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KEY POINTS 28 
 29 

• In the present study, 52% of elite athletes were categorised as ‘poor sleepers’ on the 30 

PSQI,  31 

• Longer sleep onset latencies and greater daytime dysfunction were observed in female 32 

athletes compared to male athletes.  33 

• Team sport athletes reported shorter sleep onset latencies, longer sleep durations, later 34 

wake times and spent significantly more time in bed than individual sport athletes but 35 

reported lower sleep efficiency compared to individual sport athletes.  36 

• The PSQI components of sleep onset latency and sleep quality made the greatest 37 

contribution to the high global PSQI scores. Strategies targeting sleep onset latency 38 

may be particularly important in elite athletes.  39 

• Individual questionnaire items or components may be useful for practitioners to guide 40 

decision making and recommendations for specific sleep interventions in athletes.  41 

  42 
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Abstract 43 

Background 44 

The aims of this retrospective study were to 1) provide a description of sleep quality in elite 45 

athletes as measured by the Pittsburgh Sleep Quality Index (PSQI), 2) provide normative 46 

PSQI data 3) identify differences across sex and sport, 4) identify components that contribute 47 

to high PSQI scores and 5) assess PSQI test-retest reliability. 48 

Methods  49 

Four-hundred and seventy-nine athletes (371 female and 108 male) across 20 Olympic team 50 

and individual sports completed the PSQI. For ordinal and categorical variables, the 51 

Wilcoxon rank sum test and Chi Squared tests were used, respectively. A random forest 52 

regression was built to determine the importance of each PSQI component. Test-retest 53 

reliability was assessed using two-way mixed effects intraclass correlation coefficients. 54 

Results 55 

Fifty-two percent of athletes had a global PSQI score greater than or equal to 5. Team sport 56 

athletes reported significantly longer sleep onset latency times but longer sleep durations 57 

compared to individual sport athletes. Sleep onset latency and sleep quality made the greatest 58 

contribution to the global PSQI scores. The PSQI demonstrated variability over periods of 2-59 

months or more, with a minimal detectable change of 3 AU.  60 

Conclusion  61 

Long sleep onset latency and poor perceived sleep quality made the greatest contribution to 62 

the high PSQI scores observed in approximately half of elite athletes investigated. The PSQI 63 

should be administered at regular intervals due to variability within individuals over periods 64 

of 2-months or more. Individual questionnaire items or component scores of the PSQI may be 65 

useful for practitioners in guiding decision-making regarding sleep interventions in athletes.  66 

 67 

 68 

  69 
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 70 
1. INTRODUCTION 71 

Sleep is recognised as an important contributor to athlete performance, recovery and 72 

wellbeing [1]. Alongside this increase in perceived importance of sleep for athletes, has been 73 

an interest in monitoring and quantifying sleep. There are numerous methods to assess sleep 74 

in athletes, ranging from polysomnography (considered the gold standard), to activity 75 

monitoring, diaries and questionnaires [2]. The determination of which method is most 76 

suitable is often based on considerations such as human and financial resourcing, suspected 77 

sleep concerns, requirement for expertise and speed with which the results are available.  78 

There is now good evidence to indicate that the majority of athletes experience insufficient 79 

sleep quality and/or obtain insufficient sleep quantity when compared to recommended 80 

guidelines and/or self-reported sleep needs of athletes [3]. This appears to be independent of 81 

the method used to assess sleep, with insufficient sleep reported when assessed by activity 82 

monitoring as well as questionnaires [4]. 83 

The Pittsburgh Sleep Quality Index (PSQI) is the most commonly used general measure of 84 

sleep quality in both clinical and research settings [5]. It has also been utilised in a number of 85 

studies investigating sleep in athletes including adolescent, youth and NCAA student athletes 86 

[6] [7] [8], Gaelic athletes [9], elite Winter sport athletes [10] and team sport athletes [11]. 87 

The PSQI was intended for use with the general population (i.e., absence of clinical sleep 88 

problems) and was designed to discriminate between ‘good’ and ‘poor’ sleepers by providing 89 

an index that is simple and easy to interpret. The PSQI has been validated in a number of 90 

diverse populations, and is considered the most rigorously validated tool in sleep diagnostics 91 

[12]. However, the PSQI has not been validated in athletes and concern has been raised 92 

regarding the use of this questionnaire, particularly given the high scores indicative of ‘poor’ 93 

sleep reported by athletes [13]. Therefore, it has been suggested that the PSQI may 94 

overestimate sleep problems in athletes. This is despite similar mean PSQI data (5.64) 95 

reported in non-athlete University students of a similar age to athletes in the current study 96 

[14]. 97 

Mean values of PSQI scores from athletes have been reported as being at or above the 98 

threshold for poor sleep (≥ 5) across the literature [4], suggesting poor sleep quality and high 99 

levels of sleep disturbance in athletes [4]. This is not surprising due to the challenges that elite 100 

sport presents to obtaining optimal sleep (e.g., travel demands, training and/or competition 101 
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schedules, etc.). However, an increased understanding of PSQI findings in elite male and 102 

female athletes, specifically the major contributors to the high scores observed in athletes, 103 

may be useful for practitioners. As the PSQI is commonly used and will likely continue to be 104 

used widely in both research and practice, providing normative data and specific information 105 

on PSQI components in elite athletes is necessary. 106 

When developing the PSQI, the creators acknowledged that sleep quality was a complex 107 

measure, is difficult to define and measure objectively and involves various quantitative 108 

aspects of sleep quality [2]. Reflecting this, the responses of the PSQI are combined to 109 

calculate a global score as well as generate categorical scores representing the seven PSQI 110 

component scores (sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 111 

disturbances, use of sleep medication and daytime dysfunction). Most studies in athletes 112 

report the mean global score and prevalence, with very few studies reporting and exploring 113 

component data to understand contributors to the high global scores reported in athletes. 114 

Therefore, the aims of this study were to: 1) provide a detailed description of sleep quality in 115 

elite Australian athletes as measured by the PSQI, 2) provide normative data for the PSQI in 116 

male and female elite athletes and across individual and team sport athletes, 3) identify 117 

potential differences across sex and sport, 4) identify specific aspects of athletes’ self-118 

reported sleep that contribute to high PSQI scores through evaluating the seven PSQI 119 

components and 5) assess the test-retest reliability of the PSQI. 120 

 121 

2. MATERIAL AND METHODS 122 

2.1 Participants and study design 123 

Questionnaires were administered through an electronic management system that is utilised 124 

for routine collection of medical records, training loads, wellness monitoring and other 125 

related data for Australian Olympic athletes. The PSQI questionnaire was administered 126 

through two main methods; as a component of prevalence studies [15-17] or via periodic 127 

health evaluation programs conducted by the Australian Institute of Sport between December 128 

2015 and December 2019. Athletes were recruited through their relevant National Sporting 129 

Organisation who provided organisational consent. This study was approved by the 130 

Australian Institute of Sport Ethics Committee (Approval number 20200203) and complies 131 

with the Declaration of Helsinki. 132 
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A total of 479 athletes across 20 Olympic sports participated in this retrospective study, 371 133 

were female and 108 were male. Athletes were classified as either a team (n = 298) or 134 

individual (n = 181), a team sport was classified as such if there was no individual component 135 

to the sport (e.g. soccer vs. diving). Team sports included basketball (n = 9; 9 female, 0 male), 136 

beach volleyball (n = 10; 5 female, 5 male), soccer (n = 16; 16 female, 0 male), field hockey 137 

(n = 39; 20 female, 19 male), netball (n = 153; 153 female, 0 male), rugby sevens (n = 36; 17 138 

female, 19 male) and water polo (n = 35; 35 female, 0 male). Individual sports included 139 

athletics (n = 4; 3 female, 1 male), boxing (n = 12; 12 female, 0 male), cycling (n = 3; 2 140 

female, 1 male), diving (n = 34; 23 female, 11 male), equestrian (n = 5; 5 female, 0 male) 141 

gymnastics (n = 6; 4 female, 2 male), rowing (n = 18; 11 female, 7 male), sailing (n = 2; 1 142 

female, 1 male), surfing (n = 1; 1 female, 0 male), swimming (n = 51; 27 female, 24 male), 143 

triathlon (n = 28; 15 female, 13 male) taekwondo (n = 9; 4 female, 5 male) and weightlifting 144 

(n = 8; 8 female, 0 male).  145 

2.2 Questionnaire 146 

Sleep was measured using the PSQI with participants reporting on their usual sleep habits 147 

during the past month only [18]. For analysis, the published cut-off score of ≥5 was utilised 148 

[18]. The seven components of the PSQI were also calculated and represent: (1) sleep 149 

duration, (2) sleep disturbance, (3) sleep latency, (4) daytime dysfunction due to sleepiness, 150 

(5) sleep efficiency, (6) overall sleep quality, and (7) sleep medication use[18].  151 

2.3 Statistics  152 

All statistical analyses were performed in RStudio (Version1.1.463) using the R programming 153 

language (Version 4.0.3). Prior to statistical analysis, all data were checked for normality 154 

through the visual inspection of Q-Q plots and objectively via the Shapiro Wilk test. All 155 

variables were significantly different from a normal distribution (p = <0.05); as such, non-156 

parametric tests were used. To test differences between (1) males and females and (2) team 157 

and individual sport athletes, a range of tests were performed based on the structure of the 158 

data. The Wilcoxon rank sum test was used for ordinal and continuous variables and the Chi 159 

Squared test for categorical variables. The magnitude of differences was assessed by 160 

calculating effect sizes (r for ordinal and continuous data and Cramer’s V for categorical data) 161 

and 95% confidence intervals (CI) using the rcompanion package. Effect sizes were 162 

interpreted as trivial ≤0.10 small, ≤0.3; medium ≤0.5; and large, >0.5 [19]. When there was a 163 

significant difference in a component between groups, the difference in the items loading 164 
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onto that component were explored. Due to the ordinal, skewed nature of the data, median 165 

and interquartile range (IQR) were reported for all variables other than for categorical 166 

variables, where percentages were used. Due to the multiple comparisons performed, 167 

significance was set at p < 0.01.  168 

To determine the importance of the seven components to the global PSQI score, a random 169 

forest regression model was built using the caret package in R; the PSQI components were 170 

set as features and global PSQI score as the outcome variable. A random forest is a non-171 

parametric, ensemble learning algorithm that can work with skewed, ordinal data; as is the 172 

case with this study [20]. Prior to building the model, data were randomly split into a training 173 

and testing set, with 80% (n = 382) of data used to train the model and 20% (n = 97) of data 174 

used to test the model. In order to train the model, an arbitrary seed was set, using the set.seed 175 

function in R to ensure reproducibility of the model. Data were then centred so the mean for 176 

each feature was zero. Training of the model was performed, using 10-fold cross-validation, 177 

with three repeats. This involves the dataset being randomly divided into 10 equal subsets, 178 

where the model is trained using 9 subsets and tested against the 10th, this process is repeated 179 

until each subset has been used as a training and testing set. This method reduces the risk of 180 

bias and overfitting of the model due to all data being used in both training and testing sets as 181 

opposed to a hold-out validation method [21]. The model is then tuned, by selecting the 182 

number of predictors available at each node that minimises the root mean squared error 183 

(RMSE) and maximises the R2 value. Subsequently, a final model is generated for which the 184 

permuted importance of the predictors can be determined. To do this, the RMSE is 185 

determined for each tree in the model, with all features included, this is then repeated with a 186 

feature removed, with the RMSE once again assessed; a large increase in error indicates an 187 

increase in feature importance to the overall accuracy of the model. The final tuned random 188 

forest from the training data achieved an R2 of 0.97 ± 0.01 and an RMSE of 0.63 ± 0.26, 189 

representing a normalised RMSE of 10% error in comparison to the median global PSQI 190 

score. When the model was validated on the testing set, an R2 of 0.97 and an RMSE of 0.44, 191 

representing a normalised RMSE of 9% error in comparison to the median global PSQI score 192 

showing an appropriate level of performance on unseen data. 193 

The test-retest reliability of the global PSQI score was assessed on a subsample of 80 194 

participants in order to determine the short-term (2- to 3-month; n = 31), medium-term (3 195 

months to 1-year; n = 35) and long-term (>1 year; n = 38) reproducibility of the measure. The 196 

subgroup completed the PSQI on two to five occasions. Two-way mixed effects intraclass 197 
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correlation coefficients (ICC) and 95%CI (psych package) were performed to measure the 198 

single absolute agreement and correlation between tests [22]. Correlations were interpreted as 199 

<0.5, poor; ≤0.75, moderate; ≤0.9, good; >0.9, excellent. In order for practitioners to detect 200 

changes over time, the standard error of measurement (SEM) and the minimal detectable 201 

change (MDC) were also calculated for global PSQI score.  202 

3. RESULTS 203 

3.1 Normative responses 204 

The median global PSQI score for all athletes was five (IQR = 2 to 7), with 52% of athletes 205 

scoring ≥5. The distribution of global PSQI scores are shown in Figure 1. Descriptive 206 

statistics (median and IQR) and percentage distribution of the PSQI items for male and 207 

female athletes and team and individual athletes are presented in Supplementary Tables A and 208 

B, respectively. 209 

***FIGURE 1 NEAR HERE*** 210 

3.2 Male and female athletes 211 

The PSQI results for males and females are presented in Table 1. Almost half of all males and 212 

over half of all females had a global PSQI score greater than or equal to five, indicating poor 213 

sleep. There were no substantial differences between males and females for global PSQI or 214 

any of the components (Table 1). There were however small differences for sleep onset 215 

latency, daytime dysfunction and medication use. Female athletes reported longer sleep 216 

latencies and greater daytime dysfunction than male athletes, and male athletes had a small 217 

greater use of sleep medication than female athletes. Male athletes were significantly older 218 

than female athletes and were more likely to have a co-sleeper, although these differences 219 

were small.  220 

***TABLE 1 NEAR HERE*** 221 

3.3 Team and individual sport athletes 222 

There was a trivially greater global PSQI score for athletes from team sports compared to 223 

individual sport athletes. Over half of all team and individual sport athletes, had a global 224 

PSQI score greater than five, indicating poor sleep (Table 2). For the individual components, 225 

team sport athletes scored poorer on the component for sleep latency, with a small difference 226 
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for both contributing items (Question 2: p = 0.021; r = 0.11 [0.01 to 0.19] Figure 2A and 227 

Question 5a: p = 0.026; r = 0.10 [0.01 to 0.18], Figure 2B). Team sport athletes reported 228 

longer sleep durations, with only one item contributing to the sleep duration component 229 

(Question 4). Team sport athletes had later bedtimes, waketimes, and sleep midpoints, and 230 

spent significantly more time in bed than athletes from individual sports. Individual sport 231 

athletes were significantly older than individual sport athletes (small difference). 232 

***TABLE 2 NEAR HERE*** 233 

***FIGURE 2 NEAR HERE*** 234 

3.4 Feature Importance 235 

Sleep onset latency (component 2) and sleep quality (component 1) were the most important 236 

features in the random forest model to global PSQI score (Figure 3). Sleep medication 237 

(component 6), and duration (component 3) had negligible importance to global PSQI score. 238 

***FIGURE 3 NEAR HERE*** 239 

3.5 Reliability 240 

Time had no effect on the reproducibility of the PSQI, with poor to moderate reliability over 241 

short- (ICC  = 0.45 [0.31 to 0.60]) medium- (ICC =  0.51 [0.38 to 0.65]) and long-term (ICC 242 

= 0.55 [0.43 to 0.67]) periods. The SEM, which highlights the noise within the PSQI, was 2 243 

AU for global score, with a MDC of 3 AU, and can be utilised as the threshold for a 244 

meaningful change in sleep quality.  245 

4. DISCUSSION 246 

The broad aims of this study were to provide detailed information on the sleep quality of elite 247 

athletes as determined by the PSQI and to provide specific information on the components of 248 

the PSQI contributing to the high global scores previously reported in athletes. In summary, 249 

this study found 1) approximately half (52%) of athletes had a global PSQI score ≥5, 2) there 250 

were small, non-significant differences between males and females, with females reporting 251 

longer sleep onset latencies and greater daytime dysfunction, 3) team sport athletes had 252 

significantly longer sleep onset latencies but a longer sleep duration than individual sport 253 

athletes, 4) team sport athletes woke later than individual sport athletes and also had a later 254 

sleep midpoint, 5) athletes from team sports reported poorer sleep efficiency than individual 255 
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sport athletes, 6) the PSQI components of sleep onset latency (component 2) and sleep quality 256 

(component 1), were the most important components contributing to the high global PSQI 257 

scores, 7) the global PSQI score demonstrates poor to moderate reliability over periods of 2 258 

months or more, and 8) a change of 3 or more (AU) may be considered meaningful with 259 

respect to global PSQI scores. 260 

The high global PSQI scores reported in this study are consistent with previous research in 261 

athletes [6-11].   Differences were observed between sexes in sleep onset latency and daytime 262 

dysfunction. The majority of research investigating sleep in athletes has either focused on 263 

male participants only or has presented data that have been combined for males and females. 264 

There is however, some evidence to suggest differences in sleep characteristics between male 265 

and female elite athletes. Carter et al [23] reported no differences in global PSQI scores 266 

between male and female collegiate athletes, however males significantly overestimated total 267 

sleep time. When sleep is measured using actigraphy (over three consecutive nights), sleep 268 

efficiency was higher in females than males [23]. In a recent study from our group utilising 269 

activity monitors to measure sleep [3], female athletes had earlier sleep onset times compared 270 

with male athletes, but all other sleep variables (e.g., sleep offset time, sleep duration) were 271 

similar between the sexes.  The higher daytime dysfunction reported by females in the current 272 

study suggests that they may report greater dysfunction as a result of inadequate sleep than 273 

males. This may be related to the longer sleep onset latencies reported by female athletes.  As 274 

discussed in more detail below, sleep onset latency may be easy to recall and may result in a 275 

perception of poor sleep and a resultant increased perception of daytime dysfunction. 276 

Athletes from team sports had a trivially greater PQSI global score, with these athletes 277 

scoring poorer on the components for sleep latency and daytime dysfunction (small 278 

difference) but reporting longer sleep durations (small difference) compared to individual 279 

sport athletes. Previous research using activity monitors to quantify sleep in elite individual 280 

and team sports athletes indicates that athletes from individual sports go to bed earlier, wake 281 

up earlier and obtain less sleep (individual vs team; 6.5 vs 7.0 h) than athletes from team 282 

sports[3]. Our findings of longer sleep onset latencies, later wake times, later sleep midpoint 283 

times, and lower sleep efficiency in team sport athletes may be explained by difficulty 284 

initiating sleep after afternoon/evening competition [24-28]. Further, individual athletes 285 

typically wake earlier due to early training start times, particularly in sports such as 286 

swimming, rowing and triathlon, which may result in the lower sleep durations observed in 287 

individual sport athletes [29, 30]. This is a likely source of collider bias within our data. 288 
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However, we were unable to collect the time of training within this study and the level and 289 

extent of this bias is unknown. Future research should collect this information such that 290 

stratification within the analysis can occur to limit this potential bias. 291 

 292 

As mentioned previously, approximately 50% of all athletes score ≥5 on the PSQI, 293 

categorising them as ‘poor’ sleepers [4]. This has led to discussion regarding the utility of the 294 

PSQI in assessing sleep quality in athletic populations, particularly the suggestion that the 295 

PSQI overestimates sleep problems in athletes. For this reason, we aimed to identify which 296 

components of the PSQI have the greatest contribution to the global score. Our findings 297 

suggest that sleep onset latency (component 2) and sleep quality (component 1), were the 298 

most important contributors. A high sleep onset latency (>30 min) in athletes may be the 299 

consequence of a number of athlete-specific factors such as difficulty initiating sleep after 300 

afternoon/evening training/competition, caffeine consumption prior to training/competition 301 

[31], the use of social media/electronic devices [32] and stress/anxiety associated with 302 

competition, selection, sponsorship etc. [33]. The long sleep onset latencies reported by the 303 

athletes in the present study may have influenced the low perceived sleep quality (component 304 

1), which was also identified as an important factor contributing to global scores. Difficulty 305 

initiating sleep may be frustrating to many athletes and long sleep onset latencies may be easy 306 

to recall in the morning, thereby influencing the perception and dissatisfaction of overall 307 

sleep quality. Further, asking an individual to rate their perceived sleep quality is highly 308 

subjective with the specifics of quality of sleep likely interpreted differently between 309 

individuals.  310 

Our findings suggest that targeting sleep onset latency in athletes may be an important factor 311 

in improving sleep quality in elite athletes. Sleep education and/or cognitive behaviour 312 

therapy for insomnia (CBT-I) that includes strategies to reduce sleep onset latency may be 313 

effective. Jones et al [32] reported that on average, athletes used electronic devices for 0-30 314 

min prior to sleep and that use of multiple devices in the evening was associated with a 315 

greater perceived difficulty in falling asleep. However, evidence regarding the removal of 316 

electronic devices and the subsequent influence on sleep is conflicting, with studies also 317 

suggesting no effect of device removal in athletes [34]. It is also acknowledged that the 318 

removal/management of electronic device use prior to sleep is challenging, however 319 

decreasing exposure to devices may be important for athletes who have difficulty initiating 320 

sleep. Other strategies such as minimising caffeine consumption later in the day, avoiding 321 
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napping after 4pm [35] and identifying strategies to manage psychological stress may be 322 

beneficial [36]. Further, with the increasing attention being placed on the importance of sleep, 323 

some athletes may be going to bed earlier in a bid to obtain adequate sleep duration, 324 

essentially trying to ‘force’ sleep. This approach is potentially paradoxical for the athlete, as 325 

from a physiological perspective there is a ‘forbidden zone’ for sleep in the early evening, 326 

such that even if one is in bed it may be difficult to initiate sleep [37].  327 

Our data is the first to report reliability of the PSQI over time in elite athletes. The finding of 328 

only poor to moderate reliability suggests the need for repeated assessments of sleep quality 329 

using the PSQI in athletes. Based on our results, it is suggestive that the results of the PSQI 330 

change over a two-month period, highlighting that the PSQI captures sleep state rather than 331 

sleep traits. An elite athlete’s perceived sleep quality over the previous 4-weeks may be 332 

influenced by numerous factors, including phase of training and competition, injury status 333 

and non-sport stressors [4]. Therefore, our data suggest that the PSQI is sensitive to changes 334 

in perceived sleep quality over time. Further, a change in the global PSQI of 3 or more (AU 335 

out of 21) may be considered a true change, as opposed to measurement error, based on the 336 

current data. The variability of the PSQI over periods of 2 months or more highlights the need 337 

for regular assessment of sleep quality in athletes. 338 

While the PSQI is considered the most rigorously validated sleep questionnaire [12], it has 339 

yet to be validated in athletes. And although it cannot be definitively stated that the PSQI 340 

indeed overestimates sleep dysfunction in athletes, understanding the components of the 341 

PSQI which contribute to the high global scores is important. While subjective in nature, the 342 

findings of long sleep onset latencies and poor perceived sleep quality are potentially of 343 

concern for the athlete and may result in daytime dysfunction. It is possible that the demands 344 

placed on elite athletes may result in poor sleep. On this basis, the data identifying ‘poor’ 345 

sleep in athletes from the PSQI should neither be disregarded nor normalised.  346 

Sleep dysfunction is complex and individuals identified as poor sleepers from one population 347 

may present with different symptoms from another. For this reason, strategic utilisation of the 348 

PSQI may be warranted. The global score of the PSQI may not be sufficiently specific to 349 

provide the necessary insight required. Focussing on individual questionnaire items or 350 

components may aid in guiding clinical decision making and recommendations for potential 351 

interventions. While the global PSQI score may be limited in the ability to understand the 352 

specifics of the sleep disturbance/s, it may be a cost-effective means of screening athletes for 353 
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further evaluation, including components of sleep quality, when the ability to perform 354 

objective monitoring in large groups is limited. Other questionnaires such as the Athlete Sleep 355 

Screening Questionnaire [38] and the Athlete Sleep Behaviour Questionnaire, [39] are athlete-specific 356 

questionnaires that may provide useful screening and behaviour information for athletes and 357 

practitioners [1].  358 

5.1 Limitations 359 

The lack of validation of the PSQI in athletes is an important limitation, however the focus of 360 

the current research was to provide additional context around the use of the PSQI in elite 361 

athletes. The PSQI does not capture napping behaviour, which may result in more sleep 362 

obtained over a 24-hour period. Training and competition information was not collected, and it 363 

is acknowledged that this information would provide additional beneficial and important 364 

information in this cohort. We report reliability measures to investigate the stability of the score 365 

at different time points, however this study is a retrospective design using convenience sampled 366 

data whereby the intent of data collection was not to establish the reliability of the tool. Finally, 367 

data are collected with elite Australian athletes only and findings may not be generalised to 368 

other groups, such as non-elite athletes and athletes from differing socio-economic 369 

environments.  370 

5. CONCLUSION 371 

In the present study, 52% of elite athletes were categorised as ‘poor sleepers’, with longer 372 

sleep onset latencies and greater daytime dysfunction observed in female athletes compared 373 

to male athletes. Team sport athletes reported shorter sleep onset latencies, longer sleep 374 

durations, later wake times and spent significantly more time in bed than individual sport 375 

athletes but reported lower sleep efficiency compared to individual sport athletes. These 376 

findings are likely related to previously reported differences in both training and competition 377 

times between individual and team sport athletes. The PSQI components of sleep onset 378 

latency (component 2) and sleep quality (component 1) made the greatest contribution to the 379 

high global PSQI scores. Strategies targeting sleep onset latency may be particularly 380 

important in elite athletes. Individual questionnaire items or components may be useful for 381 

practitioners to guide decision making and recommendations for specific sleep interventions 382 

in athletes.  383 

 384 
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Figure Legends 517 

Figure 1. Percentile distribution of global PSQI score across all athletes.   518 

Figure 2. Difference in the distribution of items loading onto the sleep onset latency 519 

component for (A) how long it takes to fall asleep (PSQI, Question 2) and (B) how often it 520 

took longer than 30 minutes to fall asleep (PSQI, Question 5a) for individual and team sport 521 

athletes.  522 

Figure 3. Importance of each component of global PSQI score from the random forest model. 523 

Permutation feature importance was used, with importance scaled to 100. 524 

 525 
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Table 1. Descriptive data for characteristics, Pittsburgh Sleep Quality Index (PSQI) components, and total score for male and female athletes.  

 Male (n = 138) Female (n = 462) p-value 
Effect Size (95% CI) 

Male vs. Female 
Characteristics     
Age 24 (21-27) 19 (17-24) <0.001* 0.31 (0.23 to 0.38), small 
Proportion with a partner or roommate (%) 47.2 22.9 <0.001* 0.23 (0.13 to 0.33), small 
Bed time (hrs:min) 22:00 (21:30-22:30) 22:00 (21:30-22:30) 0.936 -0.03 (-0.09 to 0.09), trivial 
Wake time (hrs:min) 06:30 (05:30-07:00) 07:00 (06:00-07:30) <0.001* -0.13 (-0.21 to -0.04), small 
Sleep midpoint (hrs:min) 02:15 (01:45-02:45) 02:30 (02:00-03:00) 0.052 -0.04 (-0.12 to 0.04), trivial 
Time in bed (hrs) 8 (7.5-9) 8.5 (8-9.5) 0.003* -0.14 (-0.22 to -0.05), small 
Sleep efficiency (%) 93.3 (88.9-100) 93.8 (87.5-100) 0.986 -0.00 (-0.09 to 0.08), trivial  
PSQI Components (0-3 score)     
Sleep quality (AU) 1 (1-1) 1 (1-1) 0.142 -0.07 (-0.15 to 0.02), trivial 
Sleep latency (AU) 1 (0-2) 1 (1-2) 0.021 -0.11 (-0.19 to -0.02), small 
Sleep duration (AU) 0 (0-1) 0 (0-1) 0.134 0.07 (-0.02 to 0.17), trivial 
Sleep efficiency (AU) 0 (0-0) 0 (0-0) 0.081 -0.08 (-0.16 to 0.01), trivial 
Sleep disturbances (AU) 1 (1-1) 1 (1-1) 0.282 -0.05 (-0.14 to 0.04), trivial 
Sleep medication (AU) 0 (0-0) 0 (0-0) 0.034 0.10 (0.01 to 0.20), small 
Daytime dysfunction (AU) 1 (0-1) 1 (0-1) 0.028 -0.10 (-0.19 to -0.00), small 
PSQI Total     
Total (AU) 4 (3-6) 5 (3-6) 0.038 -0.09 (-0.19 to -0.01), trivial 
Proportion PSQI total ≥ 5 (%) 45.3 55.8 0.072 0.09 (0.00 to 0.18), trivial 
Data are presented as the median and interquartile range; categorical data are presented as a percentage. Sleep midpoint = midpoint between 
sleep time and wake time; Sleep efficiency = the proportion of time in bed spent sleeping; PSQI Total % = overall sleep quality score from the 
PSQI; Proportion ≥5 = the percentage of athletes scoring 5 AU or above on the PSQI. *denotes statistically significant difference (p <0.01); 
effect sizes interpreted as trivial, ≤0.1; small, ≤0.3; medium ≤0.5; and large, >0.5; CI = confidence interval, AU= Arbitrary Units. 



 

Table 2. Descriptive data for characteristics, Pittsburgh Sleep Quality Index (PSQI) components, and total score for team and individual athletes. 

 Team Sports (n = 372) Individual Sport (n = 228) p-value 
Effect Size (95% CI) 
Team vs. Individual  

Characteristics     
Age 18 (17-24) 22 (19-26) <0.001* -0.20 (-0.28 to -0.11), small 
Proportion with a partner or roommate (%) 27.9 29.3 0.817 -0.02 (-0.11 to 0.01), trivial 
Bed time (hrs:min) 22:00 (22:00-22:30) 22:00 (21:30-22:30) 0.010* 0.12 (0.03 to 0.21), small 
Wake time (hrs:min) 07:00 (06:30-07:30) 06:00 (05:00-07:00) <0.001* 0.39 (0.30 to 0.48), medium 
Sleep midpoint (hrs:min) 02:30 (02:15-03:00) 02:00 (01:30-02:30) <0.001* 0.33 (0.24 to 0.41), medium 
Time in bed (hrs) 9 (8-9.5) 8 (7-9) <0.001* 0.34 (0.25 to 0.41), small 
Sleep efficiency (%) 93.8 (87.5-99.1) 93.8 (88-100) 0.27 -0.05 (-0.14 to 0.03), trivial  
PSQI Components (0-3 score)     
Sleep quality (AU) 1 (1-1) 1 (1-1) 0.132 0.07 (-0.02 to 0.17), trivial 
Sleep latency (AU) 1 (1-2) 1 (0-2) 0.010* 0.12 (0.03 to 0.21), small 
Sleep duration (AU) 0 (0-0) 0 (0-1) <0.001* -0.25 (-0.34 to -0.16), small 
Sleep efficiency (AU) 0 (0-0) 0 (0-0) 0.231 0.05 (-0.03 to 0.14), trivial 
Sleep disturbances (AU) 1 (1-1) 1 (1-1) 0.055 0.09 (-0.01 to 0.18), trivial 
Sleep medication (AU) 0 (0-0) 0 (0-0) 0.548 0.03 (-0.06 to 0.12), trivial 
Daytime dysfunction (AU) 1 (0-1) 1 (0-1) 0.152 0.07 (-0.02 to 0.15), trivial 
PSQI Total     
Total (AU) 5 (3-7) 5 (3-6) 0.112 0.07 (0.03 to 0.16), trivial 
Proportion PSQI total ≥ 5 (%) 55 50.8 0.424 0.04 (0.00 to 0.13), trivial 
Data are presented as the median and interquartile range; categorical data are presented as a percentage. Sleep midpoint = midpoint between sleep 
time and wake time; Sleep efficiency = the proportion of time in bed spent sleeping; PSQI Total % = overall sleep quality score from the PSQI; 
Proportion ≥5 = the percentage of athletes scoring 5 AU or above on the PSQI. *denotes statistically significant difference (p <0.01); effect sizes 
interpreted as trivial, ≤0.1; small, ≤0.3; medium ≤0.5; and large, >0.5; CI = confidence interval, AU= Arbitrary Units. 


