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ABSTRACT
Background: This study aimed to investigate the relationship between the prevalence
of menstrual irregularities, energy intake, and sleep deprivation among female
athletes.
Methods: A total of 128 female athletes, with an average age of 19.2 ± 1.2 years,
participated in the study and tracked their food intake over a three-day period.
Menstrual status and sleep duration were assessed using a questionnaire, and
psychological anxiety was evaluated using the State and Trait Anxiety Inventory
(STAI). These were measured once during the investigation. The impact of sleep
status on state anxiety and daily energy intake was examined using the T-test. A
generalized linear model (GLM) with a log link function was employed to investigate
the effects of sleep deprivation on the presence of menstrual irregularities.
Results: As the results of the present study, sleep deprivation significant increased
both state and trait anxiety (p < 0.05), as well as affecting energy intake (p < 0.05),
particularly protein and carbohydrate intakes (p < 0.05). However, GLM analysis
indicated that while sleep deprivation did not directly influence the prevalence of
menstrual irregularities (p > 0.05), state anxiety emerged as a significant factor
impacting the prevalence of menstrual irregularities (p < 0.05).
Conclusions: The results of the present study suggest a potential pathway wherein
sleep deprivation might elevate state anxiety levels, consequently indirectly
contributing to an increase the probability of menstrual irregularities. In conclusion,
the results of the presents study provide novels insights suggesting that sleep
deprivation might directly increase state anxiety and indirectly affect the prevalence
of menstrual irregularities. Hence, decreased sleep duration might be related to
mental health issues and the prevalence of menstrual irregularities both significant
concerns among female athletes. Future studies will play a crucial role in further
elucidating how sleep patterns impact the health and well-being of female athletes.

Subjects Nutrition, Women’s Health, Mental Health, Sports Medicine
Keywords Athletes, Menstrual cycle, Mental health, RED-S

INTRODUCTION
Sleep constitutes an indispensable aspect of daily life, intricately linked with overall health
(Sabo et al., 1991; Tsuno, Besset & Ritchie, 2005). Its role in fostering cell growth and
enhancing immune function underscores its critical importance for overall well-being.
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In addition, melatonin, the primary hormone secreted during sleep, regulates biorhythms
(Turek & Gillette, 2004). Consequently, sleep might significantly influence sports
performance (Watson, 2017).

Conversely, menstrual irregularities, a component of the female athlete triad, hold
global significance (Nattiv et al., 2007; Mountjoy et al., 2014). Factors contributing to
menstrual irregularities among female athletes commonly include insufficient energy
intake, rapid weight loss, and reduced body fat (Enea et al., 2011). Moreover, previous
research has shown the role of insufficient nutritional intake, specifically deficiencies in
carbohydrates and vitamin D, in the prevalence of menstrual irregularities among female
athletes (Miyamoto, Hanatani & Shibuya, 2021a, 2022).

Additionally, mounting evidence suggests an association between the prevalence of
menstrual irregularities and psychological distress, characterized by elevated levels of
depression and psychological anxiety (Schliep et al., 2015; Breen et al., 2005; Kim et al.,
2018; Miyamoto, Hanatani & Shibuya, 2021a, 2021b, 2022; Yamamoto et al., 2009). A
recent study reported that increased psychological anxiety may increase the risk of
menstrual irregularities in elite female athletes (Miyamoto, Hanatani & Shibuya, 2021b).
Indeed, top-level athletes are known to exhibit higher levels of psychological anxiety
compared to the general population (Miyamoto, Hanatani & Shibuya, 2021b; Gulliver
et al., 2015). A study involving 224 elite Australian athletes found that 46.4% of them were
experiencing symptoms of at least one of the mental health problems (Gulliver et al., 2015).
Notably, elevated psychological anxiety is associated with an increased risk of menstrual
irregularity in elite female athletes (Miyamoto, Hanatani & Shibuya, 2021a, 2021b). Several
prior studies have also suggested that psychological stress can affect menstrual function
and contribute to menstrual irregularities (Yamamoto et al., 2009; Kloss et al., 2015). These
reports indicate that psychological anxiety may play a significant role in the cause of
menstrual irregularities in athletes. Therefore, reducing psychological anxiety in female
athletes is important for maintaining healthy reproductive function.

Furthermore, recent evidence suggests that sleep disturbances, including shortened
sleep duration and insomnia, may contribute to menstrual cycle alterations and the
development of menstrual disorders and also suggested that individuals who sleep 5 h or
less have a higher risk of experiencing irregular menstruation compared to those who sleep
6 h or more (Kim et al., 2018). Additionally, another study indicated that short sleep
duration was associated with changes in menstrual cycle (Lim et al., 2016). While the
impact of mental health problems and sleep deprivation on menstrual function has been
acknowledged, it remains unclear which factor exerts a stronger influence. Furthermore,
there is a shortage of studies investigating the relationship between psychological anxiety,
sleep deprivation, and menstrual irregularities among elite/international-level athletes.
Psychological anxiety, sleep deprivation, and energy intake may play a combined role in
menstrual irregularities. Therefore, this study aims to assess the relative impact of mental
anxiety, sleep deprivation, and energy intake on menstrual function in top-level female
athletes.

Additionally, previous studies (Tu et al., 2012; Ohida et al., 2001; Schmid et al., 2009)
have provided inconclusive findings concerning the relationship between short sleep
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duration and energy intake. While some studies suggest a connection, others have found
no significant association. In summary, this study aimed to clarify the relative impacts of
psychological anxiety, sleep deprivation, and energy intake on menstrual irregularities in
elite-level female athletes.

We hypothesize that sleep deprivation might not directly influence the prevalence of
menstrual irregularities but could contribute to psychological anxiety and inadequate
energy intake, resulting in menstrual irregularities in elite-level female athletes, and that
heightened psychological anxiety will be associated with an elevated risk of menstrual
irregularities. The intent of the present study was to provide insights that may assist female
athletes in the sports settings to maintain healthy reproductive function while continuing
to compete.

METHODS
Participants
This study utilized a cross-sectional design conducted over 6 months and involved 140
female athletes, aged between 15 and 23 years (19.2 ± 1.2 years). These athletes competed
at the inter-college level in track and field events and at the international level in rowing.
The participants comprised athletes from the Japanese national rowing team (n = 50) and
long-distance runners from a university track and field club (n = 90), all of whom were at
least 1-year post-menarche. All included athletes were naturally menstruating and were
not using non-hormonal contraceptives. They willingly participated in the surveys as
members of these teams.

The survey was carried out outside the primary competitive period throughout the year.
Prior to their involvement, informed consent was obtained from all athletes. However, a
total of 12 athletes (eight from track and field and four from rowing) were excluded from
the analysis due to incomplete data. The appropriate sample size of 107 was calculated
using the following parameters: odds ratio = 2, H0 = 0.15, a = 0.05, power = 0.8, and a X
distribution for logistic regression.

The study protocol received ethical approval from the Ethics Committee of Niigata
University of Health and Welfare (Approval #18147-19032), and all participants provided
written informed consent after receiving a comprehensive explanation regarding the
study’s nature, procedures, and non-invasive approach.

Dietary intake, body mass, and body composition
Participants employed a meal-recording method to track their dietary intake. Over the
course of 3 days within a week, they captured photographs of each meal (breakfast, lunch,
dinner, and snacks). These images were accompanied by detailed notes specifying the type
and quantity of food consumed, which were then submitted to the team dietitian for
analysis. The nutrient content derived from these photos was analyzed by dietitians using
the Japan National Nutrient Database.

From this analysis, daily nutrient intake data were computed, encompassing total
energy intake (kcal), macronutrients (grads and as a percentage), and fiber intake (grams),
averaged on a daily basis. Participants’ body mass (BM) and body fat percentage (%BF)
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were measured using a commercially available home scale (BC-314; Tanita. Co., Tokyo,
Japan) immediately upon waking up.

The %BF data were self-reported by the respondents voluntarily. Body mass index
(BMI) was calculated as weight (in kilograms) divided by height squared (in meters).
Height, BM, and %BF were measured once after the nutrition investigation, followings
procedures used in prior studies (Miyamoto, Hanatani & Shibuya, 2022, 2021b).

Anxiety, menstrual cycle, and sleep duration
State and trait anxiety levels were evaluated using the Japanese version of the State and
Trait Anxiety Inventory (STAI-J), a widely accepted tool for anxiety (Spielberger, Gorsuch
& Lushene, 1970; Shimizu & Imae, 1981). The STAI is recognized for its clinical validity,
and a clinical cutoff value of 40 has been established (Grant, McMahon & Austin, 2008).
Participants’ state and trait anxiety were assessed once during the investigation, consistent
with the timing utilized in previous studies (Miyamoto, Hanatani & Shibuya, 2021a,
2021b, 2022). State anxiety referred to a transient response to unfavorable events, while
trait anxiety reflected a predisposition to experience concerns and worries across various
situations.

Participants completed a questionnaire detailing the calendar days of their menstrual
cycles, which included the date of the most recent menstrual period and to record their
average weekly sleep duration. This information, along with their dietary intake data, was
provided to the dietitians.

For the present study, menstrual irregularities were defined as having an interval of
2 months or more between menstrual cycles, experiencing irregular cycles or amenorrhea
(absence of menstruation) for three months or longer.

Statistical analyses
The data were presented as mean ± standard deviation (S.D.) for descriptive purposes, and
statistical results were expressed as mean ± standard error (S.E.) to indicate the precision of
estimates. Participants were divided into two groups according to their sleep duration:
individuals sleeping less than 6 h per day were categorized into the Short sleeper group
(defined as experiencing sleep deprivation (Kim et al., 2018; Krishnan, Noakes & Lyons,
2016)) while those sleeping more than 6 h per day comprised the Long sleeper group.

The impact of sleep status on state anxiety and daily energy intake was examined using
the T-test. A generalized linear model (GLM) with a log link function was employed to
investigate the effects of sleep deprivation on the presence of menstrual irregularities.
The sleep deprivation data comprised of binary values (0 and 1) representing “normal” and
“sleep deprivation”. The menstrual irregularity data comprised of binary values (0 and 1)
representing “normal menstruation” and “menstrual irregularity” states. GLMs were also
used to assess the effects of state anxiety, sleep status, and energy intake (total daily caloric
intake) on the prevalence of menstrual irregularities. The selection of independent
variables in this analysis, including state anxiety, sleep status, energy intake, and
carbohydrate intake, was guided by previous research (Schliep et al., 2015; Kim et al., 2018),
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and determined using the Akaike information criterion (AIC). A significance level of 5%
was adopted for all analyses.

RESULTS
Physical characteristics macronutrient intake, and micronutrient
intake
Table 1 summarizes the physical characteristics and State anxiety of the athletes. In Short
sleeper group, both state and trait anxiety were found to be statistically higher than in the
Long sleeper group (p < 0.05, for both, as described in Table 1).

Table 2 presents a summary of macronutrients intake among the athletes. Notably, in
the Short sleeper group, daily energy intake, as well as protein and carbohydrate
consumption, were statistically lower compared to the Long sleeper group (p < 0.05, for all,
see Table 2). The percentage of protein for total energy intake was 17.2 ± 0.02% in the Long
sleeper group and 17.0 ± 0.02% in the Short sleeper group with no significant difference
detected (F = 0.2032, p > 0.05). Likewise, the percentage of fat for total energy intake was
30.8 ± 0.04% in the Short sleeper group and 30.2 ± 0.05% in the Long sleeper group with no
significant difference detected (F = 0.290, p > 0.05). The percentage of carbohydrate (CHO)
for total energy intake was 50.7 ± 0.06% in the Long sleeper group and 50.2 ± 0.04% in the
Short sleeper group with no significant difference detected (F = 0.1514, p > 0.05).

Table 3 provides a summary of micronutrients intake among the athletes. In Short
sleeper group, the intake levels of vitamin B1, vitamin B2, and vitamin C were statistically
lower than those in the Long sleeper group (p < 0.05, for all, see Table 3).

Verification of factors affecting menstrual irregularities
The GLM analysis revealed a significant association between an increase in state
anxiety and the prevalence of menstrual irregularity (z = 2.000, p = 0.048, see Table 4).
Additionally, a reduction in sleep duration did not exhibit a significant influence on the
prevalence of menstrual irregularities (z = 1.493, p = 0.136, see Table 4). Subsequently, we
observed that dietary energy intake did not have a significant impact the prevalence of
menstrual irregularities (z = 1.029, p = 0.303, see Table 4).

Table 1 Mean values of physical characteristics, state, and trait anxiety (Mean ± SD).

All participants Long sleeper Short sleeper p

Height (cm) 162.6 ± 6.4 162.7 ± 6.7 161.9 ± 4.4 0.451

Body mass (kg) 54.8 ± 7.2 54.9 ± 7.4 54.0 ± 6.0 0.525

%BF (%) 19.0 ± 3.4 19.0 ± 3.5 19.3 ± 2.8 0.691

BMI 20.7 ± 1.8 20.7 ± 2.0 20.6 ± 1.9 0.862

State anxiety 43.2 ± 0.5 42.4 ± 9.6 46.9 ± 8.6 0.032

Trait anxiety 47.4 ± 10.3 46.4 ± 10.3 46.9 ± 9.7 0.027

Note:
BF, body fat; BMI, body mass index.
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DISCUSSION
The present study highlights that among female athletes, sleep deprivation significant
increased both state and trait anxiety (Table 1), as well as affecting energy intake (Table 2),
particularly protein and carbohydrate intakes. However, GLM analysis indicated that while
sleep deprivation did not directly influence the prevalence of menstrual irregularities, state
anxiety emerged as a significant factor impacting the prevalence of menstrual irregularities.
This suggests a potential pathway wherein sleep deprivation might elevate state anxiety
levels, consequently indirectly contributing to an increase the probability of menstrual
irregularities.

A previous population-based study demonstrated the positive associations between
mental health problems, inadequate sleep duration, and the probability of menstrual
irregularities (Kim et al., 2018). It suggested that a combination of short sleep duration and
high levels of psychological stress, depressive mood, or suicidal ideation was associated
with an increased the probability of menstrual irregularity and amenorrhea. Sleep is an

Table 2 Mean values of energy and macronutrient intakes (Mean ± SD).

All participants Long sleeper Short sleeper p

Energy (kcal) 2,386.0 ± 511.4 2,435.0 ± 512.8 2,160.3 ± 449.4 0.014

Protein (g) 102.2 ± 24.0 104.4 ± 23.2 92.3 ± 25.3 0.042

Fat (g) 80.3 ± 20.4 81.7 ± 20.6 73.9 ± 18.2 0.079

CHO (g) 302.6 ± 78.4 309.6 ± 80.6 270.4 ± 58.5 0.010

Note:
CHO, carbohydrate.

Table 3 Mean values of micronutrients intakes (Mean ± SD).

All participants Long sleeper Short sleeper p

Ca (mg) 734.8 ± 324.2 751.8 ± 341.0 657.4 ± 222.4 0.105

Fe (mg) 12.6 ± 4.0 12.7 ± 3.9 12.2 ± 4.5 0.637

VA (µg RAE) 930.5 ± 988.1 971.7 ± 1,055.9 742.4 ± 566.7 0.149

VB1 (mg) 1.6 ± 0.7 1.6 ± 0.7 1.4 ± 0.4 0.011

VB2 (mg) 1.8 ± 0.7 1.9 ± 0.7 1.6 ± 0.6 0.023

VC (mg) 160.0 ± 89.6 166.3 ± 95.1 130.9 ± 50.1 0.014

Fiber (g) 16.5 ± 5.8 16.7 ± 6.2 15.9 ± 3.5 0.420

Note:
Ca, calcium; Fe, iron; VA, vitamin A; VB1, vitamin B1; VB2, vitamin B2; VC, vitamin C.

Table 4 Variables and estimates of each variable of the multiple logistic models.

Variables Estimate ± S.E. z value p value O.R. 95%CI for O.R.

State anxiety 0.029 ± 0.015 2.000 0.048 1.030 [1.000–1.059]

Short sleep duration 0.450 ± 0.302 1.493 0.136 1.569 [0.845–2.780]

Energy intake 0.000 ± 0.000 1.029 0.303 1.002 [0.998–1.006]

Note:
O.R., odds ratio.
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essential component of daily life and closely intricately linked with overall health (Sabo
et al., 1991; Tsuno, Besset & Ritchie, 2005). Consequently, insufficient sleep can
significantly impact on mental health (Bushey, Tononi & Cirelli, 2011).

In addition to its impact on mental health, sleep also plays a crucial role in physiological
processes. Sleep supports cell growth and booths immune function are enhanced,
highlighting its importance for overall well-being. Melatonin, the primary hormone
secreted during sleep, regulates biorhythms (Turek & Gillette, 2004). However, evidence
regarding the relationship between sleep deprivation and mental health, such as
psychological anxiety, within the population of athletes. Further studies are needed in the
near future to clarify these relationships specifically among athletes using a device that can
estimate sleep duration.

Previous studies have observed a relationship between short sleep duration and
increased total energy intake in general populations (Tu et al., 2012; Ohida et al., 2001;
Kim, DeRoo & Sandler, 2011). The mechanisms underlying the association between sleep
duration and food intake appear to be multifactorial. They include differences in the
appetite-related hormones leptin and ghrelin, hedonic pathways, prolonged intake
duration, and altered timing of intake. However, previous epidemiologic studies have
shown that the association between short sleep duration and higher food intake (Dashti
et al., 2015).

In contrast, the present study found statistically significant trends or differences in
macronutrients, including energy, carbohydrates, and protein, associated with shorter
sleep duration. A previous study reported that lack of sleep can increase ghrelin levels by
up to 14.9% (Taheri et al., 2004), and reduce leptin secretion in large general population
(Vendrell et al., 2004). Nevertheless, our findings showed that the Long sleeper group
exhibited higher dietary energy intake compared to the Short sleeper group (Table 2).
These outcomes observed in the athletes contrast with those reported in previous studies
conducted among general population (Taheri et al., 2004, Vendrell et al., 2004). Athletes,
typically more physical active and often consuming fewer calories relative to their energy
expenditure, may exhibit different trends compared to the obese and general population,
which tends to be less physically active and consume more relative to their energy
expenditure. However, these findings will warrant further investigation in future studies.

There are several potential limitations that should be acknowledged in the present
study. Firstly, data on menstrual cycles and sleep duration were obtained potentially
introducing recall bias. The actual sleep duration is unknown as the survey relied on a
questionnaire. Furthermore, this study did not account for the time of naps. The STAI,
widely used clinically and featuring a well-defined clinical cutoff line (>40), was utilized to
assess psychological anxiety (Grant, McMahon & Austin, 2008) revealing that athletes in
our study had high levels of psychological anxiety. In fact, 78 of 128 athletes had state
anxiety over 40, and 94 of 128 athletes had trait anxiety over 40. The results of the present
study were consistent with the results of previous studies suggesting that the athletes had
higher scores compared to the general population (Gulliver et al., 2015). The findings of the
present study also indicate that female athletes may experience menstrual irregularities in
the presence of heightened psychological anxiety. These are also consistent with the
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previous studies (Miyamoto, Hanatani & Shibuya, 2021b, 2022). In conclusion, this study
provides novels insights suggesting that sleep deprivation might increase directly state
anxiety and then indirectly increase the provability of menstrual irregularities. Therefore, it
was suggested that decreased sleep duration may be related to mental health and menstrual
irregularities among the three main characteristics of female athletes: mental health,
menstrual irregularities, and decreased bone density.

The STAI, widely used clinically and featuring a well-defined clinical cutoff line (>40),
was utilized to assess psychological anxiety (Grant, McMahon & Austin, 2008) revealing
that athletes in our study had high levels of psychological anxiety. In fact, 78 of 128 athletes
had state anxiety over 40, and 94 of 128 athletes had trait anxiety over 40. The results of the
present study were consistent with the results of previous studies suggesting that the
athletes had higher scores compared to the general population (Gulliver et al., 2015). These
findings of the present study also indicate that female athletes may experience menstrual
irregularities in the presence of heightened psychological anxiety. These are also consistent
with the previous studies (Miyamoto, Hanatani & Shibuya, 2021b, 2022).

In conclusion, the results of the presents study provide novels insights suggesting that
sleep deprivation might directly increase state anxiety and indirectly affect the prevalence
of menstrual irregularities. Hence, decreased sleep duration might be related to mental
health issues and the prevalence of menstrual irregularities both significant concerns
among female athletes. Future studies will play a crucial role in further elucidating how
sleep patterns impact the health and well-being of female athletes.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
Kenichi Shibuya is an Academic Editor for PeerJ. Kenichi Shibuya and Mana Miyamoto
are the Special Issue Editors.

Author Contributions
� Mana Miyamoto conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

� Kenichi Shibuya conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol received ethical approval from the Ethics Committee of Niigata
University of Health and Welfare (Approval #18147-19032).

Miyamoto and Shibuya (2024), PeerJ, DOI 10.7717/peerj.16976 8/10

http://dx.doi.org/10.7717/peerj.16976
https://peerj.com/


Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16976#supplemental-information.

REFERENCES
Breen KM, Billings HJ, Wagenmaker ER, Wessinger EW, Karsch FJ. 2005. Endocrine basis for

disruptive effects of cortisol on preovulatory events. Endocrinology 146(4):2107–2115
DOI 10.1210/en.2004-1457.

Bushey D, Tononi G, Cirelli C. 2011. Sleep and synaptic homeostasis. structural evidence in
Drosophila. Science 332(6037):1576–1581 DOI 10.1126/science.1202839.

Dashti HS, Scheer FA, Jacques PF, Lamon-Fava S, Ordovás JM. 2015. Short sleep duration and
dietary intake: epidemiologic evidence, mechanisms, and health implications. Advance in
Nutrition 6(6):648–659 DOI 10.3945/an.115.008623.

Enea C, Boisseau N, Fargeas-Gluck MA, Diaz V, Dugué B. 2011. Circulating androgens in
women: exercise-induced changes. Sports Medicine 41(1):1–15
DOI 10.2165/11536920-000000000-00000.

Grant KA, McMahon C, Austin MP. 2008.Maternal anxiety during the transition to parenthood:
a prospective study. Journal of Affective Disorders 108(1–2):101–111
DOI 10.1016/j.jad.2007.10.002.

Gulliver A, Griffiths KM, Mackinnon A, Batterham PJ, Stanimirovic R. 2015. The mental health
of Australian elite athletes. Journal of Science and Medicine in Sport 18(3):255–261
DOI 10.1016/j.jsams.2014.04.006.

Kim S, DeRoo LA, Sandler DP. 2011. Eating patterns and nutritional characteristics associated
with sleep duration. Public Health Nutrition 14(5):889–895 DOI 10.1017/S136898001000296X.

Kim T, Nam GE, Han B, Cho SJ, Kim J, Eum DH, Lee SW, Min SH, Lee W, Han K, Park YG.
2018. Associations of mental health and sleep duration with menstrual cycle irregularity: a
population-based study. Archives of Women’s Mental Health 21(6):619–626
DOI 10.1007/s00737-018-0872-8.

Kloss JD, Perlis ML, Zamzow JA, Culnan EJ, Gracia CR. 2015. Sleep, sleep disturbance, and
fertility in women. Sleep Medicine Reviews 22:78–87 DOI 10.1016/j.smrv.2014.10.005.

Krishnan HC, Noakes EJ, Lyons LC. 2016. Chronic sleep deprivation differentially affects short
and long-term operant memory in Aplysia. Neurobiology of Learning and Memory 134(Pt
B):349–359 DOI 10.1016/j.nlm.2016.08.013.

Lim AJ, Huang Z, Chua SE, Kramer MS, Yong EL. 2016. Sleep duration, exercise, shift work and
polycystic ovarian syndrome-related outcomes in a healthy population: a cross-sectional study.
PLOS ONE 11(11):e0167048 DOI 10.1371/journal.pone.0167048.

Miyamoto M, Hanatani Y, Shibuya K. 2021a. Dietary intake and menstrual cycle changes in
international level young athletes. The Journal of Sports Medicine and Physical Fitness
61(6):851–856 DOI 10.23736/S0022-4707.20.11392-6.

Miyamoto M, Hanatani Y, Shibuya K. 2021b. Relationship among nutritional intake, anxiety, and
menstrual irregularity in elite rowers. Nutrients 13(10):3436 DOI 10.3390/nu13103436.

Miyamoto and Shibuya (2024), PeerJ, DOI 10.7717/peerj.16976 9/10

http://dx.doi.org/10.7717/peerj.16976#supplemental-information
http://dx.doi.org/10.7717/peerj.16976#supplemental-information
http://dx.doi.org/10.7717/peerj.16976#supplemental-information
http://dx.doi.org/10.1210/en.2004-1457
http://dx.doi.org/10.1126/science.1202839
http://dx.doi.org/10.3945/an.115.008623
http://dx.doi.org/10.2165/11536920-000000000-00000
http://dx.doi.org/10.1016/j.jad.2007.10.002
http://dx.doi.org/10.1016/j.jsams.2014.04.006
http://dx.doi.org/10.1017/S136898001000296X
http://dx.doi.org/10.1007/s00737-018-0872-8
http://dx.doi.org/10.1016/j.smrv.2014.10.005
http://dx.doi.org/10.1016/j.nlm.2016.08.013
http://dx.doi.org/10.1371/journal.pone.0167048
http://dx.doi.org/10.23736/S0022-4707.20.11392-6
http://dx.doi.org/10.3390/nu13103436
http://dx.doi.org/10.7717/peerj.16976
https://peerj.com/


Miyamoto M, Hanatani Y, Shibuya K. 2022. Increased vitamin D intake may reduce psychological
anxiety and the incidence of menstrual irregularities in female athletes. PeerJ 10(21):e14456
DOI 10.7717/peerj.14456.

Mountjoy M, Sundgot-Borgen J, Burke L, Carter S, Constantini N, Lebrun C, Meyer N,
Sherman R, Steffen K, Budgett R, Ljungqvist A. 2014. The IOC consensus statement: beyond
the female athlete triad—relative energy deficiency in sport (RED-S). British Journal of Sports
Medicine 48(7):491–497 DOI 10.1136/bjsports-2014-093502.

Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen J, Warren MP. 2007.
American college of sports medicine position stand. The female athlete triad. Medicine and
Science in Sports and Exercise 39(10):1867–1882 DOI 10.1249/mss.0b013e318149f111.

Ohida T, Kamal AM, Uchiyama M, Kim K, Takemura S, Sone T, Ishii T. 2001. The influence of
lifestyle and health status factors on sleep loss among the Japanese general population. Sleep
24(3):333–338 DOI 10.1093/sleep/24.3.333.

Sabo E, Reynolds CF III, Kupfer DJ, Berman SR. 1991. Sleep, depression, and suicide. Psychiatry
Research 36(3):265–277 DOI 10.1016/0165-1781(91)90025-K.

Schliep KC, Mumford SL, Vladutiu CJ, Ahrens KA, Perkins NJ, Sjaarda LA, Kissell KA,
Prasad A, Wactawski-Wende J, Schisterman EF. 2015. Perceived stress, reproductive
hormones, and ovulatory function: a prospective cohort study. Epidemiology 26(2):177–184
DOI 10.1097/EDE.0000000000000238.

Schmid SM, Hallschmid M, Jauch-Chara K, Wilms B, Benedict C, Lehnert H, Born J,
Schultes B. 2009. Short-term sleep loss decreases physical activity under free-living conditions
but does not increase food intake under time-deprived laboratory conditions in healthy men.
American Journal of Clinical Nutrition 90(6):1476–1482 DOI 10.3945/ajcn.2009.27984.

Shimizu H, Imae K. 1981. Developmental of the Japanese version of the state-trait anxiety
inventory for college students. Japanese Journal of Educational Psychology 29:348–352
DOI 10.5926/jjep1953.29.4_348.

Spielberger CD, Gorsuch RL, Lushene RE. 1970.Manual for the state trait anxiety inventory. Palo
Alto, CA: Consulting Psychologists Press.

Taheri S, Lin L, Austin D, Young T, Mignot E. 2004. Short sleep duration is associated with
reduced leptin, elevated ghrelin, and increased body mass index. PLOS Medicine 1(3):e62
DOI 10.1371/journal.pmed.0010062.

Tsuno N, Besset A, Ritchie K. 2005. Sleep and depression. Journal of Clinical Psychiatry
66(10):1254–1269 DOI 10.4088/JCP.v66n1008.

Tu X, Cai H, Gao YT,Wu X, Ji BT, Yang G, Li H, ZhengW, Shu XO. 2012. Sleep duration and its
correlates in middle-aged and elderly Chinese women: the Shanghai women’s health study. Sleep
Medicine 13(9):1138–1145 DOI 10.1016/j.sleep.2012.06.014.

Turek FW, Gillette MU. 2004. Melatonin, sleep, and circadian rhythms. Rationale for
development of specific melatonin agonists. Sleep Medicine 5(6):523–532
DOI 10.1016/j.sleep.2004.07.009.

Vendrell J, Broch M, Vilarrasa N, Molina A, Gómez JM, Gutiérrez C, Simón I, Soler J,
Richart C. 2004. Resistin, adiponectin, ghrelin, leptin, and proinflammatory cytokines:
relationships in obesity. Obesity Research 12(6):962–971 DOI 10.1038/oby.2004.118.

Watson AM. 2017. Sleep and athletic performance. Current Sports Medicine Reports 16(6):413–418
DOI 10.1249/JSR.0000000000000418.

Yamamoto K, Okazaki A, Sakamoto Y, Funatsu M. 2009. The relationship between premenstrual
symptoms, menstrual pain, irregular menstrual cycles, and psychosocial stress among Japanese
college students. Journal of Physiological Anthropology 28(3):129–136 DOI 10.2114/jpa2.28.129.

Miyamoto and Shibuya (2024), PeerJ, DOI 10.7717/peerj.16976 10/10

http://dx.doi.org/10.7717/peerj.14456
http://dx.doi.org/10.1136/bjsports-2014-093502
http://dx.doi.org/10.1249/mss.0b013e318149f111
http://dx.doi.org/10.1093/sleep/24.3.333
http://dx.doi.org/10.1016/0165-1781(91)90025-K
http://dx.doi.org/10.1097/EDE.0000000000000238
http://dx.doi.org/10.3945/ajcn.2009.27984
http://dx.doi.org/10.5926/jjep1953.29.4_348
http://dx.doi.org/10.1371/journal.pmed.0010062
http://dx.doi.org/10.4088/JCP.v66n1008
http://dx.doi.org/10.1016/j.sleep.2012.06.014
http://dx.doi.org/10.1016/j.sleep.2004.07.009
http://dx.doi.org/10.1038/oby.2004.118
http://dx.doi.org/10.1249/JSR.0000000000000418
http://dx.doi.org/10.2114/jpa2.28.129
http://dx.doi.org/10.7717/peerj.16976
https://peerj.com/

	Sleep duration has a limited impact on the prevalence of menstrual irregularities in athletes: a cross-sectional study
	Introduction
	Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


