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Abstract

Background. Sleep is increasingly seen as a potentially modifiable factor in athlete health, but
its link to injury risk is not well established across ages and sports.

Aim. To summarize evidence on sleep quantity and quality as potential risk factors for
musculoskeletal injury in athletes and identify areas of consistency and uncertainty.

Material and methods. A narrative review was conducted, based on a structured but
incompletely documented PubMed search supplemented by Consensus-assisted literature
identification and informed by SANRA.

Results. In adolescents, cross-sectional and prospective studies, with a broader review of
adolescent sleep and injury literature, reported associations between short or poor sleep and
injury risk, with some overlap in cohorts and non-athlete populations. In adults, evidence is
heterogeneous, and findings from self-reported and actigraphy-based sleep measures have not
been uniform; a systematic review did not confirm sleep as an independent risk factor. Sex,
sport, and training load may relate to differences in risk, although evidence of effect
modification remains unconfirmed.

Conclusions. Short sleep, and less consistently poor sleep quality, are associated with injury
risk, particularly in adolescents, and may represent potentially modifiable factors; however,
causality and preventive efficacy have not been established, and evidence in adults remains
inconsistent. Prospective studies using reproducible methods are needed.

Key words: Sleep; Sleep Duration; Sleep Quality; Athletes; Athletic Injuries;
Musculoskeletal Injuries; Injury Prevention; Adolescent.
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1. INTRODUCTION AND PURPOSE

Musculoskeletal injury remains one of the most consequential threats to athlete health, sport
participation, and career longevity. Time-loss and medical-attention injuries interrupt training
continuity, delay long-term athletic development, and in youth populations carry the additional
risk of premature disengagement from sport. Identifying modifiable risk factors for injury is
therefore a recurring priority in sports medicine research, alongside training load,
biomechanics, and psychosocial stress.

Sleep has emerged as one such candidate factor. Sleep supports tissue repair, hormonal
regulation, immune function, and neurocognitive processes that are directly relevant to injury
risk, including reaction time, motor coordination, and attentional control !. Athletic populations
are, however, particularly prone to inadequate sleep. Congested competition schedules, early-
morning training, travel across time zones, and psychological stress before competition have
all been described as contributing to shortened or fragmented sleep in athletes >°. Narrative
and mechanistic reviews have proposed that this pattern of sleep curtailment could translate
into a higher likelihood of musculoskeletal injury through impaired neuromuscular control,
delayed reaction times, and altered anabolic-catabolic hormonal balance *°.

Despite this plausible mechanistic basis, empirical support for sleep as a risk factor for
musculoskeletal injury in athletes is not uniform. Several studies in adolescent athletes have
reported that habitually short sleep duration is associated with a higher likelihood of sustaining
a sports injury 78, In adult and elite athletic populations, however, the picture is considerably
less consistent. A systematic review restricted to adult athletes concluded that current evidence
does not support poor sleep as an independent risk factor for sport-related injury, in contrast
with the adolescent literature °. Individual studies using objective, actigraphy-based sleep
measurement have likewise failed to confirm an association in elite team-sport athletes '°, while
other prospective cohorts using self-reported sleep quality or duration have reported clear
associations with subsequent injury 121314 This divergence may reflect differences in study
design, in how sleep is measured (self-report versus actigraphy), in how injury is defined (time-
loss versus medical-attention versus any physical complaint), in the length and intensity of
follow-up, and in the developmental stage, sex, and sport of the athletes studied.

A further source of uncertainty concerns the distinction between short sleep duration, poor
subjective sleep quality, and clinically diagnosed sleep disorders such as chronic insomnia.
These exposures are conceptually related but not interchangeable, and studies in athletic and
non-athletic populations have not always distinguished between them '°. Evidence from non-
athletic and military populations, where newly diagnosed insomnia identified from
administrative claims and poor sleep quality have both been linked to increased
musculoskeletal injury risk, provides useful context but cannot be assumed to generalize
directly to competitive athletes, whose injury mechanisms, training exposures, and baseline
health status differ substantially &!7-18,

Given this heterogeneity, a systematic quantitative synthesis was judged premature, and a
narrative review was considered a more appropriate approach for mapping the current state of



evidence, highlighting areas of convergence and divergence, and identifying the
methodological features that most plausibly explain inconsistent findings across studies.
Narrative synthesis also allows explicit discussion of studies that are informative but not
directly comparable, such as mechanistic reports, intervention studies targeting sleep for
performance rather than injury outcomes, and evidence from non-athletic but physically active
populations.

The aim of this narrative review was to summarize and critically appraise the available
evidence on sleep quantity and sleep quality as potential risk factors for musculoskeletal injury
in athletes, across adolescent, collegiate, and adult populations, and to identify the principal
sources of inconsistency, the plausible underlying mechanisms, and the gaps that should guide
future prospective research.

2. MATERIAL AND METHODS

2.1. Review design

This is a narrative review, not a systematic review or meta-analysis. It was prepared with
reference to the Scale for the Assessment of Narrative Review Articles (SANRA), which
addresses the justification of the review's importance, a clearly stated aim, a description of the
literature search, appropriate and representative citation of evidence, sound scientific
reasoning, and appropriate presentation of the relevant data on study outcomes'.

2.2. Literature search

A structured narrative literature search was conducted in PubMed, with the final search
performed on 28 July 2026. PubMed was the sole bibliographic database; Consensus was used
only as a supplementary literature-identification tool. The search combined terms related to
sleep (“sleep duration”, “sleep quality”, “sleep disturbance”, “sleep deprivation”, “insomnia”,
and “actigraphy”) with terms related to athletic populations (“athlete”, “sport”, “player”, and
“runner”) and injury outcomes (“sports injury”, “athletic injury”, and “musculoskeletal
injury”). Supplementary searches addressed sleep interventions in athletes, potential
physiological mechanisms, and evidence from military populations. All publications identified
through Consensus were verified against their PubMed records, and information used in the
review was obtained from the original abstracts or full texts rather than from Al-generated

summaries.

Publications were selected purposively on the basis of their relevance to sleep quantity or
quality and musculoskeletal injury in athletes. Prospective, retrospective, and cross-sectional
observational studies and systematic reviews were treated as direct evidence. Mechanistic
publications, expert opinions, sleep-intervention studies without injury outcomes, and studies
in military populations were used only as contextual evidence. Studies addressing concussion
exclusively were excluded from the core synthesis.



Because this was a narrative review, no preregistered protocol, duplicate independent
screening, formal risk-of-bias assessment, or meta-analysis was performed. Consequently, the
search should not be considered exhaustive, and selective retrieval of publications cannot be
excluded.

2.3. Eligibility criteria

Publications were considered for inclusion if they involved athletic populations of any age,
competitive level, or sport; reported a measure of sleep quantity, sleep quality, or a diagnosed
sleep disorder; and reported an association, or the absence of one, with musculoskeletal injury,
injury incidence, or injury risk. Systematic reviews addressing this relationship were included
to summarize pooled or synthesized evidence. Studies addressing sport-related concussion
exclusively, rather than musculoskeletal injury, were not treated as core evidence. Studies
reporting only fatigue, delayed-onset muscle soreness, reaction time, physical performance,
recovery markers, or subjective wellbeing, without a musculoskeletal injury outcome, were
treated as supporting or mechanistic evidence rather than direct evidence of injury risk.
Mechanistic and hypothesis-generating reports, narrative reviews, and evidence from closely
related but non-athletic physically active populations (for example, military trainees) were
included for context, clearly identified as such, and not presented as equivalent to primary
athlete-injury evidence. Only English-language publications were considered for inclusion to
the studies ultimately cited, and no further eligibility restrictions beyond those stated above
(population, exposure, outcome, and evidentiary role) were applied.

2.4. Study selection and evidence use

Publications were selected purposively according to their direct relevance to sleep quantity or
quality and musculoskeletal injury outcomes in athletic populations. Priority was given to
prospective cohort studies and systematic reviews reporting clearly defined injury outcomes.
Where full text was available, only information present in the full text was used. Where only
an abstract was available, only information explicitly stated in that abstract was used, and no
quantitative detail was inferred beyond what was reported. Studies drawn from the same
underlying research project or overlapping cohorts were identified and are described as such
rather than treated as fully independent sources of evidence.

2.5. Methodological limitations of this review

This narrative review has several limitations related to its methodology. First, as a narrative
rather than systematic review, source selection was not governed by a pre-registered protocol,
duplicate independent screening was not performed, and the search, while structured, cannot
be assumed to have captured every relevant publication; some degree of selection bias cannot
be excluded. Second, no formal meta-analysis or pooled effect estimate was calculated across
the primary studies cited, given the substantial heterogeneity in sleep measurement, injury
definition, follow-up duration, and population age described throughout the review. Third,
Consensus was used only as a tool to assist in the identification of literature, and its outputs
were not treated as a scientific source; all substantive claims are based on the primary



publications or systematic reviews themselves. Fourth, most of the primary evidence relies on
self-reported sleep measures, which are subject to recall and reporting bias, while the small
number of studies using objective actigraphy differ in follow-up duration and sample size,
complicating direct comparison. Fifth, definitions of musculoskeletal injury vary considerably
between studies, ranging from time-loss injury to any physical complaint, which limits the
comparability of reported associations. Finally, English-language and full-text availability
constraints may have limited access to some potentially relevant non-English or difficult-to-
access publications.

3. REVIEW OF AVAILABLE EVIDENCE

3.1. Definitions and measurement of sleep quantity and quality

Sleep quantity is most commonly expressed as total sleep time, typically derived from self-
report questionnaires or sleep diaries, or measured objectively with wrist actigraphy. Sleep
quality is a broader construct that includes sleep efficiency (the proportion of time in bed spent
asleep), sleep onset latency, the number and duration of awakenings after sleep onset, and
subjective restfulness; these components are captured to varying degrees by instruments such
as the Pittsburgh Sleep Quality Index, single-item Likert ratings of perceived sleep quality, and
actigraphy-derived indices !. Chronic insomnia disorder is a distinct, clinically defined
condition, characterized by persistent difficulty initiating or maintaining sleep with associated
daytime impairment, and is diagnosed using structured clinical criteria rather than a simple
duration or quality threshold !°. This distinction matters for interpreting the literature reviewed
here: most athlete studies measure short sleep duration or reduced subjective sleep quality, not
diagnosed insomnia, and the two exposures are not interchangeable.

Across the studies reviewed, the operational definition of "short" sleep duration varied, most
commonly using a threshold of less than seven or less than eight hours per night, chosen to
align with general population sleep recommendations rather than an athlete-specific evidence
base for those particular cut-points. Similarly, sleep quality was operationalized inconsistently,
ranging from validated questionnaires to single-item ratings collected as part of broader
wellness-monitoring batteries. This heterogeneity in exposure definition, discussed further in
section 3.10, is one of the principal limitations to direct comparison of findings across studies.

3.2. Sleep characteristics in athletic populations

Several reviews describe athletic populations as being at elevated risk of inadequate sleep
relative to general population recommendations. Narrative reviews attribute this to a
combination of sport-specific factors, including early-morning training sessions, travel across
time zones, evening competition start times, and pre-competition anxiety, together with general
risk factors that also apply to non-athletes, such as female sex, increasing age, and
psychological stress or maladaptive perfectionism '. The consensus statement noted that
retiring earlier before early-morning training did not fully offset the associated reduction in
sleep duration. It also reported an association between sport type and chronotype distribution,
with morning chronotypes more common in sports with early-morning training schedules '.



Reviews synthesizing objective and subjective sleep data in elite athletes report that a
substantial proportion of athletes do not meet general sleep duration recommendations and that
poor subjective sleep quality is common, although the pooled figures cited in these secondary
sources originate from primary studies not independently reviewed here and are therefore
presented cautiously, as background context rather than verified injury-outcome evidence >°.
Taken together, these background reviews support the plausibility that athletic populations
experience a meaningful degree of sleep curtailment, which is the necessary premise for
investigating whether this curtailment translates into elevated musculoskeletal injury risk.

3.3. Sleep duration and injury risk

The most frequently studied exposure in this literature is habitual sleep duration, generally
dichotomized around a threshold of seven or eight hours per night.

In a cross-sectional study of 112 adolescent athletes at a combined middle and high school,
self-reported habitual sleep duration was assessed at a single time point and compared against
a retrospective review of injury records covering the preceding 21 months; this design does not
constitute prospective follow-up of sleep exposure preceding subsequent injury, and should not
be described as a prospective cohort. Athletes who reported sleeping fewer than eight hours
per night were more likely to have had an injury recorded during the preceding 21 months than
those reporting eight hours or more of sleep, both in univariate analysis and after multivariable
adjustment; increasing school grade was an independent additional risk factor °. A systematic
review and meta-analysis, published first as a conference abstract and subsequently as a full
peer-reviewed article, addressed adolescents aged 19 years or younger with sports or
musculoskeletal injury more broadly, rather than a population restricted to defined athletic
cohorts. The quantitative pooled estimate was derived from three heterogeneous studies, at
least one of which included non-sport populations and non-sport injury mechanisms such as
falls and bicycle-related trauma; this pooled estimate should therefore not be read as
representative of seven independent athlete cohorts. With this caveat, most of the seven studies
identified in the broader review individually reported associations between chronic short or
poor sleep and increased injury risk in adolescents, while findings for acute, single-night sleep
loss were less consistent .

In a cohort of 340 enrolled Swedish adolescent elite athletes, the prospective risk-factor
analysis included 162 athletes who were uninjured at baseline. Sleeping more than eight hours
on weekdays was associated with lower odds of a new injury (OR 0.39, 95% CI 0.16-0.99),
alongside meeting the stated recommendation for fruit, vegetables, and fish intake ®. In a
separate, partially overlapping cohort of 496 adolescent elite athletes from the same underlying
research project followed prospectively over 52 weeks, a composite risk profile combining
increased training load and intensity with decreased sleep volume was the strongest identified
predictor of new injury in Cox regression analysis, ahead of any single variable considered in
isolation ?°. Because both studies draw on overlapping recruitment from the same adolescent
elite-athlete screening project, they are considered here as related rather than fully independent
sources of evidence.



In adult endurance athletes, a 52-week prospective study of 95 participants from running,
triathlon, swimming, cycling, and rowing disciplines found that sleeping fewer than seven
hours per day was associated with significantly increased injury risk using a 14-day lag period,
while sleeping more than seven hours per day was associated with reduced risk relative to the
same reference category '>. By contrast, in a systematic review restricted to adult athletic
populations, most individual studies addressing sleep duration, including several not directly
reviewed here in full text, were judged to provide insufficient evidence of an independent
association once study quality and consistency were taken into account, and the review's overall
conclusion was that current evidence does not support poor sleep as an independent risk factor
for injury in adult athletes °. Evidence from non-athletic but physically demanding contexts
provides some external context. In a large cohort of United States Army basic combat trainees,
45 candidate variables were considered and 27 were retained in the final total-cohort model,
including PSQI-derived sleep variables; the analysis was not designed to isolate sleep as a
standalone risk factor '°. A systematic review of military populations similarly reported that a
majority of the small number of available studies found some association between sleep
disturbance and musculoskeletal injury !”. This military evidence is not directly generalizable
to competitive athletes and should be read as contextual rather than as confirmatory of an
association between sleep duration and injury in athletic populations.

3.4. Sleep quality and injury risk

Sleep quality, distinct from sleep duration, has also been examined as a predictor of
musculoskeletal injury, generally with a smaller number of available studies and greater
reliance on either subjective ratings or objective sleep-efficiency measures from actigraphy.

In a nine-month prospective study of 17 female National Collegiate Athletic Association
Division I volleyball players, who completed daily self-report ratings of sleep duration and
sleep quality alongside mood, stress, and soreness, both decreased sleep duration and lower
sleep quality were significant univariate predictors of subsequent time-loss injury; in models
pairing sleep duration with each wellbeing measure, sleep duration remained significant, as did
mood and soreness in their respective models; sleep quality was not included in these
multivariable models !!. In a prospective cohort of 23 elite Brazilian male soccer players who
underwent ten nights of pre-season actigraphy monitoring followed by six months of injury
surveillance through club medical records, lower sleep efficiency was associated with a greater
number of injuries, greater injury severity, and more days of injury-related absence, with sleep
efficiency accounting for a substantial proportion of the variance in each of these outcomes in
linear regression 2.

Not all studies using objective sleep-quality measures have reported this association. In a
season-long study of 22 elite Australian Football League players, in which sleep duration and
sleep efficiency were measured with actigraphy on the nights surrounding matches, no
significant effect of sleep on injury occurrence was found when the five-night block
surrounding an injury game was compared with the preceding or closest two non-injury weeks,
and sleep parameters in the injury week were, if anything, slightly more favorable than in
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preceding weeks rather than worse '°. This null finding should be interpreted cautiously given
the small sample (n=22), single club and season, and limited number of injuries.

In a matched analysis of collegiate student-athletes, October sleep disturbance was associated
with January injury status (OR 1.07 per PROMIS T-score unit, 95% CI 1.02—1.13); 41 of the
89 January cases were new, whereas 48 were already present in October 4. In the previously
described Swedish HIFAA cohort of adolescent elite athletes, sleeping at least eight hours per
night was associated with lower odds of injury within one year in multivariable analysis, but
this whole-cohort estimate did not reach conventional statistical significance (OR 0.38, 95%
CI 0.14-1.01). A borderline result was observed in the female subgroup only (OR 0.16, 95%
CI 0.03-1.00, p=0.049); this exploratory subgroup finding should not be interpreted as
established evidence of a sex-specific effect, and the corresponding non-significant result in
male athletes should not be read as evidence of no effect, discussed further in section 3.7 2!.

Based on the abstract-level information available for this review, a 2026 scoping review
included 17 studies involving athletes from 10 sports. Seven studies evaluated the relationship
between actigraphy-derived sleep metrics and injury occurrence, and four of these seven (57%)
reported that decreased sleep metrics correlated with increased injury occurrence. The review

concluded that the evidence concerning injury risk remained inconclusive 2.

3.5. Evidence in youth athletes

The evidence base linking sleep to musculoskeletal injury points in a broadly similar direction
more consistently in adolescent than in adult athletes, although the studies contributing to this
pattern differ considerably in design and are not all specific to defined athlete cohorts. The
adolescent evidence described above, drawn from school-based and elite-athlete populations
in the United States and Sweden and from a broader systematic review and meta-analysis,
generally points toward an association between shorter sleep and a higher occurrence of injury.
However, the studies reported non-equivalent measures of association, including risk ratios,
odds ratios, and hazard ratios; therefore, their numerical estimates should not be presented as
a common range or compared directly. Moreover, the largest estimate concerned a composite
profile combining increased training load and intensity with decreased sleep volume, rather
than the independent effect of sleep alone &”-32%2! This apparent convergence should not be
read as an established, causally confirmed consensus; it summarizes directionally similar
observational findings obtained with different designs and populations.

This relative consistency should be interpreted with several caveats. First, the U.S. school-
based study contributing the 1.7-fold estimate was a cross-sectional sleep survey linked to a
retrospective injury record review rather than a prospective cohort, which limits its evidentiary
weight relative to the prospectively followed Swedish cohorts ®. Second, the pooled meta-
analytic estimate from the broader adolescent review was derived from only three
heterogeneous studies, at least one of which included non-sport populations and injury
mechanisms, and the review's population was adolescents with sports or musculoskeletal injury
generally rather than a population restricted to defined athletic cohorts; the individual studies
it identified varied in design from cross-sectional to prospective, and in injury ascertainment
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from self-report to structured monitoring 7. Third, two of the most frequently cited Swedish
adolescent cohorts originate from the same underlying research project and cannot be treated
as fully independent replications, as noted in section 3.3 %%, Fourth, most adolescent studies
rely on self-reported sleep duration rather than objective measurement, introducing the
possibility of recall or reporting bias common to adolescent self-report research generally.
Taking these caveats together, the observed association between short sleep and injury risk in
adolescents is better supported than in adults, but it rests on a smaller and less independent
body of evidence than a simple count of "three cohorts plus a meta-analysis" would suggest,
and may partly reflect genuine developmental differences, such as the greater sleep needs and
ongoing musculoskeletal development of adolescents, or differences in study design and
publication patterns between the adolescent and adult literatures.

3.6. Evidence in adult, collegiate, and elite athletes

The most comprehensive synthesis of evidence in adult athletic populations is a systematic
review that identified twelve eligible studies spanning professional and elite athletes, collegiate
athletes, and dancers, assessed using the Newcastle-Ottawa Scale, with a mean quality score in
the poor-to-fair range and only three of the twelve studies using objective rather than self-
reported sleep measurement °. That review concluded that, across professional and elite
athletes, collegiate athletes, and dancers considered separately, current evidence was
insufficient to support poor sleep as an independent risk factor for sport or training-related
musculoskeletal injury, a conclusion that stands in contrast to the more consistent adolescent
literature summarized in section 3.5 °.

Individual adult and collegiate studies published within or after that review present a genuinely
mixed picture rather than uniform absence of association. Among endurance athletes, sleep
duration below seven hours per day was prospectively associated with increased injury risk '°.
Among elite female collegiate volleyball players, both sleep duration and sleep quality
predicted subsequent time-loss injury, with sleep duration remaining significant after
adjustment for related wellbeing measures ''. Among elite male soccer players, reduced pre-
season sleep efficiency was associated with a greater number, severity, and duration of
subsequent injuries 2. Among a broader sample of collegiate student-athletes assessed
longitudinally, greater October sleep disturbance was associated with January injury status in
a matched analysis; only 41 of the 89 January cases were new '*. Conversely, in a small study
using repeated objective actigraphic monitoring (five nights per week around matches across a
competitive season) in elite team-sport athletes, no association between sleep and injury
occurrence was detected in a small sample of 22 players with a limited number of injuries, with
sleep parameters not differing meaningfully between injury and non-injury weeks '°.

This heterogeneity of findings within the adult and elite category, ranging from clear positive
associations in several prospective cohorts to a null finding in a small actigraphy-based study
and an overall systematic review conclusion of insufficient evidence, means that the true
magnitude of any relationship between sleep and musculoskeletal injury in adult athletes
cannot be reliably estimated from the available literature: the studies differ substantially in
exposure definition, injury definition, and sample size, and no adequately powered meta-
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analysis has been performed that would allow a summary effect size to be stated with
confidence. It should not be assumed that the comparatively more consistent pattern observed
in adolescents generalizes to adult, elite, or professional athletic populations.

3.7. Differences by sex, sport, and training context

Several studies report subgroup differences that raise the possibility, without formally
demonstrating it, that the sleep-injury relationship may not operate uniformly across sexes or
training contexts. In the Swedish HIFAA cohort, 171 adolescent elite athletes were enrolled
and 125 were included in the multivariable analysis; female sex was an independent risk factor
for injury within one year. The whole-cohort association between sleeping at least eight hours
per night and reduced injury odds did not reach conventional statistical significance (OR 0.38,
95% CI1 0.14-1.01); a borderline result was observed in the female subgroup (OR 0.16, 95% CI
0.03-1.00, p=0.049) and no significant result in the male subgroup. Because no formal
statistical test for a sex-by-sleep interaction was reported, this sex-stratified pattern should be
read as an exploratory subgroup finding that generates a hypothesis about a possible sex
difference, rather than as demonstrated evidence that sex modifies the sleep-injury relationship.
In the same cohort, high weekly training volume (nine or more sessions per week) was a
significant risk factor overall and in the male subgroup specifically, but not in the female
subgroup analyzed separately 2!'; again, no formal interaction test was reported, so this
subgroup contrast should be treated with similar caution.

In the biopsychosocial analysis of 496 Swedish adolescent elite athletes across sixteen sports,
the strongest identified risk factor was a three-component risk index combining increased
training load, increased training intensity, and decreased sleep volume (HR 2.25, 95% CI 1.46—
3.45); decreased sleep volume was also significant as a separate term in Model I (HR 1.42,
95% CI 1.06-1.89) ?°. Formal interactions were tested between gender and covariates and
between significant covariates; no interactions were found. The systematic review of adult
athletic populations reported that conclusions differed when professional and elite athletes,
collegiate athletes, and dancers were considered as separate groups, but this reflects separate
evidence synthesis within each subgroup rather than a direct, statistically tested comparison of
sport type as an effect modifier °. Taken together, these findings suggest that sex, training load,
and sport type are plausible candidates for future, formally tested effect-modification analyses
and independent replication; the evidence reviewed here does not establish that they modify
the sleep-injury relationship, and sport type in particular should not be treated as a
demonstrated modifier without direct interaction-test data.

3.8. Potential biological and behavioral mechanisms

Several mechanistic pathways have been proposed to explain how curtailed or poor-quality
sleep could plausibly increase musculoskeletal injury risk, although it should be emphasized
that most of this evidence is drawn from mechanistic and narrative reviews rather than from
studies directly linking these intermediate pathways to confirmed musculoskeletal injury
outcomes in athletes.
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A hormonal and metabolic pathway has been proposed in which sleep curtailment shifts the
balance between anabolic and catabolic signaling in skeletal muscle: slow-wave sleep is
associated with growth hormone release important for tissue repair, while sleep restriction has
been linked in experimental and narrative literature to reduced testosterone and growth
hormone and increased cortisol, potentially favoring protein degradation over synthesis and
compromising muscle tissue integrity and recovery capacity. This pathway is presented
explicitly as a hypothesis in the literature rather than as an established causal mechanism
confirmed in athletic injury cohorts *.

A neurocognitive and neuromuscular pathway has also been proposed whereby sleep loss may
impair attention, reaction time, working memory, and motor coordination. These waking
functions are relevant to safe sport performance, but the available evidence does not establish
that impairment of any one of them mediates musculoskeletal injury risk in athletes®. Sleep
restriction may alter immune function and increase pro-inflammatory signalling. Whether these
changes delay recovery from exercise-related microtrauma or increase subsequent
musculoskeletal injury risk in athletes has not been established®. A broader neuroimmune
framework, described in a recent review not specific to athletic populations, proposes
bidirectional pathways linking poor sleep, psychological distress, and musculoskeletal pain and
tissue health through shared inflammatory and central-sensitization mechanisms; this
framework is presented as applicable to musculoskeletal health generally and has not been
tested specifically as a predictor of new injury incidence in athletes 2°.

These mechanistic proposals provide biological plausibility for the associations described in
sections 3.3 to 3.6, but plausibility alone does not establish that sleep curtailment is a direct
cause of musculoskeletal injury in athletes; reverse causation, whereby pain, injury-related
anxiety, or altered training schedules disrupt sleep rather than the reverse, and shared
confounding by training load or psychological stress remain plausible alternative or
contributing explanations, discussed further in section 4.

3.9. Sleep interventions and injury prevention

Relatively few studies have tested whether intervening on athletes' sleep reduces subsequent
musculoskeletal injury; the majority of intervention research in this field has instead examined
effects on athletic performance and recovery markers rather than injury incidence directly, and
this distinction should be kept in mind when considering the applicability of this evidence to
injury prevention.

A systematic review of ten intervention studies in athletes aged approximately 18 to 24 years
identified sleep extension as the intervention most consistently associated with improved
subsequent performance, while napping, sleep hygiene education, and post-exercise recovery
strategies produced more mixed results across the included studies **. An updated systematic
review identified twenty-five intervention studies published up to 2021, again concluding that
sleep extension and napping had the most consistent supporting evidence, while sleep hygiene
education alone, removal of electronic devices, and cold-water immersion showed limited or
inconsistent effects, based on a still relatively small evidence base 2°. Neither of these
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systematic reviews reported musculoskeletal injury as a primary outcome; their relevance here
is in establishing that athletes' sleep is, to some degree, a modifiable target through behavioral
intervention, which is a necessary precondition for any future injury-prevention trial targeting
sleep.

A recent expert-opinion narrative review, explicitly identified by its authors as Level V
evidence rather than primary research, has proposed that cognitive behavioral therapy for
insomnia and mental-skills training, including mindfulness-based approaches, could plausibly
reduce sports injury risk by improving sleep quality and perceptual-cognitive function relevant
to injury avoidance; this proposal is presented as a rationale for future intervention research
rather than as evidence of a demonstrated reduction in injury incidence 2°. An international
expert consensus statement similarly recommends a structured approach to athlete sleep,
including education, individualized screening, and behavioral strategies, as part of routine
athlete health management, again as a general recommendation rather than as an injury-
prevention trial with confirmed outcomes '. On the basis of the evidence reviewed here, no
completed trial was identified, among the studies and reviews retrieved for this narrative
review, in which a sleep-focused intervention was shown to directly and significantly reduce
musculoskeletal injury incidence in athletes. Because the underlying literature search could not
be fully documented or independently reconstructed (section 2.2), this statement should not be
read as a claim that no such trial exists in the wider published literature; it remains an important
question for future controlled research and, ideally, a dedicated systematic search.

3.10. Limitations and inconsistencies of the evidence

Several recurring methodological features limit the strength of conclusions that can be drawn
from the evidence reviewed above. First, sleep exposure was measured inconsistently across
studies: most relied on self-reported duration or quality, collected either as a single
retrospective estimate, a periodic questionnaire, or a daily diary entry, while only a minority
used objective actigraphy. Actigraphy-based evidence remains limited and inconsistent. In a
2026 scoping review, four of seven studies evaluating injury occurrence reported correlations
between decreased sleep metrics and increased injury occurrence, while the review's overall
conclusion was that evidence concerning injury risk remained inconclusive '»!?22, Differences
between populations, sleep metrics, monitoring periods, and injury outcomes limit direct
comparison.

Second, definitions of musculoskeletal injury varied substantially, from strict time-loss
definitions, to medical-attention injuries, to any reported physical musculoskeletal complaint,
complicating direct comparison of reported risk estimates across studies and making it
inappropriate to combine them into a single pooled estimate within this narrative review '3,
Third, the systematic review specific to adult athletic populations explicitly rated the overall
quality of the underlying primary studies as poor to fair using a validated quality-assessment
tool, reflecting small sample sizes, limited adjustment for confounding, and reliance on self-
report in most included studies %; this quality profile applies, to varying degrees, across much
of the adult literature reviewed in section 3.6.
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Fourth, most primary studies reviewed here measured short sleep duration or reduced
subjective sleep quality rather than clinically diagnosed sleep disorders; evidence linking newly
diagnosed insomnia identified from administrative claims to musculoskeletal injury, reported
in a large military cohort, cannot be assumed to generalize directly to the milder, subclinical
sleep restriction more typical of the athlete studies described above, since insomnia disorder
and short sleep duration are conceptually and diagnostically distinct exposures '#!°. Fifth,
several of the studies with the strongest reported associations were prospective but

observational, meaning that reverse causation, whereby pain or injury disrupts subsequent sleep
rather than the reverse, cannot be excluded, particularly where sleep and injury were assessed
close together in time '4. Sixth, most reviewed studies did not adjust comprehensively for
training load, psychological stress, or prior injury history simultaneously with sleep, so residual
confounding by these related and plausibly correlated exposures remains a concern throughout
this literature. Finally, much of the evidence for adolescent athletes derives from a small
number of national or regional cohorts, including two studies drawn from the same underlying
research project, which limits the independent replication of adolescent findings described in

section 3.5.

Table 1. Characteristics of the key included studies.

Study

(authors, HLY d‘es1gn / Sample size R iR ntiogy Main findings Main limitations
year) population / sport assessment follow-up
Milewski | Cross-sectional sleep n=112 Self-reported Sports injuries <8h/night: RR 1.7 Single-school study; sleep
etal, 2014 | survey with (54M/58F), average documented in (95% CI1 1.0-3.0) assessed once after the
retrospective injury mean age nightly sleep school athletic- multivariable; injury-record period;
record review (not a 15.2y duration training records increasing grade also injuries were obtained
prospective cohort); during the preceding | independent risk factor | from retrospective
Adolescent, school- 21 months; records rather than
based (grades 7-12); retrospective look- participant recall;
Multiple sports back period, not temporal ordering and
prospective follow- causal direction cannot be
up established
Gao etal, | Systematic review and | 7 studies Varied (self- Varied, including Chronic short/poor Pooled estimate not
2019 meta-analysis, 7 studies | identified; report across some non-sport sleep: pooled OR 1.58 specific to athletes and
(systemati | identified; Adolescents | quantitative included injury mechanisms (95% CI 1.05-2.37) based on only 3
¢ review (<=19y) with sports or | pooled studies) (e.g., falls, bicycle- from 3 heterogeneous heterogeneous studies;
and meta- | musculoskeletal injury; | estimate based related trauma); studies; acute sleep loss | substantial between-study
analysis) | not restricted to defined | on only 3 follow-up: Varied findings mixed heterogeneity in
athlete cohorts; heterogeneous population, exposure, and
Multiple sports and studies outcome definitions
some non-sport settings
(pooled)
von Rosen | Two-wave prospective | n=340 Self-reported Self-reported new Sleeping >8 h on Self-reported exposure
etal, 2016 | cohort study, two enrolled sleep injury; follow-up: weekdays at baseline and outcome; only two
(2017 survey time points; (178M/162F); | questionnaire | Two semesters was associated with assessment occasions;
print) Adolescent elite n=162 in the (autumn/spring) lower odds of a new limited adjustment for
athletes (KASIP prospective injury at follow-up (OR | confounding; possible
project); 7 sports risk-factor 0.39, 95% C10.16— attrition and overlapping
analysis 0.99) recruitment with the other
KASIP cohort; causality
cannot be inferred.
von Rosen | Prospective cohort; n=496, age 15- | Repeated self- | New injury (weekly | The composite profile Composite, time-varying
etal, 2017 | Adolescent elite 19y reported sleep | monitoring); follow- | of increased training exposure; decreased sleep
athletes (KASIP volume, up: 52 weeks load and intensity volume was also
project, overlapping assessed together with decreased | significant as a separate
with Row 3); 16 sports weekly or sleep volume was the model term; interaction
biweekly strongest identified risk | testing found no

depending on
sport.

profile in the
multivariable Cox

interactions; sleep and
injury were self-reported;
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Study

(authors, Bl d'es1gn d Sample size G i tiony Main findings Main limitations
year) population / sport assessment follow-up
model (HR 2.25,95% | recruitment overlapped
CI 1.46-3.45). with the related KASIP
study.
Haraldsdo | Prospective cohort, n=17 Daily self- Time-loss injury; Sleep duration OR 0.69 | Very small single-team
ttir et al, daily self-report; reported sleep | follow-up: 9 months | (95% CI 0.55-0.87); sample; single sport,
2021 Female NCAA duration and sleep quality OR 0.49 single sex
Division I collegiate quality (95% CI1 0.34-0.70);
athletes; Volleyball (Likert) duration remained
independent predictor
after adjustment
Dennis et | Prospective cohort, n=22 Actigraphy (5 | Game-related time- No significant Small sample; single
al, 2016 actigraphy; Elite nights/week loss injury; follow- association between club/season; objective
professional team-sport around up: One competitive | sleep measure but limited
athletes; Australian matches) season (2013) duration/efficiency and | statistical power
Football League injury occurrence (null
finding)
Johnston | Prospective cohort, n=95, mean Self-reported Any physical <7h/day sleep (14-day | Self-reported sleep and
etal, 2020 | weekly diary; Adult age 42y weekly sleep musculoskeletal lag): HR 1.51 (95% CI | injury; heterogeneous
endurance athletes; quantity complaint/impairmen | 1.13-2.02); >7h/day: endurance disciplines
Running, triathlon, t; follow-up: 52 HR 0.63 (95% C1 0.45- | pooled
swimming, cycling, weeks 0.87)
rowing
Dobrosiel | Systematic review, 12 12 studies Varied (mostly | Varied across Overall: insufficient Mean quality score poor-
ski et al, studies, NOS quality- (pooled self-report; included studies; evidence for sleep as an | to-fair (NOS); high
2021 assessed; Adult athletic | populations) 3/12 objective) | follow-up: Varied independent injury risk | heterogeneity precluded
(systemati | populations; factor in adult athletes | meta-analysis
creview) | Professional/elite,
collegiate, dancers
(across included
studies)
Silva et al, | Prospective cohort; n=23 Actigraphy (10 | Injury count, Lower sleep efficiency | Sleep measured only
2020 Elite male professional nights, pre- severity, and absence | associated with more during a 10-day pre-
athletes; Soccer season) days (club medical injuries, greater season window, not
records); follow-up: severity, more absence | throughout follow-up;
6 months days (linear regression) | small sample
Messman | Matched case-control, n=89 matched | PROMIS Self-reported January | Sleep disturbance OR Predominantly
etal, 2025 | longitudinal; Collegiate | pairs Sleep injury status (41 new | 1.07 per unit increase female/White sample;
student-athletes Disturbance T- | cases and 48 cases (p=0.007); injury COVID-disrupted
(NCAA, multiple score (self- persisting from probability increased competition context; self-
divisions); Multiple report) October); follow-up: | with disturbance reported injury
sports 3 months (two time severity category
points, Oct 2020/Jan
2021)
Abrahams | Prospective cohort; n=171 Self-reported Self-reported new Sleep >=8h/night: OR | Missing data in ~25/171
onetal., Adolescent elite enrolled habitual sleep | injury within 1 year; | 0.38 (95% CI 0.14- for injury outcome; sex-
2025 athletes (HIFAA (104M/67F), duration follow-up: 1 year 1.01) overall; OR 0.16 | stratified subgroup
(HIFAA) | project); 8 sports mean age (baseline (95% CI10.03-1.00) in | analyses have limited
16.9y; n=125 questionnaire) females only; female power
in the sex OR 3.51
multivariable independent risk factor;
analysis high training volume
OR 3.98 in males
Lytle et Scoping review; 17 included Actigraphy Injury occurrence 4 of 7 injury studies Only abstract-level
al., 2026 athletes from 10 sports | studies; 7 reported correlations information was available
studies between decreased for the present narrative
evaluated sleep metrics and review; detailed study-
injury increased injury level appraisal was not
occurrence occurrence; overall possible

evidence concerning
injury risk was
considered
inconclusive
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Abbreviations: CI, confidence interval; HR, hazard ratio; KASIP, Karolinska Athlete Screening Injury Prevention (project); NCAA,
National Collegiate Athletic Association; NOS, Newcastle-Ottawa Scale; OR, odds ratio; PROMIS, Patient-Reported Outcomes
Measurement Information System; RR, relative/risk ratio.

Table 2. Summary of evidence by sleep exposure and injury outcome.

Summary of findings and main

identified from administrative
claims

young adults (military)

evidence, not athlete population)

Sleep exposure Population limitations Supporting sources
Short sleep duration (self-reported, | Adolescents Association reported Milewski 2014; Gao 2019
typically <7-8h/night) (SR/MA); von Rosen 2016
Short sleep duration (self- Adults/collegiate Mixed: association reported in some Johnston 2020 (association);
reported) cohorts, not confirmed as independent Dobrosielski 2021 (SR,
factor in systematic review insufficient evidence
overall)
Composite training-load-and-sleep | Adolescents Association reported for a composite von Rosen 2017
profile profile; decreased sleep volume was also
significant as a separate model term;
interaction testing found no interactions.
Self-reported sleep duration Adolescents Whole-cohort estimate not statistically Abrahamson et al., 2025
significant (OR 0.38, 95% C1 0.14-1.01); | (HIFAA)
borderline, exploratory association in
female subgroup only (OR 0.16,
p=0.049)
Self-reported sleep quality or sleep | Adults/collegiate Association reported Haraldsdottir 2021;
disturbance Messman 2025
Objective sleep efficiency Adults/elite Association reported (single pre-season | Silva 2020
(actigraphy) measurement)
Objective sleep Adults/elite No significant association (null finding); | Dennis 2016
duration/efficiency (repeated small sample (n=22), single club/season
actigraphy, 5 nights/week)
Newly diagnosed insomnia Non-athletic, active Association reported (contextual Wickwire 2025

Self-reported sleep
quality/duration

Non-athletic, active
young adults (military)

Sleep contributed within a multivariable
risk-prediction model (Foulis, not an
isolated exposure); majority of a small
evidence base reported an association
(Lisman, systematic review)

Foulis 2025; Lisman 2022
(SR)

Note: "Association reported” indicates a statistically significant association was reported in at least one cited study; it does not imply
consistent replication across all cited sources for that row.

Table 3. Main methodological limitations and research gaps.

Limitation / research gap

Description

Inconsistent sleep measurement Objective studies remain few and heterogeneous. In a 2026 scoping review, four of seven studies
evaluating injury occurrence reported correlations between decreased sleep metrics and increased

injury occurrence; the overall evidence concerning injury risk was considered inconclusive®

Inconsistent injury definitions Definitions range from strict time-loss injury to any physical musculoskeletal complaint, limiting

comparability and precluding pooled quantitative synthesis

Small sample sizes Several key studies included fewer than 30 participants (e.g., Dennis 2016, n=22; Silva 2020,

n=23; Haraldsdottir 2021, n=17), limiting statistical power and precision of effect estimates

Overlapping cohorts Two frequently cited adolescent studies (von Rosen 2016, von Rosen 2017) draw on the same

underlying research project, limiting independent replication

Limited adjustment for confounding | Few studies adjusted simultaneously for training load, psychological stress, and prior injury

history alongside sleep
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Limitation / research gap Description

Reverse causation not excluded Observational designs, particularly with short intervals between sleep and injury assessment,
cannot rule out injury-related pain or anxiety as a cause of poor sleep rather than the reverse

Age-related inconsistency Evidence is more consistent in adolescents than in adults; whether this reflects true biological
unexplained differences or differences in study quality and design is unresolved

Absence of injury-outcome Among the studies and reviews retrieved for this narrative review, no completed trial tested
intervention trials whether a sleep-focused intervention reduces musculoskeletal injury incidence; existing

intervention research targets performance and recovery outcomes. Because the underlying search
could not be fully reconstructed, this should not be read as a claim about the entire published
literature

Limited generalisability Evidence concentrated in a small number of countries, sports, and research groups; contextual
evidence from military and non-athletic populations cannot be assumed to generalize directly to
athletes

Search reproducibility not fully Complete PubMed strategy, Consensus queries, filters, and record counts were not preserved in a
documented fully reconstructable form; the completeness of the underlying literature search cannot be
independently verified, and statements about the absence of certain study types are limited to the
studies and reviews actually identified

4. DISCUSSION

This narrative review summarized evidence on the association of sleep quantity and quality
with musculoskeletal injury risk in athletes. The findings were not consistent across all
populations. In adolescent athletes, several data sources and a broader systematic review and
meta-analysis more consistently indicated an association. However, some of the adolescent
cohorts overlapped, and the population included in the meta-analysis was not restricted to
clearly defined athlete populations. Findings in adult, collegiate, and elite athletes were
inconsistent. A dedicated systematic review concluded that current evidence did not support
sleep as an independent risk factor in adult athletic populations, whereas several individual
studies reported significant associations and a small prospective actigraphy study involving 22

players from one club and one competitive season reported no statistically significant
association 67-8%10,11,12,13,14.20

Several factors plausibly contribute to this apparent age-related difference. Adolescents are still
undergoing musculoskeletal growth and maturation, have generally higher physiological sleep
requirements than adults, and may be less able to compensate behaviorally for sleep debt
through strategies such as napping or professionalized recovery support that are more available
to elite adult athletes. It is equally possible that the adult literature is simply noisier due to
smaller, more heterogeneous samples, rather than reflecting a true absence of association; the
systematic review of adult athletes explicitly rated most included studies as poor to fair in
methodological quality, which limits confidence in a null conclusion as much as it would a
positive one °. Actigraphy-based evidence is also heterogeneous. In a 2026 scoping review,
four of seven studies evaluating injury occurrence reported correlations between decreased
sleep metrics and increased injury occurrence. However, the review concluded that the overall
evidence concerning injury risk remained inconclusive ?2. These findings do not support either
a uniformly positive or a uniformly null interpretation of objectively measured sleep.

The role of confounding and reverse causation deserves particular caution in this literature.
Training load, competition schedule, and psychological stress are plausible common causes of
both poor sleep and injury risk, and few of the reviewed studies adjusted comprehensively for
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these factors alongside sleep. Injury itself, and the pain, anxiety, and disrupted routine that
frequently accompany it, may independently cause subsequent poor sleep, raising the
possibility of reverse causation in observational designs, particularly where sleep and injury
were measured close together in time '*. The proposed hormonal, neurocognitive, and immune-
inflammatory mechanisms linking sleep to tissue repair and injury susceptibility offer
biological plausibility for a causal pathway from sleep to injury, but these mechanisms have
not been directly tested as mediators in athlete injury cohorts, and a neuroimmune framework
linking sleep, psychological distress, and musculoskeletal health explicitly describes
bidirectional rather than strictly unidirectional pathways *>?3. On the basis of the evidence
reviewed here, it would not be appropriate to conclude that sleep curtailment causes
musculoskeletal injury in athletes; the more defensible conclusion is that short sleep duration
and poor sleep quality are associated with increased injury risk in several, though not all,
athletic populations studied, most consistently in adolescents.

The exploratory subgroup differences and co-occurring risk profiles observed by sex and
training load, seen most clearly in the Swedish adolescent HIFAA cohort and in the
biopsychosocial analysis of Swedish adolescent elite athletes, raise the possibility, without
formally demonstrating it, that a single population-wide sleep-injury relationship may not
apply uniformly 2%?!. These subgroup findings arise from relatively modest sample sizes and
should be regarded as hypothesis-generating rather than confirmatory. HIFAA did not report a
sex-by-sleep interaction test, whereas von Rosen et al. reported no significant interactions;
future studies should use adequately powered interaction analyses to test effect modification
by sex, sport type, and concurrent training load.

The generalizability of this evidence base is limited by its geographic and demographic
concentration. Several of the most frequently cited studies originate from a small number of
countries and research groups, and the adult evidence in particular is drawn from a modest
number of small cohorts across different sports, which limits confidence that findings from one
sport or competitive level generalize to others °. Evidence from newly diagnosed insomnia
identified from administrative claims in military populations, while methodologically strong in
terms of sample size, involves a different exposure, a different population, and a different
injury-ascertainment system than the athlete cohorts reviewed here, and should be regarded as
contextual rather than directly generalizable evidence 31617,

The available evidence does not support a general claim that improving sleep reduces
musculoskeletal injury risk in all athletic populations. No intervention trial with injury as a
primary outcome was identified among the studies and reviews retrieved for this narrative
review. Because the literature search was incompletely documented, this finding should not be
interpreted as evidence that no such trials exist in the wider literature. Supporting adequate
sleep remains reasonable for general athlete health; however, current evidence does not
establish sleep-focused care as an effective musculoskeletal injury-prevention intervention.
This position is supported by the plausible mechanistic rationale, the relative safety and low
cost of sleep-focused education, and the more consistent evidence in adolescents, but it requires
confirmation in intervention studies. Future prospective studies should combine objective and
subjective sleep measurements, use standardized, consensus-based injury definitions, adjust
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simultaneously for training load and psychological stress, and test effect modification by sex,
age, and sport. Such studies are needed to determine which athletes, if any, are most likely to
benefit from sleep-focused injury-prevention strategies. The published HIFAA protocol and
subsequent cohort findings illustrate the type of prospective, systematically monitored design
needed to address the remaining uncertainties 2’

5. CONCLUSIONS

The strength of the evidence differs between populations and sleep measures. The most
consistent finding is an association between habitually short sleep duration and increased
musculoskeletal injury risk in adolescent athletes; evidence for poor subjective sleep quality is
less consistent. This conclusion is supported by findings in the same direction from several
cross-sectional and prospective data sources and a broader systematic review and meta-
analysis, although the data sources were not all independent and were not all restricted to
clearly defined athlete cohorts. Associations have been reported in some adult, collegiate, and
elite athletic populations, but findings remain inconsistent. Several prospective studies in these
groups reported significant associations involving sleep duration, sleep quality, or sleep
disturbance, whereas a dedicated systematic review of adult athletes concluded that the
available evidence was insufficient to establish sleep as an independent risk factor in the
broader adult athletic population.

It remains uncertain whether objectively measured sleep shows a consistent relationship with
injury risk. Although four of seven injury studies included in a recent scoping review reported
correlations involving poorer sleep metrics, the review concluded that the overall evidence
concerning injury risk remained inconclusive ?*. It also remains uncertain whether and how
sex, sport type, and concurrent training load are associated with differences in any sleep-injury
relationship; the available subgroup analyses are exploratory and have not been confirmed with
formal interaction testing or independent replication. Finally, the specific biological
mechanisms proposed to link sleep to musculoskeletal tissue health, including hormonal,
neurocognitive, and immune-inflammatory pathways, remain plausible but unconfirmed as
direct mediators of injury risk in athletes.

On the basis of the evidence currently available, it cannot be recommended that sleep-focused
interventions be routinely implemented as a stand-alone musculoskeletal injury-prevention
strategy in athletes: no completed trial demonstrating a reduction in injury incidence as a direct
result of a sleep intervention was identified among the studies and reviews retrieved for this
narrative review, though the incompletely documented literature search (section 2.2) means
this cannot be generalized to a claim about the entire published literature. Supporting adequate
sleep remains reasonable for general athlete health; however, current evidence does not
establish sleep-focused care as an effective musculoskeletal injury-prevention intervention.
Confirmatory prospective and intervention studies using standardized injury definitions and
reproducible sleep-measurement methods are needed.
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