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Purpose: Female athletes with menstrual abnormalities have poor sleep quality. However, whether female athletes with poor sleep 
quality based on subjective assessment have distinctive changes in objective measures of sleep in association with menses remains 
unclear. This study aimed to compare changes in objective sleep measurements during and following menses between collegiate 
female athletes with and without poor subjective sleep quality.
Patients and Methods: Female collegiate athletes (age range/mean ± standard deviation: 18–22/ 22.2±1.1) with regular menstrual 
cycles were recruited. The participants underwent home electroencephalogram monitoring during the first and second nights after the 
onset of menses and one night between the seventh and 10th nights after menses onset (mid-follicular phase). The Pittsburgh Sleep 
Quality Index (PSQI) was used to assess the subjective sleep quality. Interactions between the presence of poor subjective sleep quality 
(ie, PSQI ≥6) and changes in objective measures of sleep in association with menses were analyzed.
Results: Data of 45 athletes, including 13 with poor subjective sleep quality, showed that changes in arousal index in athletes with 
poor subjective sleep quality were distinctive from those in athletes without poor subjective sleep quality (p = 0.036 for interaction). In 
athletes with poor subjective sleep quality, the arousal index was significantly increased in menses (p for analysis of variance, 0.015), 
especially on the first night after the onset of menses compared with during the mid-follicular phase (p = 0.016).
Conclusion: Collegiate female athletes with regular menstrual cycles are likely to have poor subjective sleep quality in association 
with more frequent arousal during the first night after the onset of menses than during the mid-follicular phase.
Keywords: electroencephalogram, menstruation, Pittsburgh sleep quality index, sports, women

Introduction
Despite the crucial role of sleep in recovery after training,1,2 few studies have investigated sleep and sleep issues in 
athletes.3,4 Women are likely to be dissatisfied with their sleep quality,5,6 and this is true in female athletes.7,8 The reasons 
for such poor “self-reported/subjective” sleep quality in women remain unclear but could be multifactorial. One reason 
may include menstruation and its related issues.9 Indeed, in our previous study, menstrual abnormality was associated 
with poor subjective sleep quality in female athletes.8
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In terms of objectively evaluating sleep, in women, electroencephalogram (EEG)-based sleep parameters during the 
mid-follicular (MF) phase and those during the mid- or late-luteal phase were generally compared, and no differences 
were noted in most sleep parameters except for a minor reduction in rapid eye movement (REM) sleep during the mid- or 
late-luteal phase.10–12 However, sleep disturbances were reported during the initial few days after menses onset,13,14 and 
comparisons of objective measures of sleep during and following menses should be considered. Thus, we previously 
assessed changes in objective sleep measures based on EEG monitoring during and after menses in athletes and found 
that female collegiate athletes were likely to have poor objective sleep quality during menses.15

In general, despite the likelihood of poor subjective sleep quality in women,5–8 results are not always bad when sleep 
quality is assessed objectively.16–19 Thus, there are some discrepancies between subjective and objective sleep quality, 
particularly in women. Whether female athletes with poor sleep quality, based on subjective assessments, have distinctive 
changes in objective measures of sleep in association with menses remains unclear. Therefore, we conducted subgroup 
analyses of our previous study, in which changes in objective sleep measures based on EEG monitoring during and 
following menses in collegiate female athletes were assessed by comparing changes in objective sleep measures in 
association with menses between those with and without poor subjective sleep quality.

Materials and Methods
Participants
Details were described elsewhere.15 Briefly, healthy female collegiate athletes (age range/mean: 18–22/ 22.2±1.1) with 
regular menstrual cycles, defined according to the Japanese Society of Obstetrics and Gynecology (ie, menstrual cycles 
between 25 and 38 days long with a variation of each cycle within 6 days), were recruited from the Juntendo University 
School of Health and Sports Science. The exclusion criteria were the use of any drugs, including hormonal contra-
ceptives, premenstrual dysphoric disorder, dysmenorrhea, and other gynecological pathologies that may interfere with 
sleep patterns, shift work, and transmeridian travel within the past 3 months and during the study period. This study 
adhered to the Declaration of Helsinki and was approved by the Research Ethics Committee of Juntendo University. 
Informed consent was obtained from all the participants.

Sleep-Related Baseline Assessments
Sleep-related baseline assessments using the following tools were conducted once at the time of enrollment of all 
participants. The Pittsburgh Sleep Quality Index (PSQI) was used to assess self-reported sleep quality over a 1-month 
period.20,21 The total score of the seven components ranges from 0 to 21. The Japanese version (PSQI-J)21 was used, with 
a cutoff point of 5.5, rounded up to >6, to indicate poor subjective sleep quality in this study. The Epworth Sleepiness 
Scale (ESS)22 is an established tool for evaluating self-reported sleepiness over a few weeks to months.23 The ESS has 
been translated into Japanese (JESS) and validated.23 In this study, significant self-reported sleepiness was defined as a 
JESS score of ≥11.24 Restless legs syndrome was assessed based on the international criteria and a positive answer to all 
five interview questions.24,25 Moreover, the participants were asked the following questions: (1) Have you snored during 
the past 1 month? “No”, “<1 night per week”, “1–2 nights per week”, or “>2 nights per week”; and (2) Have you 
displayed apneas during sleep? “No”, “<1 night per week”, “1–2 nights per week”, or “>2 nights per week”.

Sleep Monitoring
Details were shown elsewhere.15 Briefly, all participants underwent overnight home sleep monitoring using a two- 
channel portable EEG device (ZA-9. Proassist, Ltd., Osaka, Japan), which consists of two pairs of electrodes connected 
to a transmitter and receiver and provides EEG, electrooculogram, and submental electromyogram. The portable EEG 
device has only two input channels; however, it can display EEG, electrooculogram (EOG), and electromyogram (EMG). 
The first channel recorded brain waves from electrodes above the right eye and left mastoid, and the second channel 
recorded the low-frequency band (EOG) and high-frequency band (EMG) from the left eye and jaw muscle input signals. 
It is possible to separate and display the data by changing the band filter. After receiving instructions on the portable EEG 
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device, the participants set it up themselves in the four situations described below. All data were manually scored by an 
experienced sleep technologist based on widely used criteria.26

The participants underwent EEG monitoring on the following four occasions: (1) the first night at any time during the 
menstrual cycle to adapt to the EEG monitoring system; the obtained data were not scored or used (TEST); (2) the first 
night after menses onset (M1); (3) the second night after menses onset (M2); and (4) one night between the seventh and 
tenth nights after menses onset (MF). Daily entries of the menstrual data were collected. The MF phase was chosen 
because, in previous studies, while objectively evaluating sleep in women, EEG-based sleep parameters during the MF 
and mid-luteal phases were generally compared, and no differences were noted except for a minor reduction in REM 
sleep during the mid-luteal phase;10–12 moreover, it is generally easier to capture than the mid-luteal phase. Following the 
TEST, the order of starting from MF to M1/2 (ie, MF first) or from M1/2 to MF (ie, menses first) depended on the 
participants. All participants were asked to undergo EEG monitoring during the league’s regular season.

Statistical Analysis
Continuous variables are summarized as mean and standard deviation or median (interquartile range), as appropriate. 
Categorical variables are presented as numbers (percentages). Changes in sleep parameters across occasions were 
assessed using repeated-measures one-way analysis of variance (ANOVA) and Tukey’s test for multiple comparisons. 
Sleep-onset latency (SOL) and wake after sleep onset were naturally log-transformed because they were not normally 
distributed. To assess the effect of poor subjective sleep quality on changes in sleep parameters, first-order interactions in 
two-way repeated-measures ANOVA models were examined by entering interaction terms between the instances of EEG 
monitoring and PSQI subgroups (ie, time-by-subgroup interaction). Repeated-measures ANOVA was performed for each 
subgroup if significant time-by-subgroup interactions were found. If the within-subgroup ANOVA was significant, post 
hoc Bonferroni pairwise comparisons were performed. P < 0.05 was considered statistically significant. All statistical 
analyses were performed using SPSS version 23 (IBM Corp., Armonk, NY, USA).

Results
Participant Characteristics
Overall, 52 healthy female collegiate athletes with regular menstrual cycles were enrolled. All participants were 
instructed by their team to record their menstrual cycles regularly, allowing us to confirm regular menstrual cycles and 
non-use of oral contraceptives. The data of seven female athletes could not be used because they could not complete all 
the EEG monitoring occasions for personal reasons. No differences in age, type of competition, or PSQI score were 
found between the dropouts and completers (data not shown). Thus, data from 45 female athletes were analyzed. Among 
them, 32 (71.1%) had PSQI <6 (ie, without poor subjective sleep quality), and 13 (28.9%) had PSQI ≥6 (ie, with poor 
subjective sleep quality). Regarding the PSQI subscale, significant differences were observed in subjective sleep quality, 
sleep latency, sleep duration, and daytime dysfunction between female athletes with and without poor subjective sleep 
quality (p=0.001, p<0.001, p=0.004, and p<0.001, respectively). Their characteristics are summarized in Table 1. None of 
the patients had any symptoms of restless legs syndrome. Two in each group (6.3% in PSQI <6 and 15.4% in PSQI ≥6) 
reported snoring <1 night per week, one in each group (3.1% in PSQI <6 and 7.7% in PSQI ≥6) reported snoring 1–2 
nights per week (p = 0.472) for the previous 1 month, and none reported experiencing apnea during sleep.

Interactions Between Poor Subjective Sleep Quality and Changes in Objective 
Measures of Sleep in M1, M2, and MF
No time-by-subgroup interactions were found between changes in the objective measures of sleep other than the arousal 
index and the presence or absence of poor subjective sleep quality (Table 2). However, a significant interaction was found 
between changes in the arousal index and the presence or absence of poor subjective sleep quality (Figure 1), indicating 
that changes in the arousal index across the menstrual cycle in athletes with poor subjective sleep quality were different 
from those in athletes without poor subjective sleep quality.
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Changes in Arousal Index in M1, M2, and MF Within Athletes with and without Poor 
Subjective Sleep Quality
In athletes without poor subjective sleep quality, the arousal index was similar across the menstrual cycle (p for ANOVA, 
0.131). In athletes with poor subjective sleep quality, the arousal index varied significantly across the menstrual cycle (p 
for ANOVA, 0.015; Figure 1) and was significantly increased in M1 compared with MF (p = 0.016), while no difference 
was observed between M2 and MF (p = 0.111) and between M1 and M2 (p > 0.999) (Figure 1).

Table 1 Subject Characteristics

Without Poor Subjective  
Sleep Quality N=32

With Poor Subjective  
Sleep Quality N=13

P

Age, years 20.3 ± 1.2 20.2 ± 1.1 0.800

Height, cm 162.0 ± 5.5 161.9 ± 6.9 0.969

Weight, kg 55.3 ± 4.7 58.2 ± 7.7 0.135
BMI, kg/m2 21.1 ± 1.5 22.1 ± 1.5 0.051

Menstrual cycle, days 28.6 ± 4.0 27.2 ± 3.5 0.416

Duration of menses, days 2.7 ± 1.0 2.6 ± 1.0 0.752
Type of sports 0.546

Soccer, % 11 (34.4) 4 (30.8)
Track and field, % 9 (28.1) 3 (23.1)

Kendo, % 7 (21.9) 2 (15.4)

Basketball, % 5 (15.6) 3 (23.1)
Softball, % 0 (0) 1 (7.7)

PSQI score 3.6 ± 1.0 6.9 ± 1.0 <0.001

ESS score 10.1 ± 3.5 10.7 ± 2.6 0.585
% of athletes with sleepiness, % 15 (46.9) 6 (46.2) 0.999

Note: Continuous data are summarized using the mean ± SD. 
Abbreviations: BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale.

Table 2 Changes in Objective Measures of Sleep Other Than Arousal Index in Participants with and 
without Poor Subjective Sleep Quality

PSQI Category M1 M2 MF P for  
Interaction

TIB, min <6 (N = 32) 395.6 ± 64.5 357.6 ± 76.5 394.0 ± 77.4 0.812

≥6 (N = 13) 404.6 ± 57.9 382.9 ± 55.7 408.5 ± 66.4
TST, min <6 (N = 32) 359.4 ± 62.5 328.9 ± 73.7 365.9 ± 74.6 0.696

≥6 (N = 13) 350.9 ± 62.9 337.3 ± 60.8 376.5 ± 56.4

SOL, min <6 (N = 32) 14.3 (16.0) 13.0 (11.8) 11.8 (12.3) 0.353
≥6 (N = 13) 20.0 (41.8) 25.0 (21.6) 12.0 (19.9)

SE, % <6 (N = 32) 91.0 ± 6.9 92.0 ± 5.2 93.4 ± 5.2 0.363

≥6 (N = 13) 86.8 ± 9.9 88.1 ± 8.8 92.6 ± 5.7
WASO, min <6 (N = 32) 8.8 (12.0) 6.3 (9.0) 6.8 (9.0) 0.157

≥6 (N = 13) 9.5 (11.6) 12.0 (11.4) 7.0 (7.4)

% of REM sleep, % <6 (N = 32) 27.4 ± 5.9 26.8 ± 5.6 27.8 ± 4.2 0.568
≥6 (N = 13) 25.3 ± 8.3 22.9 ± 6.0 26.0 ± 4.0

% of N3 sleep, % <6 (N = 32) 24.2 ± 8.9 25.1 ± 8.6 24.2 ± 6.5 0.610

≥6 (N = 13) 24.0 ± 9.8 23.3 ± 7.0 25.4 ± 6.6

Note: Continuous data are summarized using the mean ± SD or median (interquartile range). 
Abbreviations: M1/2, 1st and 2nd night after menses onset; MF, mid-follicular phase; N3, deep non-REM sleep; REM, rapid eye 
movement; SE, sleep efficiency; SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset.
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Discussion
These findings provide novel insights into the relationship between menstruation and sleep quality in female athletes. 
First, 28.9% of the female athletes with regular menstrual cycles had poor subjective sleep quality, as assessed using the 
PSQI. Second, changes in one objective measure of sleep (arousal index) differed between participants with and without 
poor subjective sleep quality. Finally, the arousal index increased during menses, particularly at M1, which increased 
significantly compared to MF in female athletes with poor subjective sleep quality, whereas no such variation was 
observed in female athletes without poor subjective sleep quality. These findings suggest that a substantial number of 
female athletes have poor subjective sleep quality even when only female athletes with regular menstrual cycles were 
enrolled, and that poor subjective sleep quality may be partially explained by the contrast of the arousal index between 
menses and the MF phase (ie, increase in menses, but decrease in MF). Therefore, greater cortical arousal was observed 
during menses in female athletes with poor sleep than in those with good sleep quality.

The percentage of female athletes with poor subjective sleep quality (PSQI ≥6) in previous studies7,8 ranged from 
48.8% to 50.0%. The 28.9% of female athletes who reported poor subjective sleep quality in this study was less than that 
in previous studies. This may be because only female athletes without menstrual irregularities were included in this study, 
confirming the association between subjective sleep quality and menstrual abnormalities, as shown in a previous study.8 

It is difficult to compare female athletes with other populations regarding the percentage of athletes with poor subjective 
sleep quality. The applicability of this method to other populations and variations in the cutoff values for PSQI27 in 
various populations remain to be elucidated. However, approximately one in three healthy female athletes who do not 
have menstrual cycle problems remain dissatisfied with their sleep; thus, sleep interventions in female athletes are an 
urgent issue.

In the present study, a significant increase in the arousal index was observed during menstruation compared with the 
follicular phase in female athletes who showed poor subjective sleep quality. The accentuated arousal response during 
menstruation may be due to discomfort during menstrual sleep. Sleep-disordered breathing, represented by obstructive 
sleep apnea syndrome, is the leading disorder that causes sleep fragmentation,28 but it is also known to cause sleep 
fragmentation in discomfort due to restless leg syndrome29 and discomfort due to the external environment, such as the 
intensive care unit,30 which can also cause sleep fragmentation. Furthermore, an interventional study that used 

Figure 1 Changes in arousal index across M1/2 and MF. The changes in the arousal index across the menstrual cycle in athletes with poor subjective sleep quality differed 
from those in athletes without poor subjective sleep quality (p = 0.036). In athletes with poor subjective sleep quality, the arousal index was significantly higher at M1 than at 
MF (p = 0.015 for ANOVA, p = 0.016 for comparison between M1 and MF, p = 0.111 for comparison between M2 and MF, and p > 0.999 for comparison between M1 and 
M2). In athletes without poor subjective sleep quality, the arousal index was similar across menstrual cycles (p for ANOVA, 0.131; p = 0.531 for comparison between M1 and 
MF, p > 0.999 for comparison between M2 and MF, and p = 0.147 for comparison between M1 and M2). 
Note: Values represent the mean ± SD. 
Abbreviations: ANOVA, analysis of variance; M1/2, 1st and 2nd night after menses onset; MF, mid-follicular phase.
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gonadotropin-releasing hormone agonists to mimic menopause in healthy women and evaluated the association between 
nighttime discomfort and objective sleep measures reported that nighttime discomfort was associated with sleep 
fragmentation.31 Koikawa et al15 showed a significant association between sanitary products and the percentage of N3 
sleep during menstruation. This finding suggests that discomfort during menstruation may affect sleep quality.

Furthermore, changes in the core body temperature (CBT) due to fluctuations in sex hormones may explain this 
increased arousal response. Increased CBT owing to fluctuations in sex hormones during the menstrual cycle increases 
arousal during sleep.32–34 An increase in progesterone levels contributes to an increase in CBT, and a decrease in estradiol 
levels leads to a decrease in CBT; the progesterone/estradiol ratio influences CBT variability.34 Therefore, CBT tends to 
drop during the menstrual and follicular phases of the menstrual cycle and rises during the luteal phase. Particularly, women 
in the follicular phase performed less during the day than those in the luteal phase when exposed to transient sleep 
deprivation.32,34 Increased deep body temperature is potentially protective against disturbances in arousal levels.32 

Consequently, female athletes who perceived poor subjective sleep quality may have had CBT-related sleep vulnerabilities.
In the present study, poor objective sleep quality, as indicated by an increase in the arousal index, was associated with 

poor subjective sleep quality. Objective and subjective sleep outcomes may reflect the different aspects of sleep.35 Some 
reports have shown that there is usually a discrepancy between the subjective and objective measures of sleep.36,37 

Despite this, in female athletes with regular menstrual cycles, poor subjective sleep quality is associated with an 
increased arousal index during menstruation. Sleep fragmentation is reported to be more strongly perceived as poor 
subjective sleep quality than as poor objective sleep quality.38 It is likely that sleep fragmentation, expressed as an 
increase in the arousal index during menstruation, causes subjective sleep quality deterioration. In addition, a recent 
scoping review investigating how various physiological signals recorded during sleep relate to subjectively perceived 
sleep quality reported that increased sleep fragmentation was associated with poor subjective sleep quality.39 In sleep 
interventions for female athletes, particular attention should be paid to the increased arousal index during menstruation. 
Further studies are warranted to determine how sleep fragmentation during menses can be improved in athletes.

Our study had some limitations. First, the lack of overnight polysomnography is a major limitation. Although nobody 
in each group reported experiencing apnea during sleep, only one participant in each group reported snoring for 1–2 
nights per week. However, no significant difference in terms of snoring between the two groups was found, which might 
be due to snoring or other forms of sleep-disordered breathing on objective sleep measures. In addition, the presence or 
absence of other sleep disorders such as periodic leg movements was not formally confirmed. Second, we lacked data on 
productive hormone levels and body temperatures. Because all our participants had regular menstrual cycles based on 
regularly recorded cycles and because we focused on the first and second days after menses onset and the seventh and 
tenth nights after menses onset, their phases were adequately captured. Third, the participants were not controlled for 
physical activity, diet, caffeine intake, or daytime naps on the day of measurement. All participants were recruited from 
the Juntendo University School of Health and Sports Science, and their competition levels and lifestyle rhythms were 
considered consistent. This study aimed to assess the natural sleep patterns of female collegiate athletes.

Conclusion
An increased arousal response during menstrual sleep in female athletes was shown to be an important factor causing 
both objective and subjective sleep quality impairments. Although further research is needed to determine the causes of 
increased arousal response during menstruation, efforts to reduce nighttime discomfort during menstruation (eg, proper 
use and selection of sanitary products) may improve objective and subjective sleep quality.
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