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Relationship of athletic sports with sense of coherence
and mood states in male senior high school students:
comparing athletes from a school soccer club

and J-League youth teams

Takashi Jindo", Naruki Kitano", Kazuhiro Suzukawa®”, Shota Sakamoto?,
Shin Osawa®”, Yuichi Nakahara-Gondoh", Takeru Gushiken?,
Koki Nagata”, and Toshiya Nagamatsu'

SUMMARY

Both school and public sports clubs play an important role in the development of athletes in Japan. Although
some studies have investigated the relationship of mental health and numerous factors, including level of athletic
performance, and years of experience with sports, limited studies have examined the differences among athletic orga-
nizations for adolescents. Focusing on soccer, the most popular sport among Japanese adolescents, we conducted the
present investigation with participants from a school soccer club and J-League youth teams. This study aimed to re-
veal the relationship of athletic sports with coping skills and psychological distress in male high school students, with
special reference to differences among athletic organizations.

This study was conducted in a boys’ senior high school and 4 J-League youth teams, from April to June 2017. The
high school has a strong soccer club that has regularly won a national level tournament. We selected students who
belonged to the school soccer club (n = 108) and those who did not belong to a school or public sports club (the do
not belong to a sports club group, n = 333). Moreover, students who belonged to school soccer club were divided
into 2 groups based on whether they had won a prize or not in a previous tournament larger than a prefecture level
competition (school soccer club without a winning experience, n = 50; school soccer club with a winning experience,
n = 58). For the J-League youth team, we used 51 students’ data for the analysis.

To evaluate the participants’ ability to cope with stress, we used the three-item sense of coherence (SOC) scale. For
psychological distress, we used the Japanese version of the profile of mood states (POMS) short form, and we calcu-
lated the total mood disturbance (TMD) score. To compare SOC and TMD scores between the groups, we used the
Kruskal-Wallis test and Bonferroni post hoc tests.

The analysis revealed significant group differences in the SOC score. Specifically, the school soccer club with a
winning experience group and the J-League youth group had higher scores than those of the group that did not be-
long to a sports club. There was no significant difference between the scores of the school soccer club without a win-
ning experience group and the other groups. Further, there were significant group differences in the TMD score,
with the J-League youth group exhibiting lower score as compared to all other groups.

This study indicated that, regardless of athletic organization, male senior high school students who played soccer
at a high level had higher scores related to coping skills as compared to students who did not belong to a sports club.
Meanwhile, psychological distress scores differed across athletic organizations, with students in the J-League youth
team exhibiting favorable mood states.
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Introduction

A previous systematic review reported that sports
activity is effective in maintaining mental health
among adolescents, and that it facilitates their psycho-
logical developmentl). Some studies based in Japan also
reported a positive association between participation in
sports activity and the ability to cope with stress>?",
and found that senior high school students who
belonged to a sports club had better mood states than
those who did not belong to a sports club'®. Although
sports activity comprises valuable experiences, a
previous study cautioned that students” involvement in
a sports activity may have negative experience such as
pressurizing students to do something that they are
unwilling to do, as compared to other activities such as
performance and fine arts¥. Moreover, athletic sports
have been found to induce specific stressors such as
physical load caused by difficult training, performance
anxiety, and so on. Previous data have indicated that
athletes tend to have undesirable mood states as
compared to those who are not involved in competitive

sports“’)

. Therefore, it is important to enhance the
coping skills and maintain mental health among
adolescents who engage in athletic sports.
Considering the participation in athletic sports in
Japan, school sports clubs have played an important
role in the development of athletes since the Meiji era
to around the 1960s. After the Tokyo Olympic Games
was hosted in 1964, public sports clubs began to
develop high level athletes independent from school
activities. The appearance of public sports clubs
provided the opportunity for school and public sports
clubs to bridge into athletic organizations. School
sports clubs provide students with an opportunity to
play athletic sports apart from being engaged in
educational activities, while public sports club aim to

improve competitive skills separately from schools.

Although some studies have investigated the differ-
ences between school and public sports clubs from the

sociological perspective”'?

, no study has focused on
their relationship with psychological development or
psychological distress.

Soccer is the most popular sport in Japan, as
evidenced by the highest number of adolescent
players]5> . Moreover, in the past 3 decades, soccer has
been gaining popularity as a professional sport in
Japan, with an increase in the number of J-League
professional teams since its establishment in 1991. For
the most part, this increase has been at high level
school soccer clubs or J-League youth teams, which
are public sports clubs managed by J-League team .
Considering that both school and public sports clubs
play a role in the development of athletes, it is
important to clarify the relationship of belonging to an
athletic organization with psychological development
and psychological distress. Currently, as both students
and teachers are limited by time constraints in school
sports clubs, it is entails that activities be efficient and
effective”. In contrast, as professional organizations
manage J-League youth teams, they may provide
efficient training and favorable support. Indeed, a
previous study reported that the number of activity
days are fewer in J-League youth teams than school
sports club®®. With this background in mind, this
study investigated the differences in the psychological
development and psychological distress of adolescents
between these 2 organizations considering various
associated factors such as activity characteristics or
activity related social support. This information may
contribute to the creation of future pathways for the
development of athletic sports in Japan. The purpose
of the present study was to reveal the association
between athletic sports, and sense of coherence and
mood states in male senior high school students,

focusing on the differences between a strong school
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soccer club and J-League youth teams.
Methods

A. Participants and procedure

This study was conducted for all Ist grade students
in a boys’ senior high school and 4 J-League youth
teams from April to June 2017. The flow of the partici-
pants’ selection process has been shown in Figure 1.
We conducted the investigation in a physical education
class, using a self-reported questionnaire. The high
school has a strong soccer club that has regularly won
a prize at a national level tournament. We targeted all
the 1st grade students(n = 928); of these, 22 students
were absent from the class and 63 students had
missing data. Therefore, we used 843 students’ data for
the analysis (valid response rate: 90.8%). In this
survey, we investigated whether the student belonged
to a school or public sports club. Specifically, we used
data on students who did not belong to a school or
public sports club (the do not belong to a sports club
group, n = 333), and those who belonged to the school

Senior high school
investigation

All 1st grade students of
a single school

(n=928)
* Absence from the
investigation (n=22)
Students with missing
data (n=63)
Valid data
(n=843)

Students were divided into 3 groups based

i on their participation in a sports club.

Exclude from the analysis

» Students who belonged to sports
club other than the school soccer
club (n=334)

* Students who belonged to
performance and arts club (n = 68)

soccer club(n = 108). Further, students who belonged
to the school soccer club were divided into 2 groups
based on whether they had won a prize or not in a
previous tournament that was larger than or equal to a
prefecture level competition (school soccer club
without a winning experience, n = 50; school soccer
club with a winning experience, n = 58).

For the J-League youth, we used same procedure as
that for the high school investigation, and data were
collected at a convenient time at each club house. For
the survey, we requested the attendance of all 1st grade
students in a senior high school in each team. As a
result, 53 students from 4 teams (12 to 15 students in
each team) took part in the survey. Since 2 of the 53
students had missing data, we used 51 students’ data
for the analysis. Both school and J-League youth
surveys were conducted by a professor and researcher
of sports science, supervised by a teacher or coach.
Since the questionnaire included private content,
participants were warned not to talk to other students

while filling out the questionnaire. The questionnaires

J-League youth
investigation

All Ist grade students from
4 J-League youth teams
(n=53)

* Students with missing
data (n=2)

(2) School soccer
club without a
winning experience
(n=50)

(1) Do not belong
to a sports club
(n=333)

(3) School soccer
club with a winning
experience
(n=58)

(4) J-League youth
team
(n=51)

Figure 1. Flow of the process of selection of the study participants.

Winning experience indicates that students won a prize in a previous tournament that was bigger than a prefecture level competition.
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were collected by survey the staff who were under-
graduate or graduate school students majoring sports
science.

B. Measures

1. Sense of coherence

We assessed sense of coherence (SOC)using the
three-item SOC scale (the University of Tokyo Health
Sociology version of the SOC scale'®). This scale
evaluates subordinate concepts of SOC (i.e., manage-
ability, meaningfulness, and comprehensibility) using
3 questions with 7 response options. The scores on this
tool range from 3 to 21, with higher scores indicating
a higher ability to cope with stress. The scale had a
good internal consistency reliability, and has
confirmed convergent validity with the longer version
of the SOC scale and criterion-related validity of
self-rated health in Japanese individuals aged over 20
years'”.

2 . Profile of mood state

We evaluated psychological distress using the
profile of mood state (POMS)'® short form Japanese
version”. The scale comprises 30 items on partici-
pants’ mood in the last 1 week. We used the total mood
disturbance (TMD) score for the analysis, which is
computed by subtracting the vigor score from the
summed score on the other 5 subscales. The TMD
score ranges from — 20 to 76, with lower scores indicating
lower psychological distress. The scale has confirmed
convergent validity with the 65 items version POMS
scale which was positively related to mood states
evaluated by a psychiatrist®. Five subscales of the
POMS short form have good internal consistency
reliability in Japanese individuals under 19 years
old®¥. For the TMD score, although the reliability and
validity of the scale has not yet been confirmed,
previous studies reported that it might be useful to

)

detect clinical problems® or overtraining in athletes® .

3. Participants’ characteristics

)

As SOC reflects past experiences®’, we investigated

success and negative experience in junior high school

using the tool developed by Kimura et al."”. The scale
consists of 6 questions regarding studies, sports, art,
club activities, and friendship experiences.

For participants who belonged to the school soccer
club and the J-League youth team, we collected data
on years of participation in soccer, number of activity
days per week, and perceived physical exertion of
daily practice. The perceived physical exertion of daily
practice was assessed using 5 response options ranging
from “nothing at all” to “extremely hard.” Additionally,
we used the athletic social support scale'” to assess
participants’ perceived social support related to sports
activities.

C. Statistical analysis

Descriptive statistics included the mean * standard
deviation for the continuous variable, years of partici-
pation in soccer, and median and interquartile (IQR)
for other ordinal variables. To compare SOC and TMD
scores between the groups, we used the Kruskal-Wallis
test and Bonferroni post hoc tests. We used the EZR
on R commander 1.35” for the analysis. The level of
statistical significance was set at P < 0.05.

D. Ethical considerations

For the high school investigation, we obtained
consent from the principal of the school prior to the
investigation. The participants were explained the
purpose of the study and the usage of personal
information, and we informed them that the investigation
results would never affect their academic attainment.
We asked participants to mark specific box if they did
not consent to participate. For the J-League youth,
after obtaining consent from the team coach or staff,
we conducted the investigation following the same
process as that used in the high school investigation.
The ethics committee of Nippon Sport Science
University approved this study (Approval number:
017-H003).

Results

Characteristics of participants in each group have
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been presented in Table 1. There was a significant
group difference in the success and negative
experiences in junior high school; the school soccer
club with a winning experience and J-League youth
team groups showed higher scores as compared to the
group that did not belong to a sports club. In the
analysis, except for the group that did not belong to a
sports club, there was a significant difference in the
years of participation in soccer among the other
groups. Specifically, the school soccer club with a
winning experience and J-League youth team groups
had participated in soccer for longer than the school
soccer club without a winning experience group. In
addition, the frequency of activity days was lesser
among those in the J-League youth team group, as
compared to both school soccer club groups. There
were no significant differences in the perceived physical
exertion of daily practice and the sports activity related
social support.

Figure 2 shows the findings on the comparison of
SOC and TMD scores between the groups. There were
significant group differences in SOC score; the school
soccer club with a winning experience (median: 16.0,

IQR: 4.0-21.0) and J-League youth team (15.0, 6.0-

21.0) groups had higher scores than the group that did
not belong to a sports club(14.0, 3.0-21.0). However,
there were no significant differences between the
school soccer club without a winning experience
group (15.0, 9.0-21.0) and the other groups.

Similarly, there were significant group differences
in TMD score; the J-League youth group (10.0, —8.0-
33.0)had a lower score than all other groups (do not
belong to a sports club: 22.0, —16.0-77.0; school soccer
club without a winning experience: 22.0, —2-57.0; and
school soccer club with a winning experience: 17.5, —
20.0-74.0). The subscale scores on the SOC and
POMS are shown in Appendix 1.

Discussion

We investigated the relationship of athletic sports
with SOC and mood states in senior male high school
students by comparing a strong school soccer club and
4 J-League youth teams. Findings revealed that,
regardless of the athletic organization, male senior
high school students who played soccer at a high level
possessed higher SOC than did students who did not
belong to a sports club. Meanwhile, J-League youth

participants exhibited lower psychological distress

Table 1. Characteristics of participants in each group.

(1) Do not belong ~ (2) School soccer  (3) School soccer (4) J-League

. to a sports club club withouta  club with a winning youth team Post-hoc
Variables - . . P value
(n=333) winning experience experience (n=51) test
(n=50) (n=58)

Success and negative expe-
rience in junior high school ~ 17.0(14.0, 19.0)
(point) , median (Q1, Q3)

Years of participating in

18.0(17.0, 20.0) 19.0(18.0, 21.0) 19.0(18.0,21.0)  <0.001 1<34

soccer, mean * standard 62*33 92+2.1 10322 <0.001 2<34
deviation
Activity days per week,

. 6.8(6.0,7.0) 7.0(6.0,7.0) 6.0(6.0, 6.0) <0.001 4<23
median (Q1, Q3)

. . . Not applicable

Perceived physical exertion
of daily practice (point) 5.0(5.0,6.0) 5.0(5.0,6.0) 5.0(4.5,6.0) 0.618

median (Q1, Q3)

Athlete social support

(point). median (Q1, Q3) 19.0(17.0, 20.0)

20.0(18.0, 21.0) 20.0(19.0, 21.0) 0.060

Q1: Quartile 1; Q3: Quartile 3.
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P <0.001

P <0.001
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Sense of coherence (score)
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(1) Do not (2) School soccer (3) School soccer (4) J-League
belong to a club withouta  club with a winning youth team
sports club winning experience experience (n=51)
(n=333) (n=150) (n=158)

Total mood disturbance (score)

P <0.001

P <0.001
- P=0.044

80

60

40

-20

(1) Do not (2) School soccer  (3) School soccer (4) J-League
belong to a club withouta  club with a winning youth team
sports club  winning experience experience (n=51)
(n=333) (n=50) (n=58)

Figure 2. Comparison of sense of coherence and total mood disturbance scores between groups.

We used the Kruskal-Wallis test and Bonferroni post hoc tests to compare SOC and TMD scores between the groups.

compared to participants who belonged to a school
soccer club and did not belong to a sports club.

With regard to sports activity characteristics, partici-
pants of the J-League youth team or the school soccer
club with a winning experience had participated in
soccer for longer than those who belonged to the
school soccer club without a winning experience. This
result indicated that longer experience of soccer may
be related to winning a prize in a tournament. In
addition, the activity days per week in the J-League
youth team group were lower than the school soccer
club groups.

Further, participants with high athletic levels tended
to possess higher SOC than those who did not belong
to a sports club. Similarly, the measures of success and
negative experiences in junior high school showed the
same tendency with SOC. Since SOC reflects past
experiences, successful experiences related to engage-
ment with sports at a high athletic level may contribute
to the development of SOC. For example, they may be
often involved in an important occasion which
influences the result of a game. These experiences

contribute to shape SOC in adolescence as “participa-

tion in shaping outcome.” Moreover, performance in
these difficult situations may strengthen SOC as
“successful tension management”>?. A previous study
reported that high SOC is positively associated with
high mental skills, which may relate to athletic perfor-
mance among athletes’ ). Another study reported that
the number of years of experience with sports is
positively associated with SOC in college students? .
Similarly, in the present study, the students belonging
to the J-League youth team or the school soccer club
with winning experience were found to have
participated in sports for a longer period, such that
they could derive valuable experiences that enhanced
their SOC.

On the other hand, the TMD score of the J-League
youth team group was better than that of the other 3
groups. These results are consistent with the prior
reported systematic review that indicated the various
psychological health benefits of sports activities" .
Indeed, this previous study supports the present result
pertaining to the difference between the J-League

youth team group and the group that did not belong to

a sports club. The J-League youth team group also
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showed favorable mood states as compared to those in
the school soccer club groups. This may be related to
the fewer activity days observed in the J-League youth
team group than that in the school soccer club groups.
From the result of the perceived physical exertion in
the J-League youth team and the school soccer club,
we can see the training load were comparable between
organizations. However, the school soccer club groups
engaged in the activity almost every day, which might
cause psychological distress due to the lack of
recovery time. Moreover, overall, the J-League youth
team students possessed high SOC and longer
experience of soccer, indicating that they may have
been better at coping with the possible difficult
situations they may face in athletic activities. On the
other hand, it is known that Japanese school sports
clubs involve a specific culture, such as being forced
to behave politely in the activity. Since the present
investigation was conducted in the early part of the
high school year, the students in the school soccer club
may have been affected by the cultural differences in
the sports activity. As increased mood disturbance is a
useful indicator to monitor over-training or under-

5’10>, we need to be careful and

recovery in athletes
mindful about the high TMD scores in the school
soccer club groups which might relate to the afore-
mentioned reasons.

Since this study revealed differences in SOC scores
and mood states between high athletic level students
participating in school and public sports clubs, we
expect that this result will help with the implementa-
tion of effective athletic sports activities based on the
characteristics of the students involved in these
organizations. However, this study had several limita-
tions. First, since this was a cross-sectional study, we
could only grasp the characteristics of school soccer
clubs and the J-League youth teams. Moreover, we
made assumptions about the reason for the differences
between the two organizations in terms of activity

days, years of experience with sports, and past

successful experiences. Future studies should take into
account other confounders, and longitudinal studies
should reveal the causal relationships of these factors
in terms of psychological development and psycholog-
ical distress. To further differentiate the overall
influence of the school sports club and J-League youth
teams, measures of student socioeconomic status, cost
of activities, and number of members in a single team
should be included as related factors. In addition, since
the present study was conducted only in 1 boys’ high
school and 4 J-League youth teams, it is unclear if the
results could be generalized to other populations.
Therefore, it is necessary to investigate the differences
between school and public sports clubs in various
single-sex and co-educational schools or to focusing on
other sports, in order to generate more generalizable
knowledge about adolescent participation in athletic

sports.
Conclusions

This study indicated that, regardless of the athletic
organization, male senior high school students who
played soccer at a high level possess higher SOC
than students who did not belong to a sports club.
Meanwhile, we observed differences in measures of
psychological distress by athletic organizations, such
that students in the J-League youth team had favorable
mood states. In contrast, since less rest was one of the
possible reasons for the comparably bad reported
mood states in the school sports club, a review of the
number of activity days in school sports club might be
needed in order to the alleviate the psychological
distress in senior high school students. Further longitu-
dinal investigations will reveal the causal relationship
of athletic organizations with psychological develop-

ment and psychological distress in adolescents.
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24) Yokoyama, K., Araki, S., Kawakami, N., and Takeshita, Jpn. J. Public Health, 37, 913—918.
T.(1990) : Production of the Japanese edition of profile of

Appendix 1.

Subscale scores on sense of coherence and profile of mood states.

(1) Do not belong to  (2) School soccer  (3) School soccer (4) J-League

Variables a sports club .Cll%b withouF a club with 5.3. winning youth team P value Post-hoc
(n=333) winning experience experience (n=51) test
(n=50) (n=58)
SOC subscale, median (Q1, Q3)
Manegeability 4.0(1.0,7.0) 5.0(3.0,7.0) 5.0(1.0,7.0) 5.0(2.0,7.0) 0.006 1<4
Meaningfullness 5.0(1.0,7.0) 5.0(3.0,7.0) 5.5(2.0,7.0) 6.0(2.0,7.0) <0.001 ! 2< jf :
Comprehensibility 4.0(1.0, 8.0) 5.0(2.0,7.0) 5.0(1.0,7.0) 5.0(2.0,7.0) <0.001 1<3
POMS subscale, median (Q1, Q3)
Tension-Anxiety 6.0(0.0, 20.0) 6.0(0.0, 14.0) 5.0(0.0,17.0) 4.0(0.0, 15.0) 0.023 4<1
Depression 4.0(0.0, 20.0) 3.0(0.0, 16.0) 2.0(0.0, 14.0) 2.0(0.0,9.0) 0.002 4<12
Anger-Hostility 3.0(0.0, 18.0) 3.0(0.0,17.0) 2.5(0.0,17.0) 1.0(0.0, 9.0) 0.001 4<12
Vigor 6.0(0.0,20.0) 7.0(0.0, 19.0) 8.0(0.0, 20.0) 10.0(0.0, 18.0) 0.003 1<4
Fatigue 8.0(0.0, 20.0) 10.0(0.0, 20.0) 18.5(0.0, 20.0) 4.0(0.0,15.0) <0.001 4<123
Confusion 7.0(=1.0,19.0) 6.0(2.0, 18.0) 5.5(0.0, 19.0) 5.0(1.0, 12.0) <0.001 4<1.2

SOC; sense of coherence, POMS; profile of mood states, Q1; Quartile 1, Q3; Quartile 3.
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'The association of objectively measured physical activity intensity and
time-of-day with subjective sleep quality in Japanese employees

Naruki Kitano, Yumiko Onodera, Kenji Tsunoda, Yuko Kai,
Takashi Jindo, Tsutomu Kuchiki, and Toshiya Nagamatsu

SUMMARY

It is still unclear what timing and intensity of physical activity (PA)is effective to promote good sleep for workers.
This study investigates associations of objectively measured timing and intensity of PA with subjective sleep quality
in Japanese employees.

Data were gathered from 104 Japanese employees (age 46.1 + 10.0 years; women 64.4%) who mainly engaged in
desk work. Participants wore an accelerometer (HJA-750C, Omron Healthcare Co.) for a month, and we calculated
average daily low-intensity PA (LPA,1.6-2.9 METs), moderate-intensity PA (MPA, 3.0-5.9 METs), and vigorous-
intensity PA (VPA, = 6.0 METs)in the morning (05:00-11:59), afternoon (12:00-17:59) and evening(18:00—24:00) R
respectively. We used the Pittsburgh Sleep Quality Index (PSQI) to assess subjective sleep quality, and calculated
sleep efficiency, daytime dysfunction score and PSQI global score. Adjusted multiple regression models revealed that
LPA in the afternoon have significant favorable associations with daytime dysfunction score (B=—0.353) and PSQI
global score (8=-0.333).1In the evening, VPA was significantly associated with higher sleep efficiency (8=0.261).To
maintain a good sleep quality for employees, our findings are the first pointing at LPA in the afternoon, and at VPA
after office hours would be effective.

Key words: exercise, accelerometer, insomnia.
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Faculty of Social Welfare, Yamaguchi Prefectural University, Yamaguchi, Japan.
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1. SkiGE)R

P ARTG B oS- 12 1Z epoch length 2 108012 3%
& L7z 3 s LR (HIA-750C, 4 A0 YAV A
7 AR 2wz ARETHE L2 HEA
i F (free-living) {2 3 1F % metabolic equivalents
(METs) 1%, €M% { oMEEFL Y =7 77
VAR D 770 T b ZHERRAKEE I & 2 5l & OH]
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DEEHT D B M5 ARG E) & (total physical activity;
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11




12

(FE) HHEICHITIEHENSHRERIEED SORKRBH & THNEROE L DEE

R~ 17H5955), & (18I ~241K¢) @ 3 D DI 77
T CE B ARG E R (METs - WH) 25 Lo
B L7ze 2ed, AWISER S8 3 #8 R AE 1
BHAETHY, O/ PERSORIK - @RS %
FA, TTRHIOTEE S KPS T LI L E LT,

2. EEIMEEROY

TR IR HE > 0 F 481213 H ARFEM Pittsburgh
Sleep Quality Index (PSQI) % J 727, PSQI X i
7t & B R 0 BUJ5 o35 TR IS & B IR
REZA 7)) -V FRETHY, AL 1 2HHD
OIEROE, @AMRKER, GMENRKER, @OREIRD)
= GRBLRIE I 5 o 2 IEIRBE B OB A), GIER
Wk, ©WRA DM, @H o> R K% 57 L,
B S S E DL E oA MRS X B S
N2, WHFH L VIEIRO M, ANREE &
HOR R B X B IEIRAIFRE O T, Hh o
RIRATH Y, HRIGEE)OFEERFRIN & RIR L o
B & Meat L 72647 ch, SThox 7y b
HEZLTWD, T TARIFETD, MEIRR,
Ho o BN EE, PSQIEAMED I OOERE
W LCOMIHI Lze 2ed, D BKIGE)
2 & B AR E 2 i3 5 AT Fges ) b Bz
bNb, 72721, RGBT C &0 2 92
L, 77 b AABBHEEEL TN ENDH,
B0 ko MEEZZE L, ARIZERRED
—EE L TE LR 7

3. ZofoIHH

WRBFOREAEYEEL LT, £l M body
mass index (BMI), ZEFEE, FEHWL 1ERD
FRERFR, OB A ML 2AZHZRNEMEICID
AL 720 BMI I &K G A AL O35 Tl
EL7-BREAREZERL CRESEMHr 8
WML OHMBA ML ZOFMIZIZHARGE
K6'? Z i L 720

C. fRETERIR

PR DORIETIT DT & AR Tk & 1
By 572012, EHRMEROEIZOVWT, 51k
SREES O FRIGEN R & OB 2 L, F Ok,
F BRI & & B EE ) B TG Bh ik & o> B A& 45
Wi L7z MEAHRNTICI, PERZE R EBINIEIRD

B (MERRAY S, Hho SRR EE, PSQI AR,
BN ZE BT IR RN & & o sR R SIS B i
PN L2 % 7o R RNTIZAE R,

£, BMI, HHEEE, ML 1 EEOFKRERR,
DA MLV, BVEBICEAL T RWIERK
eI & & OMREER S RIE B R 2 L7z F 72,
BALERB 0% LM 2 iR T 2720,
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SPSS Statistics 21.0 for Windows % JH\», £ Bk
e Fhd s % & Lz,

R
F IR HNR104% O ER LT X
LADOKEARFEMEZ, FRi46.1+10.00%, ZPk64.4%
BMI 22.5+2.8 kg/m®, #HE15.0£1.74, HD 5K
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Tablel. Characteristics of study participants.

n=104
Mean = SD
Age, years 46.1 £10.0
Female, n(%) 67.0(64.4)
Education, years 150+ 1.7
Body mass index, kg/m? 225%28
Overtime work, h/wk 6.0 6.3
K6 score, points 3340
Accelerometer data
Wear day, days 24392
Wear time, h/day 153+1.8
TPA, MET - h/day 129 +3.1
PSQI global score, points 55%£22
Bedtime 239+0.9
Wake up time 6.3 0.8
Sleep duration, h 6.0 £0.8
Sleep efficiency, % 93972
Daytime dysfunction, points 03+04

TPA; total physical activity, PSQI; Pittsburgh Sleep Quality

Index.
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(METs*h)

5.0 M VPA
45 4.6% 2.0% [LRYIIN
O Lpra

40 3.3%

35
3.0

42.4%

2.5

2.0

1.5
51.9% 58.9%
1.0

54.2%

0.5
0.0
Morning (5:00-11:59) Afternoon (12:00-17:59) Evening (18:00-24:00)
TPA 45+13 45%1.1 3714
VPA 0203 0.1 £0.1 0.1+0.3
MPA 2006 1.8+0.5 1.6£0.6
LPA 23+08 27+08 2.0+09
METs * h/day

B 1. RS o KR O B ARG B i
Figurel. Physical activity at each time-of-day in study partici-
pants.
TPA; total physical activity, LPA; low-intensity physical activ-
ity, MPA; moderate-intensity physical activity, VPA; vigorous-
intensity physical activity.
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Table2. The association of objectively measured physical activity intensity with subjective sleep variables.

n=104
Sleep efficiency (%) Daytime dysfunction (range: 0-6)"  PSQI global score (range: 0-21)"
B P value VIF s P value VIF S P value VIF
TPA, MET - h/day —0.013 0.903 1.225 0.004 0.969 1.225 0.038 0.698 1.225
LPA, MET - h/dayi 0.044 0.717 1.564 —0.054 0.648 1.564 —0.059 0.598 1.564
MPA, MET - h/dayi —0.159 0.194 1.558 0.058 0.622 1.558 0.137 0.222 1.558
VPA, MET - h/dayi 0.273 0.013 1.223 0.024 0.815 1.223 —0.060 0.545 1.223

TPA; total physical activity, LPA; low-intensity physical activity, MPA; moderate-intensity physical activity, VPA; vigorous-intensity

physical activity, PSQI; Pittsburgh Sleep Quality Index, VIF; variance inflation factor. All models are adjusted for age, gender,

education, BMI, overtime work, and K6 score. THigher scores indicate poorer states. :Models additionally adjusted for other physical

activity intensity.
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Table3. The association of objectively measured physical activity intensity and time of day with subjective sleep variables.

n=104
Sleep efficiency (%) Daytime dysfunction (range: 0-6) T PSQI global score (range: 0-21) T
B P value VIF s P value VIF p P value VIF

Morning (5:00-11:59)

LPA, METs - h/day 0.071 0.596 1.832 —0.111 0.384 1.832 —0.085 0.487 1.832

MPA, METs * h/day  —0.165 0.173 1.469 —0.083 0.468 1.469 0.088 0.422 1.469

VPA, METs * h/day 0.171 0.108 1.131 —0.015 0.879 1.131 —0.084 0.382 1.131
Afternoon (12:00-17:59)

LPA, METs * h/day —0.033 0.816 2.035 —0.353 0.008 2.035 -0.333 0.008 2.035

MPA, METs * h/day  —0.110 0.399 1.669 0.060 0.610 1.669 0.120 0.285 1.669

VPA, METs * h/day 0.122 0.281 1.266 —0.043 0.678 1.266 —0.125 0.202 1.266
Evening (18:00-24:00)

LPA, METs - h/day —0.014 0.924 2.296 0.228 0.101 2.296 0.176 0.194 2.296

MPA, METs - h/day  —0.080 0.553 1.882 0.113 0.365 1.882 0.057 0.641 1.882

VPA, METs - h/day 0.261 0.016 1.179 0.026 0.790 1.179 0.003 0.979 1.179

LPA; low-intensity physical activity, MPA; moderate-intensity physical activity, VPA; vigorous-intensity physical activity, PSQI; Pitts-

burgh Sleep Quality Index, VIF; variance inflation factor. Models are adjusted for age, gender, education, BMI, overtime work, K6

score, and other physical activity. THigher scores indicate poorer states.
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R ERT 2SR <, GRS Ul B 72 1
JEEADY R 723D %, BLEOKREEEIZ1010
JTANEENTEY, 13EALORLGITEIMERD
HAET 57280, RIMEETHREITTE BTN
Hbo b 1 23HmAOMETHL, ThEFTO
By 5% 2 xf 42 L7- HIT OF%E T, HigfET
NITA—FPEHENRTE, Larl, BE
EHORVIE) PEHAITERLLR TV, T b
OMEEFRT L7077 2% WBT 5 LD,
HIT 235 L7281597 8D 2 ¥ Z VAV A KD
BRIl hBEEZOND,

DED X BERM»L, TAlL, BEOA Y
FNVANVARREHIBLT, £ 74 ATBWTEH
ATEBLRTVHITO TR 52 %20%T 5
Ll L7z, ABFRETIX, 70T ARROILE

Set 1 : Butterfly

-— “
e |
S

Step one foot to the side and spread your arms
apart, then quickly bring your feet together and
clap your hands in front of your chest

Set 4 : Punching

W7 —% 24572012, ®HMEEIHEOES B
X OSEB) 1R O LMAE SOE D24k 2 Bat L7z,

5 &

A. FIE

RN, A7 4 ATEBLRTWHIT 707
Z L[ Office-HIT % f% U720 RIZ, EIMEH IS
BT 5 Office-HIIT & T ¥ A AR 0L L5 BOG
L7 7 VA RBIE BRI AMSONTE
D, 474 ATEBINTVWDLILEHL N
o, R U TR L7,

B. Office-HIIT

7ar g AR, KOFRFOMEE S £
(RHGEE R E L O ERE 2 &) BB L 72,
BT, D= —XZT) LIz

Set 2,3: Squat

Squat and then stand up and clap your hands
above your head

Set 5,6 : Knee strike

Stand with the feet hip-width apart, then punch
with your right arm first and then with your left

Keep your left foot forward with your knees
slightly. Raise both your arms and then quickly
pull them down while raising your right knee and
slap your hands on your knee. For Set 6, switch
your feet and repeat.

B 1. Office-HIT % M3 2 FEAH) 1t
Figure 1. Illustration of the basic four component of the Office HIIT program.
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C. W& #H
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HTHoTeo IEHREMD LI TESIME L 1,
A I E 130~159 mmHg b U < &L i+
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Fv 73R, EioMZ, OER, EEjol
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RADIO B (8 %) 125 ¥ & JIZHE Y fF1) 72

D. #IFIEH

W2 C, Bk, RE, M, BEAERE, A0GH
PR, fkil, SEB), FBIRALEH 2 W O,
I 55) 2 Bl & Mo 720 SEBY R BE O K B FREE &
L T8 (%HRmax), EBMIHE L LT
Borg 2\ H H B 5REE A & — )V (rate of perceived
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KBl By 2% (AED) % 3¢iE L, 965 47 3 1" P& A% 1
HUTHHIE T & 2 RN B W THEME S N7z,
SRHE, BN, FAENS, BN RE,
F=F R EICOWTICEETH SR, HEL
TBDOARRMBICBIM L 720 MEFOREMEB & O
RABADOMPBEIE, HAFRFESNZVID T
BHINT. &b, AKX, ARMHEEAN Y
HRMEAEFENMGEEERRROKEDO FTE
Jiti & 7z GRS 1 2800575 ) o

S

A. HREHFME

HRE 165 D ERIL, 49.327.25% (37~62
) Th ol LHEOBRIE, 1454 HIT B 7 %4
RADIO # 7 )T A7 T —H—Thol. Wik
BE HITHCTARBICEMETH - 7225, Zh
VSO R F R E, HIT # & RADIO BECH
M olz(FE ). HIT HIZBWT, (2
), B (1 4) 25380 S iz, IR < )R o

F 1. WGERES X OSBRI O

Table 1. Comparison of subject characteristics and exercise intensity in HIIT and RADIO groups.

RADIO

HIIT

P
n=_§ n=3§
Age (year) 50.9 ( 7.4) 47.6 ( 7.1) 0.38
Body mass index (kg/m?) 25.6( 3.9) 26.4( 2.7) 0.67
>25(%) 75.0 62.5 1.00
Systolic blood pressure (mmHg) 137.0(14.8) 145.6(10.7) 0.20
Diastolic blood pressure (mmHg) 88.3(11.0) 102.5(12.0) 0.03
Heart rate (bpm) 75.5(11.3) 78.5(12.6) 0.62
Medication (%)
Hypertension 25.0 12.5 1.00
Dyslipidemia 25.0 0.0 0.47
Diabetes 12.5 0.0 1.00
Other 12.5 12.5 1.00
No medication 62.5 75.0 1.00
Smoking status (%) 0.47
Never 62.5 37.5
Former 25.0 25.0
Current 12.5 37.5
Daily alcohol consumption (%) 0.16
1 day or less per month 12.5 0.0
2-3 days per month 25.0 0.0
1 day or more per week 62.5 100.0
Leisure-time physical activity (%) 0.26
1 day or less per month 50.0 50.0
2-3 days per month 25.0 0.0
1 day or more per week 25.0 50.0
Exercise intensity
%HRmax (average) 56.2( 9.1) 70.8( 8.4) 0.01
%HRmax (max) 67.7( 6.8) 79.1(10.3) 0.02
RPE 11.8( 0.9) 14.0( 22) 0.02

Values are mean (SD) , except categorical data. RPE; rate of perceived exertion.

P by unpaired t-test for continuous data, 2 test for categorical data.
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C. Double product
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Figure 2. Heart rate, systolic blood pressure, diastolic
blood pressure, and double product in HIIT and RADIO

groups.
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The acute effect of practical three-minute high-intensity
interval training on office workers’ mood:
application in the office environment

Kazuki Hyodo", Yuko Kai", Takashi Jindo",
and Toshiya Nagamatsu"
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Introduction

The increasing number of working people with
mental disorders is a major social problem in industrial
countries, including Japan. Since many studies have
revealed that physical activity has a positive effect on
mental health, the introduction of active workstations,
such as standing, treadmill, and cycling desks, has
been attracting much attention® . However, although it
has promising benefits, it is difficult for most offices to
introduce active workstations due to their high cost.

Aside from active workstations, recent studies have
also focused on the effect of exercise during work
breaks on employees’ mood"'". However, what type
of exercise could enhance mood and be feasible for
office workers is still being debated. Since there are
limited resources, such as time and space, in an office
environment, time-efficient exercise that can be
performed without any equipment could be adopted in
offices. Therefore, we focused on high-intensity interval
training (HIIT), which is characterized by repetition
of short high-intensity exercise followed by a brief
period of rest. HIIT has recently attracted much atten-
tion because of its time-efficiency and numerous

health benefits”. Moreover, HIIT could be perceived

as enjoyable even by inactive individuals® ). Our recent
study also showed that 10-min HIIT (two-min warm-up
and eight sets of 30-s cycling exercise at 60% of maxi-
mal aerobic power with 30-s rest) increased arousal
level and cognitive function in young adults” . HIIT
could thus be adopted in an office environment as a
tool for enhancing office workers’ mood.

Although most previous studies on HIIT used cycle
ergometer, its use is impractical in most offices. To
apply HIIT to practical settings, we recently developed
a three-min HIIT program without any equipment
named “Office HIIT.” The program consists of six
bouts of 20-s quick full-body workout with a 10-s re-
covery period. We have already confirmed that the
exercise intensity is high and that people with hyper-
tension could perform it safely(’). In this study, we aim
to reveal the immediate and delayed effects of Office
HIIT on mood and sleepiness in a real office environ-

ment.
Methods

A. Participants
Twenty office workers of an insurance company in
Japan voluntarily participated in this study. Four

participants were excluded from the analysis because

1) Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
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Table 1. Demographic characteristics.

Male (n=11) Female (n=5)

Variables Mean SD Mean SD
Age (years) 46.3 10.6 39.6 134
Height (cm) 171.8 4.0 156.7 7.6
Weight (kg) 67.8 10.8 48.1 7.0
K6 (scores) 1.1 22 2.4 1.5

they smoked during the experiment. All participants
were Japanese-speaking individuals. They were
psychologically normal (screened using the Kessler
Screening Scale for Psychological Distress; K6, score
less than 7) and had no contraindications to high-in-
tensity exercise (screened using the Physical Activity
Readiness Questionnaire; PAR-Q) . Written informed
consent was obtained from all participants prior to the
experiment. This study was approved by the institu-
tional review board of the Physical Fitness Research
Institute, Meiji Yasuda Life Foundation of Health and
Welfare, Japan (Approval number: 28005) . Partici-
pants’ characteristics are presented in Table 1.

B. Experimental procedure

The study was conducted over a three-day period in
a meeting room at the insurance company’s office. On
the first day, participants filled out self-reported
questionnaires to determine their height, weight,
contraindications to high-intensity exercise (PAR-Q),
and psychological condition (K6). After completing
the questionnaires, they practiced Office HIIT to
familiarize themselves with the exercise. On the
second and third days, they participated in either the
REST or HIIT condition. The order of the two condi-
tions was randomized for each participant.

Participants were asked to come to the meeting
room at 14:00 p.m. or 14:30 p.m., and their subjective
sleepiness and mood were assessed using a visual
analogue scale (VAS) and the Two Dimensional
Mood Scale (TDMS), respectively (pre-session).
Subsequently, they performed the three-min Office
HIIT (HIIT condition) or sat on a chair for three min

(REST condition). At the end of the exercise,
perceived exertion was measured using Borg's Rating
of Perceived Exertion (RPE) scale. In twenty to thirty
seconds after completion of the exercise, their sleepi-
ness and mood were measured again (post-session).
They then returned to their work. After one hour (1-hr
post-session) and two hours (2-hrs post-session) , they
were asked to come back to the meeting room and
their sleepiness and mood were measured again. Three
to five participants were simultaneously involved in
one session. On the days of the experiments, partici-
pants were instructed to refrain from caffeine and
smoking after 10:00 a.m. and were asked to drink only
water during the experiments.

C. Office HIIT

Figure 1 shows the procedure of Office HIIT. This
program consists of six bouts of 20-s exercise with a
10-s recovery period. It includes four movements: 1)
Butterfly, 2) Squat, 3) Punching, and 4) Knee Strike
(Figure 1). Participants repeated one of these move-
ments in one set. The exercise was performed while
listening to 140 bpm music.

D. Sleepiness

To evaluate subjective sleepiness, we used a 100-
mm VAS. Participants rated their sleepiness by making
a slash on the 100-mm line, anchored at the left end
with “not at all” and at the right end with “very
much.”

E. Mood

To evaluate mood states, we used the TDMS'? . The
TDMS consisted of eight questions about present
psychological state, and participants responded on a
six-point Likert scale. By calculating these points,
their pleasure, arousal, vitality, and stability levels
were determined.

F. Statistical analyses

The VAS and TDMS scores were analyzed using
repeated measures two-way analysis of variance
(ANOVA) with condition (REST/HIIT) and session
(pre/post/1-hr post/2-hrs post) as factors. When the

25



26

(Brief Communication) The acute effect of practical three-minute high-intensity interval training on office workers’ mood

Set 1 : Butterfly

¥

Step one foot to the side and spread your arms
apart, then quickly bring your feet together and
clap your hands in front of your chest

Set 4 : Punching

Set 2,3: Squat

Squat and then stand up and clap your hands
above your head

Set 5,6 : Knee strike

Stand with the feet hip-width apart, then punch
with your right arm first and then with your left

Figure 1. Illustration of the basic four component of the Office HIIT program (refer to Kai et al.)®

interaction effect was significant, a post hoc analysis
was performed with Bonferroni correction to compare
the differences between conditions in each session. All
statistical analyses were performed using SPSS
version 24 (SPSS, Inc., USA). The significance level

was set to P < .05 for all analyses.
Results

A. RPE

RPE at the end of the exercise was 13.0 £ 2.2 (10—
18), which corresponds to moderate intensity”.

B. Sleepiness

There was a significant interaction between condi-
tion and session for sleepiness (F(3, 45) =52, P <
.05). Post hoc analyses revealed that sleepiness was

lower in the HIIT condition than in the REST condi-

Keep your left foot forward with your knees
slightly. Raise both your arms and then quickly
pull them down while raising your right knee and
slap your hands on your knee. For Set 6, switch
your feet and repeat.

)

tion in post-session (¢(15) = 3.0, P < .05, Bonferroni
corrected) .

C. Mood

We observed a significant interaction between con-
dition and session for vitality (F(3, 45) =5.5, P <
.01), stability (F(3, 45) = 5.4, P < .01), and arousal
levels (F(3, 45) = 10.8, P < .01), based on TDMS
scores. Post hoc analyses revealed that vitality and
arousal levels for the HIIT condition were greater than
those for the REST condition in post-session (¢(15) =
3.0, P < .01; t(15) = 4.1, P < .01, respectively,
Bonferroni corrected) . The stability level for the HIIT
condition was lower than that for the REST condition
in post-session (#(15) = 3.2, P < .01, Bonferroni
corrected) . Regarding the pleasure level, no significant

interaction or main effects were observed.
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Table 2. Changes in subjective sleepiness and mood (n = 16).

Pre Post 1-hr post 2-hrs post

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

VAS for sleepiness (cm) REST 4.6 (2.4) 49 (2.8) 4.7 (2.7) 4.4 (2.6)
HIIT 4.3 (2.0) 2.8 (2.2)* 4.1 (2.3) 4.4 (2.6)

The Two Dimensional Mood Scale

Arousal (points) REST -0.5 (3.1 -3.2 (4.1 -1.9 (3.4) -1.9 (3.5)
HIIT -1.1 (3.7) 1.4 (2.7)* -2.4 (3.1 -23(3.3)

Pleasure (points) REST 6.6 (4.9) 6.9 (5.0) 6.7 (4.2) 3 (4.6)
HIIT 7.1 (4.7) 7.9 (4.5) 7.7 (4.0) 9 (4.1)

Vitality (points) REST 2.9 (2.6) 1.7 (3.5) 3(2.5) 5(2.4)
HIIT 2.9 (2.9) 4.4 (27)* 5(23) 6 (2.4)

Stability (points) REST 3.8 (2.9) 2 (2.6) 4(2.7) 8 (3.0)
HIIT 2 (2.9) 4 (2.4)* 2(2.3) 3(24)

VAS; visual analogue scale. REST = sitting rest condition, HIIT = Office-HIIT condition.

*: P <.05vs. REST.

Discussion

This study examined the immediate and delayed
effects of one bout of the three-min Office HIIT on
subjective sleepiness and mood in office workers in a
real office environment. We found that subjective
sleepiness decreased immediately after performing
Office HIIT. A previous study in a simulated office
environment reported that the standing position did not
affect sleepiness”. The results of this study suggest
that Office HIIT could be useful for reducing daytime
sleepiness compared to just standing.

Further, Office HIIT immediately increased vitality
and arousal levels of participants, while it decreased
their stability level. These results suggest that just a
three-min Office HIIT could energize office workers.
However, the immediate effect on subjective sleepi-
ness and mood did not last for an hour. In a simulated
working environment, a previous study revealed that
while one bout of 30-min moderate-intensity treadmill
walking has only an immediate effect on vigor level,
six hourly 5-min moderate-intensity treadmill walking
can maintain vigor level throughout work hours".

Thus, in order to maintain mood throughout a working

day, it is necessary to perform short exercises several

times during the day.

This study has some limitations. First, contrary to
the result of our prior validation test, the average
subjective exercise intensity of the Office HIIT
program was found to be moderate in this study, with
significant individual differences. This is probably due
to participants’ fitness level and exercise proficiency.
Since exercise intensity and proficiency are important
factors for mood®, more practice prior to the experi-
ment and changes in exercise speed according to each
participants’ fitness level are needed to control relative
intensity. Second, since this experiment was conducted
in a real office environment, we could not control
physical activities and any work-related intellectual
activities in working hours during the experiment.
Thus, in the 1-hr and 2-hrs post-sessions, activities
other than Office HIIT might have affected partici-
pants’ sleepiness and mood.

In summary, our findings indicate that one bout of a
three-min practical HIIT program, Office HIIT, can
immediately improve sleepiness and vitality and
arousal levels of workers in a real office environment.
Although a lasting effect was not observed, there was
no negative effect at least after two hrs. This study

applied an original practical HIIT program without
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any equipment to a real office environment. The

results of this study support the possibility of introduc-

ing Office HIIT to office workers. Future studies

should examine its long-term effect as well as its

effects on productivity or other health outcomes to

obtain additional information to support the application

of this exercise program in offices.
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Does environmental enrichment increase locomotor
activity in rats?
Evidence from an implanted sensor device

Mizuki Sudo”, Toshiya Nagamatsu”, and Soichi Ando?”

Key words: environmental enrichment, locomotive activity, anxiety.

Introduction

Environmental enrichment (EE) involves housing
conditions that facilitate enhanced sensory, cognitive
and motor stimulation relative to standard housing
conditions”. Previous studies have suggested that EE
can enhance exploration, social interaction, cognitive
function and physical exercise in animals, leading to
improvements in depression and anxiety-like behav-
ior' 2> Based on these findings, it is widely accepted
that EE conditions have neuroprotective effects on a
range of brain functions.

The beneficial effects of EE on brain function are, at
least in part, associated with increases in locomotor
activity. However, to the best of our knowledge, actual
locomotor activity has not been directly examined
using an EE paradigm because of the technical
difficulties involved in housing rats in groups. In the
present study, we used a recently developed device to
quantitatively assess locomotor activity in rats. With
this device, it is feasible to assess locomotor activity
accurately, even when rats are housed in groups.
Hence, we measured locomotor activity of each rat
housed under EE conditions during dark and light
periods. Furthermore, because animals were exposed

to motor stimulation in EE”, we expected that skeletal

muscles may be affected (i.e., muscle hypertrophy)
by EE.

The purpose of the current study was to assess
actual locomotor activity of each rat in EE conditions
using a small three-axis accelerometer. In addition, we
also examined whether skeletal muscles exhibited

hypertrophy when rats were housed in EE conditions.
Materials and Methods

A. Experimental animals and environmental
housing conditions

All animal care and protocols were approved by the
Physical Fitness Research Institute, Meiji Yasuda Life
Foundation of Health and Welfare Animal Care and
Use Committee (Approval number: 2014002). Male
Wistar rats (6 weeks of age; Japan SLC, Shizuoka,
Japan) were housed in a temperature-controlled room
(22 £ 2 °C) with a 12-h/12-h light/dark cycle, and
received standard rat chow and water ad libitum. Rats
were randomly assigned to standard environment (SE)
and EE groups. In the SE group (n = 7), rats were
housed in groups of two rats per cage in standard
laboratory cages (length X width X height: 40 X 25
X 20 cm). In the EE group, (n = 7) rats were housed
in groups of two rats/cage in large cages (60 X 40 X

40 cm) containing a slope, a small hut, three tunnels,

1) Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
2) Department of Mechanical Engineering and Intelligent Systems, Control Systems Program, University of Electro-Communications, Tokyo, Japan.
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and a running wheel. These housing supplements were
moved to different locations within the cage every
week. After 32 days of exposure in each group, the
animals were anesthetized by isoflurane inhalation
(2%) . The tibialis anterior (TA), extensor digitorum
longus (EDL), soleus (Sol), plantaris (Pla), and
gastrocnemius (Gas) muscles, adrenal gland (AG),
and thymus were removed and immediately weighted.

B. Measurement of locomotive activity

Locomotor activity was continuously recorded us-
ing three-axis accelerometers (Nano-Tag: 15 X 14.2 X
7.1 mm, 2.5 g, Kissei Comtec Co. Ltd., Nagano, Japan).
The accelerometers were subcutaneously implanted in the
back under anesthesia. The accelerometer counted the
number of movements above the threshold that was
determined based on the preliminary experiments. In
this study, we determined movements during feeding
behavior as the threshold, which allowed detection of
movements in the cage as locomotor activity.

C. Statistics

All experimental data are expressed as mean * standard
deviation. Comparisons were performed using t-tests.

The level of significance was set at P < 0.05.
Results

A. Skeletal muscle, adrenal gland, and thymus
weights

TA, Sol, and Pla muscle wet weights per body
weight (BW) were greater in the EE group (TA: 1.56
+ 0.03 mg/g, Sol: 0.40 £ 0.02 mg/g, Pla: 0.93 = 0.02
mg/g) compared with the SE group (TA: 1.50 £ 0.07
mg/g, Sol: 0.37 + 0.02 mg/g, Pla: 0.90 + 0.03 mg/g)
(P =0.03, P=0.02, P =0.02, respectively). In
contrast, EDL and Gas muscle wet weight and per BW
were no different between the EE and the SE (EDL:
0.40 = 0.02 mg/g, Gas: 4.52 = 0.21 mg/g) groups (P
=0.45, P = 0.07, respectively) . There were no differ-
ences in AG and thymus weights between the EE
(AG: 0.09 £ 0.01 mg/g, thymus: 1.27 = 0.15 mg/g)
and SE (AG: 0.08 = 0.01 mg/g, thymus: 1.13 = 0.12

40000 P=0.035 O SE-D O SE-L
35000 ) B EE-D @ EE-L
30000
25000
20000
15000
10000

5000 ]

Locomotor activity (a.u.)

SE EE
Figure 1. Locomotor activity.
Activity during the dark (D) or light (L) periods.

Values are expressed as mean =SD.

mg/g) groups (P =0.22, P =0.38, respectively) .

B. Locomotor activity in dark and light periods

in SE and EE

Figure 1 shows locomotor activity during dark and
light periods in the EE and SE groups. Locomotor activ-
ity was greater in the EE group compared with the
SE group during the dark period (EE: 28194 *+ 6087
a.u., SE: 19757 £ 6909 a.u., P = 0.03). In contrast,
locomotor activity during the light period was no
different between the EE and SE groups (EE: 6704 %
2313 a.u., SE: 5132 + 2381 a.u,, P=0.23).

Discussion

The major findings of this study were that: 1) loco-
motor activity was greater in the EE group than in the
SE group; 2) skeletal muscle (TA, Sol, and Pla)
hypertrophy was observed in the EE group; and 3)
adrenal gland and thymus weights were not affected in
the EE group. These results suggest that EE enhances
locomotor activity and leads to muscle hypertrophy
without inducing a physiological stress response in
rats.

In previous studies, locomotor activity was indirectly

assessed using an infrared sensor®?

. However,
although these methods are useful when an animal is
housed alone, they are not suitable for measurements
when animals are housed in groups.

To the best of our knowledge, this is the first study

to directly examine the effects of EE on locomotor
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activity using an implanted accelerometer when rats
are housed in groups. As expected, we observed greater
locomotor activity in the EE group during the dark
period. In contrast, there were no differences in loco-
motor activity during the light period between groups.
These results clearly indicate that the present EE was
effective for enhancing locomotor activity during the
dark period.

In the present study, the TA, Sol, and Pla muscles
exhibited hypertrophy 32 days after exposure to EE.
Given the greater locomotor activity in the EE group,
we can assume that muscle hypertrophy was caused by
enhanced locomotor activity. Nevertheless, it remains
unclear how enhanced locomotor activity induced
skeletal muscle hypertrophy. This point should be
further investigated in future studies. However, muscle
hypertrophy was not observed in the EDL and Gas
muscles”, indicating that the Sol and Pla muscles
increased after resistance wheel running, while only
the Sol muscle increased after free-spinning running.
These findings suggest that the occurrence of muscle
hypertrophy is dependent on the type of muscle activ-
ity. In the present study, the EE contained a slope, hut,
tunnels, and a wheel. The present results suggest that
motor stimulation induced by locomotor activity
through these objects led to skeletal muscle hypertrophy.
The differential effects of muscle hypertrophy indicate
that muscle stimulation and resultant muscle activation
might be specific to the TA, Sol, and Pla muscles.

Finally, the EE condition used in the present study
did not affect adrenal gland and thymus weights,
indicating that rats in the EE group did not exhibit
physiological stress responses. The present results
suggest that this type of EE may provide an appropriate
model for inducing muscle hypertrophy without inducing

stress responses.
Conclusion

The current study examined locomotor activity

among rats housed in EE conditions. The results

revealed that locomotor activity was greater under EE
during the dark period relative to standard housing
conditions. The current findings also indicated that the
EE used in the present study induced skeletal muscle
hypertrophy in rats. These results suggest that en-
hanced locomotor activity in EE conditions induces

muscle hypertrophy.
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