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The purpose of this qualitative study was to (a) determine structural barriers that must be over-
come to cultivate female leaders and coaches and (b) study the development of a support system
for female leaders and coaches. This study relied on in-depth interviews as the primary means
of collecting data. Formal semi-structured interviews were conducted with seven former or cur-
rently active female Paralympians, including some who were current coaches. After analyzing
the participants'responses, "ve distinct themes emerged: (a) socialidentity, (b) challenges of
“*double minority status" as women and persons with a disability, (c) underrepresentation of
women as Paralympic coaches, (d) athletes wanting to be coaches indicating they needed formal
training, and (e) current coaches feeling overwhelmed by task requirements not related directly
to working with athletes. The "rst of these relate to realizing identity and the other four to over-
coming barriers. The results oSer insight into the career challenges and career perceptions of
coaches and also former or currently active female Paralympians. The results provide resear-
chers with insight into the status of careers of women in a segment of the sport industry, the
Paralympic Movement, which has not yet been thoroughly explored.

Keywords: coaching career, female coaches, female Paralympians, role theory, career process

1. Introduction ous that the sports system of Japan has not been

successful in producing a mechanism whereby

Tokyowill be the proud host city of 2020 Sum-
mer Olympic and Paralympic Games, and from the
viewpoint of supporting female athletes, strategies
areneeded to cultivate women asleadersin sports.
The Sport Basic Plan, alaw de ning sport policy in
Japan, outlines suggestions for achieving this.
Despite the fact that Japan produces many talented
female athletes, few of them, including former
Paralympians, become top-level coaches after retir-
ing from competition (JOC, 2016). Few women
hold leadership positions in sports organizations in
Japan, however, more than 50z of the Japanese
national team representatives who participated in
the London Olympic Games werewomen. Itis obvi-

talented female athletes can develop coaching
careers. According to recent reports, the percentage
of female head coaches was only 5.5z and female
assistant coaches 20.0z in all Japanese Olympic
teams at the Rio Olympic Games (JOC, 2016),
however, 40z of the female Olympians who took
partin the London Olympics were actually very in-
terested in pursuing a coaching career (Juntendo
University, 2013). These data demonstrate that bar-
riers still exist that prevent women from holding
leadership positions in major sports organizations
in Japan.
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Factors In%ouencing Female Japanese Paralympians to Become Coaches

1.1. Career barriers

A number of authors suggest that females are
vastly under-represented in the upper echelons of
sport organizations (Acosta & Carpenter, 2012;
Hums, Moorman, & Nakazawa, 1998; Itoh, Hums,
Bower, & Moorman, 2013). Researchers indicate
that women continue to be underrepresented in
leadership and coaching positions in diSerent seg-
ments of the sportindustryincluding professional
sport (Itoh & Hums, 2016) and international sport
(Itoh, etal.,2013). Several barriers prevent women
from getting into a coaching career, including work-
family con%oict and the sense of alienation thatarises
from the lack of support from their organization
(LaVoi, 2013). Previous studies haveidenti“ed bar-
riers to women's career development in the sport in-
dustryincluding (a) the old boys' network (Bower &
Hums, 2009), (b) homologous reproduction (Aicher
& Sagas, 2009), (c) work-life balance issues (Bruen-
ing & Dixon, 2007) and (d) gender role stereotypes
and perceptions of gendered opportunities (Burton
et al., 2011). Marks and MacDermid (1996) suggest-
ed it is especially diccult for women who are re-
quired to hold numerous social roles (coach,
mother, wife, etc) at the same time to continue
coaching careers where they face irregular working
hours (Bruening & Dixon, 2007). This study focused
on women working in the Paralympic Movement,
as the Paralympic Games are a rapidly growing, and
under-researched, segment of the sport industry.
Few formal studies of careers of women working in
leadership positions, including coaching, in
Paralympic sport have been undertaken (Itoh et al.,
2016). For purposes of this study, a coach was de-
"ned as anindividual who directly worked training
and developing athletes competing in the Paralym-
pic Games.

1.2. Theoretical background

According to Lent, Brown and Hackett (1994),
personal and environmental factors can in%ouence
career decisions. This could also be the case for
Paralympians seeking employment in the Move-
ment as leaders or coaches. For Paralympians, fac-
tors such as the work environment can in%ouence
their self-eccacy and outcome expectancies related
to their careers. Therefore, the purpose of this
qualitative study was to (a) determine structural

barriers that must be overcome to cultivate female
leaders and coaches and (b) study the development
of a support system for female leaders and coaches.
The applicability of Social Cognitive Career
Theory (SCCT: Lent et al., 1994) to athletes' plan-
ning was, to our knowledge, “rst suggested by
Demulier, ScanS and Stephan's study (2013) which
identi“ed the determinants of post-athletic career
planning based on the SCCT. SCCT explains that
personal inputs and environmental inputs in%ouence
three central social cognitive variables: (a) self-
e«cacy, (b) outcome expectations, and (c) personal
goals. The SCCT (Lent et at., 1994) was used here
to ascertain factors Paralympians deemed to be
highly important when making career decisions.

2. Method
2.1. Procedures

This phenomenological qualitative study relied on
in-depth interviews as the primary means of collect-
ing data (Rossman & Rallis, 2003). This type of
interviewing allows researchers to examine mean-
ingful relationships in an exploratory nature, pro-
viding a greater understanding of women's career
experiences (Patton, 2002). Formal semi-structured
interviews were conducted with seven former or cur-
rently active female Paralympians until saturation
of the data was reached. The methodology for this
study utilized a modi“ed three-interview series tech-
nique (Creswell, 2013). The interviews took place in
one designated time period, with breaks between
question sets. The questions for this study were uti-
lized in previous studies examining women's careers
in the sport industry including the Paralympic
Movement (Itoh et al., 2016) and the career
decision-making process of Japanese Olympians
(Araietal., 2015). The three parts of the interview
were (a) personal life history including demo-
graphics and career experiences, (b) career percep-
tions of coaches including coaching experience and
coaching skills, and (c) career aspirations and career
advice for women interested in coaching. Each in-
terview lasted approximately 45-60 minutes. Inter-
views were recorded and transcribed verbatim. The
researchers coded the data using the constant com-
parative method of analysis to generate themes
(Ross and Rallis, 2003).

The participants were asked the following ques-
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Table 1 Interview questions.

1 Please explain your current career.

Have you coached in the past? Have you taughtin a child
classroom etc.?

3 When did you begin to be interested in coaching as a
career?

4 Doyouthinkyouhavebeenblessed with coaches in your

current competitive life. (If you have any coach who im-

pressed you or in%ouenced you, what was their gender?

Were they a person with disability or not etc.)

What skills doyou think are necessary fora coach?

6 Do you have strengths or weaknesses related to coaching
skills?

7 Earlierinyourlife and now, when you thought of becom-
ingacoach, did theimage ofa ““coach' change? What
kind ofimage did you have about the job of the coach?
How was the same as or diSerent from what you actually
experienced?

8 What kind of career choice did you consider when retiring
from competition?

9 Have you had any work you would prefer to do rather
than your current job?

10 Currently there are only a few former Paralympian
coaches, what do you think about this?

11 Wasthere any support or assistance from your sport or-
ganization or sport association when you were making
your career choice?

12 Whatkind of supportdoyouthink should be provided by
sport organizations or sport associations in the future
when Paralympian choose their career?

13 Wereanypersonsrolemodelstoyouinyour pastcompe-
tition life and career selection?

14 Do you think you are a role model?

15 Please give advice to other female Paralympians on their
future career choice.

al

tions:
2.2. Ethical research considerations

Permission to conduct a study using human sub-
jects was obtained through the Institutional Review
Board (IRB) at the researchers' home institution.
Ethical issues as they pertain to protecting partici-
pants are of paramount concern (Marshall & Ross-
man, 2011;Patton,2002). FollowingIRBapproval,
the researchers contacted quali’ed participants via
email to schedule interviews.

Seven interested participants received a letter
describing the purposes and procedures of the
study. Next, the researchers scheduled interviews
with each participant during the months of Febru-
ary and March. Then, before commencing the inter-
view, the researchers reviewed the information
describing the purposes and procedures of the
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study. The researchers proceeded with the inter-
views after each participant signed an informed
consent form. In addition, to maintain con"dential-
ity, theresearchers assigned each participant a pseu-
donym by which she is referred to in the results of
this study. The researchers noti“ed participants that
identifying information such as organization, coun-
try, or race would not be directlylinked to their par-
ticipation. The researchers informed participants
about how the data would be handled, stored, and
disseminated. Finally, the researchers described
measures taken to ensure the secure storage of
research related documents such as interview tran-
scripts, “eld notes, resumes, or job descriptions.

2.3. Pilot study and expert panel

A pilot study was conducted with one former
Paralympian. The wording of interview questions
was revised from the results of the pilot study. Since
this was an emergent design, questions were ad-
ded/modi"ed at the completion of each interview.
The researchers used an expert panel comprised of
sport management faculty members and as well as
other faculty members with expertise in qualitative
research methods and protocol development. The
proposed interview questions were distributed to the
panel members, and the researchers asked for their
feedback regarding the questions. Their suggestions
were incorporated to improve the readability and
functionality of the interview questions.

2.4. Participants

Seven research participants were selected using
criterion sampling. The researchers contacted for-
mer and currently active female Paralympians from
the list of o«cial Japanese Paralympic sports or-
ganization and from the researchers' connections
within Paralympic sport. The researchers identi’ed
seven professionals based on the following crite-
rion: they were former Paralympians, currently
worked as a Paralympic coach orwith a Paralympic
organization, or were active Paralympians who
wanted to be coaches. The table 2 shows demo-
graphic information of seven participants.

2.5. Data analysis

First, the researchers carefully conducted back
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Table 2 Demographic information.

Active N - Length of coaching
No. Age or Competition event Competition history Interested in coaching career
Retired
1 50's Active Wheelchair Basketball 30years Interested in coachingcareer
2 50's Active Wheelchair Basketball 38years Not interested in coachingcareer
3 30's Active Goalball 11years Interested in coaching career
4 50's Retired Track and Field 10years 11 years
5 , . Ice sledge racing 6 years . N
40 Retired
s etire Track and Field 11 years Work for Paralympic organization
6 40's Retired Para-Alpine ski 21 years 2 years
Head coach of team Japan
7 40's Active Shooting 16years NF Board member

translation. Following the guidelines of Brislin
(1990), two bilingual Japanese experts with Ph.D.s
independently translated the Japanese interview
contents into English. The two experts worked
together to scrutinize the discrepancies in the trans-
lation and back-translated it into a single English
version. Then, another Japanese bilingual indepen-
dently translated the English version back to
Japanese. Finally, the back-translated English ver-
sion was reviewed by a native English speaking
researcher to assess the adequacy of the interview
content. As the contents of the back-translated En-
glish version were comparable to that of the original
Japanese version, the English version was deemed
to be equivalent to the Japanese version.

The phenomenological framework of the study
shaped the data analysis. A phenomenological anal-
ysis requires the researcher to approach the data
with an open mind while observingwhat meanings
and structures emerge (Heidegger, 1998). Thus, a
categorical analysis strategy was used (Rossman &
Rallis, 2003). Using categorizing strategies helps
“identify similarities and diSerences among the
data, coding and sorting them into appropriate
categories'' (Rossman & Rallis, 2003, p. 273). The
principal investigator completed all coding, assisted
by four female sport management scholars. One
scholar did qualitative research with Paralympians,
a second researched the Paralympic Movement, a
third studied Japanese women's sport, and the
fourth researched athletes'careers.

3. Results

Fivedistinct themes emerged: (a) socialidentity,
(b) challenges of “"double minority status" as wo-

Table 3 Themes and number of responses.

Theme 1
Theme 2

Social identity 7

Double minority status as women and persons 4

with a disability

Theme 3 Underrepresentation of women as Paralympic 7
coaches.

Theme 4 Athletes wanting to be coaches indicating they 7
needed formal training

Theme 5 Currentcoaches feelingoverwhelmed by task 4

requirements not related directly to working

with athletes

men and persons with a disability, (c) underrepre-
sentation of women as Paralympic coaches, (d) ath-
letes wanting to be coaches indicating they needed
formal training, and (e) current coaches feeling
overwhelmed by task requirements not related
directly to working with athletes. The “rst of these
relate to realizing identity and the other four to
overcoming barriers. These themes are listed in
Table 2 and discussed in more detail below.
Theme 1: Social identity. Social identity in-
%ouences the self-concepts of adiation, attachment,
identi"cation, and action to re%oect ~“multiple
selves'" (Laverie & Arnett, 2000, p. 227). People
enhance their social identities via associations and
aliations with organizations (Underwood, Klein,
& Burke, 2001). All seven women in this study iden-
ti"ed themselves as being part of Paralympic Move-
ment. This is consistent with the thought that the
concept of self considers multiple identities and
draws connections between one's self and one's role
in society (Laverie & Arnett, 2000). One former
Paralympian said, "When I retired... [ felt thatitis
my mission to work for a job related to Paralym-
pics." Another added, "My underlying desire is to
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oSer support for this through what I've learned
from my actual experience in the Paralympics and
what I've engaged in doing sofar."

Most participants felt a high sense of their own
identity and responsibility to the Paralympic Move-
ment, and either had a strong desire to contribute to
the Paralympic Movement or to diSerent sports
organizations from an instructive position. As one
participant said, “The ideal is to have an environ-
ment in place where we can spend our whole life-
time in a single Paralympic sport. Itis quite attrac-
tive to be able to engage in a sport of your profes-
sion for a lifetime."

Theme 2: Double minority status as women and
persons with a disability. Four of the participants
felt the barriers they faced were doubled because
having a disability and being a woman made them a
double minority. On the other hand, some said that
the knowledge they have from having a disability
and their readiness to cope with the barriers they
encountered was an advantage for them when they
coach.

Of course there were times when I felt that being
awoman and being disabled were barriers, although
in my current job, I think that I am taking advan-
tage of beinga women and being disabled. Until re-
cently, being a woman and being disabled at the
same time seemed tolimit the choice thatIwasable
to choose from. (Current coach)

Theme 3: Underrepresentation of women as
Paralympic coaches. All seven participants indi-
cated that one challenge of beinga woman working
in the Paralympic Movement was the current under-
representation of women in leadership positions.
One participant said, "I think that the time for
retirementislikely to coincide with life events such
as marriage and childbirth, so it is quite di«cult to
become a coach right after retirement, but it also
becomes much more dic«cult when you try to be one
afteranumberofyears after retirement, and thisis
the gap we are facing."

Another barrier preventing female Paralympians
from coaching was the sense of alienation resulting
from the lack of support from organizations. Ac-
cording to one participant who was a current coach,
“Itdoesn'thavetobeafull-time job, butatleastI
want reasonable monetary support from the asso-
ciation as a coach. I am coachingjust from a sense
of mission toward track and “eld and for the or-
ganization."
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Theme 4: Athletes wanting formal coaching train-
ing. All participants indicated the lack ofan educa-
tional system to support women wanting to become
coaches. Participants were able to teach sport skills
from their experience as athletes, but they had no
knowledge of coaching theory. They were willing to
learn these lessons upon becoming a coach. Some
said, however, thattheywerenot sureofwherethey
would be able to gain such knowledge.

I myself have never learned about coaching at
university or any other places, so am only able to
express everything through the experience thatI
have had up until now. For instance, [ do not have
the skill to coach scienti”cally or theoretically, so |
prefer tolearn how to do this and develop my abili-
ty for this (Active Paralympian)

Theme 5: Current coaches felt overwhelmed by
task requirements not related directly to working
with athletes. Half of the participants, four women,
indicated that coaches were required to do miscel-
laneous tasks not directly related to coaching and
worked in environments where they were unable to
concentrate strictly oncoaching.

In Japan, it seems like the position of a coach in
Paralympic sports is less well-established, and I feel
thatitisashametoseethe coachesoSeringtodoall
the miscellaneous tasks that does not have anything
to do with coaching and not being able to concen-
trate on coaching (Current coach)

The participants indicated being responsible for
these types of tasks de%oected them from their pri-
mary purpose—improving athlete performance.

4. Discussion

The women involved in Paralympic sport related
careers had strong socialidentities as essential mem-
bers of the Paralympic Movement and wished to
dedicate their life to the Movement. While their
double minority status was at times advantageous,
that status also limited their career choices. The
study participants experienced some common career
barrierswomeninthe sportindustryface (e.g., role
con%oicts, underrepresentation of women, lack of
role models), but some additional fundamental
problems were present for those working in
Paralympic careers. For example, they lacked the
basic training to be coaches. The job description of
a Paralympic coach is at times unclear and coaches
are often required to do overwhelming amounts of
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administrative tasks, making it harder to pursue a
coaching career.

While elevating the status of coaching Paralympi-
ans is a very positive step, one must also be aware
of a potential pitfall. Currently, as Japan moves
forward to the Tokyo 2020 Olympic and Paralym-
pic Games, many people including the media, are
starting to pay attention to Paralympic sports.
Some people refer to this rapid increase in aware-
ness of the Paralympic Movement as ~"Paralympic
bubble" (Fukazawa, 2016). The Paralympic bubble
may serve to temporarily improve the work environ-
ment around the Paralympic sports. It may also
help establish more coaching positions for Paralym-
pic sports. For the Paralympians wanting to become
coaches, however, this may cause greater competi-
tionwith coaches whodonothavedisabilities. This
study identi"ed the strong desire of Paralympians to
be involved in Paralympic Movement and to pursue
Paralympic coaching careers. Without a training
program for Paralympians to become coaches, they
may lose their coaching opportunities to people
without disabilities who may have gained coaching
experience in the able-bodied sport realm. This
would re%oect whathappenedin the United States af-
ter the passage of Title. IX. While Title IX greatly
increased participation opportunities for girls and
women to play sports, the percentage of girls and
women being coached by women vastly declined as
men moved into what became more respected, and
well-paying, jobs coachingwomen's teams (Acosta
& Carpenter, 2012; LaVoi, 2013). Might this hap-
penin Paralympic sport, with able-bodied coaches
moving into Paralympic coaching ahead of former
Paralympians?

5. Conclusion

Based on the results of this research, fostering an
environment where female Paralympians can attain
leadership roles in the Paralympic Movement will
help overturn barriers female Paralympians face
when wanting to becomecoaches.

Coaching Paralympians needs to be established as
a career young female athletes and leaders would
value pursuing. Developing and providing an educa-
tional system that supports Paralympians to become
coaches is necessary. Training elite level Paralympi-
ans requires special skills, and at present, coaching
theories and scienti”c evidence for Paralympic sport

are not as prevalent as for Olympic sport.

Recommendations to overcome barriers include
receiving support from relevant sport organizations
such as the Japanese Paralympic Committee,
research for professional development, and sup-
porting coaches administratively so that they could
focus primarily on their sport and athlete related
coaching responsibilities.
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ABSTRACT

In this study, we aim to clarify the influence based on bone
resorption markers at onset of stress fracture. Also, we will
clarify the state of the bone resorption markers of female long
distance runners who have a history of stress fracture and also
ones who routinely practices running long distances. Partici-
pants comprised 19 female long distance athletes. The survey
period was 2011-2014, and we measured u-NTX as a bone
resorption marker at least twice a year, taking the mean+SD
of the periodic measured values without stress fracture as the
mean value. Measurements were collected sample when stress
fractures developed. 132 u-NTX measurements were taken
from 19 participants. As a result, the average was
41.03+12.31 nmolBCE/mmolCRE (Q1: 33.15, Q2: 40.55, Q3:
47.95). In six of the 19 participants, u-NTX could be measured
following a stress fracture. The mean value of u-NTX for those
participants was 40.16 £ 9.10 nmolBCE/mmolCRE, increasing
to 64.08 £ 16.07 nmolBCE/mmol CRE with the stress fracture
(p<0.01). The findings showed that, in adult female long
distance runners, u-NTX values when there was no stress frac-
ture were within the standard value for mean premenopausal
women, butincreased when the athletes suffered from a stress
fracture.

Introduction

Astress fracture is a break in bone tissue caused by repeated minor
external mechanical stress caused by activities such as running that
can occasionally lead to a complete fracture. A stress fracture is a
serious injury because it takes a long time to completely heal [2, 3]
and prevents athletes from training. Many female long-distance
runners compete while suffering from menstrual disorders; the in-
cidence of stress fractures among such women is much higher than
for athletes of other sports [4, 12, 16]. To achieve good results
through continuous training, itis important to find an indicator for
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the prevention and early detection of stress fractures in female
athletes.

Bone strength is explained by bone density and bone quality
(bone metabolism and collagen cross-linking) [21]. It has been re-
ported that low bone density increases the risk of a stress fracture
[5,10,25]. However, as results based on bone density reflect nu-
tritional condition and mechanical stress over several previous
months, they are not suitable for the early detection of stress frac-
tures. In contrast, bone metabolism—bone quality—reflects the
condition of bone in a timely manner, and bone metabolism has an
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effect on subsequent bone density. If the balance of bone resorp-
tion and bone formation is maintained (coupling), bone mass is
maintained. However, when uncoupling occurs and bone resorp-
tion becomes more dominant, bone density decreases. Bone me-
tabolism can be evaluated using bone metabolism markers meas-
ured in serum and urine.

The mechanism underlying stress fractures is that repeated me-
chanical stresses on the bone repeatedly cause microdamage, and
as bone repair cannot keep up, bone mass decreases locally [24].
Bone resorption is believed to be accelerated before and after the
occurrence of a stress fracture. However, there is insufficient study
on bone metabolism during stress fractures. In addition, it was
shown that bone resorption is enhanced by continuous running for
long periods, such as during a marathon [7, 15]. Thus, long-dis-
tance runners who repeatedly run may already be suffering from
enhanced bone resorption. In addition, bone resorption marker is
high in athletes with a history of stress fracture compared to ath-
letes who do not [27]. From these facts, there is a possibility that
the bone resorption marker is elevated when a stress fracture de-
velops. However, there is a consideration that bone resorption
markers may be elevated in long-distance runners practicing on a
daily basis and athletes with a history of stress fracture may have
an elevated marker even when there is no stress fracture.

In this study, we aim to clarify the influence based on bone re-
sorption markers at onset of stress fracture. Also, we will clarify the
state of the bone resorption markers of female long-distance run-
ners who have a history of stress fracture as well as ones who rou-
tinely practices running long distances.

Methods

Participants

Participants consisted of 25 female long-distance runners, ages 19
to 34 years old (avg 23.99+4.11). This study was approved by the
ethical committee of Juntendo University (21-11). Participants and
their team instructors were given explanations of the experiment
orally and in writing before written consent was obtained. This
study was conducted according to the ethical standards of Inter-
national Journal of Sports Medicine [13].

Measurement item

Bone metabolism was evaluated noninvasively by measuring type
1 collagen crosslinked N-telopeptide in urine (u-NTX). Participants
answered the preliminary questionnaire. The contents of the ques-
tionnaire were physical characteristics, experience of irregular
menstrual or amenorrhea in the past, or whether they have a past
history of stress fracture diagnosed by a doctor. In addition, the
same questionnaire was answered each time measurements were
taken. We investigated the total distance run per month and injury
situation.

Measurement methods

Generally, when measuring bone metabolism markers, both bone
resorption and formation are taken. But because the participants
were professional athletes, they were uncooperative with blood
sample collection. Therefore, to avoid diurnal and daily variations,
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the second urine of the morning was sampled for the u-NTX meas-
urement. This was analyzed using the ELISA method (Osteomark;
Alere Medical Co. Chiba, Japan). To eliminate any effects of the kid-
ney, the creatinine conversion factor was used for the analysis. Re-
sults were expressed in nmol bone collagen equivalents (BCE)/
mmol creatinine (CRE). All measurements were outsourced to
Hoken Kagaku Kenkyujo laboratory.

Measurement period

To measure the normal condition, which is the condition without
stress fracture and able to participate in full practices, we meas-
ured each athlete’s u-NTX 11 times, including three times in 2011,
twicein 2012, twice in 2013, and four times in 2014. The measure-
ments were taken at the following months and practice periods:

In April and July 2011, measurements were taken in the reqular
practice period. The measurement in April 2012 was taken during
areqular practice period, and in October during a performance-
enhancement practice period. A performance-enhancement prac-
tice period is when athletes attend training camp. Measurements
in February and October, 2013 were taken during performance-
enhancement practice periods. Measurements in May and June,
2014 were taken during regular practices; August was perfor-
mance-enhancement practice period. The u-NTX was taken and
assessed by the amount of practice on weekly running distances.
As measured values of u-NTX can show considerable variation in
an individual, we used the mean value of the measurements ob-
tained during the period without any stress fracture as the normal
value. If a stress fracture occurred during the survey period or be-
fore, measurements were obtained during the examination, at
which time it was determined that a stress fracture had occurred.
Stress fractures were diagnosed using radiographic inspection (i. e.,
Xray) by orthopedic surgeons. Also, bone metabolism marker was
taken at the diagnosis. The onset date of the stress fracture was de-
fined as when the participants felt pain at the injured site. The date
of onset and the date of measurement of bone metabolism mark-
ers are shown in » Table 1.

Exclusion criteria and grouping

Out of 25 participants, 6 participants with u-NTX measurements
less than 3 times were excluded from this study; therefore, 19 par-
ticipants were included in this study (> Fig. 1). Among them, 6 par-
ticipants with measurement data of u-NTX when stress fracture
occurred were selected as the SF group, and other participants
were selected as the Control group. In the SF group, the values of
measurement when stress fracture occurred were compared with
the values of measurement without stress fracture. Based on the
preliminary questionnaire, participants were grouped into two
groups with or without the history of stress fracture, and a com-
parison was made between the two groups.

Data analysis methods

The measured values were presented as mean * standard deviation
(SD) or median (interquartile rage). To decide a normal value for
individual participants, a mean value and SD of measurements
without stress fracture of each participant were calculated and used
as a “normal value” for each participant.
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> Table 1 Details of stress fracture, menstruation condition and u-NTX data in SF group.

Location of an injury Date of onset | Urine sample | Normal value Stress Urine sample Menstruation situation Age
fracture | from date of
onset
A | Left fifth metatarsal bone | Nov. 9, 2002 Dec. 16, 2002 36.8£14.2 67.9 37 days later Normal 30
B | Left pubis May 14,2010 | June 6, 2010 35.8+8.6 54.6 19 days later Irregular menstruation 20
C | Left medial tibia Sept. 22,2012 | Oct. 30, 2012 40.0+5.2 41.5 6 weeks later Normal 24
D | Pubic symphysis Nov. 15, 2011 Dec. 9, 2009 40.3+7.7 70.2 25 days later Amenorrhea 29
E | 5ththoracic vertebra Mar. 2010 Apr. 20, 2010 30.7+9.9 61.1 3-5 weeks later | Primary amenorrhea 22
F | Left proximal one third Late Mar. 2010 | Apr. 21,2010 57.3£10.3 89.2 3-4 weeks later | Irregular menstruation 21
of tibia
Mean 40.2+9.3 64.1
SD 9.9+3.0 16.1

Amenorrhea was defined as a state without menstruation for more than 3 months, and irregular menstruation was defined as not occuring within the

regular menstrual cycle (28-38 days)

Recruitment n=25

Measurement of u-NTX was carried out
eleven times, and participants measured
three or more times were selected.

n=19 X1
With history of stress fracture : n=9
Without history of stress fracture : n=10

/\

Group without stress fracture
and u-NTX (NSF group)
n=13 %2

Group with stress fracture and
u-NTX (SF group)
n=6 %2
Comparison of u-NTX between the
normal values and the values when
stress fracture developed in SF group

X1 Inthe measurements of u-NTX, average value + SD was calculated for each subject
and this value was taken as the normal value.

32 Examination on changes in u-NTX values at stress fracture (comparison of “rate of
over” between SF group and NSF group).

“Rate of over” of the SF group: The percentage of participants whose u-NTX value when
stress fracture developed was over the normal value + 1 SD, 1.5 SD or 2 SD.

“Rate of over” of the NSF group: The percentage of participants whose highest value in

normal value measurement was over normal value + 1 SD, 1.5 SD or 2 SD.

> Fig. 1 Exclusion criteria and grouping.

The Wilcoxon signed-rank test was used to compare the differ-
ence between the value at the time of stress fracture and the nor-
mal value. Unpaired t-test was used to compare the difference be-
tween the groups with and without the history of stress fracture.
Statistical analysis was done using nonparametric Kruskal-Wallis
test comparing the difference among the average weekly running
distances measuring u-NTX.

Furthermore, changes of u-NTX at the time of stress fracture
were investigated using the normal values and SD. “Rate of over”
was calculated for SF and NSF group using the normal value £ SD of
each participant, and the extent of changes of u-NTX values when
stress fracture occurred was analyzed. “Rate of over” in the SF
group was defined as the rate of participants whose u-NTX values
at the time of stress fracture were over 1SD, 1.55D or 2 SD of the
normal value. “Rate of over” in the NSF group was defined as the
rate of participants whose highest u-NTX values were over 1SD,
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1.5SD or 2 SD of the normal value. Fisher’s exact test was used to
compare the difference in the “rate of over” of the two groups.

The effect size (ES) and power in post hoc tests were calculated
using Gpower software (Version 3.1) [11]. The ES between the 2
groups (with and without the history of stress fracture) and 2 con-
ditions (values at stress fracture and normal value) were calculated
using ES (d). The evaluations of the ES strength are: small (d <0.40),
moderate (0.40=d<0.80), large (d=0.80). The ES among the aver-
age weekly running distances measuring u-NTX were calculated
using ES (f). The evaluations of the ES strength are: small (f<0.25),
moderate (0.25=f<0.40), large (f=0.40). The ES between 2 groups
(SF group and NSF group) considered as “rate of over” was calcu-
lated using ES (w). The evaluations of the ES strength are: small
(w<0.10), moderate (0.10=w<0.30), large (w=0.50). a error was
setto p<0.05, and B error was set to (1-)>0.80.

Results

Participants’ average physical and other characteristics were as fol-
lows: height 159.91+6.36 cm, weight 46.13 £3.93 kg, body mass
index (BMI) 18.02 £ 1.05 kg/m?2, weekly running distance
121.7+49.4km, and time for 5000-m run 15:45.9+23.9. In this
study, a total of 132 u-NTX measurements were taken from 19 par-
ticipants. As a result, the average was 41.03+12.31 nmolBCE/
mmolCRE (Q1:33.15, Q2: 40.55, Q3:47.95).

The weekly running distance when u-NTX was measured is
shown in > Table 2. There was no significant difference in the week-
ly running distance among measurements (p=0.36, ES (f)=0.29,
1-3=0.91).

Comparison of u-NTX values between with and
without history of stress fracture

Out of the 19 participants, nine had a history of stress fracture
(height 159.67 £7.55 cm, weight 44.89 4.78 kg, BMI 17.55 £ 0.66)
and 10 did not (height 160.14+5.48 cm, weight 47.25+2.78 kg,
BMI 18.45+1.19). Although u-NTX values were 36.51+9.84 nmol
BCE/mmol CRE for the group with a history of stress fracture and
44.01+8.06 nmol BCE/mmol CRE for the group without, this dif-
ference was not statistically significant (p=0.08, ES (d)=0.834,
1-=0.508).

Fujita S et al. Stress Fracture Influences Bone... Int | Sports Med 2017; 38: 1070-1075
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> Table 2 The mean distance per month indicated by weekly unit when
measuring u-NTX.

Weekly running distance (km)
Date MeanSD
May, 2011 125.8+55.3
Jul,, 2011 100.6+£59.0
Apr., 2012 94.8+45.3
Oct., 2012 126.1£71.0
Feb., 2013 112.5+70.3
Oct., 2013 147.9+50.2
May, 2014 127.4+29.1
Jun., 2014 119.2+31.8
Aug., 2014 120.1+43.6
Oct., 2014 137.8+32.8

Comparison of u-NTX value in SF group between
measurement with stress fracture and normal value

Data from the time of a stress fracture were available for six partic-
ipants (> Table 1). The mean value for u-NTX after a stress fracture
was 64.08 +16.07 nmol BCE/mmol CRE compared with the mean
normal value of 40.16 +9.10 nmol BCE/mmol CRE; this difference
was statistically significant (p<0.01, ES (d)=1.989, 1-=0.969)
(> Fig. 2). In addition, in four of these six participants, menstrual
condition when stress fracture occurred was irreqular or with no
menstruation.

Changes in u-NTX values at stress fracture

Changesin u-NTX values that were +1.5SD or more were observed
in five out of six (rate of over: 83 %) in the SF group and three out of
13 (rate of over: 23.1 %) in the NSF group, which represents a sig-
nificant difference. Changes of +1.55D or more were more com-
mon in the SF group (p<0.05, ES (w)=1.597, 1-=0.616, odds
ratio=16.6). Five out of six (rate of over: 82 %) of the SF group
showed a change of +2SD, assignificantly greater proportion than
in the NSF group (1/13, rate of over: 7.7 %; p<0.01, ES (w) =2.023,
1-=0.786, odds ratio=60.0) (> Table 3).

p<0.05

100 |
90
80
70
60

50
40
30

20

u-NTX nmol BCE/mmol CRE

Normal Stress fracture

> Fig.2 Comparison of u-NTX value in Stress fracture group be-
tween measurement with stress fracture and normal value without
stress fracture.
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Discussion

In this study, we regularly measured u-NTX in 19 female long-dis-
tance runners. For six of these participants, measurements were
obtained when a stress fracture occurred.

It was found that u-NTX at the time of stress fracture showed a
higher value than when there was no stress fracture, indicating en-
hanced bone resorption.

The underlying mechanism for stress fractures involves repeat-
ed mechanical stresses on bones causing repeated microdamage
with which bone repair cannot keep up, leading to a localized re-
ductionin bone mass [24]. In animal experiments, when microda-
mage accumulates, bone remodeling is locally enhanced to repair
the damage, and the remodeling space on the bone resorption sur-
faceincreases [8]. In the present study, although there was a prob-
lem that the amount of training was not constant, the mean u-NTX
value in multiple measurements obtained during the time without
stress fractures was within the standard value for normal premen-
opausal women of 9.3-54.3 nmol BCE/mmol CRE [17]. In this study,
even a history of stress fracture did not lead to increased u-NTX val-
ues. The previous study investigated u-NTX values from different
sports. The age and u-NTX values of athletes performing high-im-
pact sports (basketball and volleyball), medium-impact sports (soc-
cer and track) and non-impact sports (swimming) were 19.9+0.3
years old; 72.9+11.4 nmolBCE/mmolCRE, 20.6 £ 0.3 years old;
62.5+ 7.6 nmolBCE/mmolCRE and 19.4 +0.3 years old;
80.0£9.2 nmolBCE/mmolCRE, respectively [9]. The value of u-NTX
for female cross-country athletes with an average age of 19.8 years
similar to the sports category of this study was 62.5+10.3 nmol
BCE/mmol CRE [18]. In contrast, the average u-NTX was
41.03£12.31 nmolBCE/mmolCRE in the present study. In the pre-
vious studies, the average age was 20 years or younger, whereas
the participants of this study were 23 years old or older. Itis known
that bone metabolism is more active in younger population
[19,26]. In addition, measurements of u-NTX obtained the day
after moderate exercise was reported to be no different from meas-
urements obtained before exercise [28]. We therefore assume that
u-NTX would show normal values regardless of the amount of ex-
ercise when there is no stress fracture, but with a stress fracture it
would show a high value because of the accumulation of excessive
microdamage in adult female long-distance runners.

> Table 3 Changes in u-NTX during stress fracture.

Rate of over(%)

SF group NSF group Fisher's 0Odds

(n=6) (n=13) exact test | ratio
Normal value 83.3 84.6 NS 0.9
+1SD
Normal value 83.3 23.1 p<0.05 16.6
+1.5SD
Normal value 83.3 7.7 p<0.01 60.0
+2SD

SF: stress fracture, NSF: not stress fracture, NS: non-significance “Rate of
over” of the SF group: The percentage of participants whose u-NTX value
when stress fracture developed was over the normal value + 1SD, 1.55D
or 2SD. “Rate of over” of the NSF group: The percentage of participants
whose highest value in normal value measurement was over normal
value + 1SD, 1.5SD or 2SD.
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We also observed that, when a stress fracture occurs, u-NTX val-
uesreach +1.5SD or more above the normal value. Because u-NTX
is tested in urine samples, it is a noninvasive bone metabolism
marker that does not put too much stress on the athletes. In addi-
tion, u-NTX is a superior marker for monitoring [1]. Thus, after
three measurements of u-NTX, if the value reaches +1.5SD or
more above the normal value, a stress fracture should be suspect-
ed. A detailed early examination could help the early detection of
stress fractures.

In recent years, tartrate-resistant acid phosphatase isoform-5b
(TRACP-5b) has been used as a bone resorption marker for meas-
urements in many studies because it reacts sensitively. In a study
that targeted lacrosse players, TRACP-5b measured in athletes with
a history of stress fracture was higher than in athletes without stress
fracture [27]. TRACP-5b also reflects the impact of exercise in par-
ticular, reacting sensitively to temporary changes after exercise
[20, 23]. Because it is a more sensitive marker, it is believed to be
able to reflect the effects of exercise performed on the day before
or immediately before measurement. In contrast, measurements
of u-NTX obtained the day after moderate exercise were reported
to be no different from measurements obtained before exercise
[28]. Although it was reported that bone metabolism markers are
not suitable prediction markers for stress fracture [29], the bone
metabolism marker used in the previous study was a serum mark-
er (TRACP-5b, CTX), and u-NTX was not measured. Based on pre-
vious studies, TRACP-5b increases when there is a history of stress
fracture, but it may not be reliable on the onset of stress fracture
[27], whereas in our study u-NTX became higher when stress frac-
ture develops, indicating that there are certain characteristic bone
resorption markers. To clarify the characteristics of bone resorp-
tion markers, further investigation is necessary in the future.

A limitation of this study was that u-NTX was high when stress
fractures occurred, but it is unknown whether u-NTX increased
prior to the occurrence of stress fracture and how long the u-NTX
remains high following stress fracture. A previous study reported
high u-NTX values prior to stress fractures [22]. Therefore, by pe-
riodically measuring the bone resorption marker to check if the
value is abnormally high, which might indicate a stress fracture,
these tests may be helpful in detecting a stress fracture in the im-
mature stages. However, because the number of cases was small
and the measurement of u-NTX was more frequent thanin the pre-
sent study, a prospective cohort study is needed to examine wheth-
er u-NTX values increase before a stress fracture occurs. Another
weakness of the current study is that the participants were profes-
sional athletes, and we were unable to perform the adequate meas-
urements such as collecting blood samples. Therefore, we were
unable to examine bone formation. For bone metabolism, the bal-
ance between bone formation and bone resorption (coupling) is
important, and bone formation markers should therefore be meas-
ured and coupling examined. Also, although intake of calcium and
vitamin D is also related to bone density and bone metabolism
markers [6, 14], the nutritional condition of our participants is un-
known because we did not survey diet in this study. However, all of
the athletes were living together in dorms, and breakfast and din-
ners were provided. Therefore, it is unlikely that there was a signif-
icant difference in nutritional status between the athletes, and nu-
trition probably had little effect on the bone metabolism marker.
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The findings of this study showed that, in adult female long-dis-
tance runners, u-NTX values without stress fracture were within
the standard value for normal premenopausal women but in-
creased when the athletes suffered from a stress fracture. Further-
more, our result showed the possibility that a stress fracture has
developed if u-NTX shows a value higher than 1.5SD from the nor-
mal value. These facts suggest that reqular measurement of u-NTX
and monitoring fluctuations could be a convenient and noninva-
sive indicator of the development of a stress fracture.
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Abstract Sleep is an important recovery phase after
exercise that should be taken into account by athletes.
Females are likely to be dissatisfied with their sleep qual-
ity, report sleepiness and, consequently, experience
impaired quality-of-life (QOL). However, limited data are
available regarding sex differences in sleep quality,
sleepiness, and QOL in athletes. Male and female colle-
giate soccer players were recruited. The Pittsburgh Sleep
Quality Index (PSQI) was used to assess subjective sleep
quality and the Japanese Version of the Epworth Sleepiness
Scale (JESS) was used to evaluate subjective sleepiness.
Health-related QOL was evaluated through the short form
(SF)-8. Logistic regression analyses were undertaken to
assess associations between poor sleep quality (defined as
PSQI > 6), subjective sleepiness (defined as JESS > 11),
and poor QOL (defined as <median value). Overall, 64
male and 30 female soccer players were enrolled. Females
had significantly lower BMIs and less years of soccer
experience compared to males. Interestingly, females had
shorter sleep duration by a half an hour compared to males.
Females were more likely to have poor sleep quality than
males (50.0 % in females and 17.2 % in males,
P =0.002). Females were also more likely to have
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subjective sleepiness than males (56.6 % in females and
34.4 % in males, P = 0.041). Finally, female gender was
associated with low social functioning, mental health, and
mental component summary scores of SF-8. We have
shown that in collegiate soccer players, female players had
poorer subjective sleep quality and more impaired health-
related QOL compared to male players.

Keywords Athletes - Football - Gender - Sports

Introduction

Sleep is well recognized as an important recovery phase
after exercise [1, 2]. Therefore, scientific aspects of sleep
should be taken into account by athletes in their training
and pre/post-competition conditioning. However, only a
few studies have evaluated sleep in athletes [3] and most
focused on sleep quantity rather than sleep quality. As
sleep may be affected by many factors either quantitatively
or qualitatively, it is important to evaluate both sleep
quality and quantity. Athletes are often exposed to condi-
tions that can impair sleep quality in addition to quantity,
such as unfamiliar sleeping environments (when going on a
tour or to an away match), evening training or
games/competitions, and fatigue. Thus, differences in sleep
quantity and quality may exist between athletes and non-
athletes. In fact, it was reported that Olympic-level elite
athletes spend more time in bed, but have longer sleep
onset latency and lower sleep efficiency than non-athletic
controls [3].

In general, females report more sleep difficulties [4, 5]
and have a greater risk for a diagnosis of insomnia [6, 7]
than males, suggesting that females are likely to be dis-
satisfied with the quality of their sleep. However, objective
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assessments of sleep have shown observations that con-
tradict subjective sleep quality measurements, such as
shorter sleep onset latency, greater sleep efficiency, and
total sleep time, in females compared with males [8—10].
The reasons for the discrepancy between subjective and
objective assessments of sleep remain unclear. Neverthe-
less, dissatisfaction with sleep quality in females may
impair health-related quality-of-life (QOL) and possibly
daytime performance [11, 12]. Although this may be par-
ticularly important for athletes [13], limited data are
available regarding sex differences in subjective sleep
quality, sleepiness, and health-related QOL in athletes.

Thus, we sought to investigate and compare subjective
sleep quality, sleepiness, and health-related QOL in male
and female athletes. For this purpose, we focused on these
variables among male and female soccer players from
collegiate soccer teams, because a pilot study had been
conducted regarding objective sleep assessments in male
soccer players [14], and because the proportion of female
players was relatively high across all other team sports at
our institution.

Materials and methods
Subjects

Male and female soccer players were recruited from col-
legiate soccer teams at the Juntendo University School of
Health and Sports Science. These players were competing
in the Division I league of the Kanto University Football
Association and Kanto University Women’s Football
Association leagues, respectively. All players who were
present at the time of observation were asked to participate
in this study. All questionnaires were completed by players
themselves under the supervision of one investigator, and
observation was undertaken during the league’s regular
season. The study was approved by the Research Ethics
Committee of Juntendo University. Informed consent was
obtained from all participants.

Demographic data [age, grade, gender, and body mass
index (BMI)], years of soccer experience, self-reported
time for weekly training sessions, presence or absence of
snoring and/or apneas, and habitual napping (>30 min)
were collected at the time of observation.

Subjective sleep quality

The Pittsburgh Sleep Quality Index (PSQI) was used to
assess subjective sleep quality in all participants [15]. The
PSQI was translated into Japanese and validated by Doi
and colleagues [16], and is used to evaluate sleep quality
and disturbances over a 1-month period based on self-

@ Springer

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 ranges from O to 21; a total score >6
indicates poor sleep quality [15, 16]. The components of
the PSQI include subjectively reported sleep duration and
time in bed. Habitual sleep efficiency was determined
based on subjectively reported sleep duration and time in
bed.

Subjective sleepiness

The Epworth Sleepiness Scale (ESS) [17] is an established
tool for evaluating subjective sleepiness. Respondents
determine the chances of falling sleep in various active and
passive situations, scoring the likelihood from O (no
chance) to 3 (high chance). The ESS has been translated
into Japanese and validated by Takegami and colleagues
(i.e., Japanese version of the ESS, or JESS) [18]. In this
study, the JESS was used to evaluate the subjective
sleepiness of male and female soccer players, and signifi-
cant subjective sleepiness was defined as an ESS score
>11.

QOL

The short form (SF)-8™ consists of an 8-item question-
naire that assesses health-related QOL, and has been
translated into Japanese and validated by Fukuhara and
colleagues [19-21]. 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 prob-
lems (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
[21]. 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 [21]. In this study, poor
QOL for each subscale and component summary was
defined as <median value for each score.

Statistical analysis

Continuous data are summarized using mean £+ SD or
median (interquartile range) as appropriate. Categorical
data are shown as percentages. The characteristics of males
and females were compared using Student’s ¢ test or the
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Mann—-Whitney U test (if the variables were not normally
distributed) for continuous variables, and the Chi square
test or Fisher’s exact test for categorical variables.

Univariate and multivariate logistic regression analyses
were undertaken to assess associations between poor sleep
quality and characteristics of subjects, including age, sex,
BMI, grade, soccer experience, time for weekly training
sessions, sleep duration, habitual sleep efficiency, snoring
and/or apnea, and habitual napping. In addition, univariate
and multivariate logistic regression analyses, including sub-
jective sleepiness as the dependent variable, and PSQI scores
and subject characteristics as independent variables, were
also undertaken. Furthermore, univariate and multivariate
logistic regression analyses regarding associations between
poor QOL (only for subscale or component summary scores
that showed significant differences between males and
females) and JESS scores, in addition to the subject charac-
teristics, were performed. Variables whose P values were
found to be <0.10 in the univariate analyses were included in
the multivariate analysis. During the multivariate analysis, the
interaction between each variable was verified.

A P value of <0.05 was considered to be statistically
significant. All analyses were conducted using SPSS Ver-
sion 23 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of subjects

Overall, 68 males and 33 females belonging to soccer teams
at the Juntendo University School of Health and Sports

Science were targeted. Of these, four males and three
females were absent at the time of observation due to active

injuries and for personal reasons. Thus, 64 males and 30
females were enrolled. None were diagnosed with any kind
of sleep or mental disorder, were taking sleeping pills, or
were received any kind of medication. The characteristics of
the participants are shown in Table 1. Females had signifi-
cantly lower BMIs and less years of soccer experience as
compared with males. Interestingly, sleep duration of
females was a half an hour shorter than that of males, despite
similar hours of weekly training sessions and similar pro-
portions of snoring and/or apnea and habitual napping.

Subjective sleep quality

As shown in Fig. la, females had significantly greater
PSQI scores than males, indicating that females were more
likely to have poor sleep quality than males (50.0 % in
females and 17.2 % in males, P = 0.002) (Fig. 1b).

In the univariate logistic regression analyses, the vari-
ables associated with poor sleep quality were the follow-
ing: female gender, shorter sleeping duration, and poorer
habitual sleep efficiency (Table 2). These variables were
included in the multivariate logistic regression analysis and
female gender, shorter sleep duration, and worse habitual
sleep efficiency were significantly and independently
associated with poor sleep quality (Table 2).

Subjective sleepiness

Females had significantly greater ESS scores than males
(Fig. 2a). Thus, females were more likely to have subjec-
tive sleepiness than males (56.6 % in females and 34.4 %
in males, P = 0.041) (Fig. 2b).

In the univariate analyses, the variables associated with
subjective sleepiness were the following: female gender,

Table 1 Characteristics and

sleep parameters of subjects Males N = 64 Females N = 30 P
Age, years 19.8 £ 1.2 19.8 £ 1.2 0.756
Grade 2.0 2.0) 2.0 (2.0) 0.160

Freshman, % 49 33 0.456

Sophomore, % 25 33

Junior, % 12 10

Senior, % 14 24
BMI, kg/m? 22.0 £ 3.1 20.5 £ 2.6 0.028
Soccer experience, years 79 £ 1.1 6.6 £2.7 0.019
Time for weekly training sessions, h 13.0 £ 29 123 £ 12 0.983
Sleep duration, h 75+ 09 70+ 1.2 0.034
Habitual sleep efficiency, % 91.2 +16.3 91.6 + 8.0 0.886
Witnessed snoring and apnea, % 3 7 0.590
Habitual napping, % 75 63 0.357

Continuous data are summarized using mean &+ SD or median (interquartile range)

BMI body mass index
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Fig. 1 Comparisons of a PSQI scores [PSQI scores were significantly
greater in females compared with males (P = 0.001). Values are
median and interquartile range] and b proportions of subjects with
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poor sleep quality between male and female soccer players [propor-
tion of subjects with poor sleep quality (i.e., PSQI > 6, P = 0.002)].
PSQI Pittsburg Sleep Quality Index

Table 2 Results of univariate
and multivariate logistic
regression analyses for poor

Univariate Multivariate

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

sleep quality
Female (yes)

Age (1 year increase)
Grade (1 level increase)
BMI (1 kg/m? increase)

Soccer experience (1 year increase)
Time for weekly training sessions (1 h increase)

Sleep duration (1 h increase)

Habitual sleep efficiency (1 % increase)

Witnessed snoring and/or apnea (yes)

Habitual napping (yes)

4.82 (1.83-12.6) 0.001 4.92 (1.40-17.4) 0.013
1.03 (0.71-1.50) 0.876 - -
1.27 (0.85-1.89) 0238 - -
0.98 (0.85-1.14) 0.822 - -
0.86 (0.68-1.08) 0.193 - -
1.02 (0.85-1.21) 0871 - -
0.22 (0.10-0.46) <0.001 0.25 (0.11-0.55) 0.001
0.94 (0.89-0.99) 0.015 0.93 (0.89-0.97) 0.002
2.75 (0.37-20.6) 0325 - -
0.53 (0.20-1.40) 0.200 - -

BMI body mass index, CI confidence interval, OR odds ratio

older age, higher grade, and less weekly training hours
(Table 3). Age was not included in the multivariate analysis
because of multiple collinearity with grade. Thus, female
gender, grade, and weekly training hours were included in the
multivariate logistic regression analysis. However, none were
identified as significant independent variables, although
females had a tendency toward subjective sleepiness
(P = 0.105) (Table 3). Consistent results were obtained even
when age was included in the multivariable analysis instead
of grade (odds ratio [OR], 2.38, 95 % confidence interval
[CT], [0.96-5.92], P = 0.061 for female gender; OR, 1.27,
95 % CI, [0.88-1.84], P = 0.202 for age; and OR, 0.83,95 %
CI, [0.65-1.06], P = 0.137 for weekly training hours).

@ Springer

QOL

Based on the health-related QOL assessment using the SF-
8™ scores for two of the eight subscales (i.e., SF and MH)
were significantly lower for females compared to males
(Fig. 3). Consequently, MCS scores were significantly
lower for females compared to males (Fig. 3).

In the univariate analyses, the variables associated with
low SF and MH scores were female gender, longer sleep
duration, and greater PSQI scores (Tables 4, 5). These
variables were included in the multivariate logistic
regression analysis. However, none was identified as sig-
nificant independent variables (Tables 4, 5).
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Fig. 2 Comparisons of a JESS [JESS scores were significantly
greater for females compared with males (P = 0.004). Values are
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sleepiness between male and female soccer players [proportion of
subjects with sleepiness (i.e., JESS > 11, P = 0.041)]. JESS
Japanese Version of the Epworth Sleepiness Scale

Table 3 Results of univariate
and multivariate logistic
regression analyses for

Univariate Multivariate

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

subjective sleepiness
Female (yes)

Age (1 year increase)®
Grade (1 level increase)
BMI (1 kg/m2 increase)

Soccer experience (1 year increase)

Time for weekly training session (1 h increase)

Sleep duration (1 h increase)

Habitual sleep efficiency (1 % increase)

Snoring and/or apnea (yes)
Habitual napping (yes)

PSQI score (1 point increase)

2.50 (1.03-6.06) 0.043  2.14 (0.85-5.34)  0.105
1.35 (0.95-1.93) 0.093 - -
1.52 (1.04-2.22)  0.032  1.36 (0.91-2.03) 0.137
0.86 (0.72-1.03)  0.863 - -
1.11 (0.87-1.40) 0.404 - -
0.80 (0.64-1.01) 0.066  0.82 (0.64-1.06) 0.823
1.21 (0.81-1.82) 0.360 - -
1.01 (0.98-1.04) 0.570 - -
1.43 (0.19-10.6) 0.725 - -
1.04 (0.42-2.59) 0925 - -
1.04 (0.89-1.22) 0.619 - -

BMI body mass index, CI confidence interval, OR odds ratio, PSQI Pittsburg Sleep Quality Index

% Age was not included because of the multiple collinearity with grade

In the univariate analyses, the variables associated with
slow MCS score were female gender and greater PSQI
scores (Table 6). These variables were included in the
multivariate logistic regression analysis, and female gender
was found to be significantly independently associated with
low MCS scores (Table 6).

Discussion
Our findings provide novel insights into sex differences in

subjective measures of sleep and health-related QOL in
athletes. First, compared with male soccer players, female

soccer players slept less and had significantly worse sub-
jective sleep quality as assessed by the PSQI. In addition, a
significant independent association between female gender
and poor sleep quality was observed even in the multi-
variate analysis. Second, female soccer players were likely
to exhibit sleepiness as assessed by the JESS, although the
association between female gender and sleepiness did not
reach statistical significance in the multivariate analysis.
Finally, compared with male soccer players, female soccer
players had significantly impaired SF, MH, and MCS.
However, associations between female gender and low SF
and MH scores were not significant in the multivariate
analysis. On the other hand, female gender was associated
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Fig. 3 Comparison of SF-8 subscales and component summary
scores between male and female soccer players. Female soccer
players showed significantly lower SF, MH, and PCS scores, while
there were no significant differences for other subscales or MCS
scores between male and female soccer players. Values are median
and interquartile range. BP body pain, F female soccer players, GH

general health perception, M male soccer players, 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

Table 4 Results of univariate
and multivariate regression
analyses for low SF scores

Univariate Multivariate

OR (95 % CI) P OR (95 % CI) P
Female (yes) 2.92 (1.19-71.9) 0.020 2.17 (0.79-5.92) 0.132
Age (1 year increase) 1.05 (0.74-1.50) 0.775 - -
Grade (1 level increase) 1.03 (0.70-1.50) 0900 - -
BMI (1 kg/m2 increase) 0.93 (0.80-1.07) 0.294 - -
Soccer experience (1 year increase) 0.89 (0.71-1.11) 0.293 - -
Time for weekly training sessions (1 h increase) 0.95 (0.79-1.14) 0.565 - -
ESS score (1 point increase) 1.07 (0.95-1.20) 0.248 - -
Sleep duration (1 h increase) 0.59 (0.36-0.97) 0.036 0.70 (0.41-1.20) 0.200
Habitual sleep efficiency (1 % increase) 0.99 (0.96-1.02) 0425 - -
Snoring and/or apnea (yes) 0.58 (0.06-5.76)  0.639 - -
Habitual napping (yes) 1.93 (0.72-5.19) 0.193 - N
PSQI score (1 point increase) 1.15 (0.97-1.36) 0.098 1.07 (0.85-1.34) 0.574

BMI body mass index, CI confidence interval, ESS Epworth Sleepiness Scale, OR odds ratio, PSQI
Pittsburg Sleep Quality Index, SF social functioning

with low MCS scores even in the multivariate analysis.
These findings suggest that female soccer players sleep less
and are as likely to be dissatisfied with their sleep quality as
females in the general population. In addition, female
soccer players complained of sleepiness more than male
soccer players, likely for multiple reasons, and had more
impaired health-related QOL specifically for the mental
component.

@ Springer

In general, females report sleep difficulties [4, 5] and are
at risk for a diagnosis of insomnia [6, 7], suggesting that
females are likely to be dissatisfied with their sleep quality.
In contrast, objective assessments of sleep by
polysomnography or actigraphy have demonstrated short
sleep onset latency, and acceptable sleep efficiency and
total sleep time in females, indicating better objective sleep
quality in females than males [8—10]. In the present study,
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Table 5 Results of univariate
and multivariate regression
analyses for low MH scores

Univariate Multivariate

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

Female (yes)

Age (1 year increase)
Grade (1 level increase)
BMI (1 kg/m2 increase)

Soccer experience (1 year increase)

Time for weekly training sessions (1 h increase)

ESS score (1 point increase)

Sleep duration (1 h increase)

Habitual sleep efficiency (1 % increase)

Snoring and/or apnea (yes)
Habitual napping (yes)

PSQI score (1 point increase)

2.68 (1.10-6.53)  0.030 1.90 (0.70-5.18)  0.209
0.95 (0.68-1.35) 0.791 - -
0.92 (0.63-1.33) 0.648 - -
0.99 (0.86-1.13) 0.849 - -
0.85 (0.67-1.07) 0.164 - -
1.11 (0.94-1.32) 0221 - -
1.04 (0.93-1.16) 0.527 - -
0.55 (0.34-0.90) 0.018 0.65 (0.38-1.11) 0.117
1.02 (0.98-1.06) 0.304 - -
1.50 (0.20-11.1)  0.692 - -
1.22 (0.49-3.06) 0.671 - -
1.16 (0.98-1.37) 0.083 1.08 (0.86-1.35) 0.513

BMI body mass index, CI confidence interval, ESS Epworth Sleepiness Scale, MH mental health, OR odds
ratio, PSQI Pittsburg Sleep Quality Index

Table 6 Results of univariate
and multivariate regression
analyses for low MCS scores

Univariate Multivariate

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

Female (yes)

Age (1 year increase)
Grade (1 level increase)
BMI (1 kg/m2 increase)

Soccer experience (1 year increase)
Time for weekly training sessions (1 h increase)

ESS score (1 point increase)
Sleep duration (1 h increase)

Habitual sleep efficiency (1 % increase)

Snoring and/or apnea (yes)
Habitual napping (yes)

PSQI score (1 point increase)

5.48 (2.04-14.6) 0.001 4.82 (1.71-13.6) 0.003
1.02 (0.72-1.42) 0931 - -
0.95 (0.66-1.37) 0.780 - -
0.96 (0.84-1.11) 0.594 - -
0.84 (0.66-1.06) 0.143 - -
1.02 (0.87-1.20) 0.813 - -
1.06 (0.95-1.19) 0286 - -
0.70 (0.45-1.07) 0.100 - -
0.99 (0.97-1.03) 0.807 - -
1.00 (0.14-7.41) 1.000 - -
1.69 (0.68-4.18) 0.257 - -
1.18 (0.99-1.40) 0.061 1.07 (0.89-1.29) 0.455

BMI body mass index, CI confidence interval, ESS Epworth Sleepiness Scale, MCS mental component
summary, OR odds ratio, PSQI Pittsburg Sleep Quality Index

female soccer players had similar habitual sleep efficiency
to males, but shorter sleep duration than males, based on
subjectively reported sleep duration and time in bed in the
PSQI questionnaire. This indicates that female soccer
players actually spent a shorter amount of time in their
beds. Although we could not identify specific reasons for
this, female soccer players did not try to sleep as much as
male soccer players did. Considering that sleep is closely
associated with circadian timing [22], a discrepancy
between circadian timing and actual sleep behavior in
females may be a contributing factor. Sex differences exist
in circadian timing for sleep. Reportedly, females tend to
go to bed earlier and wake up earlier than males [23-25].
Thus, if female soccer players have similar daily schedules

for training, eating, and going to bed to male soccer
players, they may still wake up earlier and be sleeping at
later circadian times, which may contribute to their dis-
satisfaction with sleep. In addition, there might be a pos-
sibility that females need more time to make up or taking
care of their hair or face at night than males although no
data regarding these were available.

In the univariate logistic regression analyses, female
gender, short sleep duration, and worse habitual sleep
efficiency were associated with poor sleep quality as
assessed by the PSQI. In addition, the results of multi-
variate analysis suggested that female gender was associ-
ated with poor sleep quality independent of short sleep
duration and worse habitual sleep efficiency. Therefore,

@ Springer
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female gender itself or biological features of females may
play a role in poor sleep quality in addition to unknown
confounding factors. One important factor is an alteration
of sleep quality in association with the menstrual cycle
[26, 27]. In particular, subjective rather than objective
sleep quality is impaired in the premenstrual phase or the
initial few days of menstruation [28]. In the present study,
however, no data were recorded regarding menstrual
cycles. Thus, further studies regarding sex differences in
sleep quality including information about menstrual cycles
are warranted.

In terms of sleepiness, previous data suggested that
females generally complained of daytime sleepiness more
than males [5], for unknown reasons. In the present study,
female soccer players had greater ESS scores and more
frequently had subjective sleepiness (i.e., ESS scor-
es > 11). Female soccer players slept a half an hour less
than male soccer players. In addition, compared to male
soccer players, female soccer players had more impaired
PSQI scores. These may simply explain greater ESS scores
and percentage of subjects who complain sleepiness in
females. In the multivariate analysis, however, female
gender showed only tendency to be associated with sub-
jective sleepiness. One reason why female soccer players
were more likely to complain sleepiness than male soccer
players in the present study may be menstruation, since
alterations in complaints regarding subjective sleepiness
can be observed according to the menstrual cycle [29, 30].
Because no data regarding menstrual cycles were available
in the present study, it is hard to discuss this topic further.

In a study about problematic (negative) addiction to
exercise among Brazilian athletes, including both individual
and collective sports players whose age and BMI were
similar to athletes in the present study, for athletes without
negative addiction, mean ESS scores appeared greater in
female athletes (mean ESS score = 10.1) compared to male
athletes (mean ESS score = 9.1); however, the difference in
ESS scores did not reach statistical significance [31].

In previous studies, BMI has been shown to be a cor-
relate of sleepiness in females, through the increased pos-
sibility of coexisting sleep apnea [32]. However, in the
present study, no significant differences in the proportion
of subjects with snoring and apnea between the two sexes
were observed, and no female soccer players were over-
weight. Additionally, BMI was not associated with sub-
jective sleepiness.

The observation that female soccer players had lower
scores for some mental health subscales (i.e., SF and MH)
and MCS of health-related QOL, compared with male
soccer players, can also be explained by them having less
sleep duration, subjective sleepiness, and poor subjective
sleep quality. In the univariate logistic regression analyses,
female gender, sleep duration, and the PSQI seemed to play

@ Springer

key roles in low SF, MH, and MCS. In the multivariate
analyses, although none was identified as significant inde-
pendent variables for SF and MH, female gender was found
to be significantly associated with low MCS scores. A
previous study assessing health-related QOL of the low-
income US population suggested that females scored sig-
nificantly lower on MH, and consequently MCS, than
males, possibly because females are bothered by emotional
problems to a greater extent [33]. These findings are con-
sistent with the findings of the present study. Although the
actual reasons for such sex differences in health-related
QOL, and in particular lower scores for mental health
components, are not known, menstrual status and men-
struation-related symptoms and signs may play a role [34].
Thus, poor sleep quality may be a mediator linking men-
struation and health-related QOL [26].

Our study is subject to some limitations. First, we found
sex differences in sleep quality, sleepiness, and health-re-
lated QOL in collegiate soccer players. We do not know
whether these findings apply to soccer players of different
ages and to athletes from different collective sports or
individual sports. Thus, these findings should be cautiously
extended to athletes other than collegiate soccer players.
Second, we did not assess menstrual status at the time of
observation for female soccer players. In addition, other
information such as sleep circumstances is lacking. Thus,
further large-scale studies are needed to determine the
specific reasons why female athletes experience sleepiness,
poor sleep quality, and impaired health-related QOL.
Third, we only evaluated subjective measures of sleep
quality and sleepiness in the present study. Therefore, it is
unknown whether a discrepancy might exist between sub-
jective and objective measures of sleep quality and
sleepiness in athletes. Fourth, we did not collect any
objective evidence regarding the presence or absence of
sleep-disordered breathing. However, in general, young,
non-obese subjects like those in the present study are less
likely to have sleep-disordered breathing [35, 36]. In fact,
in the present study, only a few male and female players
had snoring and/or apnea. Finally, this is a pilot study and
may only be valuable for generating hypotheses, such as,
that female athletes have poorer subjective sleep quality.
Further large-scale observation considering the effects of
many other factors may be needed to test this hypothesis.

In conclusion, we have shown that in collegiate soccer
players, female players had poorer subjective sleep quality
and more impaired health-related QOL than male players.
Female gender itself may play a role in poorer subjective
sleep quality and impaired health-related QOL. Although
we did not demonstrate any cause—effect relationships,
intervention or the targeted modulation of sleep and related
issues may improve exercise performance in athletes
through the improvement of subjective sleep quality and
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health-related QOL. Consequently, studies assessing
detailed sleep-related factors in addition to the menstrual
status of female athletes as well as interventional studies to
assess the effects of targeted modulation of sleep and
related factors on sleep quality, sleepiness, health-related
QOL, and exercise performance will be required to test our
hypotheses.
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The Japanese Center for Research on Women in Sport (JCRWS) was established in 2014 and has been studying on “establishing
research in the area of conditioning and management of female athletes” with collaboration between the Graduate School of
Medicine and the School of Health and Sports Science. To celebrate its 5th anniversary in 2018, we held the JCRWS International
Symposium 2018 consists of keynote speeches and panel discussion from world leaders in the field of women in sport.
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M.D. Eri Hirasawa (Professor, The Research Institute for Diseases of
Old Age in Juntendo University), the third deputy director of the

JCRWS from this year, gave a welcome speech. "It is a great honor

TUZR—-VIARE>S— Bl AY—-FK to be able to host the memorable international symposium with two
JERERFREREZARE EBAREHRE - AR E> 59—

s — world leadres in the field of women in sportt. I am hoping to have

active discussions aiming for further development." by M.D.

Hirasawa.
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First, we got a keynote lecture entitled "History of Tucker Center and Expectation to the Japanese Center for Research on Women
in Sport (JCRWS)" from Dr. Nicole LaVoi, Co-Director at Tucker Center for Research on Girls & Women in Sport at the University of
Minnesota. Tucker Center is the world's first research organization on women in sport and it is also a model of the JCRWS at
Juntendo University.

Tucker Center has three pillars of research, education, and dissemination, and is putting efforts to utilize research in practice and
educate researchers for posterity. For example, Tucker Center offers paid internship program for graduate students to gain
experience and achieve their goals. In addition, Tucker Center is currently promoting positive messages through “She Can Coach”
project to increase the number of females in the coaching profession.

“Women are very important in sports. We carry out research and project well, but from now on I would like to cooperate Tucker
Center and the JCRWS like sisters” said Dr. LaVoi.
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Next, Ms. Sarah Murray, Global Catalyse Director of Women Win, gave a keynote lecture entitled “Women Win: Best Practices in
Empowering Girls Through Sport Globally". Women Win is an NGO organization that empowers adolescent girls, especially with
sports programs, while working with partners all over the world. While collaborating with international sports organizations and
United Nations agencies using international competitions, they are also working with the private sector and the social activities



sector. In order to work with many organizations, there seems to be persuasion using objective data.

Women Win aims not only to expand the sports participation of girls but also to create a society where girls acquire knowledge and
skills to live better their own lives safely and securely. "Japan has a lot of potential toward Tokyo 2020. I hope Japan will also be
able to create organizations to tackle international gender issues through sports, and we would love to work together with JCRWS
actions,” said Ms. Murray.
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Toward Further Development of Women and Sport : Roles of JCRWS
Panelists :
M.D. Mari Kitade
(Deputy Director, Japanese Center for Research on Women in Sport; Professor, Department of Obstetrics and Gynecology at
Juntendo University Graduate School of Medicine)
Dr. Ryo Kakigi
(Assistant professor, Department of Physiology ( II ) at Juntendo University School of Medicine)
Dr. Noriyuki Fuku
(Associate Professor, Graduate School of Health and Sport Science at Juntendo University)
Dr. Etsuko Ogasawara
(Executive Director, Japanese Center for Research on Women in Sport; Professor, the Graduate School of Health and Sports Science at
Juntendo University)
Facilitators :
Ms. Natsue Koikawa
(Deputy Director, Japanese Center for Research on Women in Sport; Associate Professor, School of Helath and Sports Science at



Juntendo University )

A panel discussion was held by experts from various fields with the theme of " Toward Further Development of Women and Sport:
Roles of JCRWS".

Started with a research report on Team 1 "Menstruation Adjustment and Condition Management Program Development Study" by
M.D. Mari Kitade, deputy director of the JCRWS. Followed by Team 2 "Optimum Load Condition of Training Considering Menstrual
Cycle" by Dr. Ryo Kakigi, and Team 3 "Researches on Relationship Between Energy Production and Training" by Dr. Noriyuki Fuku.
Finally, Team 4 "Coaching Development for Female Athletes" by Dr. Etsuko Ogasawara, Director of the JCRWS, gave deeper
understanding of the purpose and results of the research that each research team had conducted and have been working on.
Facilitator Ms. Natsue Koikawa, Deputy Director of the JCRWS, noted that the number of researchers inside and outside the
campus related to each research team of the JCRWS increased to about 80 for four years. Also, she introduced the achievements,
contract research of consignment projects of ministries and agencies, and the results of collaborative research with companies with
women in sports as a keyword.

After that, a active discussion titled "Toward the Five Years of the JCRWS" was held. Representatives of each research team
discussed roles play from the aspect of research and specific goals.

It was the first international symposium dealing with the entire research being conducted at the JCRWS, but clinical research was

also introduced. It was a very active discussion by sharing information among lecturers, researchers, and participants.
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The JCRWS has held research presentation meetings (oral presentations) for each academic year to share information among
researchers. It was the first time “poster session” for reporting on the publication and research results. Researchers and

participants both in and outside the country exchanged their thoughts.

THEAR—YHAREZ>SI—H4E Products Created by JCRWS
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We displayed our products such as printed materials on the desk in the venue. The JCRWS creates at least one product every year
and we are glad that those are being used by many female athletes, leaders, and guardians.
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