Y, Mahdouani K, Driss T, Chamari K,
et al. Sleep deprivation affects post-lunch dip performances, biomarkers of muscle
damage and antioxidant Status. Biol Sport. (2019) 36:55-65. doi: 10.5114/biolsport.
2018.78907

45. Edwards BJ, Waterhouse J. Effects of one night of partial sleep deprivation upon
diurnal rhythms of accuracy and consistency in throwing darts. Chronobiol Int.
(2009) 26:756-68. doi: 10.1080/07420520902929037

frontiersin.org


https://doi.org/10.18103/mra.v9i7.2471
https://doi.org/10.1016/j.smrv.2014.06.008
https://doi.org/10.1007/s10865-015-9617-6
https://doi.org/10.1080/15402002.2015.1048450
https://doi.org/10.5334/jcr.137
https://doi.org/10.1007/s40279-014-0260-0
https://doi.org/10.3389/fphys.2018.00436
https://doi.org/10.1519/JSC.0b013e31825770a7
https://doi.org/10.1097/BPO.0000000000000151
https://doi.org/10.1249/MSS.0b013e318287f321
https://doi.org/10.1371/journal.pmed.0010062
https://doi.org/10.1111/j.1467-789X.2007.00426.x
https://doi.org/10.1111/j.1467-789X.2007.00426.x
https://doi.org/10.1007/s11892-020-01373-1
https://doi.org/10.1016/j.sleep.2010.04.014
https://doi.org/10.1016/S1836-9553(12)70106-6
https://doi.org/10.1007/978-3-319-41400-3_11
https://doi.org/10.1073/pnas.1516953113
https://doi.org/10.1161/CIR.0000000000000444
https://doi.org/10.1155/2017/1364387
https://doi.org/10.1016/j.smrv.2021.101426
https://doi.org/10.1016/j.sleh.2019.06.003
https://doi.org/10.1155/2010/759234
https://doi.org/10.1016/J.PSYNEUEN.2022.105843
https://doi.org/10.1016/J.PSYNEUEN.2022.105843
https://doi.org/10.7759/CUREUS.43595
https://doi.org/10.5665/SLEEP.1422
https://doi.org/10.1001/JAMA.2018.14854
https://doi.org/10.1001/JAMA.2018.14854
https://doi.org/10.1080/07420528.2016.1256301
https://doi.org/10.1007/S00421-011-2034-9
https://doi.org/10.1007/S41105-025-00596-7
https://doi.org/10.1007/S41105-025-00596-7
https://doi.org/10.1016/J.PHYSBEH.2018.10.020
https://doi.org/10.1016/J.PHYSBEH.2018.10.020
https://doi.org/10.20463/PAN.2023.0029
https://doi.org/10.1038/S41467-025-58271-X
https://doi.org/10.1186/S12931-020-01497-8
https://doi.org/10.1186/S12931-020-01497-8
https://doi.org/10.1186/S13293-019-0273-3
https://doi.org/10.1186/S13293-019-0273-3
https://doi.org/10.1113/JP279499
https://doi.org/10.1016/j.sleep.2025.106680
https://doi.org/10.1016/j.sleep.2025.106680
https://doi.org/10.1038/nn.3303
https://doi.org/10.1523/JNEUROSCI.3295-10.2010
https://doi.org/10.1152/ajpendo.00013.2005
https://doi.org/10.1152/ajpendo.00013.2005
https://doi.org/10.1080/00140139408963628
https://doi.org/10.1139/apnm-2016-0698
https://doi.org/10.1093/sleep/zsz291
https://doi.org/10.1080/07420528.2021.1904971
https://doi.org/10.1080/07420528.2021.1904971
https://doi.org/10.5114/biolsport.2018.78907
https://doi.org/10.5114/biolsport.2018.78907
https://doi.org/10.1080/07420520902929037
https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

46. El-Soussi A. The shift from face-to-face to online teaching due to COVID-19: its
impact on higher education faculty’s professional identity. Int ] Educ Res Open.
(2022) 3:100139. doi: 10.1016/j.ijedro.2022.100139

47. Roberts SSH, Teo W-P, Aisbett B, Warmington SA. Effects of total sleep
deprivation on endurance cycling performance and heart rate indices used for
monitoring athlete readiness. J Sports Sci. (2019) 37:2691-701. doi: 10.1080/
02640414.2019.1661561

48. Keramidas ME, Gadefors M, Nilsson L-O, Eiken O. Physiological and
psychological determinants of whole-body endurance exercise following short-term
sustained operations with partial sleep deprivation. Eur ] Appl Physiol. (2018)
118:1373-84. doi: 10.1007/s00421-018-3869-0

49. Cullen T, Thomas G, Wadley AJ, Myers T. The effects of a single night of
complete and partial sleep deprivation on physical and cognitive performance: a
Bayesian analysis. J Sports Sci. (2019) 37:2726-34. doi: 10.1080/02640414.2019.
1662539

50. Schiissler P, Yassouridis A, Uhr M, Kluge M, Weikel ], Holsboer F, et al. Growth
hormone-releasing hormone and corticotropin-releasing hormone enhance non-
rapid-eye-movement sleep after sleep deprivation. Am ] Physiol Endocrinol Metab.
(2006) 291:E549-56. doi: 10.1152/ajpendo.00641.2005

51. Chikani V, Ho KKY. Action of GH on skeletal muscle function: molecular and
metabolic mechanisms. J. Mol. Endocrinol. (2014) 52:R107-23. doi: 10.1530/JME-13-
0208

52. Ghanaat F, Tayek JA. Growth hormone administration increases glucose
production by preventing the expected decrease in glycogenolysis seen with fasting
in healthy volunteers. Metab Clin Exp. (2005) 54:604-9. doi: 10.1016/j.metabol.
2004.12.003

53. Krag MB, Gormsen LC, Guo Z, Christiansen JS, Jensen MD, Nielsen S, et al.
Growth hormone-induced insulin resistance is associated with increased
intramyocellular triglyceride content but unaltered VLDL-triglyceride kinetics. Am
J Physiol Endocrinol Metab. (2007) 292:E920-7. doi: 10.1152/ajpendo.00374.2006

54. Skein M, Duffield R, Edge J, Short MJ, Miindel T. Intermittent-Sprint
performance and muscle glycogen after 30 h of sleep deprivation. Med Sci Sports
Exerc. (2011) 43:1301-11. doi: 10.1249/MSS.0b013e31820abc5a

55. Davies DJ, Graham KS, Chow CM. The effect of prior endurance training on nap
sleep patterns. Int J Sports Physiol Perform. (2010) 5:87-97. doi: 10.1123/ijspp.5.1.87

56. Muehlroth BE, Werkle-Bergner M. Understanding the interplay of sleep and
aging: methodological challenges. Psychophysiology. (2020) 57:¢13523. doi: 10.1111/
psyp-13523

57. Patel AK, Reddy V, Shumway KR, Araujo JE. Physiology, Sleep Stages. Treasure
Island (FL) (2023).

58. Luppi P-H, Fort P. Sleep-Wake physiology. Handb Clin Neurol. (2019)
160:359-70. doi: 10.1016/B978-0-444-64032-1.00023-0

59. Samanta S. Physiological and pharmacological perspectives of melatonin. Arch
Physiol Biochem. (2022) 128:1346-67. doi: 10.1080/13813455.2020.1770799

60. Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology, and sleep
hygiene. Prog Cardiovasc Dis. (2023) 77:59-69. doi: 10.1016/j.pcad.2023.02.005

61. Peng W, Wu Z, Song K, Zhang S, Li Y, Xu M. Regulation of sleep homeostasis
mediator adenosine by basal forebrain glutamatergic neurons. Science. (2020) 369.
doi: 10.1126/science.abb0556

62. Ma W-X, Yuan P-C, Zhang H, Kong L-X, Lazarus M, Qu W-M, et al.
Adenosine and P1 receptors: key targets in the regulation of sleep, torpor, and
hibernation. Front Pharmacol. (2023) 14:1098976. doi: 10.3389/fphar.2023.1098976

63. Liu Y-J, Chen J, Li X, Zhou X, Hu Y-M, Chu S-F, et al. Research progress on
adenosine in central nervous system diseases. CNS Neurosci Ther. (2019) 25:899-910.
doi: 10.1111/cns.13190

64. Rupp AC, Ren M, Altimus CM, Fernandez DC, Richardson M, Turek F, et al.
Distinct IpRGC subpopulations mediate light’s acute and circadian effects on body
temperature and sleep. Elife. (2019) 8. doi: 10.7554/eLife.44358

65. Torres-Nunes L, da Costa-Borges PP, Paineiras-Domingos LL, Bachur JA,
Coelho-Oliveira AC, da Cunha de Sa-Caputo D, et al. Effects of the whole-body
vibration exercise on sleep disorders, body temperature, body composition, tone,
and clinical parameters in a child with down syndrome who underwent total
atrioventricular septal defect surgery: a case-report. Children (Basel). (2023) 10.
doi: 10.3390/children10020213

66. Hajali V, Andersen ML, Negah SS, Sheibani V. Sex differences in sleep and sleep
loss-induced cognitive deficits: the influence of gonadal hormones. Horm Behav.
(2019) 108:50-61. doi: 10.1016/j.yhbeh.2018.12.013

67. Gava G, Orsili I, Alvisi S, Mancini I, Seracchioli R, Meriggiola MC. Cognition,
mood and sleep in menopausal transition: the role of menopause hormone therapy.
Medicina (Kaunas). (2019) 55. doi: 10.3390/medicina55100668

68. Lin J, Jiang Y, Wang G, Meng M, Zhu Q, Mei H, et al. Associations of short
sleep duration with appetite-regulating hormones and adipokines: a systematic
review and meta-analysis. Obes Rev (2020) 21:¢13051. doi: 10.1111/0br.13051

69. Koop S, Oster H. Eat, sleep, repeat - endocrine regulation of behavioural
circadian rhythms. FEBS J. (2022) 289:6543-58. doi: 10.1111/febs.16109

Frontiers in Sports and Active Living

18

10.3389/fspor.2026.1739588

70. Smith PC, Mong JA. Neuroendocrine control of sleep. Curr Top Behav
Neurosci. (2019) 43:353-78. doi: 10.1007/7854_2019_107

71. Ludwig K, Huppertz T, Radsak M, Gouveris H. Cellular immune dysfunction in
obstructive sleep apnea. Front Surg. (2022) 9:890377. doi: 10.3389/fsurg.2022.890377

72. Iranzo A. Sleep and neurological autoimmune  diseases.
Neuropsychopharmacology. (2020) 45:129-40. doi: 10.1038/541386-019-0463-z

73. Northeast RC, Vyazovskiy VV, Bechtold DA. Eat, sleep, repeat: the role of the
circadian system in balancing sleep-wake control with metabolic need. Curr Opin
Physiol. (2020) 15:183-91. doi: 10.1016/j.cophys.2020.02.003

74. Pauley AM, Moore GA, Mama SK, Molenaar P, Downs DS. Systematic review of
the associations between prenatal sleep behaviours and components of energy balance
for regulating weight gain. J Sleep Res. (2023) 32:¢13619. doi: 10.1111/jsr.13619

75. Serin Y, Acar Tek N. Effect of circadian rhythm on metabolic processes and the
regulation of energy balance. Ann Nutr Metab. (2019) 74:322-30. doi: 10.1159/
000500071

76. Boege HL, Bhatti MZ, St-Onge M-P. Circadian rhythms and meal timing:
impact on energy balance and body weight. Curr Opin Biotechnol. (2021) 70:1-6.
doi: 10.1016/j.copbio.2020.08.009

77. Chaput J-P, McHill AW, Cox RC, Broussard JL, Dutil C, da Costa BGG, et al.
The role of insufficient sleep and circadian misalignment in obesity. Nat Rev
Endocrinol. (2023) 19:82-97. doi: 10.1038/s41574-022-00747-7

78. Tham KW, Lee PC, Lim CH. Weight management in obstructive sleep apnea:
medical and surgical options. Sleep Med Clin. (2019) 14:143-53. doi: 10.1016/j.jsmc.
2018.10.002

79. Herculano S, Grad GF, Drager LF, de Albuquerque ALP, Melo CM, Lorenzi-
Filho G, et al. Weight gain induced by continuous positive airway pressure in
patients with obstructive sleep apnea is mediated by fluid accumulation: a
randomized crossover controlled trial. Am ] Respir Crit Care Med. (2021)
203:134-6. doi: 10.1164/rccm.202005-1853LE

80. Sever O, Kezirian EJ, Gillett E, Davidson Ward SL, Khoo M, Perez IA.
Association between REM sleep and obstructive sleep apnea in obese and
overweight adolescents. Sleep Breath. (2019) 23:645-50. doi: 10.1007/s11325-018-
1768-6

81. Malhotra A, Strollo PJJ, Pepin J-L, Schweitzer P, Lammers GJ, Hedner J, et al.
Effects of solriamfetol treatment on body weight in participants with obstructive sleep
apnea or narcolepsy. Sleep Med. (2022) 100:165-73. doi: 10.1016/j.sleep.2022.08.005

82. Yoon SJ, Long NP, Jung K-H, Kim HM, Hong Y], Fang Z, et al. Systemic and
local metabolic alterations in sleep-deprivation-induced stress: a multiplatform mass-
spectrometry-based lipidomics and metabolomics approach. J Proteome Res. (2019)
18:3295-304. doi: 10.1021/acs.jproteome.9b00234

83. Borel A-L. Sleep apnea and sleep habits: relationships with metabolic syndrome.
Nutrients. (2019) 11. doi: 10.3390/nul1112628

84. Hernandez-Garcia J, Navas-Carrillo D, Orenes-Pifiero E. Alterations of
circadian rhythms and their impact on obesity, metabolic syndrome and
cardiovascular diseases. Crit Rev Food Sci Nutr. (2020) 60:1038-47. doi: 10.1080/
10408398.2018.1556579

85. Gruwez A, Bruyneel A-V, Bruyneel M. The validity of two commercially-
available sleep trackers and actigraphy for assessment of sleep parameters in
obstructive sleep apnea patients. PLoS One. (2019) 14:€0210569. doi: 10.1371/
journal.pone.0210569

86. Tabar YR, Mikkelsen KB, Rank ML, Hemmsen MC, Otto M, Kidmose P. Ear-
EEG for sleep assessment: a comparison with actigraphy and PSG. Sleep Breath.
(2021) 25:1693-705. doi: 10.1007/s11325-020-02248-1

87. Barros D, Garcia-Rio F. Obstructive sleep apnea and dyslipidemia: from animal
models to clinical evidence. Sleep. (2019) 42. doi: 10.1093/sleep/zsy236

88. Kim LJ, Freire C, Fleury Curado T, Jun JC, Polotsky VY. The role of animal
models in developing pharmacotherapy for obstructive sleep apnea. J Clin Med.
(2019) 8. doi: 10.3390/jcm8122049

89. Pugliese G, Barrea L, Laudisio D, Salzano C, Aprano S, Colao A, et al. Sleep
apnea, obesity, and disturbed glucose homeostasis: epidemiologic evidence, biologic
insights, and therapeutic strategies. Curr Obes Rep. (2020) 9:30-8. doi: 10.1007/
513679-020-00369-y

90. Kim LJ, Pho H, Pham LV, Polotsky VY. Isocapnic CO2 administration stabilizes
breathing and eliminates apneas during sleep in obese mice exposed to hypoxia. Sleep.
(2023) 46.

91. Morrissey B, Taveras E, Allender S, Strugnell C. Sleep and obesity among
children: a systematic review of multiple sleep dimensions. Pediatr Obes. (2020) 15:
€12619. doi: 10.1111/ijpo.12619

92. Wilms B, Chamorro R, Hallschmid M, Trost D, Forck N, Schultes B, et al.
Timing modulates the effect of sleep loss on glucose homeostasis. J Clin Endocrinol
Metab. (2019) 104:2801-8. doi: 10.1210/jc.2018-02636

93. Hanlon EC, Dumin M, Pannain S. Sleep and obesity in children and
adolescents. In: Global Perspectives on Childhood Obesity. Elsevier (2019). p. 147-78.

94. Beersma DGM, Gordijn MCM. Circadian control of the sleep-wake cycle.
Physiol Behav. (2007) 90:190-5. doi: 10.1016/j.physbeh.2006.09.010

frontiersin.org


https://doi.org/10.1016/j.ijedro.2022.100139
https://doi.org/10.1080/02640414.2019.1661561
https://doi.org/10.1080/02640414.2019.1661561
https://doi.org/10.1007/s00421-018-3869-0
https://doi.org/10.1080/02640414.2019.1662539
https://doi.org/10.1080/02640414.2019.1662539
https://doi.org/10.1152/ajpendo.00641.2005
https://doi.org/10.1530/JME-13-0208
https://doi.org/10.1530/JME-13-0208
https://doi.org/10.1016/j.metabol.2004.12.003
https://doi.org/10.1016/j.metabol.2004.12.003
https://doi.org/10.1152/ajpendo.00374.2006
https://doi.org/10.1249/MSS.0b013e31820abc5a
https://doi.org/10.1123/ijspp.5.1.87
https://doi.org/10.1111/psyp.13523
https://doi.org/10.1111/psyp.13523
https://doi.org/10.1016/B978-0-444-64032-1.00023-0
https://doi.org/10.1080/13813455.2020.1770799
https://doi.org/10.1016/j.pcad.2023.02.005
https://doi.org/10.1126/science.abb0556
https://doi.org/10.3389/fphar.2023.1098976
https://doi.org/10.1111/cns.13190
https://doi.org/10.7554/eLife.44358
https://doi.org/10.3390/children10020213
https://doi.org/10.1016/j.yhbeh.2018.12.013
https://doi.org/10.3390/medicina55100668
https://doi.org/10.1111/obr.13051
https://doi.org/10.1111/febs.16109
https://doi.org/10.1007/7854_2019_107
https://doi.org/10.3389/fsurg.2022.890377
https://doi.org/10.1038/s41386-019-0463-z
https://doi.org/10.1016/j.cophys.2020.02.003
https://doi.org/10.1111/jsr.13619
https://doi.org/10.1159/000500071
https://doi.org/10.1159/000500071
https://doi.org/10.1016/j.copbio.2020.08.009
https://doi.org/10.1038/s41574-022-00747-7
https://doi.org/10.1016/j.jsmc.2018.10.002
https://doi.org/10.1016/j.jsmc.2018.10.002
https://doi.org/10.1164/rccm.202005-1853LE
https://doi.org/10.1007/s11325-018-1768-6
https://doi.org/10.1007/s11325-018-1768-6
https://doi.org/10.1016/j.sleep.2022.08.005
https://doi.org/10.1021/acs.jproteome.9b00234
https://doi.org/10.3390/nu11112628
https://doi.org/10.1080/10408398.2018.1556579
https://doi.org/10.1080/10408398.2018.1556579
https://doi.org/10.1371/journal.pone.0210569
https://doi.org/10.1371/journal.pone.0210569
https://doi.org/10.1007/s11325-020-02248-1
https://doi.org/10.1093/sleep/zsy236
https://doi.org/10.3390/jcm8122049
https://doi.org/10.1007/s13679-020-00369-y
https://doi.org/10.1007/s13679-020-00369-y
https://doi.org/10.1111/ijpo.12619
https://doi.org/10.1210/jc.2018-02636
https://doi.org/10.1016/j.physbeh.2006.09.010
https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

95. Frank MG, Benington JH. The role of sleep in memory consolidation and brain
plasticity: dream or reality? Neuroscientist. (2006) 12:477-88. doi: 10.1177/
1073858406293552

96. Abel T, Havekes R, Saletin JM, Walker MP. Sleep, plasticity and memory from
molecules to whole-brain networks. Curr Biol. (2013) 23:R774-88. doi: 10.1016/j.cub.
2013.07.025

97. Reilly T, Waterhouse J, Edwards B. Jet lag and air travel: implications for
performance. Clin Sports Med. (2005) 24:367-80, xii. doi: 10.1016/j.csm.2004.12.004

98. Doherty R, Madigan S, Warrington G, Ellis J. Sleep and nutrition interactions:
implications for athletes. Nutrients. (2019) 11. doi: 10.3390/nu11040822

99. Sehgal A, Mignot E. Genetics of sleep and sleep disorders. Cell. (2011)
146:194-207. doi: 10.1016/j.cell.2011.07.004

100. Drust B, Waterhouse J, Atkinson G, Edwards B, Reilly T. Circadian rhythms in
sports performance-an update. Chronobiol Int. (2005) 22:21-44. doi: 10.1081/cbi-
200041039

101. De Nys L, Anderson K, Ofosu EF, Ryde GC, Connelly J, Whittaker AC. The effects
of physical activity on cortisol and sleep: a systematic review and meta-Analysis.
Psychoneuroendocrinology. (2022) 143:105843. doi: 10.1016/j.psyneuen.2022.105843

102. Merrow M, Spoelstra K, Roenneberg T. The circadian cycle: daily rhythms
from behaviour to genes. EMBO Rep. (2005) 6:930-5. doi: 10.1038/sj.embor.7400541

103. Kwok CS, Kontopantelis E, Kuligowski G, Gray M, Muhyaldeen A, Gale CP,
et al. Self-Reported sleep duration and quality and cardiovascular disease and
mortality: a dose-response meta-analysis. ] Am Heart Assoc. (2018) 7:¢008552.
doi: 10.1161/JAHA.118.008552

104. Irwin MR. Sleep and inflammation: partners in sickness and in health. Nat Rev
Immunol. (2019) 19:702-15. doi: 10.1038/s41577-019-0190-z

105. Hale L, Guan S. Screen time and sleep among school-aged children and
adolescents: a systematic literature review. Sleep Med Rev. (2015) 21:50-8. doi: 10.
1016/j.smrv.2014.07.007

106. Sejbuk M, Mironczuk-Chodakowska I, Witkowska AM. Sleep quality: a
narrative review on nutrition, stimulants, and physical activity as important factors.
Nutrients. (2022) 14. doi: 10.3390/nu14091912

107. Tsunoda K, Kitano N, Kai Y, Uchida K, Kuchiki T, Okura T, et al. Prospective
study of physical activity and sleep in middle-aged and older adults. Am ] Prev Med.
(2015) 48:662-73. doi: 10.1016/j.amepre.2014.12.006

108. Janssen X, Martin A, Hughes AR, Hill CM, Kotronoulas G, Hesketh KR.
Associations of screen time, sedentary time and physical activity with sleep in
under 5s: a systematic review and meta-analysis. Sleep Med Rev. (2020) 49:101226.
doi: 10.1016/j.smrv.2019.101226

109. Williams SM, Farmer VL, Taylor BJ, Taylor RW. Do more active children sleep
more? A repeated cross-sectional analysis using accelerometry. PLoS One. (2014) 9:
€93117. doi: 10.1371/journal.pone.0093117

110. Fairbrother K, Cartner B, Alley JR, Curry CD, Dickinson DL, Morris DM,
et al. Effects of exercise timing on sleep architecture and nocturnal blood pressure
in prehypertensives. Vasc Health Risk Manag. (2014) 10:691-8. doi: 10.2147/
VHRM.S73688

111. Boonstra TW, Stins JF, Daffertshofer A, Beek PJ. Effects of sleep deprivation
on neural functioning: an integrative review. Cell Mol Life Sci. (2007) 64:934-46.
doi: 10.1007/s00018-007-6457-8

112. Mougin F, Simon-Rigaud ML, Davenne D, Renaud A, Garnier A, Kantelip JP,
et al. Effects of sleep disturbances on subsequent physical performance. Eur J Appl
Physiol Occup Physiol. (1991) 63:77-82. doi: 10.1007/BF00235173

113. Reyner LA, Horne JA. Sleep restriction and serving accuracy in performance
tennis players, and effects of caffeine. Physiol Behav. (2013) 120:93-6. doi: 10.1016/j.
physbeh.2013.07.002

114. Symons JD, VanHelder T, Myles WS. Physical performance and physiological
responses following 60 hours of sleep deprivation. Med Sci Sports Exerc. (1988)
20:374-80. doi: 10.1249/00005768-198808000-00008

115. Temesi J, Arnal PJ, Davranche K, Bonnefoy R, Levy P, Verges S, et al. Does
central fatigue explain reduced cycling after complete sleep deprivation? Med Sci
Sports Exerc. (2013) 45:2243-53. doi: 10.1249/MSS.0b013e31829ce379

116. Oliver SJ, Costa RJS, Laing SJ, Bilzon JLJ, Walsh NP. One night of sleep
deprivation decreases treadmill endurance performance. Eur J Appl Physiol. (2009)
107:155-61. doi: 10.1007/s00421-009-1103-9

117. Reilly T, Edwards B. Altered sleep-wake cycles and physical performance in
athletes. Physiol Behav. (2007) 90:274-84. doi: 10.1016/j.physbeh.2006.09.017

118. Banks S, Dinges DF. Behavioral and physiological consequences of sleep
restriction. J Clin Sleep Med. (2007) 3:519-28. doi: 10.5664/jcsm.26918

119. Erlacher D, Ehrlenspiel F, Adegbesan OA, El-Din HG. Sleep habits in German
athletes before important competitions or games. ] Sports Sci. (2011) 29:859-66.
doi: 10.1080/02640414.2011.565782

120. Erlacher D, Ehrlenspiel F, Schredl M. Frequency of nightmares and gender
significantly predict distressing dreams of German athletes before competitions or
games. ] Psychol. (2011) 145:331-42. doi: 10.1080/00223980.2011.574166

Frontiers in Sports and Active Living

19

10.3389/fspor.2026.1739588

121. Lastella M, Lovell GP, Sargent C. Athletes’ precompetitive sleep behaviour and
its relationship with subsequent precompetitive mood and performance. Eur ] Sport
Sci. (2014) 14(Suppl 1):5123-30. doi: 10.1080/17461391.2012.660505

122. D’Ascenzi F, Alvino F, Natali BM, Cameli M, Palmitesta P, Boschetti G, et al.
Precompetitive assessment of heart rate variability in elite female athletes during play
offs. Clin Physiol Funct Imaging. (2014) 34:230-6. doi: 10.1111/cpf.12088

123. Edmonds RC, Sinclair WH, Leicht AS. Effect of a training week on heart rate
variability in elite youth rugby league players. Int J Sports Med. (2013) 34:1087-92.
doi: 10.1055/5-0033-1333720

124. Charest J, Grandner MA. Sleep and athletic performance: impacts on physical
performance, mental performance, injury risk and recovery, and mental health. Sleep
Med Clin. (2020) 15:41-57. doi: 10.1016/j.jsmc.2019.11.005

125. Coutts AJ, Duffield R. Validity and reliability of GPS devices for measuring
movement demands of team sports. J Sci Med Sport. (2010) 13:133-5. doi: 10.1016/
j.jsams.2008.09.015

126. Chokroverty S. Overview of sleep & sleep disorders. Indian ] Med Res. (2010)
131:126-40.

127. Peacock NR, Altfeld S, Rosenthal AL, Garland CE, Massino JM, Smith SL,
et al. Qualitative analysis of infant safe sleep public campaign messaging. Health
Promot Pract. (2018) 19:203-12. doi: 10.1177/1524839917690339

128. Fitzgerald D, Beckmans C, Joyce D, Mills K. The influence of sleep and
training load on illness in nationally competitive male Australian football athletes:
a cohort study over one season. J Sci Med Sport. (2019) 22:130-4. doi: 10.1016/j.
jsams.2018.06.011

129. Serpell BG, Horgan BG, Colomer CME, Field B, Halson SL, Cook CJ. Sleep
and salivary testosterone and cortisol during a short preseason camp: a study in
professional rugby union. Int J Sports Physiol Perform. (2019) 14:796-804. doi: 10.
1123/ijspp.2018-0600

130. Teece AR, Argus CK, Gill N, Beaven M, Dunican IC, Driller MW. Sleep and
performance during a preseason in elite rugby union athletes. Int J Environ Res Public
Health. (2021) 18. doi: 10.3390/ijerph18094612

131. Bonnar D, Bartel K, Kakoschke N, Lang C. Sleep interventions designed to
improve athletic performance and recovery: a systematic review of current
approaches. Sports Med. (2018) 48:683-703. doi: 10.1007/s40279-017-0832-x

132. Lastella M, Roach GD, Halson SL, Sargent C. Sleep/wake behaviours of elite
athletes from individual and team sports. Eur ] Sport Sci. (2015) 15:94-100.
doi: 10.1080/17461391.2014.932016

133. Sargent C, Lastella M, Halson SL, Roach GD. The impact of training schedules
on the sleep and fatigue of elite athletes. Chronobiol Int. (2014) 31:1160-8. doi: 10.
3109/07420528.2014.957306

134. Leeder J, Glaister M, Pizzoferro K, Dawson J, Pedlar C. Sleep duration and
quality in elite athletes measured using wristwatch actigraphy. J Sports Sci. (2012)
30:541-5. doi: 10.1080/02640414.2012.660188

135. Davenne D. Sleep of athletes—problems and possible solutions. Biol Rhythm
Res. (2009) 40:45-52. doi: 10.1080/09291010802067023

136. Hamlin MJ, Deuchrass RW, Olsen PD, Choukri MA, Marshall HC, Lizamore CA,
et al. The effect of sleep quality and quantity on athlete’s health and perceived training
quality. Front Sports Act Living. (2021) 3:705650. doi: 10.3389/fspor.2021.705650

137. Cook JD, Charest J. Sleep and performance in professional athletes. Curr Sleep
Med Rep. (2023) 9:56-81. doi: 10.1007/s40675-022-00243-4

138. Riederer MF. How sleep impacts performance in youth athletes. Curr Sports
Med Rep. (2020) 19:463-7. doi: 10.1249/JSR.0000000000000771

139. Massar SAA, Lim J, Huettel SA. Sleep deprivation, effort allocation and
performance. Prog Brain Res. (2019) 246:1-26. doi: 10.1016/bs.pbr.2019.03.007

140. Brown N, Knight CJ, Forrest Née Whyte LJ. Elite female Athletes’ experiences
and perceptions of the menstrual cycle on training and sport performance. Scand J
Med Sci Sports. (2021) 31:52-69. doi: 10.1111/sms.13818

141. Blum DJ, Zeitzer JM. Irregular sleep-wake, non-24-hour sleep-wake, jet lag,
and shift work sleep disorders. In: Clinical Sleep Medicine: A Comprehensive Guide
for Mental Health and Other Medical Professionals. (2020) 245.

142. Bedford S. Recovery from Strenuous Exercise. Taylor & Francis (2022. ISBN
1000623181.

143. Morrison M, Halson SL, Weakley J, Hawley JA. Sleep, circadian biology and
skeletal muscle interactions: implications for metabolic health. Sleep Med Rev.
(2022) 66:101700. doi: 10.1016/j.smrv.2022.101700

144. Lee A, Galvez JC. Jet lag in athletes. Sports Health. (2012) 4:211-6. doi: 10.
1177/1941738112442340

145. Roy J, Forest G. Greater circadian disadvantage during evening games for the
national basketball association (NBA), national hockey league (NHL) and national
football league (NFL) teams travelling westward. J Sleep Res. (2018) 27:86-9.
doi: 10.1111/jsr.12565

146. Charest ], Samuels CH, Bastien CH, Lawson D, Grandner MA. Impacts of
travel distance and travel direction on back-to-back games in the national
basketball association. J Clin Sleep Med. (2021) 17:2269-74. doi: 10.5664/jcsm.9446

frontiersin.org


https://doi.org/10.1177/1073858406293552
https://doi.org/10.1177/1073858406293552
https://doi.org/10.1016/j.cub.2013.07.025
https://doi.org/10.1016/j.cub.2013.07.025
https://doi.org/10.1016/j.csm.2004.12.004
https://doi.org/10.3390/nu11040822
https://doi.org/10.1016/j.cell.2011.07.004
https://doi.org/10.1081/cbi-200041039
https://doi.org/10.1081/cbi-200041039
https://doi.org/10.1016/j.psyneuen.2022.105843
https://doi.org/10.1038/sj.embor.7400541
https://doi.org/10.1161/JAHA.118.008552
https://doi.org/10.1038/s41577-019-0190-z
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.3390/nu14091912
https://doi.org/10.1016/j.amepre.2014.12.006
https://doi.org/10.1016/j.smrv.2019.101226
https://doi.org/10.1371/journal.pone.0093117
https://doi.org/10.2147/VHRM.S73688
https://doi.org/10.2147/VHRM.S73688
https://doi.org/10.1007/s00018-007-6457-8
https://doi.org/10.1007/BF00235173
https://doi.org/10.1016/j.physbeh.2013.07.002
https://doi.org/10.1016/j.physbeh.2013.07.002
https://doi.org/10.1249/00005768-198808000-00008
https://doi.org/10.1249/MSS.0b013e31829ce379
https://doi.org/10.1007/s00421-009-1103-9
https://doi.org/10.1016/j.physbeh.2006.09.017
https://doi.org/10.5664/jcsm.26918
https://doi.org/10.1080/02640414.2011.565782
https://doi.org/10.1080/00223980.2011.574166
https://doi.org/10.1080/17461391.2012.660505
https://doi.org/10.1111/cpf.12088
https://doi.org/10.1055/s-0033-1333720
https://doi.org/10.1016/j.jsmc.2019.11.005
https://doi.org/10.1016/j.jsams.2008.09.015
https://doi.org/10.1016/j.jsams.2008.09.015
https://doi.org/10.1177/1524839917690339
https://doi.org/10.1016/j.jsams.2018.06.011
https://doi.org/10.1016/j.jsams.2018.06.011
https://doi.org/10.1123/ijspp.2018-0600
https://doi.org/10.1123/ijspp.2018-0600
https://doi.org/10.3390/ijerph18094612
https://doi.org/10.1007/s40279-017-0832-x
https://doi.org/10.1080/17461391.2014.932016
https://doi.org/10.3109/07420528.2014.957306
https://doi.org/10.3109/07420528.2014.957306
https://doi.org/10.1080/02640414.2012.660188
https://doi.org/10.1080/09291010802067023
https://doi.org/10.3389/fspor.2021.705650
https://doi.org/10.1007/s40675-022-00243-4
https://doi.org/10.1249/JSR.0000000000000771
https://doi.org/10.1016/bs.pbr.2019.03.007
https://doi.org/10.1111/sms.13818
https://doi.org/10.1016/j.smrv.2022.101700
https://doi.org/10.1177/1941738112442340
https://doi.org/10.1177/1941738112442340
https://doi.org/10.1111/jsr.12565
https://doi.org/10.5664/jcsm.9446
https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

147. Glinski J, Chandy D. Impact of jet lag on free throw shooting in the national
basketball association. Chronobiol Int. (2022) 39:1001-5. doi: 10.1080/07420528.2022.
2057321

148. Leota J, Hoffman D, Czeisler ME, Mascaro L, Drummond SPA, Anderson C,
et al. Eastward jet lag is associated with impaired performance and game outcome in
the national basketball association. Front Physiol. (2022) 13:892681. doi: 10.3389/
fphys.2022.892681

149. Zacharko M, Konefal M, Radziminski £, Chmura P, Blazejczyk K, Chmura J,
et al. Direction of travel of time zones crossed and results achieved by soccer players.
The road from the 2018 FIFA world cup to UEFA EURO 2020. Res Sports Med.
(2020). doi: 10.1080/15438627.2020.1853545

150. McHill AW, Chinoy ED. Utilizing the national basketball association’s COVID-
19 restart “bubble” to uncover the impact of travel and circadian disruption on athletic
performance. Sci Rep. (2020) 10:21827. doi: 10.1038/s41598-020-78901-2

151. Begemann K, Neumann A-M, Oster H. Regulation and function of extra-SCN
circadian oscillators in the brain. Acta Physiol. (Oxf). (2020) 229:e13446. doi: 10.1111/
apha.13446

152. Wolff M, Brunklaus A, Zuberi SM. Phenotypic Spectrum and genetics of
SCN2A-related disorders, treatment options, and outcomes in epilepsy and beyond.
Epilepsia. (2019) 60(Suppl 3):859-67. doi: 10.1111/epi.14935

153. Gardella E, Moller RS. Phenotypic and genetic Spectrum of SCN8A-related
disorders, treatment options, and outcomes. Epilepsia. (2019) 60(Suppl 3):S77-85.
doi: 10.1111/epi.16319

154. Gong J, Li Y, Zhao Y, Wu X, Wang ], Zhang G. Metal-Free polymeric (SCN) n
photocatalyst with adjustable bandgap for efficient organic pollutants degradation
and cr (VI) reduction under visible-light irradiation. Chem Eng J. (2020)
402:126147. doi: 10.1016/j.cej.2020.126147

155. Maywood ES, Chesham JE, Winsky-Sommerer R, Hastings MH. Restoring the
molecular clockwork within the suprachiasmatic hypothalamus of an otherwise
clockless mouse enables circadian phasing and stabilization of sleep-wake cycles
and reverses memory deficits. J Neurosci. (2021) 41:8562-76. doi: 10.1523/
JNEUROSCI.3141-20.2021

156. Ukaga O, Maser C, Reichenbach M. Sustainable Development: Principles,
Frameworks, and Case Studies. CRC Press (2010).

157. Nesbitt A. Sleep, biological rhythms & headache. (2020).

158. Alhussain MH, Macdonald IA, Taylor MA. Impact of isoenergetic intake of
irregular meal patterns on thermogenesis, glucose metabolism, and appetite: a
randomized controlled trial. Am J Clin Nutr. (2022) 115:284-97. doi: 10.1093/ajcn/
nqab323

159. Gao H, Li Z, Cheng C, Cui ], Peng J, Wang X, et al. Fuziline ameliorates
glucose and lipid metabolism by activating Beta adrenergic receptors to stimulate
thermogenesis. Int ] Mol Sci. (2023) 24. doi: 10.3390/ijms24098362

160. Meng J-J, Shen J-W, Li G, Ouyang C-J, Hu J-X, Li Z-S, et al. Light modulates
glucose metabolism by a retina-hypothalamus-brown adipose tissue axis. Cell. (2023)
186:398-412.e17. doi: 10.1016/j.cell.2022.12.024

161. Master L, Nye RT, Lee S, Nahmod NG, Mariani S, Hale L, et al. Bidirectional,
daily temporal associations between sleep and physical activity in adolescents. Sci Rep.
(2019) 9:7732. doi: 10.1038/541598-019-44059-9

162. Vanderlinden J, Boen F, van Uffelen JGZ. Effects of physical activity programs
on sleep outcomes in older adults: a systematic review. Int J Behav Nutr Phys Act.
(2020) 17:11. doi: 10.1186/512966-020-0913-3

163. Laurens C, Bergouignan A, Moro C. Exercise-Released myokines in the control
of energy metabolism. Front Physiol. (2020) 11:91. doi: 10.3389/fphys.2020.00091

164. Ma X, Zhang Y, Wang L, Li N, Barkai E, Zhang X, et al. The firing of theta
state-related septal cholinergic neurons disrupt hippocampal ripple oscillations via
muscarinic receptors. ] Neurosci. (2020) 40(18):3591-603. doi: 10.1523/
JNEUROSCI.1568-19.2020

165. Manganotti P, Ajéevi¢ M, Buoite Stella A. EEG As a marker of brain plasticity
in clinical applications. Handb Clin Neurol. (2022) 184:91-104. doi: 10.1016/B978-0-
12-819410-2.00029-1

166. Dimitriadis SI, Salis CI, Liparas D. An automatic sleep disorder detection
based on EEG cross-frequency coupling and random forest model. J Neural Eng.
(2021) 18. doi: 10.1088/1741-2552/abf773

167. St-Onge M-P, Pizinger T, Kovtun K, RoyChoudhury A. Sleep and meal timing
influence food intake and its hormonal regulation in healthy adults with overweight/
obesity. Eur J Clin Nutr. (2019) 72:76-82. doi: 10.1038/s41430-018-0312-x

168. Chandrasekaran B, Fernandes S, Davis F. Science of sleep and sports performance-
a scoping review. Sci Sports. (2020) 35:3-11. doi: 10.1016/j.scispo.2019.03.006

169. Zhu B, Shi C, Park CG, Zhao X, Reutrakul S. Effects of sleep restriction on
metabolism-related parameters in healthy adults: a comprehensive review and
meta-analysis of randomized controlled trials. Sleep Med Rev. (2019) 45:18-30.
doi: 10.1016/j.smrv.2019.02.002

170. Mason IC, Qian J, Adler GK, Scheer FAJL. Impact of circadian disruption on
glucose metabolism: implications for type 2 diabetes. Diabetologia. (2020) 63:462-72.
doi: 10.1007/s00125-019-05059-6

Frontiers in Sports and Active Living

10.3389/fspor.2026.1739588

171. Tyegha ID, Chieh AY, Bryant BM, Li L. Associations between poor sleep and
glucose intolerance in prediabetes. Psychoneuroendocrinology. (2019) 110:104444.
doi: 10.1016/j.psyneuen.2019.104444

172. Kamble PG, Theorell-Haglow J, Wiklund U, Franklin KA, Hammar U,
Lindberg E, et al. Sleep apnea in men is associated with altered lipid metabolism,
glucose tolerance, insulin sensitivity, and body fat percentage. Endocrine. (2020)
70:48-57. doi: 10.1007/s12020-020-02369-3

173. Honma A, Revell VL, Gunn PJ, Davies SK, Middleton B, Raynaud FI, et al.
Effect of acute total sleep deprivation on plasma melatonin, cortisol and metabolite
rhythms in females. Eur J Neurosci. (2020) 51:366-78. doi: 10.1111/ejn.14411

174. Hudson AN, Van Dongen HPA, Honn KA. Sleep deprivation, vigilant
attention, and brain function: a review. Neuropsychopharmacology. (2020) 45:21-30.
doi: 10.1038/541386-019-0432-6

175. Gabery S, Ahmed RM, Caga J, Kiernan MC, Halliday GM, Petersén A. Loss of
the metabolism and sleep regulating neuronal populations expressing orexin and
oxytocin in the hypothalamus in amyotrophic lateral sclerosis. Neuropathol Appl
Neurobiol. (2021) 47:979-89. doi: 10.1111/nan.12709

176. Ono D, Honma K-I, Honma S. GABAergic mechanisms in the
suprachiasmatic nucleus that influence circadian rhythm. J Neurochem. (2021)
157:31-41. doi: 10.1111/jnc.15012

177. Palagini L, Geoffroy PA, Miniati M, Perugi G, Biggio G, Marazziti D, et al.
Insomnia, sleep loss, and circadian sleep disturbances in mood disorders: a
pathway toward neurodegeneration and neuroprogression? A theoretical review.
CNS Spectr. (2022) 27:298-308. doi: 10.1017/S1092852921000018

178. Lane JM, Qian J, Mignot E, Redline S, Scheer FAJL, Saxena R. Genetics of
circadian rhythms and sleep in human health and disease. Nat Rev Genet. (2023)
24:4-20. doi: 10.1038/s41576-022-00519-z

179. Byun J-I, Jahng G-H, Ryu C-W, Park S, Lee KH, Hong SO, et al. Altered
functional connectivity of the ascending reticular activating system in obstructive
sleep apnea. Sci Rep. (2023) 13:8731. doi: 10.1038/s41598-023-35535-4

180. Arguinchona JH, Tadi P. Neuroanatomy, Reticular Activating System. Treasure
Island (FL) (2023).

181. Bishir M, Bhat A, Essa MM, Ekpo O, Thunwo AO, Veeraraghavan VP, et al.
Sleep deprivation and neurological disorders. Biomed Res Int. (2020) 2020:5764017.
doi: 10.1155/2020/5764017

182. Semba K. The Mesopontine Cholinergic System: A Dual Role in REM Sleep and
Wakefulness. in Handbook of Behavioral State Control. CRC Press (2019). p. 161-80.

183. Honda T, Takata Y, Cherasse Y, Mizuno S, Sugiyama F, Takahashi S, et al.
Ablation of ventral midbrain/pons GABA neurons induces mania-like behaviors
with altered sleep homeostasis and dopamine D(2)R-mediated sleep reduction.
iScience. (2020) 23:101240. doi: 10.1016/j.is¢i.2020.101240

184. Amorim MR, Dergacheva O, Fleury-Curado T, Pho H, Freire C, Mendelowitz
D, et al. The effect of DREADD activation of leptin receptor positive neurons in the
nucleus of the solitary tract on sleep disordered breathing. Int ] Mol Sci. (2021) 22.
doi: 10.3390/ijms22136742

185. Zhao M, Tuo H, Wang S, Zhao L. The effects of dietary nutrition on sleep and
sleep disorders. Mediators Inflamm. (2020) 2020:3142874. doi: 10.1155/2020/3142874

186. Shilo L, Sabbah H, Hadari R, Kovatz S, Weinberg U, Dolev S, et al. The effects
of coffee consumption on sleep and melatonin secretion. Sleep Med. (2002) 3:271-3.
doi: 10.1016/s1389-9457(02)00015-1

187. Young T, Peppard PE, Taheri S. Excess weight and sleep-disordered breathing.
J Appl Physiol. (1985). (2005) 99:1592-9. doi: 10.1152/japplphysiol.00587.2005

188. Peuhkuri K, Sihvola N, Korpela R. Dietary factors and fluctuating levels of
melatonin. Food Nutr Res. (2012) 56. doi: 10.3402/fnr.v56i0.17252

189. Giinal AM. Sleep, activity, and diet in harmony: unveiling the relationships of
chronotype, sleep quality, physical activity, and dietary intake. Front Nutr. (2023)
10:1301818. doi: 10.3389/FNUT.2023.1301818/BIBTEX

190. Barclay AW, Petocz P, McMillan-Price J, Flood VM, Prvan T, Mitchell P, et al.
Glycemic Index, glycemic load, and chronic disease risk-a meta-analysis of
observational studies. Am J Clin Nutr. (2008) 87:627-37. doi: 10.1093/ajcn/87.3.627

191. Schadow AM, Revheim I, Spielau U, Dierkes J, Schwingshackl L, Frank J, et al.
The effect of regular consumption of reformulated breads on glycemic control: a
systematic review and meta-analysis of randomized clinical trials. Adv Nutr. (2023)
14:30-43. doi: 10.1016/j.advnut.2022.10.008

192. Katagiri R, Asakura K, Kobayashi S, Suga H, Sasaki S. Low intake of vegetables,
high intake of confectionary, and unhealthy eating habits are associated with poor
sleep quality among middle-aged female Japanese workers. ] Occup Health. (2014)
56:359-68. doi: 10.1539/joh.14-0051-0a

193. Afaghi A, O’Connor H, Chow CM. Acute effects of the very low carbohydrate
diet on sleep indices. Nutr Neurosci. (2008) 11:146-54. doi: 10.1179/147683008x301540

194. Benton D, Bloxham A, Gaylor C, Brennan A, Young HA. Carbohydrate and

sleep: an evaluation of putative mechanisms. Front Nutr. (2022) 9:933898. doi: 10.
3389/fnut.2022.933898

195. Bravo R, Matito S, Cubero J, Paredes SD, Franco L, Rivero M, et al.
Tryptophan-Enriched cereal intake improves nocturnal sleep, melatonin, serotonin,

frontiersin.org


https://doi.org/10.1080/07420528.2022.2057321
https://doi.org/10.1080/07420528.2022.2057321
https://doi.org/10.3389/fphys.2022.892681
https://doi.org/10.3389/fphys.2022.892681
https://doi.org/10.1080/15438627.2020.1853545
https://doi.org/10.1038/s41598-020-78901-2
https://doi.org/10.1111/apha.13446
https://doi.org/10.1111/apha.13446
https://doi.org/10.1111/epi.14935
https://doi.org/10.1111/epi.16319
https://doi.org/10.1016/j.cej.2020.126147
https://doi.org/10.1523/JNEUROSCI.3141-20.2021
https://doi.org/10.1523/JNEUROSCI.3141-20.2021
https://doi.org/10.1093/ajcn/nqab323
https://doi.org/10.1093/ajcn/nqab323
https://doi.org/10.3390/ijms24098362
https://doi.org/10.1016/j.cell.2022.12.024
https://doi.org/10.1038/s41598-019-44059-9
https://doi.org/10.1186/s12966-020-0913-3
https://doi.org/10.3389/fphys.2020.00091
https://doi.org/10.1523/JNEUROSCI.1568-19.2020
https://doi.org/10.1523/JNEUROSCI.1568-19.2020
https://doi.org/10.1016/B978-0-12-819410-2.00029-1
https://doi.org/10.1016/B978-0-12-819410-2.00029-1
https://doi.org/10.1088/1741-2552/abf773
https://doi.org/10.1038/s41430-018-0312-x
https://doi.org/10.1016/j.scispo.2019.03.006
https://doi.org/10.1016/j.smrv.2019.02.002
https://doi.org/10.1007/s00125-019-05059-6
https://doi.org/10.1016/j.psyneuen.2019.104444
https://doi.org/10.1007/s12020-020-02369-3
https://doi.org/10.1111/ejn.14411
https://doi.org/10.1038/s41386-019-0432-6
https://doi.org/10.1111/nan.12709
https://doi.org/10.1111/jnc.15012
https://doi.org/10.1017/S1092852921000018
https://doi.org/10.1038/s41576-022-00519-z
https://doi.org/10.1038/s41598-023-35535-4
https://doi.org/10.1155/2020/5764017
https://doi.org/10.1016/j.isci.2020.101240
https://doi.org/10.3390/ijms22136742
https://doi.org/10.1155/2020/3142874
https://doi.org/10.1016/s1389-9457(02)00015-1
https://doi.org/10.1152/japplphysiol.00587.2005
https://doi.org/10.3402/fnr.v56i0.17252
https://doi.org/10.3389/FNUT.2023.1301818/BIBTEX
https://doi.org/10.1093/ajcn/87.3.627
https://doi.org/10.1016/j.advnut.2022.10.008
https://doi.org/10.1539/joh.14-0051-oa
https://doi.org/10.1179/147683008&times;301540
https://doi.org/10.3389/fnut.2022.933898
https://doi.org/10.3389/fnut.2022.933898
https://doi.org/10.3389/fspor.2026.1739588

Clemente-Suarez et al.

and total antioxidant capacity levels and mood in elderly humans. Age (Dordr).
(2013) 35:1277-85. doi: 10.1007/s11357-012-9419-5

196. Surani S, Brito V, Surani A, Ghamande S. Effect of diabetes Mellitus on sleep
quality. World J Diabetes. (2015) 6:868-73. doi: 10.4239/wjd.v6.i6.868

197. Lavielle-Sotomayor P, Pineda-Aquino V, Jauregui-Jiménez O, Castillo-Trejo
M. Actividad F{\iJsica y sedentarismo: determinantes sociodemograficos,
familiares y su impacto en la salud Del adolescente. Revista de Salud Publica.
(2014) 16:161-72. doi: 10.15446/rsap.v16n2.33329

198. Papandreou C. Independent associations between fatty acids and sleep quality
among obese patients with obstructive sleep apnoea syndrome. J. Sleep Res. (2013)
22:569-72. doi: 10.1111/jsr.12043

199. Gao Q, Kou T, Zhuang B, Ren Y, Dong X, Wang Q. The association between
vitamin D deficiency and sleep disorders: a systematic review and meta-analysis.
Nutrients. (2018) 10. doi: 10.3390/nu10101395

200. Noorwali EA, Cade JE, Burley V], Hardie L]. The relationship between sleep
duration and fruit/vegetable intakes in UK adults: a cross-sectional study from the
national diet and nutrition survey. BMJ Open. (2018) 8:¢020810. doi: 10.1136/
bmjopen-2017-020810

201. Okawa M, Mishima K, Nanami T, Shimizu T, Iijima S, Hishikawa Y, et al.
Vitamin B12 treatment for sleep-wake rhythm disorders. Sleep. (1990) 13:15-23.
doi: 10.1093/sleep/13.1.15

202. Ji X, Grandner MA, Liu J. The relationship between micronutrient Status and
sleep patterns: a systematic review. Public Health Nutr. (2017) 20:687-701. doi: 10.
1017/51368980016002603

203. Tang S, Zhou J, Liu C, Wang S, Cong Y, Chen L, et al. Association of plant-
based diet Index with sleep quality in middle-aged and older adults: the healthy dance
study. Sleep Health. (2023). doi: 10.1016/j.sleh.2023.04.003

204. Patel K, Lawson M, Cheung J. Whole-Food plant-based diet reduces daytime
sleepiness in patients with OSA. Sleep Med. (2023) 107:327-9. doi: 10.1016/j.sleep.
2023.05.007

205. Scoditti E, Tumolo MR, Garbarino S. Mediterranean Diet on sleep: a health
alliance. Nutrients. (2022) 14. doi: 10.3390/nu14142998

206. Jansen EC, Baylin A, Cantoral A, Téllez Rojo MM, Burgess HJ, O’Brien LM,
et al. Dietary patterns in relation to prospective sleep duration and timing among
Mexico city adolescents. Nutrients. (2020) 12. doi: 10.3390/nu12082305

207. Barnard J, Roberts S, Lastella M, Aisbett B, Condo D. The impact of dietary
factors on the sleep of athletically trained populations: a systematic review.
Nutrients. (2022) 14. doi: 10.3390/nul14163271

208. Gratwicke M, Miles KH, Pyne DB, Pumpa KL, Clark B. Nutritional
interventions to improve sleep in team-sport athletes: a narrative review. Nutrients.
(2021) 13. doi: 10.3390/nu13051586

209. Daniel NVS, Zimberg 1Z, Estadella D, Garcia MC, Padovani RC, Juzwiak CR.
Effect of the intake of high or low glycemic Index high carbohydrate-meals on
Athletes’ sleep quality in Pre-game nights. An Acad Bras Cienc. (2019) 91:
€20180107. doi: 10.1590/0001-3765201920180107

210. Vlahoyiannis A, Aphamis G, Andreou E, Samoutis G, Sakkas GK, Giannaki
CD. Effects of high vs. Low glycemic Index of post-exercise meals on sleep and
exercise performance: a randomized, double-blind, counterbalanced
polysomnographic study. Nutrients. (2018) 10. doi: 10.3390/nu10111795

211. Ramos-Campo DJ, Pérez A, Avila-Gandia V, Pérez-Pifiero S, Rubio-Arias JA.
Impact of caffeine intake on 800-m running performance and sleep quality in trained
runners. Nutrients. (2019) 11. doi: 10.3390/nu11092040

212. Miller B, O’Connor H, Orr R, Ruell P, Cheng HL, Chow CM. Combined caffeine
and carbohydrate ingestion: effects on nocturnal sleep and exercise performance in
athletes. Eur ] Appl Physiol. (2014) 114:2529-37. doi: 10.1007/s00421-014-2973-z

213. Chaput J-P, Dutil C, Sampasa-Kanyinga H. Sleeping hours: what is the ideal
number and how does age impact this? Nat Sci Sleep. (2018) 10:421-30. doi: 10.
2147/NSS.5163071

214. Sanz-Martin D, Ubago-Jiménez JL, Ruiz-Tendero G, Zurita-Ortega F,
Melguizo-Ibafiez E, Puertas-Molero P. The relationships between physical activity,
screen time and sleep time according to the Adolescents’ sex and the day of the
week. Healthcare (Basel). (2022) 10. doi: 10.3390/healthcare10101955

215. Afaghi A, O’Connor H, Chow CM. High-Glycemic-Index carbohydrate meals
shorten sleep onset. Am J Clin Nutr. (2007) 85:426-30. doi: 10.1093/ajcn/85.2.426

216. St-Onge M-P, Roberts A, Shechter A, Choudhury AR. Fiber and saturated fat
are associated with sleep arousals and slow wave sleep. J Clin Sleep Med. (2016)
12:19-24. doi: 10.5664/jcsm.5384

Frontiers in Sports and Active Living

21

10.3389/fspor.2026.1739588

217. Grandner MA, Jackson N, Gerstner JR, Knutson KL. Sleep symptoms
associated with intake of specific dietary nutrients. J Sleep Res. (2014) 23:22-34.
doi: 10.1111/jsr.12084

218. Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V.
Exercise and mental health. Maturitas. (2017) 106:48-56. doi: 10.1016/j.maturitas.
2017.09.003

219. Tripathi BK, Srivastava AK. Diabetes Mellitus: complications and therapeutics.
Med Sci. Monit. (2006) 12:RA130-47.

220. Holland JV, Dement WC, Raynal DM. Polysomnography: A Response to a Need
for Improved Communication. Association for the Psychophysiological Study of Sleep
(1974). p. 121.

221. Berry RB, Gamaldo CE, Harding SM, Brooks R, Lloyd RM, Vaughn BV, et al.
AASM Scoring manual version 2.2 updates: new chapters for scoring infant sleep
staging and home sleep apnea testing. J Clin Sleep Med. (2015) 11:1253-4. doi: 10.
5664/jcsm.5176

222. Vlahoyiannis A, Sakkas GK, Manconi M, Aphamis G, Giannaki CD. A critical
review on sleep assessment methodologies in athletic populations: factors to be
considered. Sleep Med. (2020) 74:211-23. doi: 10.1016/j.sleep.2020.07.029

223. Akerstedt T, Hume K, Minors D, Waterhouse J. The subjective meaning of
good sleep, an intraindividual approach using the karolinska sleep diary. Percept
Mot Skills (1994) 79:287-96. doi: 10.2466/pms.1994.79.1.287

224. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer D] The Pittsburgh
sleep quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res. (1989) 28:193-213, doi: 10.1016/0165-1781(89)90047-4

225. Johns MW. A new method for measuring daytime sleepiness: the epworth
sleepiness scale. Sleep. (1991) 14:540-5. doi: 10.1093/sleep/14.6.540

226. Mastin DF, Bryson J, Corwyn R. Assessment of sleep hygiene using the sleep
hygiene Index. ] Behav Med. (2006) 29:223-7. doi: 10.1007/s10865-006-9047-6

227. Driller MW, Mah CD, Halson SL. Development of the athlete sleep behavior
questionnaire: a tool for identifying maladaptive sleep practices in elite athletes. Sleep
Sci. (2018) 11:37-44. doi: 10.5935/1984-0063.20180009

228. Bender AM, Lawson D, Werthner P, Samuels CH. The clinical validation of
the athlete sleep screening questionnaire: an instrument to identify athletes that
need further sleep assessment. Sports Med Open. (2018) 4:23. doi: 10.1186/s40798-
018-0140-5

229. Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and
reliability of consumer-wearable activity trackers. Int ] Behav Nutr Phys Act. (2015)
12:1-22. doi: 10.1186/s12966-015-0314-1

230. Crabtree IB, Rhodes B. Wearable computing and the remembrance agent. BT
Technology Journal. (1998) 16:118-24. doi: 10.1023/A:1009642301754

231. Ghanvatkar S, Kankanhalli A, Rajan V. User models for personalized physical
activity interventions: scoping review. JMIR Mhealth Uhealth. (2019) 7:¢11098.
doi: 10.2196/11098

232. Shimamoto T, Furihata R, Nakagami Y, Tateyama Y, Kobayashi D, Kiyohara
K, et al. Providing brief personalized therapies for insomnia among workers using a
sleep prompt app: randomized controlled trial. ] Med Internet Res. (2022) 24:¢36862.
doi: 10.2196/36862

233. Bello B, Mohammed J, Useh U. Effectiveness of physical activity programs in
enhancing sleep outcomes among adolescents: a systematic review. Sleep Breath.
(2023) 27:431-9. doi: 10.1007/s11325-022-02675-2

234. Murawski B, Plotnikoff RC, Rayward AT, Oldmeadow C, Vandelanotte C,
Brown W], et al. Efficacy of an M-health physical activity and sleep health
intervention for adults: a randomized waitlist-controlled trial. Am ] Prev Med.
(2019) 57:503-14. doi: 10.1016/j.amepre.2019.05.009

235. Li ], Szanton SL, McPhillips MV, Lukkahatai N, Pien GW, Chen K, et al. An
MHealth-facilitated personalized intervention for physical activity and sleep in
community-dwelling older adults. J Aging Phys Act. (2022) 30:261-70. doi: 10.
1123/japa.2020-0463

236. McCarthy D, Berg A. Weight loss strategies and the risk of skeletal muscle
mass loss. Nutrients. (2021) 13. doi: 10.3390/nu13072473

237. Atkinson G, Davenne D. Relationships between sleep, physical activity
and human health. Physiol Behav. (2007) 90:229-35. doi: 10.1016/j.physbeh.2006.
09.015

238. Huang H-H, Stubbs B, Chen L-J, Ku P-W, Hsu T-Y, Lin C-W, et al. The effect
of physical activity on sleep disturbance in Various populations: a scoping review of
randomized clinical trials. Int ] Behav Nutr Phys Act. (2023) 20:44. doi: 10.1186/
$12966-023-01449-7

frontiersin.org


https://doi.org/10.1007/s11357-012-9419-5
https://doi.org/10.4239/wjd.v6.i6.868
https://doi.org/10.15446/rsap.v16n2.33329
https://doi.org/10.1111/jsr.12043
https://doi.org/10.3390/nu10101395
https://doi.org/10.1136/bmjopen-2017-020810
https://doi.org/10.1136/bmjopen-2017-020810
https://doi.org/10.1093/sleep/13.1.15
https://doi.org/10.1017/S1368980016002603
https://doi.org/10.1017/S1368980016002603
https://doi.org/10.1016/j.sleh.2023.04.003
https://doi.org/10.1016/j.sleep.2023.05.007
https://doi.org/10.1016/j.sleep.2023.05.007
https://doi.org/10.3390/nu14142998
https://doi.org/10.3390/nu12082305
https://doi.org/10.3390/nu14163271
https://doi.org/10.3390/nu13051586
https://doi.org/10.1590/0001-3765201920180107
https://doi.org/10.3390/nu10111795
https://doi.org/10.3390/nu11092040
https://doi.org/10.1007/s00421-014-2973-z
https://doi.org/10.2147/NSS.S163071
https://doi.org/10.2147/NSS.S163071
https://doi.org/10.3390/healthcare10101955
https://doi.org/10.1093/ajcn/85.2.426
https://doi.org/10.5664/jcsm.5384
https://doi.org/10.1111/jsr.12084
https://doi.org/10.1016/j.maturitas.2017.09.003
https://doi.org/10.1016/j.maturitas.2017.09.003
https://doi.org/10.5664/jcsm.5176
https://doi.org/10.5664/jcsm.5176
https://doi.org/10.1016/j.sleep.2020.07.029
https://doi.org/10.2466/pms.1994.79.1.287
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1007/s10865-006-9047-6
https://doi.org/10.5935/1984-0063.20180009
https://doi.org/10.1186/s40798-018-0140-5
https://doi.org/10.1186/s40798-018-0140-5
https://doi.org/10.1186/s12966-015-0314-1
https://doi.org/10.1023/A:1009642301754
https://doi.org/10.2196/11098
https://doi.org/10.2196/36862
https://doi.org/10.1007/s11325-022-02675-2
https://doi.org/10.1016/j.amepre.2019.05.009
https://doi.org/10.1123/japa.2020-0463
https://doi.org/10.1123/japa.2020-0463
https://doi.org/10.3390/nu13072473
https://doi.org/10.1016/j.physbeh.2006.09.015
https://doi.org/10.1016/j.physbeh.2006.09.015
https://doi.org/10.1186/s12966-023-01449-7
https://doi.org/10.1186/s12966-023-01449-7
https://doi.org/10.3389/fspor.2026.1739588

	Bidirectional effects of physical activity and sleep on health: evidence and future directions
	Introduction
	Physical activity as a modulator of sleep: effects, mechanisms, and exercise prescription
	Effects of physical activity on sleep quality and duration
	Underlying mechanisms linking exercise and sleep
	Physical activity as a non-pharmacological intervention for sleep disorders
	Exercise prescription: timing, intensity, and dose
	Strength of evidence, inconsistencies, and research gaps

	The effects of sleep on physical activity performance and recovery
	The role of sleep in regulating energy balance and weight management
	The impact of sleep disorders on physical activity
	The impact of sleep duration and quality on physical activity performance and recovery
	The impact of sleep on performance
	Sleep duration and physical activity performance
	Sleep quality and physical activity performance
	Sleep duration and quality in recovery
	Sleep perturbances due to travel and time zone change

	The potential mechanisms underlying the relationship between sleep and physical activity, including the role of circadian rhythms, hormonal regulation, and neural pathways
	The impact of nutrition on sleep and physical activity
	Nutrition and sleep quality
	Nutritional interventions and how they affect sleep quality and performance

	The potential synergies between physical activity, sleep, and nutrition interventions
	Wearable technology for monitoring sleep and physical activity
	Personalized interventions for optimizing sleep and physical activity habits
	Future lines of research
	Conclusion
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


