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Purpose: While there is a rising focus on sleep issues among athletes, a notable gap exists in the comparative analysis of sleep
patterns between male and female athletes. This study aims to evaluate the sleep patterns of collegiate swimmers during a specific
period (pre-competition training phase) based on the National Sleep Foundation’s recommendations and compares sleep differences
between males and females.

Patients and Methods: 15 swimmers (6 males and 9 females) completed the Athlete Sleep Screening Questionnaire (ASSQ) and
wore actigraphy devices for 8 consecutive nights to record objective sleep patterns including bedtime, wake time, sleep onset latency,
total sleep time, wake after sleep onset, and sleep efficiency.

Results: The total sleep time of collegiate male (5.0+0.4 h, 4.6 to 5.4h) and female (6.0+£0.7 h, 5.5 to 6.5h) swimmers was less than 7
hours per night, and male swimmers’ sleep efficiency (76.7+8.9%, 67.4 to 86.0%) was lower than the 85% standard. Male swimmers
had less objectively measured sleep duration (p=0.006, d=1.66, large effect), lower sleep efficiency (p=0.013, d=1.51, large effect), and
longer wake after sleep onset (p=0.096, d=0.94, moderate effect). Female swimmers had higher sleep difficulty scores (p=0.06,
d=1.08, moderate effect), and there was a significant difference in the distribution of sleep difficulty scores between male and female
swimmers (p=0.033, V=0.045, small effect).

Conclusion: Collegiate swimmers exhibited poor sleep patterns during pre-competition preparation, and the sleep fragmentation of
male swimmers was more pronounced. There were sex differences in both subjective and objective measured sleep patterns, with male
swimmers having less sleep and low efficiency, while female swimmers experienced more significant sleep disturbances.
Keywords: sex, sleep, monitor, swimmer, pre-competition

Introduction

Sleep is essential for athletes to balance the demands of training and competition and achieve optimal performance. It
plays a pivotal role in athletes’ physiological and psychological recovery processes' The National Sleep Foundation
recommends healthy population obtain 7-9 hours of sleep per night with a sleep efficiency of 85% to maintain good
condition,” while athletes may need more sleep than non-active individuals for effective recovery and adaptation between
exercises.” However, a meta-analysis found that athletes often failed to achieve >7 hours of sleep and >85% sleep
efficiency during training or on game night.* Remarkably, athletes maintaining an average nightly sleep of less than 8
hours were 70% more susceptible to injuries’ and nearly three times more prone to get infected® compared to those
securing more than 8 hours of sleep. Acute sleep loss not only adversely affects subsequent athletic performance but also
hampers cognitive abilities, thereby influencing the academic performance of collegiate athletes. The diverse negative
repercussions of sleep loss highlight the imperative for athletic teams to implement sleep monitoring for their collegiate
athletes.
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Compared to athletes from other sports disciplines, swimmers are notably susceptible to sleep-related problems,
characterized by insufficient sleep, poor sleep quality, and longer sleep onset latency.” Additionally, sex is considered
a contributing factor to sleep issues.* ' Among the general population, objective measurements indicate that females
exhibit higher sleep quality, shorter sleep onset latency, and greater sleep efficiency compared to males,’ yet females also
report more sleep-related complaints such as insomnia and more nocturnal awakenings.'® A survey of 632 German
athletes revealed that female athletes tended to get less sleep before competition than male athletes do.'' In contrast,
Silva et al'?> employed PSG to find that male elite athletes had longer sleep latencies, more wake after sleep onset, and
lower sleep efficiency. However, it is still uncertain whether the sex differences observed in previous studies persist
among collegiate swimmers.

To date, most studies examining sex differences in sleep among athletes have relied on self-report data, potentially
overlooking objective sleep variations. Given the significance of sleep for athletes and the paucity of research on sex
differences in sleep patterns among swimmers, this study aims to: (1) assess the sleep patterns of collegiate swimmers
during the pre-competition phase, and (2) compare sex differences in the sleep patterns of collegiate swimmers. We
hypothesized that both subjective and objective sleep of female swimmers was worse than that of male swimmers.

Materials and Methods
Participants

Our research complies with the Helsinki Declaration. Following a thorough understanding of the study procedure, 17
Chinese collegiate swimmers voluntarily participated in this study. All participants were National Level 1 athletes or
above and qualified for the 21st Chinese University Swimming Championships. All participants gave informed consent,
and the Wuhan Institute of Physical Education Ethics Committee granted institutional approval for ethics (approval
number: 2023070). Before the study began, athletes went through a 3-day sleep familiarization phase. During this phase,
two athletes failed to adapt to wearing the actigraphy device to sleep and thus were excluded from the study.
Consequently, the study ultimately included 15 collegiate swimmers (female: n=9; age: 19.9+1.1 years).

Study Design
This cross-sectional study was carried out during the preparation for the 21st Chinese University Swimming
Championships. The study process is shown in Figure 1. Participants wore actigraphy devices to record sleep for eight
continuous nights, with the final day as rest and the preceding seven as training. On each training day, participants
engaged in 2-3 hours of swimming training (14:00 h-16:00 h), with daily training volumes ranging from 4000 m to
5000 m. All participants shared the same sleep environment in standardized dormitories, with four athletes assigned to
each room. All the athletes lived in their dormitories for at least one semester, so there would be no effect of the sleep
environment on the athletes’ sleep.

Participants were required to maintain their usual sleep routines during the sleep monitoring period and were allowed
to use medications, caffeine, and training supplements according to their individual preferences. Due to the lack of
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Figure | Study flowchart.
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accuracy of short-term sleep monitoring of athletes by actigraphy, this study exclusively recorded nighttime sleep, and
the analysis did not include daytime naps.

Sleep Assessment

Objective Sleep Measurement

In this study, sleep was assessed using a commercially available actigraphy device (ActiGraph wGT3X-BT, USA) worn on
athlete’s non-dominant wrist. Sleep data analysis was conducted using the manufacturer’s software (Actilife v6.12). Actigraphy
is a non-invasive wrist-worn sleep monitoring device, and the GT3x model has previously been employed to track sleep patterns
among athletes. Compared to Polysomnography (PSG), GT3x exhibits 90% sensitivity and 84% accuracy.'®

Participants were instructed to wear the actigraphy devices throughout the day, except when swimming or bathing.
The actigraphy devices were set to a sampling rate of 30 Hz and a 1-minute epoch for activity counts. Sleep variables
were calculated using the Sadeh algorithm, which is more accurate for wrist-worn sleep monitoring in younger
populations (under 30 years old).'* The following sleep variables were collected from the actigraphy: Bedtime
(hh: mm), Wake Time (hh: mm), Sleep Onset Latency (min), Total Sleep Time (h), Wake After Sleep Onset (min),
and Sleep Efficiency (%). Definitions for all sleep variables are provided in Table 1.

Sleep diaries were used in conjunction with the actigraphy devices to calibrate participants’ actual bedtime and wake
time. The sleep diary entries included the participants’ previous night’s lights-off time, lights-on time, and execution of
the wristwatch wearing, along with additional information (eg, usage of electronic devices before sleep, alcohol and
caffeine intake, etc.). Participants were required to complete the sleep diary within 30 minutes of waking up each day to
ensure the accuracy of the information. Researchers used the actigraphy data and sleep diaries to determine participants’
sleep/wake states. When the actigraphy data fell below the sleep threshold and the sleep diary indicated that participants
attempted to sleep, that time point was defined as “sleep”.

Subjective Sleep Measurement

The Athlete Sleep Screening Questionnaire (ASSQ), a sleep screening tool developed specifically for athletes, can provide
the most accurate assessment of athletes’ sleep health and intervention needs.'> ASSQ calculates a Sleep Difficulty Score
(SDS) based on participants’ answers to designated questions. The higher the SDS, the more severe the sleep-related
problem is. ASSQ classified athletes’ sleep problems into four different categories based on SDS: none (SDS 0—4), mild
(SDS 5-7), moderate (SDS 8-10), and severe (SDS 11-17). Our study used the Chinese version of ASSQ to evaluate
athletes’ sleep problems. The SDS of this version has validated a significant positive correlation with PSQI (1=0.776,
p<0.001) and has been shown to be highly reliable through internal consistency (Cronbach’s 0=0.82).'® Participants
completed the ASSQ questionnaire at the same time under the same environment on the first day of the study.

Statistical Analyses

All data were subjected to statistical analysis using SPSS software (SPSS 24.0, IBM SPSS, Armonk, NY). The Shapiro—Wilk
test was applied to check the normality of data distribution. Sleep variables and SDS were presented as mean + SD and an
independent samples z-test was used to examine differences between sexes. Non-normally distributed data were reported as
Median (IQR) and analyzed with the Mann—Whitney U-test. Cohen’s d was computed to quantify the magnitude of

Table | Sleep Variables and Definitions

Sleep Variables Definitions

Bedtime (hh:mm)* Clock time at which a participant went to bed to attempt to sleep.

Wake Time (hh:mm)* Clock time at which a participant got out of bed and stopped attempting to sleep.
Sleep Onset Latency (SOL, min)* Total duration between bedtime and sleep onset.

Total Sleep Time (TST, h) Total duration of sleep obtained during a sleep period.

Wake After Sleep Onset (WASO, min) | Total duration of time spent awake during a sleep period.

Sleep Efficiency (SE, %) Percentage of time in bed spent sleeping after sleep onset.

Notes: *Adjusted according to sleep diary.
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Table 2 Comparison of Objectively Measured Sleep Variables and SDS in Male and Female Swimmers

Male (C195%) Female (C195%) p d
Bedtime (hh: mm) 00:59+0:53 (00:03 to 1:56) | 00:49+0:41 (00:17 to 1:21) 0.68 0.22
Wake Time (hh: mm) 7:54£0:18 (7:26 to 8:04) 7:40£0:36 (7:12 to 8:08) 0.76 0.46
Total Sleep Time (h) 5.0£0.4 (4.6 to 5.4) 6.020.7 (5.5 to 6.5) 0.006 1.66
Sleep Efficiency (%) 76.748.9 (67.4 to 86.0) 87.145.2 (83.2 to 91.1) 0.013 1.51
Wake After Sleep Onset (min) | 67.6+20.3 (46.3 to 88.9) 4824207 (32.2 to 64.1) 0.096 0.94
Sleep Onset Latency (min) 14.0 (21.0) (0.3 to 39.7) 8.5 (15.8) (5.6 to 20.7) 038 0.47
Sleep Difficulty Score 55£1.5 (4.7 to 7.3) 8.022.7 (5.1 to 9.7) 0.06 1.08

differences, with interpretation as negligible: >0.2, small effect: 0.2—0.59, moderate effect: 0.6—1.19, large: 1.2—1.99, and very
large effect: >2.!7 Categorical data was described as numbers (n) and proportions (%) and analyzed with Fisher’s exact test.
Fisher’s exact test was employed to evaluate disparities in SDS categories based on sex. Cramer’s V was utilized for
estimating the effect size, categorized as small, medium, or large.'® A significance level was set as p<0.05.

Results
Objective Sleep Variables

The descriptive statistics for all sleep variables are presented in Table 2. There were no missing cases in the formal study
period. The study documented the sleep patterns of 15 collegiate swimmers, consisting of 6 males and 9 females, totaling
120 nights of sleep data. Overall, swimmers went to bed at 00:53, and woke up at 7:42, with an average sleep duration of
5.6 hours, sleep efficiency of 83.0%=+84%, and wake after sleep onset of 55.9422.1 minutes. Specifically, male swimmers
had a total sleep time of 5.0+0.4 hours, with a sleep efficiency of 76.7%+8.9%. Female swimmers had a total sleep time
of 6.0+0.7 hours, with a sleep efficiency of 87.1%+5.2%. Compared to females, male swimmers exhibited significantly
shorter total sleep time (p=0.006, d=1.66, large effect) (Figure 2), lower sleep efficiency (p=0.013, d=1.51, large effect)
(Figure 3), and more wake after sleep onset (p=0.096, d=0.94, moderate effect) (Figure 4). The sleep latency of male
swimmers was slightly longer than that of females, but the difference was not significant (p=0.38, d=0.47, small effect)
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Figure 2 Total sleep time of male and female collegiate swimmers.
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Figure 3 Sleep efficiency of male and female collegiate swimmers.
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Figure 4 Wake after sleep onset of collegiate swimmers.

(Figure 5). There were no significant differences in bedtime (p=0.68, d=0.22, small effect) and wake-up time (p=0.76,
d=0.46, small effect) between male and female collegiate swimmers.

Sleep Difficulty Score (SDS) and Sleep Problem Categories Distribution
Tables 3 display the distribution of sleep problems for male and female collegiate swimmers. On the whole, the sleep
difficulty score for swimmers is 6.7+2.6 (Table 2). The mean SDS of male swimmers was 5.5+1.5 (mild), while that of
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Figure 5 Sleep onset latency of male and female collegiate swimmers.

female swimmers was 8.0+£2.7 (moderate), indicating that female swimmers suffered more sleep-related difficulties than
males (p=0.06, d=1.08, large effect) (Figure 6). There was a small significant difference in the distribution of sleep
problem categories between male and female swimmers according to Fisher’s exact test (p=0.03, V=0.05, small effect).
Among male swimmers, 11% were in the category of no clinical sleep problems, and 83% were in the mild clinical sleep
problems category. None of male swimmers were diagnosed with moderate or severe clinical sleep problems. In contrast,
22% of female swimmers were in mild category, over half of the female swimmers experienced moderate clinical sleep
problems (56%), and 11% of females were categorized as having severe clinical sleep problems (Figure 7).

Discussion
To our knowledge, this study is the first to utilize both subjective and objective methods to investigate the differences in
the sleep of male and female collegiate swimmers during the pre-competition training phase. The findings reveal that
collegiate swimmers, of both sexes, had sleep durations far below the recommended 7-9 hours, and male swimmers had
sleep efficiencies below the healthy threshold (85%). Male swimmers, as objectively measured by actigraphy, exhibited
shorter total sleep time, lower sleep efficiencies, and longer wake after sleep onset compared to female ones. Moreover,
ASSQ suggested female swimmers suffered more severe sleep difficulties than males.

In contrast to athletes from other sports, swimmers tend to experience more prominent sleep issues, characterized by
insufficient sleep quantity, poor sleep quality, excessive daytime sleepiness,” and a higher prevalence of sleep
disturbances.'® In this study, male and female collegiate swimmers had average sleep length of 5 hours and 6 hours,

Table 3 Clinical Sleep Problem Categories Distribution
of Male and Female Swimmers

Sleep Difficulty Score* | Male (n=6) | Female (n=9)
None (0-4) 1 (17%) I (11%)
Mild (5-7) 5 (83%) 2 (22%)
Moderate (8-10) 0 (0%) 6 (56%)
Severe (11-17) 0 (0%) I (11%)

Notes: *Fisher’s exact test p=0.033, V=0.045.
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Figure 7 The distribution of male and female collegiate swimmers’ SDS.
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respectively, falling short of the 7-9-hour sleep target recommended by the National Sleep Foundation.? Such inadequate
amounts of sleep may not meet the recovery demands during high-intensity training periods and can add to psychological
and physiological burdens. Less than 6 hours of sleep defined as sleep restriction, has significant negative effects on
various aspects of athletic performance, including aerobic and anaerobic capacities, explosiveness, and specialized
skills.?® Additionally, it compromises athletes’ immune function, elevating the risk of illness and injury,>' and is highly
detrimental to overall health and training performance. Judging from the actigraphy data, swimmers’ bedtime was close
to 01:00 AM, indicating a common trend of staying up late, which can be a major contributing factor to restricted sleep
duration. Late bedtime is a typical feature of contemporary college student sleep patterns, and this is especially true for
collegiate athletes who are susceptible to sacrificing sleep due to academic, training, and competition pressures,® as well
as travel-related commitments.”” Late bedtime, as a behavioral pattern, is primarily influenced by athletes’ sleep
preferences and individual lifestyle habits and can be a primary target for sleep education. It has been demonstrated
that basketball players who experience several weeks of sleep extension show significant improvements in athletic
performance, reaction time, sleepiness, and mood.”® Given that sleep deficiency is treatable, coaches can promote the
necessary sleep hygiene education and encourage collegiate athletes to use time management techniques to create
a regular sleep-wake cycle. This would improve sleep health and boost academic and athletic performance.

The actigraphy data indicate that male swimmers, in comparison to females, sleep approximately 1 hour less per
night, with a 9% reduction in sleep efficiency and an increase in wake after sleep onset of nearly 20 minutes. There were
no significant differences in bedtime and wake time between male and female swimmers, suggesting that their time in
bed did not differ. Therefore, it can be inferred that shorter total sleep time in male athletes can be ascribed to longer
sleep onset latency and more wake after sleep onset, both of which reduce sleep efficiency and ultimately result in
a shortened total sleep time. The clinical threshold for low sleep efficiency is set at 85%,>* and male swimmers’ sleep
efficiency falls well below this standard. These findings suggest that male swimmers may experience more nocturnal
sleep disturbances, potentially compromising their ability to obtain restorative sleep. Our finding emphasizes that male
swimmers may need more help in terms of sleep efficiency. The difference in objective sleep quality between male and
female swimmers can be explained from two perspectives: sleep hygiene and physiological characteristics. Some male

12° close to bedtime

athletes may exhibit poorer personal sleep hygiene behaviors, such as consuming caffeine®> or alcoho
and prolonged electronic screen time before bed”’). These behaviors can increase arousal levels before bed, leading to
fragmented nighttime sleep. Physiologically, delayed onset muscle soreness induced by high-intensity training is one
potential factor contributing to poor sleep quality.”® In our study, male athletes tend to have greater muscle mass
compared to female athletes, which may contribute to more susceptible to sleep disturbances. Additionally, studies have
shown that swimmers are at a 2.5 times higher risk of developing obstructive sleep apnea (OSA) compared to the general
population,” while males have a higher prevalence of OSA than females.”’ These risk factors may reduce male
swimmers’ ability to sleep effectively. Future research should pay more attention to the objective sleep of male athletes,
elucidate the risk factors contributing to low sleep efficiency, and develop personalized sleep prescriptions for athletes to
optimize sleep health and performance.

In comparison to female swimmers, male swimmers have shorter objective sleep quantity and lower sleep efficiency,
while reporting fewer sleep-related problems. This finding aligns with research on the general population.'® Despite
similar sleep requirements to maintain optimal performance, the types and risks of sleep disturbances may differ between
sexes. These distinctions are largely influenced by the effects of sex hormones on circadian rhythms.*° In the general
population, males have a higher probability of developing obstructive sleep apnea (OSA), while females tend to
experience central sleep disturbances, characterized by subjective difficulty initiating and maintaining sleep.®'
However, in studies involving athlete populations, there have been conflicting reports regarding subjective sleep
problems reported by both sexes. For instance, during pre-competition sleep surveys, Silva et al'* reported higher

rates of insomnia complaints among male athletes, while Biggins et al*

observed greater sleep anxiety among female
athletes. Juliff et al** conducted research on 283 athletes and found no differences between male and female athletes in
sleep disturbances. These discrepancies may be attributed to variations in assessment methods and the absence of sleep
questionnaires specifically designed for athletes. It is worth noting that PSQI may not align with sleep recommendations

in the field of sports science.'> In contrast, our study utilized the Athlete Sleep Screening Questionnaire (ASSQ), which
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provides the most accurate assessment of athlete sleep health and intervention needs. Based on the average Sleep
Difficulty Score (SDS), male swimmers had mild sleep problems (5.5), while female swimmers generally experienced
moderate clinical sleep problems (8.0). In addition, female athletes exhibited greater individual variability in sleep
problems (+2.7 vs £1.5). Regarding the distribution of sleep problem categories, none of male swimmers were
categorized as having moderate or severe clinical sleep problems, whereas over half of female swimmers were classified
as having moderate, and 11% of females had severe clinical sleep problems. These findings underscore the greater
subjective sleep disturbances among female swimmers. Several factors may contribute to the subjective sleep issues in
female athletes, including circadian rhythm disruption (eg, low core body temperature and melatonin secretion),*® pre-
competition stress and anxiety,'” and the influence of ovarian steroid hormones.>* Female athletes tend to be more
susceptible to experiencing anxiety and heightened arousal levels compared to male athletes.>> These emotional

responses can become more pronounced during specific periods, such as competitions and travel,'’

making it more
challenging for female athletes to initiate and maintain sleep. Furthermore, a study by Hrozanova et al’° suggested that
the menstrual cycle of female athletes may affect the quantity of sleep they need, which may account for sex disparities
in subjective and objective sleep measurements. Further research is warranted to better understand the potential
mechanisms that contribute to the variations in subjective and objective sleep among male and female athletes.
Additionally, future studies should aim to address the sleep disparities between these two groups and provide more
specific insights.

To the best of our knowledge, this is the first study that concurrently compares the objective and subjective sleep of
male and female collegiate swimmers, and observed differences in both aspects of sleep between sexes. Compared to
previous studies, we employed actigraphy to monitor the objective sleep of athletes, overcoming the potential informa-
tion bias associated with subjective sleep assessment. Our finding implies that it may not be appropriate to use a single
test to evaluate athletes’ sleep since male athletes may not be aware of their fragmented sleep, while relying solely on
objective measures may fail to consider subjective disturbances in female athletes. This study also emphasizes the
suboptimal sleep health of collegiate swimmers, which is characterized by insufficient sleep and poor sleep efficiency,
during the pre-competition training phase. However, further research is still needed to fully understand the risk factors for
collegiate swimmers’ poor sleep. The current research highlights two mechanisms of sports-related sleep disturbances,
namely cognitive-physiological arousal prior to sleep, and sleep restriction.'? These two mechanisms can also account for
the collegiate swimmers in the current study’s features of poor sleep quality and short sleep duration and therefore can
serve as targets for sleep management within sports teams. Coaches and relevant personnel can employ a combination of
subjective and objective methods to identify athletes’ sleep problems. This will enable them to establish a scientific basis
for developing personalized sleep prescriptions, which can contribute to efficient recovery and enhance athletic
performance for athletes.

This study has several limitations. First of all, the sample size is somewhat small (6 males and 9 females), which can
compromise the reliability of the findings. However, the study provides effect sizes (Cohen’s d) to further assess the
magnitude of differences between sexes. Secondly, due to the limitations of actigraphy devices in monitoring short-
duration sleep in athletes,®’ this study solely examined swimmers’ overnight sleep while daytime naps were excluded
from the analysis. This may underestimate the overall sleep swimmers obtain. Thirdly, the objective sleep variables were
measured using actigraphy devices instead of polysomnography (PSG), which is considered the gold standard for sleep
monitoring. Actigraphy has limitations in providing detailed information about the athletes’ sleep, and it is important to
note that it may have certain flaws, such as underestimating sleep latency and overestimating sleep efficiency, which
could lead to measurement inaccuracies.'

Conclusion

This is the first study to compare the sleep patterns of male and female swimmers simultaneously using both subjective
and objective measures. During the pre-competition training phase, the sleep quantity of collegiate swimmers did not
reach the recommended amount (7-9 hours), and the sleep efficiency of male swimmers was below the threshold for
healthy sleep (85%). There were significant differences in both objective and subjective measured sleep between male
and female collegiate swimmers. Male swimmers had shorter objectively measured sleep quantity, poorer sleep quality,
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and longer wake after sleep onset, while female swimmers reported more sleep-related problems via questionnaire. The
present study highlights that when evaluating sleep in athletes, it is essential not to rely solely on a single monitoring
method. Coaches should conduct precise assessments of athletes’ sleep, provide education on sleep hygiene, and develop
personalized sleep prescriptions to enhance athletes’ sleep health, aiming to minimize the disparities in sleep patterns
between male and female athletes. Further research is required to investigate the potential mechanisms underlying sex
differences in athletes’ subjective and objective sleep patterns. This will contribute to a better comprehension of athletes’
recovery requirements, ultimately enhancing overall performance.
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