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ABSTRACT 

 

 

BACKGROUNDː Sleep is an important recovery period for athletes. In general, women are 

not satisfied with their sleep quality, which is also true for female soccer players, although 

the reasons remain to be elucidated. This study aimed to confirm sex difference in sleep 

quality among athletes from various fields of sport, and to investigate factors related to poor 

subjective sleep quality in male and female athletes. 

 

METHODSː We collected data concerning subjective sleep quality, measured by Pittsburgh 

Sleep Quality Index (PSQI), from athletes who were 16 to 40 years of age and played 

various types of sports. Data concerning their sports, lifestyle, and sleep issues and sleep 

environments, and also menstrual issues for females, were collected. 

 

RESULTSː Data from 207 male athletes and 215 female athletes were assessed. Among 

them, 31.4% of men and 48.8% of women had poor subjective sleep quality (i.e., PSQI ≥6). 

In male athletes, witnessed apnea, episodes of disorientation or confusion during the time of 

sleep, long time gap between dinner and bedtime, and turning on the heating in the winter, 

were identified as factors associated with poor sleep quality by multivariate analysis, 

whereas in female athletes, bathing close to bedtime, habitual drinking, and being annoyed 

by noises at bedtime were identified. 

 

CONCLUSIONSː In both populations, females had poorer subjective sleep quality than 

males. Sex differences exist in factors associated with poor subjective sleep quality. Thus, 

different approaches should be considered to improve their sleep quality. 
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TEXT 

Introduction 

Sleep plays crucial roles for recovery following exercise1, 2 and, therefore, athletes should 

take the importance of sleep into account. However, studies in which scientific aspects of 

sleep in athletes were investigated are limited.3, 4 In general, women are more likely to be 

dissatisfied with the quality of their sleep,5, 6 though the reasons for this remain to be 

elucidated and may be multifactorial. According to a systematic review regarding sleep 

quality in athletes, 38% to 57% athletes were found to have a poor subjective sleep quality, 

while female and aesthetic athletes were more likely to have a poor subjective sleep quality 

when compared with their counterparts.7 A recent report suggested that there is a gender 

difference in factors that are associated with a poor subjective sleep quality.8 However, these 

study reports were not focused on investigating the presence of gender differences in the 

subjective sleep quality among athletes. If there is a gender difference in the sleep quality of 

the athletes and in factors associated with a poor subjective sleep quality, different 

approaches to male and female athletes may be needed to manage their sleep. In a previous 

study, our group compared the subjective sleep quality between male and female collegiate 

soccer players, and found that female collegiate soccer players had a poorer subjective sleep 

quality than their male counterparts.9 Considering that women generally report a deficiency 

in their sleep quality when compared to men, 5, 6 and given that sleep problems are more 

prominent following menopause and that menstrual abnormality is pretty common in female 

athletes,10, 11 there is a possibility that female athletes have poor subjective sleep quality due 

to abnormal menstruation. However, in our previous study, we were unable to identify the 



specific factors related to the poor subjective sleep quality in collegiate soccer players 

because the sample size was too small. In addition, data concerning lifestyle, sleep issues 

and sleep environments, and menstruation in females were lacking. 

Thus, we assessed subjective sleep quality in a larger sample of athletes from various fields 

of sport primarily aiming to compare it between males and females, and then to confirm 

generalizability of our previous findings. We also investigated factors related to poor 

subjective sleep quality, including life style, sleep habits and environment, phenomena 

related to sleep in male and female athletes, and menstrual issues in female athletes. 

Our specific hypotheses were that female athletes are more likely to have a poor subjective 

sleep quality even in a study primarily aiming to investigate the gender difference in 

subjective sleep quality in athletes of various sports. In addition, factors associated with a 

poor subjective sleep quality will be different between male and female athletes, while in 

female athletes specifically, menstrual issues will be strongly associated with a poor 

subjective sleep quality.  

 

 

 

Materials and methods 

Participants 

Male and female athletes were recruited through advertisement. The inclusion criteria were 

as follows: males and females who regularly participate in competitive sports events, and 

aged 16 to 40 years. Those with known sleep disorders and/or mental disorders were 

excluded. Participants of our previous study 9 were not enrolled in the present study. The 

study was approved by the Research Ethics Committee of Juntendo University. Informed 

consent was obtained from all participants. 



 

Data collection  

We collected characteristics of participants including age, sex, body mass index (BMI), 

medical history, type of sport (individual or group), competition level, years of sports 

experience, hours of training and/or practice per day, and days of training and/or practice per 

week. For female athletes, self-reported information about menstruation was also collected. 

In this study, menstrual abnormality was defined as a menstruation cycle out of the normal 

range; participants were categorized as having menstrual abnormality if their menstrual cycle 

did not occur every 25-38 days for 3-7 days, symptoms associated with menstruation which 

do not interfere with daily life, according to the definition by the Japanese society of 

obstetrics and gynecology. We collected the following life style-related factors: habitually 

(i.e., almost everyday) skipping breakfast, habitually eating snacks, habitually consuming 

caffeine-containing beverages, habitually drinking alcoholic beverages, going to bed many 

hours after dinner, habitually napping (≥30 min), and bathing close to bedtime (within 2 

hours). With regard to sleep environment related factors, we determined whether they slept 

alone, used an air-conditioner in the summer, turned on the heating in the winter, slept with 

the light on, used a lightproof curtain in the bedroom, felt annoyed by noises at bedtime, 

what type of sleep wear they wore (e.g., pajamas), and whether thoughts that their bedding 

items do not match occurred. Participants reported the following sleep-related phenomena: 

snoring, witnessed apneas during sleep, leg twitching or jerking during sleep, and episodes 

of disorientation or confusion during the sleeping period.  

 

Subjective sleep quality 

The Pittsburgh Sleep Quality Index (PSQI) was used to assess subjective sleep quality in all 

participants.12 The PSQI was translated into Japanese and validated by Doi and colleagues,13 



and is used to evaluate sleep quality and disturbances over a 1-month period based on self-

reported information. The scale comprises 19 individual items and 7 “component” scores. 

Scores on each item of the index vary between 0 and 3. The total score of the seven 

components range from 0 to 21; a total score ≥6 indicates poor sleep quality.12, 13 The 

components of the PSQI include subjectively reported sleep duration and total time spent in 

bed. Habitual sleep efficiency was determined based on subjectively reported sleep duration 

and time spent in bed. 

 

Subjective sleepiness 

The Epworth Sleepiness Scale (ESS)14 is an established tool for evaluating subjective 

sleepiness. Respondents indicate the chances of falling asleep in various active and passive 

situations, scoring the likelihood from 0 (no chance) to 3 (high chance). The ESS had been 

translated into Japanese (JESS, Japanese version of the ESS) and validated by Takegami and 

colleagues.15 In this study, the JESS was used to evaluate the subjective sleepiness of male 

and female athletes, and significant subjective sleepiness was defined as a JESS score of ≥11. 

Quality of life  

We used a generic health survey, short form (SF)-8TM, which consists of 8 items to assess 

health-related quality of life (QOL) over a 1-month period; it has been translated into 

Japanese and validated by Fukuhara and colleagues.16-18 This scale comprises eight subscales, 

including physical functioning (PF), role limitations due to physical problems (role-physical, 

RP), bodily pain (BP), general health perception (GH), vitality (VT), social functioning (SF), 

role limitations due to emotional problems (role-emotional, RE), and mental health (MH). 

Physical aspects of health-related QOL and mental and psychological aspects of health-

related QOL are assessed through the physical component summary (PCS) and mental 

component summary (MCS) scores, respectively. These scores are calculated by weighting 



each subscale.18 Scoring is based on Japanese standards (Japanese norm-based scoring 

compared with standardized Japanese scores); possible scores range from 0 to 100, with 

higher scores indicating a better QOL.18  

 

Statistical analysis 

Continuous variables were summarized using mean ± SD or median (interquartile range) as 

appropriate. Categorical variables are shown as percentages. Variables of male and female 

athletes were compared using Student’s t test or the Mann-Whitney U test (if the variables 

were non-normally distributed) for continuous variables, and the Chi square test or Fisher’s 

exact test for categorical variables. Female/male athletes were classified into two groups; 

those with and those without poor sleep quality (i.e., PSQI score ≥6) and then all variables 

were compared between the two subgroups of each sex group using Student’s t test or the 

Mann-Whitney U test (if the variables were non-normally distributed) for continuous 

variables, and the Chi square test or Fisher’s exact test for categorical variables. Effect sizes 

were calculated based on Cohen's d and φ. Univariate and multivariate logistic regression 

analyses were undertaken to assess associations between poor sleep quality and 

characteristics of participants, lifestyle, sleep environment factors, and sleep-related 

phenomena. Variables whose P values were found to be <0.10 in the univariate analyses 

were included in the multivariate analysis. Interactions between each variable were verified. 

A P value of <0.05 was considered to be statistically significant. All analyses were 

conducted using SPSS version 23 (SPSS Inc., Chicago, IL, USA), and G*Power 3.1.9.4 

(Heinrich Heine Universitat, Dusseldorf, Germany) was used for power analysis. 

 

 

 



Results 

Characteristics of participants 

Overall, 209 male athletes and 242 female athletes were targeted. Of these, the data of 2 

males and 27 females could not be used for analyses as they were missing. Thus, 207 male 

athletes (soccer, basketball, volleyball, rugby, American football, judo, swimming, 

gymnastics, and track & field) and 215 female athletes (soccer, basketball, volleyball, rugby, 

swimming, gymnastics, track & field, karate, kendo, tennis, baton twirling, squash, classical 

ballet, and hip-hop dancing) were enrolled. The statistical power to detect a difference in the 

proportion of athletes with poor subjective sleep quality between the two genders was 94.8% 

based on a given sample (207 males and 215 females) and effect sizes (0.8) with an alpha of 

0.05. In addition, the statistical power to detect a difference in PSQI scores was 84% based 

on a given sample and effect sizes (0.4) with an alpha of 0.05. Female athletes had 

significantly lower BMIs, were less likely to be an athlete in the national convention level, 

and reported shorter daily training sessions compared with males. In addition, female 

athletes were more likely to eat snacks compared with male athletes. However, there were no 

differences in drinking alcoholic beverages. The sleep duration of female athletes was 

shorter than that of male athletes, despite the fact that the number of male and female 

participants that snored, experienced witnessed apnea, and habitually napped was similar. In 

addition, female athletes were more likely to have leg twitching or jerking during sleep, take 

a bath within 2 hours of going to bed, and sleep in a single room (Table Ⅰ). 

 

 

Subjective sleep quality, sleepiness, and QOL in athletes 

Female athletes had significantly greater PSQI scores than male athletes, indicating that 

females were more likely to have poor sleep quality than males (48.8% of females and 



31.4% of males, P < 0.001; Fig. S1 A and B). In addition, female athletes had significantly 

greater ESS scores than male athletes and, thus, females were more likely to have subjective 

sleepiness than males (54.3% of females and 43.0% of males, P = 0.025). Based on the 

health-related QOL assessment using SF-8TM, scores for two of the eight subscales (GH and 

MH) were significantly lower in female athletes compared to male athletes, and 

consequently, MCS scores were significantly lower in female athletes compared to male 

athletes (Figure 1). 

 

Factors associated with poor subjective sleep quality in athletes 

In the univariate logistic regression analyses, variables associated with poor subjective sleep 

quality (i.e., P < 0.1) were as follows: the female sex, older age, medical history, shorter 

sleeping duration, lower habitual sleep efficiency, sleeping with the light on, snoring, 

witnessed apnea, legs twitching or jerking during sleep, episodes of disorientation or 

confusion during sleeping time, habitual napping, bathing within 2 hours of going to bed, 

habitual drinking of alcoholic beverages, isolated bedroom, being annoyed by noises at 

bedtime, and thinking that bedding items do not match (Table SⅠ). These variables were 

included in the multivariate logistic regression analysis and the female sex, shorter sleeping 

duration, lower habitual sleep efficiency, sleeping with the light on, being annoyed by noises 

at bedtime, witnessed apnea, episodes of disorientation or confusion during the sleeping 

period, and drinking alcoholic beverages were significantly associated with poor subjective 

sleep quality (Table SⅠ). 

  

Characteristics of male athletes with and without poor subjective sleep quality 

Characteristics of male athletes with and without poor subjective sleep quality are shown in 

Table Ⅱ. Male athletes with poor sleep quality had lower sleep efficiency, were more likely 



to have witnessed apnea, and episodes of disorientation or confusion during the sleeping 

period compared with those without poor sleep quality. In addition, male athletes with poor 

sleep quality are more likely to be thinking about their unmatched bedding, and be more 

annoyed by noises at bedtime compared with those without poor sleep quality. 

 

Subjective sleep quality, sleepiness, and QOL in male athletes with and without poor 

sleep quality  

Male athletes with poor sleep quality had significantly greater PSQI scores than those 

without poor sleep quality by definition (median interquartile range [IQR] PSQI score, 7.0 

[2.0] in male athletes with poor sleep quality and 3.0 [2.0] in those without poor sleep 

quality; P < 0.001). There was no significant difference in ESS scores between the two 

groups and the number of participants that experience sleepiness was similar (median [IOR] 

ESS score, 10.0 [5.0] in male athletes with poor sleep quality (49.2%) and 10.0 [5.0] in those 

without poor sleep quality (40.1%); P = 0.153 and P = 0.282, respectively). Based on the 

health-related QOL assessment, scores for four of the eight subscales (GH, VT, MH and RE) 

were significantly lower, and consequently, MCS scores were significantly lower in males 

with poor sleep quality compared with those without (Figure 2). 

 

Factors associated with poor subjective sleep quality in male athletes 

In the univariate logistic regression analyses, the variables associated with poor sleep quality 

were as follows: lower sleep efficiency, witnessed apnea, episodes of disorientation or 

confusion during the sleeping period, long time gap between dinner and bedtime, turning on 

the heating in the winter, sleeping with the light on, being annoyed by noises at bedtime, and 

thinking that their bedding items do not fit (Table Ⅲ). These variables were included in the 

multivariate logistic regression analysis and the following were significantly associated with 



poor sleep quality: lower sleep efficiency, witnessed apnea, episodes of disorientation or 

confusion during the time of sleep, long time gap between dinner and bedtime, and turning 

on the heating in the winter (Table Ⅲ). 

 

Characteristics of female athletes with and without poor subjective sleep quality 

Characteristics of female athletes with and without poor subjective sleep quality are shown 

in Table Ⅳ. Female athletes with poor subjective sleep quality were older than those without 

poor sleep quality. Menstrual abnormality was more often reported in female athletes with 

poor sleep quality compared with those without. To be more specific, menostaxis and 

dysmenorrhea were significantly more frequent in the female athletes with poor sleep quality 

than those without (menostaxis, 10.3% in female athletes with poor sleep quality and 1.1% 

in those without poor sleep quality, P = 0.021; dysmenorrhea, 31.3% and 15.1%, 

respectively, P = 0.014). On the other hand, there were no statistically significant differences 

in menstrual cycle abnormality and amenorrhea between the two groups (menstrual cycle 

abnormality, 47.6% in female athletes with poor sleep quality and 39.3% in those without 

poor sleep quality, P = 0.276; amenorrhea, 21.9% and 22.9%, respectively, P = 0.987). 

Female athletes with poor sleep quality are more likely to be habitually drinking alcoholic 

beverages than those without. Female athletes with poor sleep quality have lower sleep 

efficiency than those without. In addition, female athletes with poor sleep quality are more 

likely to snore and experience episodes of disorientation or confusion during the time of 

sleep compared with those without poor sleep quality. Significantly more female athletes 

with poor sleep quality slept in a single room, with the light on, had thoughts that their 

bedding did not match, and felt annoyed by noises at bedtime.  

 



Subjective sleep quality, sleepiness, and QOL in female athletes with and without poor 

sleep quality 

Female athletes with poor sleep quality had significantly greater PSQI scores than female 

athletes without poor sleep quality by definition (median [IQR] PSQI score, 7.0 [3.0] in 

female athletes with poor sleep quality and 4.0 [2.0] in those without poor sleep quality, P < 

0.001). Female athletes with poor sleep quality had significantly greater ESS scores than 

those without (median [IQR] ESS score, 12.0 [5.0] in female athletes with poor sleep quality 

and 10.0 [6.0] in those without poor sleep quality, P < 0.001). Thus, female athletes with 

poor sleep quality were more likely to have subjective sleepiness than those without (65.7% 

and 45.5%, respectively, P = 0.004). Based on the health-related QOL assessment, scores for 

seven of the eight subscales (GH, PF, RP, VT, SF, MH, and RE) were significantly lower in 

female athletes with poor sleep quality compared with those without (Figure 3). 

Consequently, MCS scores were significantly lower in female athletes with poor sleep 

quality compared with those without (Figure 3). 

 

Factors associated with poor subjective sleep quality in female athletes  

In the univariate logistic regression analyses, the variables associated with poor sleep quality 

in female athletes, were as follows: older age, menstrual abnormality, lower sleep efficiency, 

snoring, episodes of disorientation or confusion during the time of sleep, habitual napping, 

taking a bath within 2 hours of going to bed, drinking alcoholic drinks, sleeping in isolation, 

environmental noise, and uncomfortable bedding (Table Ⅴ). These variables were included 

in the multivariate logistic regression analysis and menstrual abnormality, poorer habitual 

sleep efficiency, bathing close to bedtime, and habitual drinking alcoholic beverages, and 

being annoyed by noises at bedtime were significantly associated with poor sleep quality 

(Table Ⅴ). 



Discussion 

The findings of this study extend the results of our previous study on sex differences in 

subjective measures of sleep and health-related QOL in collegiate soccer players.9 Here we 

showed that in athletes from various fields of sport, female athletes slept less and felt 

significantly sleepier, and had poorer subjective sleep quality and health-related QOL 

compared with male athletes. In addition, a significant association between the female sex 

and poor sleep quality was confirmed even after adjusting for other confounding factors, 

including lifestyle-related factors, sleep environment related factors and sleep-related 

phenomena. Furthermore, the present study provides novel insights into sex-specific factors 

associated with poor subjective sleep quality. In male athletes, low sleep efficiency, 

witnessed apnea, episodes of disorientation or confusion during sleep, long time gap between 

dinner and bedtime, and turning on the heating in the winter are associated with subjective 

poor sleep quality. On the other hand, in female athletes, low sleep efficiency, habitual 

drinking, bathing within 2 hours of going to bed, disruption by outside noise, and 

experiencing abnormal menstruation are associated with subjective poor sleep quality.  

Findings of the present study are basically in line with those in our previous study.9 However, 

the extent of difference in subjective sleep quality between sexes was smaller in the present 

study mainly because of the inclusion of more male athletes with poor sleep quality; we 

included overweight male athletes such as rugby players, American football players, and 

judo wrestlers who were more likely to have poor sleep quality due to sleep apnea (SA). 

Furthermore, Hoshikawa et al. reported that the female sex was not significantly associated 

with poor sleep quality as assessed by PSQI in a multivariable analysis, even though PSQI 

scores were slightly greater in female athletes compared with male athletes (4.7±2.2 versus 

4.2±2.1, P < 0.01) and the female sex was significantly associated with poor sleep quality in 

the univariable analysis.8 However, it is noteworthy to highlight that the female athletes in 



Hoshikawa’s study were elite athletes (candidates for the 17th Asian games Incheon 2014), 

who were over 20 years old. Thus, these differences in findings are probably due to the 

wider variation between the participants of this study and those studies. In addition, in this 

study we gathered a considerable amount of lifestyle-related factors, sleep environment 

related factors, and sleep-related phenomena, many of which were lacking in Hoshikawa’s 

study, and some of these may have acted as confounding factors. Nevertheless, we 

confirmed that health-related QOL is significantly impaired in the female athletes as 

observed in our previous study, even though the difference in subjective sleep quality in this 

study is smaller. In our previous study, factors related to poor subjective sleep quality that 

were specific to the male or the female athletes were not identified, because the small sample 

size was too small. In general, no sex-specific data regarding factors associated with poor 

subjective sleep quality are available. However, in the present study, several factors 

including witnessed apnea, episodes of disorientation or confusion during sleep, longer time 

gap between dinner and bedtime, and turning on the heating in the winter, were identified in 

male athletes. These findings are particularly important because they may be used to screen 

for poor subjective sleep quality in athletes, and because they could serve as important 

interventional targets. Witnessed apnea can be suggestive of subclinical SA, which is 

particularly important in overweight male athletes as it impairs their quality of sleep, and it is 

associated with daytime sleepiness and decline in concentration, all of which may affect 

daytime performance. George and colleagues reported that prevalence of SA in professional 

American football players is around 14%, which is greater than that in men of similar age in 

the general population.19 In addition, SA was found in 11 out of 23 Japanese Sumo wrestlers 

(47.8%).20 Benton and colleagues reported that treatment of SA, such as continuous positive 

airway pressure, enhanced performance in golfers21; this suggests that SA can impair an 

athlete’s performance and that this may be reversed through improving the quality of sleep 



by using effective therapy against SA. Taken together, in male athletes, early detection and 

initiation of specific treatment for SA is important for not only improving sleep quality but 

also performance of any sport. Episodes of disorientation or confusion during sleep may 

suggest the presence of parasomnias. In general, sleep deprivation and biological 

psychosocial stress are common risk factors for parasomnias.22 Therefore, since athletes 

experience extreme stress on a daily basis, it can be presumed that athletes are more prone to 

parasomnias. In addition, it is likely that parasomnias are more prominent in males than 

females.23 Furthermore, episodes of disorientation or confusion during sleep may be 

manifestations of poor sleep quality, which means that such episodes occur as a consequence 

of poor sleep quality and are not the cause of it. In male athletes, episodes of disorientation 

or confusion during sleep may be a sign that they require a sleep study and/or psychological 

support. In general, a late dinner may negatively affect sleep. Indeed, Hsieh and colleagues 

reported that a late dinner (after 9 pm at least once per week on a regular basis) is one of the 

causes of a short sleep duration and poor sleep quality.24 Interestingly, our results showed the 

opposite to be true for male athletes: an early dinner, rather than a late one, negatively 

affected their sleep quality. One possible explanation for this may be that when the blood 

glucose level declines during sleep, excitatory hormones such as adrenaline and cortisol are 

secreted to raise blood glucose level, and consequently, sleep quality deteriorates and night 

sweats, bruxism, nightmares,25, 26 and increased alerting responses leading to arousal from 

sleep also occur.27 In fact, in patients with diabetes, even non-severe nocturnal hypoglycemic 

events negatively affected their overall sleep quality.28 Because athletes generally have a 

high percentage of skeletal muscle and a high basal metabolism rate, which are more 

prominent in male athletes than female athletes, it is likely that their blood glucose drops to a 

low level during sleep. Although further studies that can identify the best time to have dinner 

in the context of sleep quality will be required, male athletes who have poor subjective sleep 



quality should reconsider the timing of their dinner and their bedtime. The thermal 

environment is one of the important factors for sleep.29 A report suggests that an increase in 

evening temperature from 10 °C to 25 °C was associated with shorter sleep onset latency.30 

Generally, males are more likely to feel cold than females.31, 32 Thus, it may be more 

important for male athletes to keep the room temperature around bedtime warm by any 

means.  

In terms of female athletes, different factors from male athletes, including habitual drinking, 

bathing within 2 hours of going to bed, disruption by outside noise, and experiencing 

menstrual abnormality were identified as being associated to poor subjective sleep quality. 

Drinking alcohol causes a reduction in sleep onset latency but a more consolidated sleep 

period during the initial sleep cycles. In the later sleep cycles, however, it increases sleep 

disruption,33 which in turn leads to poor sleep quality. Moreover, it has been shown that 

athletes with poor subjective sleep quality may be likely to drink alcohol, and although 

significantly less female athletes habitually drink alcohol compared with male athletes in this 

study, a relationship between drinking alcohol and poor sleep quality may become prominent 

in female athletes. However, all athletes, especially those who have poor subjective sleep 

quality, should avoid drinking alcohol as it impairs recovery and adaptation to training, as 

well as athletic performance.34 Regarding the relationship between bathing and sleep, some 

reports suggest that bathing before sleep increases the percentage of slow wave sleep in the 

first half of sleep,35 reduces frequency of body movements during sleep in both young and 

elderly participants, and enhances the quality of sleep.36 Inagaki et al. reported that bathing 2 

hours before going to bed is the best time for a good night’s sleep.37 However, the best time 

to bath is still under discussion, and no sex-specific data are available. Our findings suggest 

that bathing at least 2 hours before going to bed seems to be important for subjective sleep 

quality in female athletes, which is basically in line with Inagaki’s findings. Hearing noises 



around bedtime has been shown to fragment sleep, reduce sleep continuity, and reduce total 

sleep duration.38, 39 Although details of the noise, e.g., volumes and types, etc. were not 

investigated, and noise issues are highly subjective and can be affected by underlying 

insomnia, interventions for noise issues on an individual basis are worth considering. 

Previous data suggested that women with menstrual abnormality had significantly worse 

subjective sleep quality compared with women without menstrual abnormality.40 A report 

suggests that sleep onset latency was longer and sleep efficiency was lower in participants 

with severe dysmenorrhea than in those with mild dysmenorrhea, and females with mild 

dysmenorrhea reported significantly better sleep quality than those having moderate or 

severe dysmenorrhea.41 Our results are basically in line with these findings which are not 

specifically focused on athletes. As reported by Japan Institute of Sports Sciences (JISS), in 

female athletes, menstrual abnormality is common and previous data suggested that 40.7% 

of female athletes have menstrual abnormality and 19.1% of them have amenorrhea. The 

high incidence of menstrual abnormality in female athletes is generally due to the lack of 

energy balance between dietary energy intake and exercise energy consumption.42 Therefore, 

the first option to improve poor subjective sleep quality in association with menstrual 

abnormality is to improve the energy balance, and hormonal therapy (i.e., oral contraceptives 

and low dose estrogen progestin) should be considered as a second line intervention in 

female athletes. However, whether treatment of menstrual abnormality in female athletes 

improves their sleep quality remains to be elucidated. However, because menstrual 

abnormality in young female athletes can affect future pregnancy, our findings suggest that 

female athletes with menstrual abnormality need to see a gynecologist, and also a sleep 

specialist in an effort to improve their poor sleep quality. 

Our study is subject to some limitations. First, we assessed athletes using subjective 

measures, and no objective measurements were considered. Therefore, it is unknown 



whether a discrepancy might exist between subjective and objective measures of sleep 

quality in athletes. Second, we did not have actual information regarding the presence or 

absence of sleep disorders and/or SA. Third, the data regarding lifestyle-, sleep environment 

related factors, and sleep-related phenomena were collected based on survey questionnaires, 

which were not formally validated, thus analyses regarding factors related to poor subjective 

sleep quality are exploratory in nature, to generate further hypotheses. Fourth, because we 

did not specify the timing for gathering the data, the phase of the menstrual cycle might 

affect answers to PSQI and SF-8. Since these are generally used to assess subjective sleep 

quality and quality of life over a 1-month period, further studies that use questionnaires 

assessing the sleep quality and quality of life over a shorter period will be needed. Finally, 

we did not assess athletic performance as it is impossible to do so for a group of participants 

from various fields of sport.  

 

Conclusions 

We have shown that female athletes had poorer subjective sleep quality, more sleepiness, 

and more impaired health-related QOL than male athletes. Because sex-specific factors 

associated with poor subjective sleep quality were identified, the development of specific 

intervention for male and female athletes should be considered. 
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TABLES 

Table Ⅰ. ⎯Characteristics of male and female athletes 

 
Males 

N=207 

Females 

N=215 
P 

Effect 

size 

Age, years 20.1±1.2 19.8±4.2 0.315 0.1* 

BMI, kg/m2 22.3±3.8 20.6±3.6 <0.001 0.46* 

Medical history,% 57.0 48.9 0.113 0.08 

Individual/group sport - group 

sport, % 
24.2 32.0 0.092 0.09 

Competition level – national or 

above, % 
56.5 45.2 0.025 0.12 

Experience, years 9.2±3.7 9.2±3.7 0.947 0* 

Hours of training-practice per day, 

h 
3.2±1.0 3.5±1.3 0.027 0.26* 

Days of training-practice per 

week, days 
5.7±0.8 5.7±1.3 0.701 0* 

Skipping breakfast, % 4.8 2.3 0.249 0.07 

Snack habit, % 48.3 61.2 0.010 0.13 

Time from dinner to bedtime, h 4.2±1.2 4.0±1.3 0.074 0.16* 

Consuming caffeinated drinks, % 34.3 35.2 0.933 0.01 

Drinking alcoholic beverages, % 12.6 6.8 0.067 0.09 

Sleep duration, h 7.7±1.3 7.2±1.2 <0.001 0.40* 

Habitual sleep efficiency, % 91.3±9.71 92.8±9.43 0.101 0.16* 

Snoring, % 18.4 11.9 0.082 0.09 

Witnessed apnea, % 3.4 0.9 0.097 0.08 

Legs twitching or jerking during 

sleep, % 
26.6 36.1 0.045 0.11 

Episodes of disorientation or 

confusion during sleeping 

period, % 

8.7 13.2 0.180 0.07 

Habitual napping, % 23.2 17.4 0.168 0.07 

Bathing within 2 hours of going to 

bed, % 
44.9 67.6 <0.001 0.23 

Sleeping in a single room, % 39.3 61.9 <0.001 0.23 

Use of air-conditioner in 

summer, % 
57.6 56.8 0.954 0 

Turning on the heating in 

winter, % 
42.9 42.6 1.000 0 

Sleeping with the light on, % 2.9 2.3 0.946 0.02 

Use of lightproof curtain, % 66.5 63.3 0.551 0.03 

Annoyed by noises at bedtime, % 26.2 24.9 0.841 0.01 

Type of sleep wear - pajamas, % 35.3 42.0 0.184 0.07 

Thinking that bedding items do 

not match, % 
15.5 15.1 1.000 0.01 

Continuous data are summarized using mean ±SD. *Effect sizes were assessed by Cohen’s d. 

BMI body mass index 

 

 

 



Table Ⅱ. ⎯Characteristics of male athletes with and without poor subjective sleep quality 

 

Without poor 

sleep quality 

(PSQI<6) 

N=142 

With poor 

sleep 

quality 

(PSQI≥6) 

N=65 

P 
Effect 

size 

Age, years 20.1±1.3 20.1±1.1 0.978 0* 

BMI, kg/m2 22.4±4.1 21.9±3.3 0.384 0.13* 

Medical history,% 59.9 50.8 0.282 0.09 

Individual/group sport - group 

sport, % 
23.9 24.6 1.000 0.01 

Competition level – national or 

above, % 
54.2 61.5 0.404 0.07 

Experience, years 9.4±3.7 8.8±3.6 0.307 0.16* 

Hours of training-practice per day, 

h 
3.1±1.0 3.4±1.2 0.134 0.28* 

Days of training-practice per 

week, days 
5.7±0.8 5.8±0.9 0.600 0.12* 

Skipping breakfast, % 4.9 4.6 1.000 0.01 

Snack habit, % 45.8 53.8 0.353 0.08 

Time from dinner to bedtime, h 4.1±1.1 4.4±1.3 0.085 0.26* 

Consuming caffeinated drinks, % 33.8 35.4 0.948 0.02 

Drinking alcoholic beverages, % 10.6 16.9 0.291 0.09 

Sleep duration, h 7.7±1.0 7.6±1.8 0.545 0.08* 

Habitual sleep efficiency, % 94.3±5.59 84.8±13.1 <0.001 1.1* 

Snoring, % 15.5 24.6 0.168 0.11 

Witnessed apnea, % 0.7 9.2 0.004 0.22 

Legs twitching or jerking during 

sleep, % 
23.9 32.3 0.274 0.09 

Episodes of disorientation or 

confusion during sleeping time, % 
5.6 15.4 0.041 0.16 

Habitual napping, % 21.1 27.7 0.389 0.07 

Bathing within 2 hours of going to 

bed, % 
45.8 43.1 0.832 0.03 

Sleeping in a single room, % 41.1 35.4 0.528 0.05 

Use of air-conditioner in 

summer, % 
58.6 55.4 0.781 0.03 

Turning on the heating in 

winter, % 
38.6 52.3 0.090 0.13 

Sleeping with the light on, % 1.4 6.2 0.080 0.13 

Use of lightproof curtain, % 68.1 63.1 0.583 0.05 

Annoyed by noises at bedtime, % 19.9 40.0 0.004 0.21 

Type of sleep wear - pajamas, % 36.6 32.3 0.656 0.04 

Thinking that bedding items do 

not match, % 
11.3 24.6 0.024 0.17 

Continuous data are summarized using mean ±SD. *Effect sizes were assessed by Cohen’s d. 

BMI body mass index 

 



Table Ⅲ. ⎯Results of univariate and multivariate logistic regression analyses for poor 

sleep quality in male athletes 

 
Univariate Multivariate 

OR (95% CI) P OR (95% CI) P 

Habitual sleep efficiency 

(1% increase) 

0.88 (0.85-

0.92) 
<0.001 

0.86 (0.81-

0.91) 
<0.001 

Witnessed apnea (yes) 
14.3 (1.69-

122) 
0.015 

61.4 (5.70-

660) 
0.001 

Episodes of disorientation or 

confusion during sleeping period 

(yes) 

3.05 (1.14-

8.13) 
0.026 

4.47 (1.36-

14.7) 
0.014 

Time from dinner to bedtime 

(1 h increase) 

1.26 (0.97-

1.63) 
0.087 

1.48 (1.06-

2.08) 
0.022 

Turning on the heating in winter 

(yes) 

0.57 (0.32-

1.04) 
0.066 

0.42 (0.20-

0.91) 
0.027 

Sleeping with the light on (yes) 
4.56 (0.81-

25.5) 
0.085 - - 

Annoyed by noises at bedtime 

(yes) 

2.69 (1.41-

5.13) 
0.003 

2.08 (0.91-

4.72) 
0.082 

Thinking that bedding items do 

not match (yes) 

2.57 (1.19-

5.54) 
0.016 - - 

CI confidence interval, OR odds ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table Ⅳ. ⎯Characteristics of female athletes with and without poor subjective sleep 

quality 

 

Without poor 

sleep quality 

(PSQI<6) 

N=110 

With poor 

sleep 

quality 

(PSQI≥6) 

N=105 

P 
Effect 

size 

Age, years 19.0±3.5 20.3±4.4 0.010 0.34* 

BMI, kg/m2 20.2±2.6 21.1±4.4 0.077 0.28* 

Medical history, % 52.7 46.7 0.452 0.06 

Individual/group sport - group 

sport, % 
35.5 27.6 0.276 0.08 

Competition level – national or 

above, % 
48.2 41.0 0.353 0.07 

Experience, years 8.8±3.2 9.5±4.0 0.129 0.2* 

Hours of training-practice per day, 

h 
3.5±1.1 3.4±1.5 0.545 0.08* 

Days of training-practice per 

week, days 
5.8±1.3 5.6±1.3 0.347 0.15* 

Menstrual abnormality, % 58.2 74.3 0.019 0.17 

Skipping breakfast, % 0.9 3.8 0.202 0.10 

Snack habit, % 56.0 66.7 0.143 0.11 

Time from dinner to bedtime, h 4.0±1.2 4.0±1.4 0.960 0* 

Consuming caffeinated drinks, % 30.9 41.0 0.164 0.10 

Drinking alcoholic beverages, % 2.7 11.4 0.025 0.17 

Sleep duration, h 7.3±1.0 7.1±1.3 0.210 0.18* 

Habitual sleep efficiency, % 95.5±5.85 90.1±11.5 <0.001 0.67* 

Snoring, % 7.3 17.1 0.044 0.15 

Witnessed apnea, % 0.0 1.9 0.237 0.10 

Legs twitching or jerking during 

sleep, % 
34.5 39.0 0.587 0.05 

Episodes of disorientation or 

confusion during sleeping time, % 
8.2 19.0 0.033 0.16 

Habitual napping, % 12.7 22.9 0.077 0.13 

Bathing within 2 hours of going to 

bed, % 
62.7 75.2 0.067 0.38 

Sleeping in a single room, % 54.5 69.5 0.034 0.15 

Use of air-conditioner in 

summer, % 
55.7 57.8 0.868 0.03 

Turning on the heating in 

winter, % 
42.1 43.1 0.998 0.01 

Sleeping with the light on, % 0.0 4.8 0.027 0.16 

Use of lightproof curtain, % 61.8 64.8 0.760 0.03 

Annoyed by noises at bedtime, % 14.7 35.6 0.001 0.24 

Type of sleep wear - pajamas, % 40.0 45.7 0.479 0.06 

Thinking that bedding items do 

not match, % 
10.0 21.0 0.042 0.15 

Continuous data are summarized using mean ±SD. *Effect sizes were assessed by Cohen’s d. 

BMI body mass index 



Table Ⅴ. ⎯Results of univariate and multivariate logistic regression analyses for poor sleep 

quality in female athletes 

 
Univariate Multivariate 

OR (95% CI) P OR (95% CI) P 

Age (1-year increase) 
1.11 (1.02-

1.21) 
0.017 - - 

Menstrual abnormality (yes) 
2.08 (1.16-

3.70) 
0.013 

1.96 (1.01-

3.80) 
0.046 

Habitual sleep efficiency 

(1% increase) 

0.93 (0.89-

0.96) 
<0.001 

0.92 (0.89-

0.96) 
<0.001 

Witnessed snoring (yes) 
2.64 (1.09-

6.36) 
0.031 - - 

Episodes of disorientation or 

confusion during sleeping time 

(yes) 

2.64 (1.14-

6.10) 
0.023 - - 

Habitual napping (yes) 
2.03 (0.99-

4.18) 
0.054 - - 

Bathing within 2 hours of going 

to bed (yes) 

1.81 (1.00-

3.25) 
0.049 

2.04 (1.03-

4.03) 
0.040 

Drinking alcoholic drinks (yes) 
4.60 (1.26-

16.8) 
0.021 

4.01 (1.02-

15.7) 
0.046 

Sleeping in a single room (yes) 
0.53 (0.30-

0.92) 
0.025 - - 

Annoyed by noises at bedtime 

(yes) 

3.21 (1.65-

6.24) 
0.001 

2.43 (1.16-

5.08) 
0.019 

Thinking that bedding items do 

not fit (yes) 

2.40 (1.09-

5.21) 
0.029 - - 

CI confidence interval, OR odds ratio 
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Figure 1.⎯SF-8 subscales and component summary scores between male and female 

athletes 

Female athletes showed significantly lower GH, MH, and MCS scores, while there were no 

significant differences for other subscales or PCS scores between male and female athletes. 

Values represent the median and interquartile range. BP = body pain, F = female athletes, 

GH = general health perception, M = male athletes, MCS = mental component summary, MH 

= mental health, PCS = physical component summary, PF = physical functioning, RE = role 



limitations due to emotional problems, RP = role limitations due to physical problems, SF = 

social functioning, VT = vitality 

 

Figure 2.⎯SF-8 subscales and component summary scores between male athletes with and 

without poor sleep quality 

Male athletes with poor sleep quality showed significantly lower GH, VT, MH, RE, and 

MCS scores, while there were no significant differences for other subscales or PCS scores 

between the two groups. Values represent the median and interquartile range. BP = body 

pain, F = female athletes, GH = general health perception, M = male athletes, MCS = mental 

component summary, MH = mental health, PCS = physical component summary, PF = 

physical functioning, RE = role limitations due to emotional problems, RP = role limitations 

due to physical problems, SF = social functioning, VT = vitality, <6 = without poor sleep 

quality (PSQI-J <6), ≥6 = with poor sleep quality (PSQI-J ≥6)  

 

 

Figure 3.⎯SF-8 subscales and component summary scores between female athletes with and 

without poor sleep quality 

Female athletes with poor sleep quality showed significantly lower GH, PF, RP, VT, SF, 

MH, RE, and MCS scores, while there were no significant differences for other subscales or 

PCS scores between the two groups. Values represent the median and interquartile range. BP 

= body pain, F = female athletes, GH = general health perception, M = male athletes, MCS = 

mental component summary, MH = mental health, PCS = physical component summary, PF 

= physical functioning, RE = role limitations due to emotional problems, RP = role 

limitations due to physical problems, SF = social functioning, VT = vitality, <6 = without 

poor sleep quality (PSQI-J <6), ≥6 = with poor sleep quality (PSQI-J ≥6)  



 

Figure S1.⎯ A) Comparison between PSQI scores of male and female athletes. B) 

Comparison between the proportion of male and female athletes with poor sleep quality. 

A) Comparison of PSQI scores [PSQI scores were significantly greater in females compared 

with males (P < 0.001). Values represent the median and interquartile range]. B) 

Comparison between the proportion of male and female athletes with poor sleep quality 

[PSQI ≥6 indicates participants with poor sleep quality; P < 0.001)]. PSQI = Pittsburg 

Sleep Quality Index 
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Table S1-Results of univariate and multivariate logistic regression analyses for poor sleep 

quality in male and female athletes 

 
Univariate Multivariate 

OR (95% CI) P OR (95% CI) P 

Female (yes) 
2.09 (1.40-

3.10) 
<0.001 

3.30 (1.95-

5.59) 
<0.001 

Age (1-year increase) 
1.08 (1.01-

1.16) 
0.032 - - 

Medical history (yes) 
1.41 (0.95-

2.08) 
0.086 - - 

Sleep duration (1 h increase) 
0.85 (0.72-

1.00) 
0.046 

0.44 (0.33-

0.57) 
<0.001 

Habitual sleep efficiency (1% 

increase) 

0.92 (0.89-

0.94) 
<0.001 

0.85 (0.82-

0.88) 
<0.001 

Sleeping with the light on (yes) 
6.93 (1.48-

32.5) 
0.014 

8.88 (1.50-

52.4) 
0.016 

Snoring (yes) 
1.85 (1.08-

3.16) 
0.024 - - 

Witnessed apnea (yes) 
12.4 (1.54-

100) 
0.018 

38.8 (3.51-

429.7) 
0.003 

Legs twitching or jerking during 

sleep (yes) 

1.44 (0.95-

2.17) 
0.088 - - 

Episodes of disorientation or 

confusion during sleeping period 

(yes) 

2.96 (1.58-

5.57) 
0.001 

2.38 (1.08-

5.28) 
0.032 

Habitual napping (yes) 
1.55 (0.96-

2.50) 
0.071 - - 

Bathing within 2 hours of going to 

bed (yes) 

1.50 (1.01-

2.23) 
0.047 - - 

Habitual drinking of alcoholic 

beverages (yes) 

2.03 (1.06-

3.90) 
0.032 

3.50 (1.54-

7.95) 
0.003 

Sleeping in a single room (yes) 
0.68 (0.46-

1.01) 
0.057 - - 

Annoyed by noises at bedtime (yes) 
2.78 (1.77-

4.37) 
<0.001 

3.10 (1.76-

5.46) 
<0.001 

Thinking that bedding items do not 

fit (yes) 

2.40 (1.40-

4.11) 
0.001 - - 

CI confidence interval, OR odds ratio 

 


