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Sleep, health, and well-being in elite athletes from different sports, before, during, 
and after international competition
Michelle Bigginsa,b, Helen Purtill b,c, Peter Fowlerd, Amy Bendere, Kieran O Sullivana,b, Charles Samuelse,f 

and Roisin Cahalana,b

aSchool of Allied Health, University of Limerick, Limerick, Ireland; bHealth Research Institute, University of Limerick, Limerick, Ireland; cDepartment 
of Mathematics and Statistics, University of Limerick, Ireland, Sports Spine Centre, Aspetar Orthopaedic and Sports Medicine Hospital, Doha, Qatar; 
dSchool of Exercise and Nutrition Sciences, Queensland University of Technology, Brisbane, Australia; eFaculty of Kinesiology, University of Calgary, 
Calgary, AB, Canada; fCummings School of Medicine, University of Calgary, Calgary, AB, Canada

ABSTRACT
Objectives: Limited research has been conducted on sleep problems in elite athletes at international 
competition, and how this relates to their general health and well-being.  
Methods: Sixty-five elite international athletes (37 males, 28 females, 21.8 ± 2.1 years) from different 
sports completed validated sleep (Athlete Sleep Screening Questionnaire), health (Subjective Health 
Complaints Inventory) and well-being (Sports Profile of Mood States) questionnaires; 1 month pre- 
competition, at the end of international competition, and 1 month post-competition.  
Results: Twenty-three percent of the elite athletes were identified as having a moderate or severe 
clinically significant sleep problem during competition, with 82% reporting less than 8 h of sleep per 
night. Athletes with a moderate or severe clinically significant sleep problem during competition had 
significantly greater general health complaints (p = 0.002), mood disturbance (p = 0.001) and poorer 
sleep hygiene (p = 0.002). Swimmers had more sleep difficulty pre and during competition compared to 
athletics and soccer (p = 0.009).  
Conclusion: Sleep disturbance during international competition is common and associated with poorer 
health and lower mood. Swimmers may be more at risk of sleep difficulty pre and during competition 
compared to those competing in athletics and soccer. Sleep services may be required to support elite 
athletes at international competition.
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Introduction

Sleep is essential for athlete health, well-being, and perfor-
mance [1]. However, research studies report that athletes are 
habitually obtaining insufficient sleep due to negotiable (e.g. 
poor sleep habits and environment) [2,3] and non-negotiable 
(e.g. competition times and travel) factors [4]. Insufficient sleep 
quantity (i.e. less than 7 h) is related to compromised athletic 
performance, as a result of slower reaction times [5], reduced 
endurance levels [6], decreased accuracy [7], slower sprint 
times [8], and lower mood [9]. Poor sleep also has been 
associated with lower general heath [10] and increased risk 
of infection [11] in the general population. There is emerging 
evidence highlighting the relationship between sleep and 
general health in athletes [12,13]. Factors such as sleep that 
can positively or negatively impact the health, well-being, and 
performance of athletes are of great interest to coaches, back-
room medical staff, and athletes themselves.

Elite international athletes are required to travel for com-
petition, both domestically and internationally, which presents 
unique challenges to their sleep [14]. Long-haul travel across 
time zones, poses an even greater challenge, as athletes need 
to recover from the interrelated effects of travel fatigue and jet 
lag [15]. Athletes who have a more extreme morning or 

evening chronotype may face greater sleep challenges [16–-
16–18]. Athletes from individual sports are reported to have 
greater sleep difficulties compared to team sport athletes in 
their home environment [3,19]. However, a study of Olympic 
standard athletes reported no sleep difference between indi-
vidual and team sport athletes [20]. Identifying which athletes 
have poor habitual sleep patterns and habits, and therefore, 
may be more at risk of poor sleep when traveling for interna-
tional competition could enable timely sleep intervention and 
support for these athletes. There is an absence of research on 
whether athletes from different sports (e.g. swimming vs ath-
letics) experience similar sleep difficulties when traveling for 
their sport. Understanding and increasing awareness around 
the potential differences in sleep difficulties between athletes 
from different sports may aid a more targeted athlete-specific 
approach to sleep education, intervention, and support, parti-
cularly around contextual factors that are known to disrupt 
sleep, such as long-haul travel.

A key priority of medical and support staff is to keep 
athletes well and healthy, in the lead up to and during com-
petition. International long-haul travel, and travel across time 
zones, increases the risk of infection and illness in the general 
population [21,22] and in elite athletes [4,23]. There is some 
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evidence to suggest that illness risk is not directly related to 
travel conditions itself (i.e. close contact with fellow passen-
gers and exposure to re-circulated air) but rather environmen-
tal conditions and exposure to different populations and 
pathogens may also play a role [23]. There is evidence in the 
literature that insufficient sleep is an additional risk factor for 
illness in athletes [24,25]. An International Olympic Committee 
(IOC) consensus statement has recommended further investi-
gation into the risk of illness and international travel and sleep 
deprivation [26]. To date, there is a gap in the literature on the 
relationship between sleep and general health and well-being 
in elite athletes when they travel for international competition.

International multi-sport competitions such as the 
Olympics, the Commonwealth Games and the World 
University Games add another unique sleep challenge, where 
athletes live in purpose-built Athletes’ Villages, sharing rooms 
& living space. To the authors' knowledge, there is no pub-
lished research on the sleep profiles of elite athletes living in 
this type of environment at an international multi-sport com-
petition. Anxiety around competition can also contribute to 
sleep disturbance, with 64% of the elite Australian athletes 
reporting disturbed sleep prior to important competition [20]. 
A recent consensus statement from the IOC recommended 
that Olympic villages and similar areas should be designed 
and assessed with sleep hygiene in mind [27]. Understanding 
the sleep profiles of athletes in this type of environment could 
potentially aid recovery and optimize performance for athletes 
at these types of events. It has also been recommended that 
future research should investigate the sleep profiles of ath-
letes during the three stages of competition (i.e. before, dur-
ing, and after competition) [28].

Therefore, the aims of this study were to investigate

(1) The prevalence of clinically relevant sleep problems of 
elite athletes at three distinct timepoints: 1-month pre- 
competition, during competition, and 1-month post- 
competition.

(2) Associations between sleep, general health, well-being, 
and sleep hygiene and to investigate the potential 
difference in these factors between sports during inter-
national competition.

Methods

Design

A longitudinal cohort study in elite international standard 
athletes at home, at international competition, and at 1 
month post-international competition.

Participants

Sixty-five elite X athletes from four different sports (athletics, 
swimming, men’s soccer, women’s soccer) participated in the 
study. All participants had achieved international qualification 
for the World University Games in Taiwan in 2017. Participants 
were recruited via convenience sampling where the lead 
author was the head physiotherapist for Team Irelandat the 

World University Games (WUGs). Participants provided 
informed consent and ethics approval was granted by the 
local university human research ethics committee (ethics num-
ber 2017_04_17).

Methodology

The WUGs 2017 took place in Taiwan over a period of 3 weeks. 
Participants completed online questionnaires at three time-
points: 1 month prior to competing at the 2017 WUGs, on 
the last day of the WUGs competition, and at 1 month post- 
competition. The questionnaires took approximately 15 min-
utes to complete and explored parameters of; sleep, sleep 
hygiene, general health, mood, and chronotype.

Sleep
Clinically relevant sleep problems were assessed using the 
16-item Athlete Sleep Screening Questionnaire (ASSQ) which 
is the only sleep screening questionnaire validated in an 
athletic population [29]. The ASSQ evaluates both sleep 
and circadian factors related to sleep quantity, sleep quality, 
sleep timing, insomnia, sleep-disordered breathing, and 
sleep disturbance related to travel, during the recent past. 
Five items are used to calculate a ‘sleep difficulty score’ 
which classifies athletes into a category of clinical sleep 
problem; from no problem (score 0–4), to mild (score 5–7), 
to moderate (score 8–10) and severe (score 11–17). Those 
categorized in the no and mild clinical sleep problem cate-
gories are deemed to not need further sleep assessment 
from a sleep professional but instead require education 
and monitoring [29]. Those in the moderate to severe clinical 
sleep problem categories additionally require sleep assess-
ment by a sleep professional [30]. Questions related to naps, 
caffeine use, and electronic device use are also included.

Sleep hygiene
Sleep hygiene was assessed using the Sleep Hygiene Index (SHI) 
[31]. The SHI consists of 13 items related to inappropriate sleep 
behavior, in the recent past, which is based on the diagnostic 
criteria for poor sleep hygiene proposed by the International 
Classification of Sleep Disorders [32]. Each item is rated on a five- 
point Likert scale (0–4) where 0 = never, 1 = rarely, 2 = some-
times, 3 = frequent and 4 = always. Item scores are summed 
providing a global assessment of sleep hygiene. Higher scores 
are indicative of more maladaptive sleep hygiene [33].

General health
General health was assessed using the validated Subjective 
Health Complaints Inventory (SHC) [34]. The SHC questionnaire 
includes common health conditions and reasons for an encoun-
ter with a general practitioner and is an indicator of overall 
general health [35]. Participants were asked to report if they 
had experienced any of the following 12 complaints in the 
recent past: palpitations/extra heartbeats, chest pain, breathing 
difficulties, heartburn, stomach discomfort, diarrhea, constipa-
tion, eczema, tiredness, dizziness, anxiety, and depression. Items 
related to sleeping problems were removed as they were cov-
ered elsewhere in the questionnaire. Severity of each complaint 
is rated on a four-point Likert scale where 0 = none,1 = some, 
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2 = much, 3 = severe, giving a total score ranging from 0 to 36 
where a higher score is indicative of lower general health [34].

Mood
Mood was assessed using the abbreviated 40-item Sports – 
Profile of Mood States (sPOMS), which has been reported to 
be more time-sensitive and appropriate for competitive ath-
letes [36]. This abbreviated version of the POMS consists of 
40 adjectives related to participants experience of seven 
mood states of tension, depression, fatigue, vigor, confusion, 
anger, and esteem-related affect, in the recent past. 
Participants are asked to score each adjective from 0 to 4; 
0 = not at all, 1 = a little, 2 = moderately, 3 = quite a lot, 
4 = extremely. Total Mood Disturbance (TMD) is calculated 
by summing the totals for the negative subscales (tension, 
depression, anger, fatigue, confusion) and then subtracting 
the totals for the positive subscales (vigor, esteem-related 
affect). A constant (100) is then added to remove negative 
scoring for the final overall score, with a higher score is 
indicative of a greater mood disturbance.

Chronotype

Chronotype was assessed using the MEQ [37]. The MEQ is 
a 19-item questionnaire used to determine the natural pro-
pensity of an individual to be active across a 24-h period. The 
questions are multiple choice, framed in a preferential man-
ner, with each answer providing a value from 0 to 6. The items 
are summed give a final score ranging between 16 and 86, 
where <41 = ‘evening-type’, 42–58 = ‘intermediate’ and ≥59 = 
‘morning-type’.

Travel to international competition
Participants traveled economy class for all flights. The depar-
ture and arrival times for outbound flights were 13:50 h Irish 
Standard Time (IST) and 16:15 h the next day China Standard 
Time (CST [IST +7 h]). There were two flights for outbound 
travel, with 19 h 10 min of travel (16 h 10 mins flight duration, 
3 h stopover) across seven time-zones. The departure and 
arrival times for inbound flights were 23:35 h CST and 12:05 
the next day IST. There were two flights for inbound travel 
with 19 h 30 min of travel (16 h 30 mins flight duration, 3 h 
stopover) across seven time-zones.

Statistical analysis
Descriptive statistics are presented as mean ±(standard devia-
tion (SD)) or number (percentage). Quantitative data were 
assessed for skewness visually using histograms and 
Shapiro–Wilks normality test. The ASSQ was categorized into 
none-mild and moderate-severe. SHI, SHC, and sPOMS were 
compared between the none-mild and moderate-severe ASSQ 
categories during competition using the independent sample 
t-test. Linear mixed regression models were used to examine 
differences in ASSQ, SHI, SHC, and sPOMS scores between the 
sports across the three timepoints, accounting for within- 
person correlations. Main effects for sport and time, and 
a time-by- sport interaction term were included in the models. 
Estimated marginal means for the time-by-sport term with 
associated 95% confidence intervals are reported from the 

analyses. SPSS (Statistics for Windows, Version 26.0. Armonk, 
NY:IBM Corp) was used for all analyses. Statistical significance 
was indicated by a p-value of <0.05.

Results

Sixty-five elite X athletes (37 = male, 28 = female) from four 
different sports groups (athletics, n = 11; swimming, n = 12; 
men’s soccer, n = 22; women’s soccer, n = 20) participated in 
this study (mean ± SD age 21.8 ± 2.1 years). The descriptive 
statistics for the ASSQ, SHI, sPOMS, and SHC outcome mea-
sures are presented in Table 1.

Chronotype (MEQ): Seven percent (n = 4) were evening- 
type, 19% (n = 10) were morning-type, and 74% (n = 40) were 
intermediate. No significant differences were found in ASSQ 
scores when grouped by chronotype classification (p = 0.623).

Less than 8 h of sleep per night was reported by 66% 
(n = 39) of participants pre-competition, 82% (n = 50) during 
competition, and 65% (n = 38) post-competition. Greater than 
9 h of sleep per night was reported by 5% (n = 3) of partici-
pants pre-competition, 3% (n = 2) during competition, and 7% 
(n = 4) post-competition (Figure 1).

Associations between clinically relevant sleep problems 
and measures of health, well-being, and sleep hygiene 
during competition

Worse SHI, SHC, and sPOMS scores were associated with the 
ASSQ moderate-severe classification compared to none-mild 
(Table 2).

Differences in sleep problems and associated general 
health, well-being, and sleep hygiene measures between 
sports

Participant characteristics across the sports are described in 
Table 3. Over half the swimmers were identified as having 
moderate-severe sleep problem during the competition, 45% 
pre-competition and this returned to less than 10% post- 
competition. During the competition, less than 10% of the 
athletics, 10% of men’s soccer and less than 30% of the 
women’s soccer were identified as having moderate-severe 
sleep problem (Figure 2).

The linear mixed model analysis, Table 4, found that 
changes in ASSQ scores differed significantly between the 
sports (time-by-sport interaction p-value = 0.018), suggesting 
that swimmers had higher ASSQ scores pre and during com-
petition which returned to similar levels to the other sports 
post-competition

Discussion

This is the first study to investigate elite athletes sleep at an 
international multi-sport competition using a validated ath-
lete sleep questionnaire. One of our main findings was that 
athlete sleep difficulty scores were highest at competition 
compared to pre-competition and post-competition. Twenty- 
three percent of athletes were categorized with a clinically 
relevant sleep problem at competition, compared to 16% 
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and 9% at pre-competition and post-competition, respec-
tively. In this regard, the sleep profiles of the cohort in the 
present study at the international competition are similar to, 
in-season Canadian elite athletes [29] and, age-matched but 
non-elite student athletes [38], who both reported 25% of 
their cohort with a clinically relevant sleep problem using the 
ASSQ. A systematic review of sleep in elite sport has identi-
fied competition as a factor associated with sleep distur-
bance [14]. The negative effect of competition on sleep 
could be related to shared rooms in a new environment 

[19], late-night competition [14], or thoughts and nervous-
ness about competition [19]. A higher prevalence (73%) of 
sleep difficulty 9 months prior to competition has been 
reported in Olympic standard athletes [39]; however, this 
was classified using the Pittsburgh Sleep Quality Index 
which may overestimate sleep difficulty in athletes [40]. The 
use of a validated athlete-specific sleep questionnaire, such 
as that used in this study, is likely to provide a truer reflection 
of sleep difficulties athletes face in both home and competi-
tion environment.

Table 1. Descriptive statistics for the ASSQ, SHC, sPOMS, and SHC at pre-competition, during competition, and post-competition.

Pre-competition During competition Post-competition

ASSQ 4.9 ± 2.5 5.5 ± 2.9 4.5 ± 2.1
ASSQ categories
None (0–4) 25 (43%) 26 (43%) 29 (50%)
Mild (5–7) 24 (41%) 21 (34%) 24 (41%)
Mod (8–10) 9 (16%) 10 (16%) 5 (9%)
Severe (11–17) 0 (0%) 4 (7%) 0 (0%)
SHC 16.12 ± 3.2 17.77 ± 4.41 16.97 ± 3.54
sPOMS 97.47 ± 21.19 95.78 ± 22.79 95.84 ± 20.52
SHI 29.26 ± 5.96 28.98 ± 5.95 30.29 ± 5.41
Nap frequency
No naps 17(29%) 16(26%) 21(37%)
1–2/week 30(52%) 27(44%) 30(53%)
3–4/week 7(12%) 13(21%) 4(7%)
5–7/week 4(7%) 5(8%) 2(4%)
Nap length
<30 min 17(29%) 9(15%) 20 (35%)
31–60 min 7(12%) 35(57%) 13 (23%)
61–90 min 23(40%) 5(8%) 20(35%)
>90 min 3(5%) 0(0%) 0(0%)
Caffeine use/day
<1 16(28%) 18(30%) 17(30%)
1–2 27(47%) 32(53%) 23(40%)
>3 15(26%) 11(18%) 17(30%)
Electronic device use before bed
Never 1(2%) 1(2%) 2(4%)
1–3/week 3(5%) 8(13%) 5(9%)
4–6/week 11(19%) 8(13%) 11(19%)
Everyday 43(74%) 44(72%) 39(68%)
Bluelight blocking software/device
Yes 17(29%) 23(38%) 25(44%)
No 41(71%) 38(62%) 32(56%)

ASSQ, Athlete Sleep Screening Questionnaire; SHC, Subjective Health Complaints Inventory; sPOMS, Sports Profile of Mood States; SHI, 
Sleep Hygiene Index. 
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Figure 1. Average self-reported sleep duration at three timepoints: pre-competition, during competition, and post-competition.
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Eight-two percent of athletes reported less than 8 h of 
sleep per night during competition, compared to 67% and 
65% at pre and post-competition, respectively. Current inter-
national guidelines recommend that non-athletes sleep 7 h or 
more per night [41], with recommendations suggesting ath-
letes require 8–10 h of sleep per night to facilitate both 
physiological and psychological recovery from intense training 
sessions and competition [25,42]. The discrepancy between 
athlete sleep recommendations and the reality of athlete 
sleep duration has been previously highlighted in an actigra-
phy study of 124 athletes in their home environment, who 
reported athletes obtained only 6.8 h of sleep/night [3]. 
A study of elite cyclists reported a significant decrease in 
sleep duration during competition (6.8 h/night) compared to 
pre-competition (7.4 h/night) [28]. Conversely, a recent review 
reported decreases in sleep duration during heavy training 
phases compared to pre-season/tapering phases or 

competition phases (6.7 h vs. 7.3 h vs. 7.4 h, respectively) 
[42]. Our findings combined with other research suggest that 
a significant number of athletes are getting less than 8 h of 
sleep as is routinely recommended. There have been mixed 
findings on the relationship between sleep duration and per-
formance in athletes, with some aspects of performance, such 
as speed, tactical strategy, and technical skill more affected 
than anaerobic performance [43]. Sleep health in athletes 
encompasses good quality sleep, minimal daytime dysfunc-
tion, strategic napping, and positive sleep hygiene behavior, 
not a fixation on an arbitrary length of sleep per night. 
Athletes who are required to travel for international competi-
tion may require additional sleep support, education, and 
intervention as highlighted by the sleep difficulties reported 
in the current study and it is likely that this need will vary 
greatly between individuals. Interestingly, these athletes are 
continuing to perform at an elite level.

Sleep hygiene in competition was significantly worse in 
those with a clinically relevant sleep problem compared to 
those without. Poor sleep hygiene relates to practicing beha-
viors that can negatively impact sleep [31]. Good sleep 
hygiene was positively correlated with sleep quality in elite 
international junior athletes [33]. In the current study, a large 
proportion of athletes utilized naps (63–74%) and the most 
common frequency of napping was 1–2/week. Daytime naps 
can be used to supplement nighttime sleep effectively in 
athletes [44]. Educating athletes on correct timing, practice, 
and duration of naps to supplement potentially shortened 
nighttime sleep during competition may be an effective way 
to enable additional physiological and psychological recovery 
provided by sleep [25]. Everyday electronic device (ED) use 
before bed was used by a large proportion of this cohort 
(68–74%). ED use before bed was associated with an increased 
risk of shorter sleep duration and longer sleep latency in 
a large cross-sectional study in adolescents [45]. However, 
a small study on eight elite athletes found no association 
between ED use and either sleep quality and sleep latency 

Table 2. Comparison of athletes’ general health, mood, and sleep hygiene when 
categorized into clinically relevant sleep problem (none/mild and moderate/ 
severe) during competition.

ASSQ classification

None/mild 
(n = 47) 

Mean (sd)
Moderate/severe (n = 14) 

Mean (sd) p Value Effect size

SHC 17.2 ± 3.5 20.8 ± 4.0 .002 1.0
sPOMS 84.4 ± 16.3 117.2 ± 28.5 .000 1.7
SHI 28.0 ± 5.5 33.2 ± 4.1 .002 1.0

ASSQ, Athlete Sleep Screening Questionnaire; SHC, Subjective Health 
Complaints Inventory; sPOMS, Sports Profile of Mood States; SHI, Sleep 
Hygiene Index; sd, standard deviation; Cohen’s D effect size. 

Table 3. Participant characteristics by type of sport.

Type of sport

Swimming 
(n = 12)

Athletics 
(n = 11)

Women’s soccer 
(n = 20)

Men’s soccer 
(n = 22)

Female sex, n (%) 1 (8.3) 6 (54.4) 20 (100%) 0 (0)
Age 21.6 ± 1.6 23.9 ± 2.3 21.9 ± 2.2 20.8 ± 1.3
Years at elite level 3.5 ± 1.2 5.6 ± 3.3 4.9 ± 1.7 3 ± 1.2
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Figure 2. Percentage of athletes within each sport identified as having moderate-severe sleep problem at each time point.
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[46]. Similarly, a study of 46 well-trained athletes found no 
association between ED use and sleep duration [47], although 
they did report an association between perceived difficulty in 
falling asleep and ED use [47]. Interestingly, a study that 
removed ED for 48 h from elite junior athletes reported no 
change in sleep quality or quantity, or athletic performance 
[48]. Regular ED use before bed is part of the embedment of 
technology at a societal and cultural level, and although its 
negative impact on sleep has been reported in adolescents, 
the removal of, or limitation of its use in athletes has not, as of 
yet, resulted in significant changes in sleep quality or quantity 
or athletic performance.

Athletes who were categorized as having a clinically 
relevant sleep problem during the competition had signif-
icantly greater number of general health complaints. There 
is a strong relationship between poor sleep and increased 
risk of infection [11] and compromised immune function 
[10] in the general population, with emerging research 
highlighting this relationship in athletes [12]. Poor sleep 
was associated with an increased risk of infection in over-
reached endurance athletes [49]. A case–control study 
reported that poor sleep in elite athletes was associated 
with a greater risk for upper respiratory tract and gastro-
intestinal symptoms [50]. However, this contrasts with 
a study of Olympic-level athletes which found no associa-
tion between poor sleep and illness [39]. In the current 
study, athletes who were categorized as having a clinically 
relevant sleep disorder during competition also had sig-
nificantly higher total mood disturbance. A more positive 
mood profile is associated with improved sports perfor-
mance [51] and better athlete mental health [52] and 
therefore a priority for athletes, coaches, and medical 
staff. Keeping athletes fit and healthy enabling them to 
perform to the best of their ability is a key concern for 
every medical team [26]. The importance of maintaining 
and promoting sleep to preserve general health [12] and 
mental health [27] has been advocated in two recent con-
sensus statements. The relationship between mood and 
sleep is strongly established in non-athletic populations 

[53,54]. The relationship between poor sleep quality and 
mood has been reported in amateur marathon runners [9], 
elite volleyball players [55], and individual and team-sport 
German athletes [19].

Swimmers had significantly poorer sleep profiles, as mea-
sured using the ASSQ, pre-competition and at the interna-
tional competition; however, this returned to similar levels as 
athletics and football, post-competition. Sleep difficulties in 
swimmers have been reported in other research, with signifi-
cant decreases in sleep duration from 8.7 h/night on rest days 
compared to 6.6 h/night on training days reported in elite 
swimmers [56]. Research comparing sleep in team-sport ath-
letes versus individual athletes reported a longer sleep latency 
(time taken to fall asleep) in swimmers (40 min) compared to 
footballers (9 min) [3]. Early morning training sessions have 
been identified as barriers to sufficient nighttime sleep in elite 
swimmers [56,57] whereas late-night competition has been 
reported as a barrier to sleep in footballers [58,59]. Future 
research exploring the timing of competition across sports 
would be beneficial. Heavy training periods across 
a competitive season have been associated with sleep difficul-
ties in footballers [42,58] and swimmers [60]. Increases in 
training load pre-competition could potentially be a factor 
contributing to sleep difficulties in swimmers in the current 
study; however, this was not measured. In the current study, 
swimmers had the greatest number of general health com-
plaints, worst total mood disturbance, and poorest sleep 
hygiene compared to other sports and this did not change 
over time. Increased respiratory illnesses such as rhinitis, 
asthma, and airway hyper-responsiveness have been reported 
in elite swimmers compared with the general population [61]. 
Sleep quality and anxiety were positively correlated in a study 
of elite swimmers [62] Although direct comparisons cannot be 
made due to differences in outcome measures used, our find-
ings highlight that there is a relationship between poor sleep 
and greater general health complaints and mood disturbance 
in swimmers, which is relevant to backroom medical teams 
tasked with keeping athletes fit, well and healthy, to train and 
compete at the elite level.

Table 4. Mixed model analyses, estimated marginal means with 95% confidence intervals.

Pre-competition During competition Post-ompetition Time Sport Time × Sport

ASSQ Swimming 7.1 (5.8, 8.5) 8.1 (6.5, 9.7) 4.5 (3.2, 5.8) 0.007 0.004 0.018
Athletics 3.8 (2.4, 5.3) 4.9 (3.3, 6.5) 3.3 (1.9, 4.8)
Women’s soccer 4.4 (3.3, 5.5) 5.4 (4.2, 6.6) 4.7 (3.6, 5.8)
Men’s soccer 4.8 (3.7, 5.8) 4.5 (3.3, 5.7) 5 (3.9, 6)

SHI Swimming 33.1 (29.8, 36.3) 32.4 (29.4, 35.4) 32.3 (28.4, 36.2) 0.456 0.045 0.861
Athletics 28.5 (25.1, 31.8) 27.7 (24.6, 30.8) 28.5 (24.2, 32.7)
Women’s soccer 29.2 (26.6, 31.7) 29.4 (27.1, 31.7) 32.2 (29, 35.4)
Men’s soccer 27.8 (25.4, 30.2) 27.8 (25.6, 30.1) 28.9 (25.9, 32)

SHC Swimming 20.1 (17.9, 22.2) 21 (18.8, 23.2) 20 (18.1, 21.9) 0.1 <0.001 0.848
Athletics 18.4 (16.1, 20.6) 18.2 (16, 20.4) 16.1 (14, 18.1)
Women’s soccer 17.8 (16.1, 19.5) 17.5 (15.9, 19.2) 17.4 (15.8, 19)
Men’s soccer 16.5 (14.9, 18.1) 16.6 (15, 18.2) 15.3 (13.8, 16.8)

sPOMS Swimming 112.8 (101.3, 124.3) 117.6 (105.9, 129.4) 108.1 (93.9, 122.3) 0.811 0.006 0.664
Athletics 94.8 (82.7, 106.9) 91.7 (79.9, 103.5) 85.5 (70, 101)
Women’s soccer 93 (84, 102) 92.1 (83.2, 101.1) 97.9 (86.1, 109.7)
Men’s soccer 93.6 (84.8, 102.3) 90.1 (81.4, 98.8) 93.5 (82.3, 104.7)

ASSQ, Athlete Sleep Screening Questionnaire; SHI, Sleep Hygiene Index; SHC, Subjective Health Complaints; sPOMS, Sports Profile of Mood States; Time × Sport 
(time-by-sport interaction). 
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Strengths and limitations

This is a novel study examining an elite sport population using 
athlete-specific sleep measures at three important timepoints; 
pre-competition, during competition, and post-competition. 
The main strength of this paper is the novel investigation of 
sleep in athletes over time and the relationship between sleep 
and sport type, general health, mood, and sleep hygiene. It also 
provides an original overview of sleep profiles of elite athletes 
at an international multi-sport competition environment. The 
sample size of this study is small and further research is recom-
mended to replicate findings. A question on sleep was removed 
from the SHC which may have compromised the validity of this 
outcome measure, though the scoring system stayed the same 
for all remaining items. The absence of objective sleep mea-
sures such as actigraphy is acknowledged as a limitation. This 
was an exploratory study and therefore no power analysis was 
performed. The absence of data on training load and nutrition 
are acknowledged as limitations of this study.

Implications

Sleep, health, and well-being are suboptimal in swimmers 
compared to athletics and men’s and women’s soccer. In 
order to address sports-specific problems, a tailored sleep 
intervention program may be necessary. In a recent study, 
95% of the swimmers reported the coach as their primary 
source of recovery information and 100% of the coaches 
reported conferences and workshops as their primary source 
of recovery information (Shell et al. 2020). It is plausible that in 
order to educate and potentially improve sleep in swimmers, 
education of coaches via workshops & conferences on the 
challenges, consequences, and potential sleep hygiene strate-
gies for swimmers would be necessary.

Athlete sleep disturbance scores were worst at the compe-
tition, and this was related to lower general health and mood 
disturbance. This has implications for athlete health and well- 
being but also potentially for athletic performance at the 
competition. It is likely that there are numerous contributing 
factors to poor sleep in the competition such as shared rooms, 
new environments, light and noise pollution, competition 
anxiety, and competition scheduling [14,63]. Addressing 
these issues has been identified as an important factor in 
designing a purpose-built athlete village at multi-sport com-
petitions [27]. Minimizing sleep disruption for athletes at com-
petition may require a multifactorial approach targeting 
logistical challenges, competition scheduling, and promoting 
positive sleep hygiene through education and behavioral sup-
port strategies.

Conclusion

Nearly a quarter of elite athletes in this study experienced 
moderate to severe sleep problems at an international com-
petition with a higher prevalence of sleep problems (55%) in 
swimmers. Compared to athletics and men’s and women’s 
soccer, swimmers had the worst sleep profile pre- 
competition and during the competition, and this was asso-
ciated with lower general health, mood disturbance, and poor 

sleep hygiene. Sleep problems during competition may have 
implications on athletic performance and achievement. 
Further research into sleep interventions to support athletes' 
sleep during international competition is warranted.

Acknowledgments

Open Access funding provided by the Qatar National Library.
The authors wish to acknowledge Student Sport Ireland and the Irish 

athletes at the 2017 World University Games for their time and participa-
tion in this research project.

Funding

This research was funded in part by the School of Allied Health, University 
of Limerick.

Declaration of interest
The authors whose names are listed immediately below certify that they 
have no conflict of interest to declare.

ORCID
Helen Purtill http://orcid.org/0000-0002-3714-4767

1. Halson SL. Nutrition, sleep and recovery. Eur J Sport Sci. 2008;8 
(2):119–126.

2. Nedelec M, Aloulou A, Duforez F, et al. The variability of sleep 
among elite athletes. Sports Med Open. 2018;4(1):34.

3. Lastella M, Roach GD, Halson SL, et al. Sleep/wake behaviours of 
elite athletes from individual and team sports. Eur J Sport Sci. 
2015;15(2):94–100.

4. Fowler P, Duffield R, Howle K, et al. Effects of northbound long-haul 
international air travel on sleep quantity and subjective jet lag and 
wellness in professional Australian soccer players. Int J Sports 
Physiol Perform. 2015;10(5):648–654.

5. Mah C, Mah, KE, Kezirian, EJ, et al. Extended sleep and the effects 
on mood and athletic performance in collegiate swimmers. Sleep. 
2008;34(7):943-950.

6. Thun E, Bjorvatn B, Flo E, et al. Sleep, circadian rhythms, and 
athletic performance. Sleep Med Rev. 2015;23:1–9.

7. Duffield R, Murphy A, Kellett A, et al. Recovery from repeated 
on-court tennis sessions: combining cold-water immersion, com-
pression, and sleep interventions. Int J Sports Physiol Perform. 
2014;9(2):273–282.

8. Skein M, Duffield R, Minett GM, et al. The effect of overnight sleep 
deprivation after competitive rugby league matches on postmatch 
physiological and perceptual recovery. Int J Sports Physiol Perform. 
2013;8(5):556–564.

9. Lastella M, Lovell GP, Sargent C. Athletes’ precompetitive sleep 
behaviour and its relationship with subsequent precompetitive 
mood and performance. Eur J Sport Sci. 2014;14(sup1):S123–S130.

10. Besedovsky L, Lange T, Born J. Sleep and immune function. 
Pflügers Archiv-Euro J Physiol. 2012;463(1):121–137.

11. Prather AA, Janicki-Deverts D, Hall MH, et al. Behaviorally assessed 
sleep and susceptibility to the common cold. Sleep. 2015;38 
(9):1353–1359.

12. Walsh NP, Gleeson M, Pyne DB, et al., Position statement part two: 
maintaining immune health. 2011.

13. Biggins M, Purtill H, Fowler P, et al. Sleep in elite multi-sport 
athletes: implications for athlete health and wellbeing. Phys Ther 
Sport. 2019;39:136–142.

THE PHYSICIAN AND SPORTSMEDICINE 7



14. Gupta L, Morgan K, Gilchrist S. Does elite sport degrade sleep 
quality? A systematic review. Sports Med. 2017;47(7):1317–1333.

15. van Rensburg DC, van Rensburg AJ, Fowler P, et al. How to manage 
travel fatigue and jet lag in athletes? A systematic review of 
interventions. Br J Sports Med. 2020;54(16):960-968.

16. Facer-Childs E, Brandstaetter R. The impact of circadian phenotype 
and time since awakening on diurnal performance in athletes. Curr 
Biol. 2015;25(4):518–522.

17. Vitale JA, Weydahl A. Chronotype, physical activity, and sport 
performance: a systematic review. Sports Med. 2017;47 
(9):1859–1868.

18. Vitale JA, Banfi G, La Torre A, et al. Effect of a habitual late-evening 
physical task on sleep quality in neither-type soccer players. Front 
Physiol. 2018;9:1582.

19. Erlacher D, Ehrlenspiel F, Adegbesan OA, et al. Sleep habits in 
German athletes before important competitions or games. 
J Sports Sci. 2011;29(8):859–866.

20. Juliff LE, Halson SL, Peiffer JJ. Understanding sleep disturbance in 
athletes prior to important competitions. J Sci Med Sport. 2015;18 
(1):13–18.

21. Bruni M, Steffen R. Impact of travel-related health impairments. 
J Travel Med. 1997;4(2):61–64.

22. Leder K, Newman D. Respiratory infections during air travel. Intern 
Med J. 2005;35(1):50–55.

23. Schwellnus MP, Derman WE, Jordaan E, et al. Elite athletes travel-
ling to international destinations>5 time zone differences from 
their home country have a 2–3-fold increased risk of illness. Br 
J Sports Med. 2012;46(11):816–821.

24. Nieman D. Is infection risk linked to exercise workload? Med Sci 
Sports Exercise. 2000;32(7). DOI:10.1097/00005768-200007001- 
00005

25. Kellmann M, Bertollo M, Bosquet L, et al. Recovery and perfor-
mance in sport: consensus statement. Int J Sports Physiol 
Perform. 2018;13(2):240–245.

26. Schwellnus M, Soligard T, Alonso J-M, et al. How much is too 
much? (Part 2) International Olympic Committee consensus state-
ment on load in sport and risk of illness. Br J Sports Med. 2016;50 
(17):1043–1052.

27. Reardon CL, Hainline B, Aron CM, et al. Mental health in elite 
athletes: international Olympic Committee consensus statement 
(2019). Br J Sports Med. 2019;53(11):667–699.

28. Lastella M, Roach GD, Halson SL, et al. Sleep/wake behaviour of 
endurance cyclists before and during competition. J Sports Sci. 
2015;33(3):293–299.

29. Bender AM, Lawson D, Werthner P, et al. The clinical validation of 
the Athlete Sleep Screening Questionnaire: an instrument to iden-
tify athletes that need further sleep assessment. Sports Med Open. 
2018;4(1):23.

30. Samuels C, James L, Lawson D, et al. The Athlete Sleep Screening 
Questionnaire: a new tool for assessing and managing sleep in elite 
athletes. Br J Sports Med. 2016;50(7):418–422.

31. Mastin DF, Bryson J, Corwyn R. Assessment of sleep hygiene using 
the sleep hygiene index. J Behav Med. 2006;29(3):223–227.

32. Thorpy MJ. Classification of sleep disorders. Neurotherapeutics. 
2012;9(4):687–701.

33. Knufinke M, Nieuwenhuys A, Geurts SAE, et al. Self-reported sleep 
quantity, quality and sleep hygiene in elite athletes. J Sleep Res. 
2018;27(1):78–85.

34. Tschudi-Madsen H, Kjeldsberg M, Natvig B, et al. A strong associa-
tion between non-musculoskeletal symptoms and musculoskeletal 
pain symptoms: results from a population study. BMC 
Musculoskelet Disord. 2011;12(1):285.

35. Eriksen HR, Ihlebæk C, Ursin H. A scoring system for subjective 
health complaints (SHC). Scand J Public Health. 1999;27 
(1):63–72.

36. Grove JR, Prapavessis H. Preliminary evidence for the reliability and 
validity of an abbreviated profile of mood states. Int J Sport 
Psychol. 1992;23 (2):93-109.

37. Horne JA, Östberg O. A self-assessment questionnaire to determine 
morningness-eveningness in human circadian rhythms. 
Int J Chronobiol. 1976;4(1) 97-110.

38. Rabin JM, Mehra R, Chen E, et al. Assessment of sleep health in 
collegiate athletes using the Athlete Sleep Screening 
Questionnaire. J Clin Sleep Med. 2020;16(8).

39. Drew MK, Vlahovich N, Hughes D, et al. A multifactorial evaluation 
of illness risk factors in athletes preparing for the Summer Olympic 
Games. J Sci Med Sport. 2017;20(8):745–750.

40. Samuels C. Sleep, recovery, and performance: the new frontier 
in high-performance athletics. Neurol Clin. 2008;26(1):169–180.

41. Watson NF, Badr MS, Belenky G, et al. Recommended amount of 
sleep for a healthy adult: a joint consensus statement of the 
American academy of sleep medicine and sleep research society. 
J Clin Sleep Med. 2015;11(6):591–592.

42. Vlahoyiannis A, Aphamis G, Bogdanis GC, et al. Deconstructing 
athletes’ sleep: A systematic review of the influence of age, sex, 
athletic expertise, sport type, and season on sleep characteristics. 
J Sport Health Sci. 2020. DOI: 10.1016/j.jshs.2020.03.006.

43. Kirschen GW, Jones JJ, Hale L. The impact of sleep duration on 
performance among competitive athletes: a systematic literature 
review. Clin J Sport Med. 2020;30(5):503-512.

44. Romyn G, Lastella M, Miller DJ, et al. Daytime naps can be used to 
supplement night-time sleep in athletes. Chronobiol Int. 2018;35 
(6):865–868.

45. Hysing M, Pallesen S, Stormark KM, et al. Sleep and use of electro-
nic devices in adolescence: results from a large population-based 
study. BMJ Open. 2015;5(1):e006748.

46. Romyn G, Robey E, Dimmock JA, et al. Sleep, anxiety and electronic 
device use by athletes in the training and competition 
environments. Eur J Sport Sci. 2016;16(3):301–308.

47. Jones MJ, Peeling P, Dawson B, et al. Evening electronic device use: 
the effects on alertness, sleep and next-day physical performance 
in athletes. J Sports Sci. 2018;36(2):162–170.

48. Dunican IC, Martin DT, Halson SL, et al. The effects of the removal 
of electronic devices for 48 hours on sleep in elite judo athletes. 
J Strength Cond Res. 2017;31(10):2832–2839.

49. Hausswirth C, Louis J, Aubry A, et al. Evidence of disturbed 
sleep and increased illness in overreached endurance athletes. 
Med Sci Sports Exerc. 2014. DOI: 10.1249/ 
MSS.0000000000000177.

50. Halson S, Appaneal R, Peterson K, et al. High prevalence of poor 
sleep quality in athletes: implications to staying healthy and 
performing. J Sci Med Sport. 2017;20:e80.

51. Beedie CJ, Terry PC, Lane AM. The profile of mood states and 
athletic performance: two meta-analyses. J Appl Sport Psychol. 
2000;12(1):49–68.

52. Schinke RJ, Stambulova NB, Si G, et al. International society of sport 
psychology position stand: athletes’ mental health, performance, 
and development. Int J Sport Exercise Psychol. 2017:1–18.

53. Dinges DF, Pack F, Williams K, et al. Cumulative sleepiness, mood 
disturbance, and psychomotor vigilance performance decrements 
during a week of sleep restricted to 4–5 hours per night. Sleep. 
1997;20(4):267–277.

54. Peterson MJ, Benca RM. Sleep in mood disorders. Psychiatric 
Clinics. 2006;29(4):1009–1032.

55. Brandt R, Bevilacqua GG, Andrade A. Perceived sleep quality, mood 
states, and their relationship with performance among Brazilian 
elite athletes during a competitive period. J Strength Cond Res. 
2017;31(4):1033–1039.

56. Surda P, Putala M, Siarnik P, et al. Sleep in elite swimmers: pre-
valence of sleepiness, obstructive sleep apnoea and poor sleep 

8 M. BIGGINS ET AL.

https://doi.org/10.1097/00005768-200007001-00005
https://doi.org/10.1097/00005768-200007001-00005
https://doi.org/10.1016/j.jshs.2020.03.006
https://doi.org/10.1249/MSS.0000000000000177
https://doi.org/10.1249/MSS.0000000000000177


quality. BMJ Open Sport Exerc Med. 2019;5(1). DOI: 10.1136/ 
bmjsem-2019-000673.

57. Sargent C, Halson S, Roach GD. Sleep or swim? Early-morning 
training severely restricts the amount of sleep obtained by elite 
swimmers. Eur J Sport Sci. 2014;14(sup1):S310–S315.

58. Nédélec M, Halson S, Abaidia AE, et al. Stress, sleep and recovery in 
elite soccer: a critical review of the literature. Sports Med. 2015;45 
(10):1387–1400.

59. Fullagar HH, Skorski S, Duffield R, et al. Sleep and athletic performance: 
the effects of sleep loss on exercise performance, and physiological and 
cognitive responses to exercise. Sports Med. 2015;45(2):161–186.

60. Taylor SR, Rogers GG, Driver HS. Effects of training volume on 
sleep, psychological, and selected physiological profiles of elite 
female swimmers. Med Sci Sports Exerc. 1997;29(5):688–693.

61. Bougault V, Turmel J, Levesque B, et al. The respiratory health of 
swimmers. Sports Med. 2009;39(4):295–312.

62. Elbayoumy A, Elbayoumy A. Relationship of sleep quality and 
competitive anxiety in a sample of swimming athletes. Swed J Sci 
Res. 2015;2(11):38–43.

63. Bonnar D, Bartel K, Kakoschke N, et al. Sleep interventions designed 
to improve athletic performance and recovery: a systematic review 
of current approaches. Sports Med. 2018;48(3):683–703.

THE PHYSICIAN AND SPORTSMEDICINE 9

View publication statsView publication stats

https://doi.org/10.1136/bmjsem-2019-000673
https://doi.org/10.1136/bmjsem-2019-000673
https://www.researchgate.net/publication/346493795

	Abstract
	Introduction
	Methods
	Design
	Participants
	Methodology
	Sleep
	Sleep hygiene
	General health
	Mood

	Chronotype
	Travel to international competition
	Statistical analysis


	Results
	Associations between clinically relevant sleep problems and measures of health, well-being, and sleep hygiene during competition
	Differences in sleep problems and associated general health, well-being, and sleep hygiene measures between sports

	Discussion
	Strengths and limitations
	Implications

	Conclusion
	Acknowledgments
	Funding
	Declaration of interest
	book0_71



