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Introduction: Sleep is a critical component of normal bodily function as well as for peak performance in athletes. This study examined the associations between quality and quantity of sleep, sleep disturbances, head injuries, and headaches in current and former association football (soccer) players in the United Kingdom (UK).



Methods: An anonymous online cross-sectional survey was sent to members of the Professional Footballers' Association with questions relating to sleep, concussion history, and headaches.



Results: The survey was completed by 600 participants (18 women, 582 men; aged 17–92 years, mean age 44.12 years ± 15.33 SD), comprising 195 current and 405 retired players. Significant clinical sleep disruption was reported in 17.0% of participants, with 22.5% achieving six hours or less of sleep per night. Odds ratios (OR) demonstrated that sleep disruption was associated with headaches [2.66 OR, 95% Confidence Interval (CI): 1.61–4.38; p < 0.001], suspected concussions (1.84 OR, 95% CI: 1.03–3.36; p = 0.040), and short sleep (4.06 OR, 95% CI: 2.56–6.44; p < 0.001). Both diagnosed and suspected concussions were significantly associated with waking up feeling tired or worn out (diagnosed: p = 0.019; suspected: p < 0.001).



Discussion: A large proportion of former and current footballers experience clinically significant sleep disturbance, which is significantly associated with headaches and concussion history. Further research is needed to explore the long-term relationship between brain health and sleep in this population.
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Introduction

Sleep plays a critical role in neuroprotection and overall health, with poor sleep linked to various adverse outcomes including cognitive impairment, neuroinflammation, and neurodegenerative disease (1). Investigation into athletes' sleep and brain health is emerging but requires further research and attention.

Adults are recommended to have seven to nine hours of sleep (2). Sleep quality is equally important; for sleep to be considered restful, there should be minimal waking during the night (no more than once), rapid return to sleep within 20 min if woken, falling asleep within 30 min, and feeling energised upon waking (3, 4). Both quantity and quality are vital for brain health. Neurophysiological studies suggest that sleep disruption following concussion may involve changes in sleep architecture, including alterations in rapid eye movement (REM) and non-REM sleep stages, which can impact cognitive and emotional processing (5).

Disrupted sleep—whether through poor quality sleep caused by sleep disorders or other disruptions, or through shortened duration due to insomnia or reduced sleep opportunity—can adversely affect brain health. For example, obstructive sleep apnoea (OSA), which partially or completely restricts airflow during sleep, disrupts the glymphatic system and increases neuroinflammation (6). OSA has been linked to increased risk of neurodegenerative diseases (6, 7). Insomnia, characterized by prolonged sleep initiation and difficulty maintaining sleep, is associated with increased risk of dementia, anxiety, and depression (8–12).

Sleep deprivation is linked to poorer cognitive outcomes affecting attention, working memory, long-term memory, decision-making, response inhibition, and visuomotor and verbal functions (13). Moreover, sleep durations under six hours per night have been associated with increased risk of diabetes, hypertension, cardiometabolic disease, and all-cause mortality (14). Emerging evidence also implicates autonomic nervous system dysregulation and neuroinflammatory pathways in the link between sleep disruption and brain injury (1, 15).

Good quality sleep is vital for sport performance, injury prevention and recovery, decreased illness risk, and promoting athletic development (16, 17). Sport-related concussion can impact sleep, often initially increasing sleep duration but with disturbances that may prolong recovery (18, 19). Hoffman et al. (20) found that college athletes with greater wake time and disrupted sleep had longer recovery and more symptoms. Similarly, repeated concussions correlate with heightened sleep disturbances and increased headaches, mood changes, and cognitive dysfunction (21). Electroencephalographic changes during sleep post-concussion further correlate with recovery trajectories, supporting models of bidirectional interaction between sleep disturbance and neurocognitive impairment (1, 5, 22).

Headache is the most frequent concussion symptom and commonly part of post-concussive syndrome (23, 24). Neuroinflammation from brain injury may underpin this association (15). Headaches also correlate with sleep disturbances such as circadian dysthymia and insomnia, which are similarly associated with concussion (25–27).

Professional athletes experience increased sleep disruption largely due to stress, travel, and playing schedules (16, 28). Poor sleep in adolescence and early adulthood may predict longer-term sleep problems (29). High levels of sleep disruption are reported among both current and former professional athletes, potentially impacting on their long-term health. However, there exists limited research specifically examining sleep patterns in retiring and retired athletes, especially in comparison with the general population and with attention to factors influencing sleep. There is growing recognition of the need for longitudinal studies to better understand the chronic effects of repetitive head impacts on sleep and brain health (30).

Like other athletes, association football (soccer) players are at increased risk for sleep disruption (28). Kilic et al. (32) found sleep disturbances in 15.8% of current and 11.0% of retired footballers. Patient report outcome measurement information system (PROMIS) assessments reported sleep disturbances in 28 of 220 former footballers (33). Current footballers also show insufficient sleep duration and symptoms like insomnia and daytime sleepiness, with 39 of 111 participants sleeping less than seven hours per night (17). Among 210 male professional footballers, insomnia severity was associated with greater stimulant use, pre-sleep arousal, and worry/rumination, mediating the insomnia relationship (34). Fernandes et al. (35) found that retired professional footballers had poorer sleep quality than age-matched UK population controls despite a higher prevalence of optimal sleep durations.

In this study, members of the Professional Footballers' Association (PFA) were surveyed to provide insight into current and former footballers' sleep and brain health. The primary aims were to determine the prevalence of sleep disturbances and variations in sleep duration among these athletes, to examine associations between concussion history and clinically significant sleep disturbances, and to investigate the relationship between concussion(s) and headache prevalence. Additionally, potential differences between current and former footballers were explored to better understand modifiable factors affecting brain health and recovery.



Methods


Design

This is a cross-sectional survey which has assessed a players demographics, sleep, concussion history. The survey was designed to gain an insight and understanding into sleep and concussion across the different footballing contexts and whether players were retired or playing to develop greater knowledge in this area (36, 37). The design incorporated previously variated tools to increase reliability). In the survey participants have responded about their sleep over the last month and concussion history over their career.



Participants

Female and male volunteers were invited to participate via the PFA membership mailing list as part of routine communications to its members. All members of the PFA, both current and former players, were eligible to participate. To be included they had be a current member of the PFA which means they were a former or current professional football and had to complete all the questions; there was no exclusion criteria in responses unless they were incomplete. Respondents included 18 women (3.0%) and 582 men (97.0%), the playing level was split across with women competing in the Women's Super League and FA Women's Championship, and men spanning multiple playing levels including Premier League, Championship, League One, League Two, National Leagues, and retired categories (see Table 1). The survey also collected information about duration of career. The biological sex distribution is reported here to contextualise analyses, given the relatively low number of female participants which influenced subset analyses.



TABLE 1 Demographic characteristics of the cohort by sex and current playing level.



	Playing Category
	n (% within group)
	Age, mean (SD)





	Women
	18
	28.06 (4.75)



	Women's Super League
	15 (83.3)
	27.40 (4.66)



	FA Women's Championship
	3 (16.7)
	31.33 (4.51)



	Men
	582
	44.62 (15.27)



	Premier League
	6 (1.0)
	27.00 (6.78)



	Championship
	40 (6.9)
	27.18 (5.54)



	League One
	31 (5.3)
	26.77 (5.64)



	League Two
	46 (7.9)
	27.59 (5.70)



	National Leagues
	54 (9.3)
	29.31 (5.88)



	Retired
	405 (69.6)
	51.94 (12.00)



	Playing Females (18)
	8.28 (0.46)
	0 (0.0)



	Total
	600
	44.12 (15.33)









Survey

Participants volunteered to complete an anonymous online survey hosted on SurveyMonkey, which was open for a two-week period in March 2023. Recruitment was conducted via the PFA's regular membership email communication (i.e., not a specific request), which included notification of the study and an invitation to participate. Participation was anonymous and voluntary.

The survey included questions covering several key domains including player demographics and playing status, concussion history and knowledge, experience of headaches in the past month, and a sleep disturbance assessment (See Appendix A for details).

Headache frequency was assessed using questions reflecting prior research standards, specifically considering experiencing headaches weekly or more often as the cutoff for analysis [see (38)]. Sleep disturbance was assessed using the Jenkins Sleep Scale (JSS), a validated four-item questionnaire measuring the frequency of common sleep problems over the past month: difficulty falling asleep, waking up several times per night, trouble staying asleep (including early waking), and waking feeling tired or worn out (39). Each item is scored on a six-point frequency scale (0 = not at all, 5 = 22–31 days), yielding a total score ranging from 0 to 20, with higher scores indicating greater disturbance. Consistent with previous large-scale population studies, a cut-off score of ≥12 was used to indicate clinically significant sleep disturbance (40, 41). This threshold has been shown to correspond to the upper percentiles of the general population distribution and is associated with adverse health outcomes, thereby providing a clinically meaningful indicator of significant sleep problems in epidemiological research.

This voluntary online survey was internally reviewed and approved by the PFA. Participation was entirely optional, with no incentives or penalties associated with taking part. All participants, as part of the consenting to take part in the survey, were fully informed that their responses would be used for research purposes by the PFA. Data were stored securely on PFA servers and anonymised prior to transfer for analysis in accordance with data protection regulation and measures. The [redacted] reviewed and approved the data transfer process and secondary analysis of the anonymous data. This was approved by Chair's action dated 12/12/2023.



Data analysis and statistics

Participant demographic and clinical characteristics were summarised using frequencies and percentages for categorical variables and means with standard deviations (SD) for continuous variables. The JSS results were categorised to distinguish clinically significant sleep disturbances (scores ≥12) from non-clinically significant (<12) based on established thresholds (40). Internal consistency of the JSS was assessed in the current sample using Cronbach's alpha. Further analyses examined associations between sleep disturbance status, concussion history (diagnosed or self-reported), and the experience of headaches occurring weekly or more often.

Logistic regression models were performed using SPSS (version 29.0.1.1, IBM, UK), reporting odds ratios (OR) with 95% confidence intervals [CI; (42)]. Both unadjusted and adjusted analyses were conducted with adjustment for age, biological sex, and current playing status, given their potential influence on sleep behaviour and concussion outcomes.

Subset analyses were conducted for male participants, retired players, and current male players to account for the small proportion of female participants and the heterogeneity of sleep behaviours across sex and playing status groups. A p-value less than 0.05 was considered statistically significant. Participants with missing data were excluded from the analysis.

No direct control group was included in this survey; however, sleep disturbance prevalence and other health outcomes are contextualised (see discussion) by comparison to population norms reported in previous studies [e.g., (35, 41)].




Results


Participant characteristics

Six hundred professional footballers aged 17–92 years [18 women (3.0%) and 582 men (97.0%)] completed the survey. While the male cohort included both current and former players, all female participants were current players (see Table 1). Women primarily competed in the Women's Super League and FA Women's Championship, and men spanned multiple playing levels including Premier League, Championship, League One, League Two, National Leagues, and retired categories.



Sleep and brain health outcomes

Table 2 presents results relating to sleep duration (hours), short sleep (six or fewer hours), clinically significant sleep disturbance (JSS ≥ 12), concussion history (diagnosed and suspected), and weekly headache prevalence.



TABLE 2 Sleep, concussion, and headache characteristics across subgroups of the cohort.



	Playing category (n)
	Mean sleep duration h (SD)
	Short sleep n (%)
	Sleep disturbance n (%)
	Diagnosed concussions n (%)
	Suspected concussions n (%)
	Weekly headaches n (%)





	Women (18)
	8.28 (0.46)
	0 (0.0)
	1 (5.6)
	10 (55.6)
	13 (72.2)
	1 (5.6)



	Women's Super League (15)
	8.33 (0.48)
	0 (0.0)
	0 (0.0)
	8 (53.3)
	11 (73.3)
	1 (6.7)



	FA Women's Championship (3)
	8.00 (0.00)
	0 (0.0)
	1 (33.3)
	2 (66.7)
	2 (66.7)
	0 (0.0)



	Men (582)
	7.59 (0.91)
	135 (23.2)
	122 (21.0)
	264 (45.4)
	422 (72.5)
	95 (16.3)



	Premier League (6)
	7.67 (0.82)
	1 (16.7)
	1 (16.7)
	5 (83.3)
	5 (83.3)
	1 (16.7)



	Championship (40)
	8.00 (0.68)
	3 (7.5)
	4 (10.0)
	18 (45.0)
	26 (65.0)
	4 (10.0)



	League One (31)
	8.16 (0.37)
	0 (0.0)
	0 (0.0)
	16 (51.6)
	21 (67.7)
	3 (9.7)



	League Two (46)
	8.07 (0.44)
	1 (2.2)
	3 (6.5)
	23 (50.0)
	33 (71.7)
	7 (15.2)



	National Leagues (54)
	7.67 (0.75)
	9 (16.7)
	12 (22.2)
	31 (57.4)
	40 (74.1)
	11 (20.4)



	Playing Males (177)
	7.93 (0.64)
	14 (7.9)
	20 (11.2)
	93 (52.5)
	125 (70.6)
	27 (15.2)



	Playing Females (18)
	8.28 (0.46)
	0 (0.0)
	1 (5.6)
	10 (55.6)
	13 (72.2)
	1 (5.6)



	Playing (195)
	7.93 (0.64)
	14 (7.2)
	21 (10.8)
	103 (52.8)
	138 (70.8)
	29 (14.9)



	Retired (405)
	7.44 (0.96)
	121 (29.9)
	81 (20.0)
	171 (42.2)
	297 (73.3)
	69 (17.0)



	Total (600)
	7.61 (0.90)
	135 (22.5)
	102 (17.0)
	274 (45.7)
	435 (72.5)
	98 (16.3)







The mean sleep duration in the last month was 7.61 h (SD 0.90). One hundred and thirty-five participants (22.5%) reported short sleep. The mean JSS score was 6.31 (SD 4.89), with 102 participants (17.0%) scoring 12 or greater, a threshold indicative of clinically significant sleep disturbance consistent with prior research (40). The JSS demonstrated good internal consistency in this cohort (Cronbach's α = 0.810).



Concussion and headache prevalence

Of all participants, 435 (72.5%) suspected they had sustained a concussion, while 274 (45.7%) reported a diagnosed concussion (Table 2). Current players were more likely to have a diagnosed concussion compared to former players (p = 0.015). Headache prevalence, defined as experiencing headaches weekly or more often, was also reported and examined in relation to sleep disturbance and concussion history (Table 2). Weekly headaches were significantly associated with clinically significant sleep disturbance (p < 0.001) and with average sleep duration (p = 0.007). No significant difference in weekly headache frequency was found between current and former players (p = 0.502).



Associations between sleep disturbance, concussion, and headache

Logistic regression analyses (Table 3) demonstrated significant associations between sleep disturbance and suspected concussion, weekly headaches, and short sleep, with odds ratios (OR) and 95% confidence intervals (CI) reported for unadjusted and age-adjusted models. Subset analyses for males, retired players, and current male players further explored these relationships.



TABLE 3 Odds ratios (OR) for associations between sleep disturbance and weekly headaches, suspected concussion, and short sleep.



	Group/subgroup
	Unadjusted OR (95% CI)
	Age-adjusted OR (95% CI)





	Suspected concussion



	Men and women
	1.95 (1.13–3.37), p = 0.016
	1.91 (1.03–3.36), p = 0.021



	Men only
	2.09 (1.20–3.65), p = 0.009
	2.04 (1.17–3.57), p = 0.012



	Playing men
	2.57 (0.72–9.18), p = 0.146
	2.75 (0.76–9.93), p = 0.122



	Retired
	1.96 (1.05–3.65), p = 0.035
	1.97 (1.05–3.68), p = 0.034



	Weekly headaches



	Men and women
	2.64 (1.60–4.33), p < 0.001
	2.66 (1.61–4.34), p < 0.001



	Men only
	2.70 (1.64–4.46), p < 0.001
	2.71 (1.64–4.49), p < 0.001



	Playing men
	5.15 (1.86–14.28), p = 0.002
	5.03 (1.80–14.03), p = 0.002



	Retired
	2.20 (1.23–3.92), p = 0.008
	2.20 (1.23–3.92), p = 0.008



	Short sleep



	Men and women
	1.95 (1.13–3.37), p = 0.016
	1.84 (1.03–3.36), p = 0.040



	Men only
	4.10 (2.60–6.46), p < 0.001
	4.00 (2.52–6.35), p < 0.001



	Playing men
	5.48 (1.26–18.48), p = 0.006
	8.01 (2.08–30.87), p = 0.003



	Retired
	3.57 (2.15–5.92), p < 0.001
	3.57 (2.15–5.92), p < 0.001










Discussion

This study has investigated the prevalence and interrelationships of sleep disturbances, concussion history, and headache frequency among current and former professional footballers in the United Kingdom. The findings demonstrate that clinically significant sleep disturbances are common in this population, with 17% of participants exceeding the Jenkins Sleep Scale threshold. Suspected concussion history was significantly associated with increased odds of sleep disturbance, and weekly headaches were strongly correlated with both sleep disruption and short sleep duration. The results highlight the persistent burden of sleep-related problems in footballers, particularly among those with a history of concussion, and underscore the need for targeted interventions addressing these interconnected issues.


Sleep and concussion

The mean JSS score in this cohort was 6.31 (SD 4.89), with 17% indicating a clinically significant sleep disturbance (JSS ≥ 12), which is notably higher than the reported 6% in general population samples (41). This aligns with emerging evidence that athletes with concussion or repetitive head impacts experience greater sleep disruption than non-athletes or those without concussion (5, 22). This study extends this understanding by including both current and retired footballers, a group historically underrepresented in sleep and concussion research (28, 30).

Sleep disturbances are strongly associated with suspected concussion history, emphasising the importance of capturing unrecognised or underdiagnosed concussion cases when evaluating brain health outcomes (43, 44). The similar sleep disturbance patterns observed for diagnosed and suspected concussion groups suggest that unrecognised concussions may contribute meaningfully to long-term sleep dysfunction and brain health outcomes, warranting further longitudinal investigation. Specifically, analysis of JSS components revealed that concussion was associated with increased frequency of waking feeling tired or worn out, indicating possible disruption of sleep architecture. This is consistent with neurobiological models implicating neuroinflammation and autonomic dysregulation in post-concussion sleep disturbance (1, 15). Electroencephalographic changes during sleep observed post-concussion further support disrupted sleep physiology as a factor in recovery trajectories (5).

A notable finding is that current players are more likely to have been diagnosed concussions than retired players, suggesting improvements in concussion awareness and diagnosis among active footballers. However, a considerable proportion of both groups suspected concussions without formal diagnosis, highlighting ongoing gaps in detection and management.



Headaches

Weekly headache prevalence is meaningfully associated with both sleep disturbance and short sleep duration (see Table 3). Headaches are a common post-concussion symptom and frequently linked to sleep disruptions such as circadian dysthymia and insomnia (15, 23, 24, 26). While population-based headache prevalence varies, approximately 23% of the UK population report weekly headaches (38), comparable to the frequency observed here. Globally, prevalence estimates range from 4.6% for general headache disorders to 16.3% experiencing weekly headaches (45). These data underscore a clinically relevant burden of headaches in footballers with concussion history. The findings reinforce the importance of incorporating sleep assessment and management into headache treatment strategies for athletes.



Strengths and limitations

This study benefits from a relatively large sample size of 600 current and retired professional footballers, the largest study of its kind with this population of elite athletes. The inclusion of both diagnosed and suspected concussion history allows for a comprehensive view of concussion exposure, addressing known under-reporting (44). Furthermore, the use of the validated Jenkins Sleep Scale adds rigour and facilitates comparison with other large population studies [e.g., (40)].

A key limitation is the absence of a direct control group from the general population, restricting causal inference and direct comparison within the study. However, this limitation is partially mitigated by benchmarking the findings from this study against normative data derived from large, representative population samples. For example, Tibubos et al. (41) assessed sleep disturbances using the JSS in a general German cohort of over 2,500 adults, reporting a substantially lower prevalence of clinically significant sleep disturbance (6.0%) compared to the 17.0% observed here. Similarly, Fernandes et al. (35) found retired professional footballers had significantly poorer sleep quality than an age-matched UK population despite a higher prevalence of achieving recommended sleep duration. These comparative data provide an important epidemiological context supporting elevated sleep disturbance in footballers relative to general populations. Although indirect, such benchmarking strengthens the validity of the findings by situating them within established population norms and underscores the clinical relevance despite the absence of a contemporaneous control group. Epidemiological studies have also consistently shown athletes with concussion histories often experience greater sleep disturbances than non-athletes or athletes without concussion (22).

The cross-sectional design limits causal conclusions. Moreover, while the number of female respondents was limited, the inclusion of female footballers provides important insight given the underrepresentation of women in this research area (30). Future longitudinal studies are needed to clarify these relationships and address these limitations (31). Therefore, future studies should encompass sleep diaries over serial and prolong period of time. They should also consider more detailed assessment of sleep over a career and the length of a career. Prospective studies around head injuries and impact in football could also consider sleep immediately after and then serial follow-ups for sleep and symptom assessment.



Implications

These findings emphasise the need for clinicians and researchers to consider both diagnosed and suspected concussion history when assessing sleep and neurological health in athletes. Sleep hygiene and targeted interventions may play a critical role in managing headaches and improving concussion recovery. Given the complex interplay between concussion, sleep, and headache symptoms, a multidisciplinary approach incorporating sleep assessment should be integral to athlete care pathways.




Conclusion

This study provides novel insights into sleep disturbance, headache prevalence, and concussion history among current and former professional footballers in the UK. Both groups experience elevated rates of sleep disturbance associated with suspected concussion history and headaches. The findings highlight under-recognition of concussion and suggest a complex interaction between sleep, headaches, and concussion which warrants further longitudinal research to elucidate mechanisms and inform clinical management strategies. Further attention should be given to sleep quality and quantity during competition and training for current footballers.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The requirement of ethical approval was waived by University of Exeter- Ethics Committee for the studies involving humans because Participants had informed consent taken when the initial survey was disturbed by the PFA. Anonymised data only was shared for this research. The transfer of data and review of the consent for research was review by the University of Exeter. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board also waived the requirement of written informed consent for participation from the participants or the participants' legal guardians/next of kin because Participants had informed consent taken when the initial survey was disturbed by the PFA. Anonymised data only was shared for this research. The transfer of data and review of the consent for research was review by the University of Exeter.



Author contributions

NH: Project administration, Formal analysis, Writing – review & editing, Methodology, Investigation, Writing – original draft, Conceptualization. MM: Project administration, Formal analysis, Methodology, Writing – review & editing, Supervision, Writing – original draft, Investigation. JB: Writing – review & editing, Methodology, Formal analysis, Writing – original draft, Investigation. CJ: Formal analysis, Investigation, Writing – review & editing, Writing – original draft. HD: Writing – original draft, Supervision, Writing – review & editing, Investigation. MG: Formal analysis, Supervision, Investigation, Writing – review & editing. AP: Writing – original draft, Investigation, Formal analysis, Writing – review & editing. AW: Methodology, Formal analysis, Supervision, Writing – original draft, Conceptualization, Writing – review & editing, Investigation.



Funding

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



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.



Generative AI 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.



References


	1. Linsenmeyer M, Guthrie M, Phillips MM. Understanding sleep dysfunction after traumatic brain injury. Curr Phys Med Rehabil Rep. (2020) 8(4):405–14. doi: 10.1007/s40141-020-00299-9


	2. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National sleep foundation’s updated sleep duration recommendations: final report. Sleep Health. (2015) 1(4):233–43. doi: 10.1016/j.sleh.2015.10.004


	3. Medic G, Wille M, Hemels ME. Short- and long-term health consequences of sleep disruption. Nat Sci Sleep. (2017) 9:151–61. doi: 10.2147/NSS.S134864


	4. Sleep Foundation. How to determine poor sleep quality (2023). Available online at: https://www.sleepfoundation.org/sleep-hygiene/how-to-determine-poor-quality-sleep (Accessed July 02, 2024).


	5. Stevens DJ, Appleton S, Bickley K, Holtzhausen L, Adams R. Electroencephalographic changes in sleep during acute and subacute phases after sports-related concussion. Nat Sci Sleep. (2023) 15:267–73. doi: 10.2147/NSS.S397900


	6. Lajoie AC, Lafontaine AL, Kimoff RJ, Kaminska M. Obstructive sleep apnea in neurodegenerative disorders: current evidence in support of benefit from sleep apnea treatment. J Clin Med. (2020) 9(2):297. doi: 10.3390/jcm9020297


	7. Guay-Gagnon M, Vat S, Forget MF, Tremblay-Gravel M, Ducharme S, Nguyen QD, et al. Sleep apnea and the risk of dementia: a systematic review and meta-analysis. J Sleep Res. (2022) 31(5):e13589. doi: 10.1111/jsr.13589


	8. Alvaro PK, Roberts RM, Harris JK. A systematic review assessing bidirectionality between sleep disturbances, anxiety, and depression. Sleep. (2013) 36(7):1059–68. doi: 10.5665/sleep.2810


	9. Howarth NE, Miller MA. Sleep, sleep disorders, and mental health: a narrative review. Heart Mind. (2024) 8(3):146–58. doi: 10.4103/hm.HM-D-24-00030


	10. Robbins R, Quan SF, Weaver MD, Bormes G, Barger LK, Czeisler CA. Examining sleep deficiency and disturbance and their risk for incident dementia and all-cause mortality in older adults across 5 years in the United States. Aging (Albany NY). (2021) 13(3):3254–68. doi: 10.18632/aging.202591


	11. Sabia S, Fayosse A, Dumurgier J, van Hees VT, Paquet C, Sommerlad A, et al. Association of sleep duration in middle and old age with incidence of dementia. Nat Commun. (2021) 12(1):2289. doi: 10.1038/s41467-021-22354-2


	12. Sadeghmousavi S, Eskian M, Rahmani F, Rezaei N. The effect of insomnia on development of Alzheimer’s disease. J Neuroinflammation. (2020) 17(1):289. doi: 10.1186/s12974-020-01960-9


	13. Alhola P, Polo-Kantola P. Sleep deprivation: impact on cognitive performance. Neuropsychiatr Dis Treat. (2007) 3(5):553–67. Available online at: https://www.ncbi.nlm.nih.gov/pubmed/1930058519300585


	14. Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a systematic review and meta-analysis of prospective studies. Sleep. (2010) 33(5):585–92. doi: 10.1093/sleep/33.5.585


	15. Mayer CL, Huber BR, Peskind E. Traumatic brain injury, neuroinflammation, and post-traumatic headaches. Headache. (2013) 53(9):1523–30. doi: 10.1111/head.12173


	16. Cook JD, Charest J. Sleep and performance in professional athletes. Curr Sleep Med Rep. (2023) 9(1):56–81. doi: 10.1007/s40675-022-00243-4


	17. Khalladi K, Farooq A, Souissi S, Herrera CP, Chamari K, Taylor L, et al. Inter-relationship between sleep quality, insomnia and sleep disorders in professional soccer players. BMJ Open Sport Exerc Med. (2019) 5(1):e000498. doi: 10.1136/bmjsem-2018-000498


	18. Jaffee MS, Winter WC, Jones CC, Ling G. Sleep disturbances in athletic concussion. Brain Inj. (2015) 29(2):221–7. doi: 10.3109/02699052.2014.983978


	19. Mosti C, Spiers MV, Kloss JD. A practical guide to evaluating sleep disturbance in concussion patients. Neurol Clin Pract. (2016) 6(2):129–37. doi: 10.1212/CPJ.0000000000000225


	20. Hoffman NL, O'Connor PJ, Schmidt MD, Lynall RC, Schmidt JD. Relationships between post-concussion sleep and symptom recovery: a preliminary study. J Neurotrauma. (2020) 37(8):1029–36. doi: 10.1089/neu.2019.6761


	21. Oyegbile TO, Dougherty A, Tanveer S, Zecavati N, Delasobera BE. High sleep disturbance and Longer concussion duration in repeat concussions. Behav Sleep Med. (2020) 18(2):241–8. doi: 10.1080/15402002.2019.1578223


	22. Grigg-Damberger MM. Sleep/wake disorders after sports concussion: risks, revelations, and interventions. J Clin Neurophysiol. (2023) 40(5):417–25. doi: 10.1097/WNP.0000000000000931


	23. Ryan LM, Warden DL. Post concussion syndrome. Int Rev Psychiatry. (2003) 15(4):310–6. doi: 10.1080/09540260310001606692


	24. Zasler ND. Sports concussion headache. Brain Inj. (2015) 29(2):207–20. doi: 10.3109/02699052.2014.965213


	25. Djukic S, Phillips NL, Lah S. Sleep outcomes in pediatric mild traumatic brain injury: a systematic review and meta-analysis of prevalence and contributing factors. Brain Inj. (2022) 36(12-14):1289–322. doi: 10.1080/02699052.2022.2140198


	26. Korabelnikova EA, Danilov AB, Danilov AB, Vorobyeva YD, Latysheva NV, Artemenko AR. Sleep disorders and headache: a review of correlation and mutual influence. Pain Ther. (2020) 9(2):411–25. doi: 10.1007/s40122-020-00180-6


	27. Montgomery MC, Baylan S, Gardani M. Prevalence of insomnia and insomnia symptoms following mild-traumatic brain injury: a systematic review and meta-analysis. Sleep Med Rev. (2022) 61:101563. doi: 10.1016/j.smrv.2021.101563


	28. Montero A, Stevens D, Adams R, Drummond M. Sleep and mental health issues in current and former athletes. A Mini Review. Front Psychol. (2022) 13:868614. doi: 10.3389/fpsyg.2022.868614


	29. Dregan A, Armstrong D. Adolescence sleep disturbances as predictors of adulthood sleep disturbances–a cohort study. J Adolesc Health. (2010) 46(5):482–7. doi: 10.1016/j.jadohealth.2009.11.197


	30. Boucher E. Online Monitoring of Brain Health in Former Athletes. PhD Thesis. Norwich: University of East Anglia (2024).


	31. Adams JW, Alosco ML, Mez J, Alvarez VE, Huber BR, Tripodis Y, et al. Association of probable REM sleep behavior disorder with pathology and years of contact sports play in chronic traumatic encephalopathy. Acta Neuropathol. (2020) 140(6):851–62. doi: 10.1007/s00401-020-02206-x


	32. Kilic O, Aoki H, Haagensen R, Jensen C, Johnson U, Kerkhoffs G, et al. Symptoms of common mental disorders and related stressors in Danish professional football and handball. Eur J Sport Sci. (2017) 17(10):1328–34. doi: 10.1080/17461391.2017.1381768


	33. Gouttebarge V, Aoki H, Lambert M, Stewart W, Kerkhoffs G. A history of concussions is associated with symptoms of common mental disorders in former male professional athletes across a range of sports. Phys Sportsmed. (2017) 45(4):443–9. doi: 10.1080/00913847.2017.1376572


	34. Ballesio A, Vacca M, Bacaro V, Benazzi A, De Bartolo P, Alivernini F, et al. Psychological correlates of insomnia in professional soccer players: an exploratory study. Eur J Sport Sci. (2022) 22(6):897–905. doi: 10.1080/17461391.2021.1892197


	35. Fernandes GS, Parekh SM, Moses J, Fuller CW, Scammell B, Batt ME, et al. Depressive symptoms and the general health of retired professional footballers compared with the general population in the UK: a case-control study. BMJ Open. (2019) 9(9):e030056. doi: 10.1136/bmjopen-2019-030056


	36. Martin D, O’Donoghue PG, Bradley J, McGrath D. Developing a framework for professional practice in applied performance analysis. Int J Perf Anal Sport. (2021) 21(6):845–88. doi: 10.1080/24748668.2021.1951490


	37. O’Donoghue P. Research Methods for Sports Performance Analysis. Abingdon: Routledge (2010).


	38. Boardman HF, Thomas E, Croft PR, Millson DS. Epidemiology of headache in an English district. Cephalalgia. (2003) 23(2):129–37. doi: 10.1046/j.1468-2982.2003.00468.x


	39. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of sleep problems in clinical research. J Clin Epidemiol. (1988) 41(4):313–21. doi: 10.1016/0895-4356(88)90138-2


	40. Juhola J, Arokoski JPA, Ervasti J, Kivimaki M, Vahtera J, Myllyntausta S, et al. Internal consistency and factor structure of jenkins sleep scale: cross-sectional cohort study among 80 000 adults. BMJ Open. (2021) 11(1):e043276. doi: 10.1136/bmjopen-2020-043276


	41. Tibubos AN, Zenger M, Schmalbach B, Beutel ME, Brahler E. Measurement invariance, validation and normative data of the jenkins sleep scale-4 (JSS-4) in the German general population across the life span. J Psychosom Res. (2020) 130:109933. doi: 10.1016/j.jpsychores.2020.109933


	42. O’Donoghue P. Statistics for Sport and Exercise Studies. Abingdon: Routledge (2012).


	43. Kerr ZY, Mihalik JP, Guskiewicz KM, Rosamond WD, Evenson KR, Marshall SW. Agreement between athlete-recalled and clinically documented concussion histories in former collegiate athletes. Am J Sports Med. (2015) 43(3):606–13. doi: 10.1177/0363546514562180


	44. Meehan 3rd WP, Mannix RC, O'Brien MJ, Collins MW. The prevalence of undiagnosed concussions in athletes. Clin J Sport Med. (2013) 23(5):339–42. doi: 10.1097/JSM.0b013e318291d3b3


	45. Stovner LJ, Hagen K, Linde M, Steiner TJ. The global prevalence of headache: an update, with analysis of the influences of methodological factors on prevalence estimates. J Headache Pain. (2022) 23(1):34. doi: 10.1186/s10194-022-01402-2






Appendix A—Survey Questions

Participants completed an anonymous online survey containing the following questions:

Demographics & Playing Status


	1.Current playing status (Currently playing/Retired)

	2.Year of birth (Open-ended response)

	3.Total years played football full-time (including scholarship) (Open-ended response)



Concussion History.


	4.Have you ever experienced a suspected concussion while playing football? (Yes/No)
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