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Effect of exercise as the mental health solution in workplace

Toshiya Nagamatsu

SUMMARY

Although previous studies have investigated the influence of physical activity on psychological well-being in
adults, few have addressed the relationship between exercise and mental health in the workplace. This brief review of
the literature aimed to determine the influence of exercise on the mental health of employees. Although the reviewed
studies were cross-sectional, relatively small-scale and lacked measurement consistency, their findings nevertheless
showed that exercise is likely to significantly improve mood and sleep. Recreational physical activities also help to re-
duce chronic stress among employees. On the other hand, being sedentary for long periods is associated with worse
mental health. These findings suggest that physical activity enhances psychological well-being, and that constant rec-
reational and sport activities effectively promote better mental health in the workplace.

Key words: mental health, exercise, recreational physical activity, psychological well-being, employee.
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Figure 1. Levels of salivary cortisol before and
after stretching exercise in each trial.
O : Control, @ : Stretching.

LICHMEEAOND, IV RBHIEDRS
HA DHEHEDOLHNT, AoeiHz) T EFFELD
BT B0 TOXIBRINT 4 TROBIREDN DS
BRSBTS 2dn—3%kL LT, fifin
D SR [\ 92 it ] R 7 K B SR B XA SR W
boLEbhs,

BEIHCLDENHEDA > ZILANIL AXTE

A. EBHEICHTZES - FEEBHOHFMM

WPEZ BB O A7 O FTEEE) T D X0 OUFH IS
W —EORRBFETEZ ) THBA, BITHD
AL E VANV AYEEB R R E W T 59 2Tl
METREHEDID D, Thi, Bygos, &
BEnwofr It n) I EThb, ITREDR
B % W GATAT o 72 5 ARG B\ B 5 % R A
e T, 1B ORBSRIGERA1355 (1 H
2070 FLEE) R TREII D) 2D FRITHIRIT % <,
13557 PL E RIS EY R0 By &2 479 LD DDAk
BRI AL VIR TH o7, T, BERFD
BATHRERNICEH LCTA D L, 205K, 20~40%"
i, 4050 E o 3 BEIZAMT TS D 0% ERR
ZHBL, HHOERZRED LD o7 G
INTVD, TNHORREZE T 2 T, HHHo
—HEDBELZONLBEEOBO B RIGEROSL
I o0FRICIEHENHFLGLEVEEZD
Nbo HBADRX YT NANVAMFFLEZMD 9
A TIE, REOFHRIEH &2 W 2N &5 0

WEEL b5,
B. BiEMX ML X EEE) - HREE—BHFHE
ICEREEHDBE LTEE—

Karasek, RA. AL FOEREE & Hm O BRIC
HHL, MHHOERE-a > ra—VEFNV]%E
L2, ERE L IHHETRD LN EHD
R T, BRELIIEREOBRIRPR— B0
HOpCTT&HZ L%, COEFTNVTRD A
VAT VRO ERENR L, HEEIML I
=tk MICEREMIMEL, BEEIRHV
EAPMLVRARBNIVEFHi S NG, BWEEX ML
2 & HRIGB O BAR % Beat L2 64 Ee Y T,
BEMA P LADNRY —VIE LT 42D 7 NV —
TEHRT, TOBETNV—TTRIICH 4 ML L
DEBZ T TV B PEHENPTHEIZHHL, HFFS
TN =TT DB OHEVHEI SN T b,
ZOMRE, APV ADBERDKREL, HREOEHH
H 4 WD 7 IV — 7128 589 2B OEEH
HEIZEPo L2L, APVADBRRDRKEN
TN—TTHRMBIEEZH 4 ML RERT 5 &,
WO OHEDHEEGIN~PA P LADIT V=T LD
EWERDOLE P72 (M2)e 2O ENS, L
BARLAZVTH-TH, RBICHBHIZEZ
g I ETA ML ARHRH ) DWUHEOR)RA
HohsdotEBbis,

BHFHEDRA L Z VANV AR E L THRBNZEE)
EBTHIEIZAMERDRS Y, BIETOE
B AL X ¥ Z VAL 2 O BIRE B L2 ST
7T, ARFEHGPL VAT VAL —=
FTRANEZHERTE T, FHICOVNTOAK
SFREONEVPWAMETH - 72 L WHE I TWw b,
ZEODPRELH T HEEZNREL, IO
B2 ARZA MLy F vy 7urshlko
TS DB L AR RS S 2 3
ERHTVD, STNOHDOMEBCREBBIT 5 &, WK
WCTERTEZITRA I Ly F V7D L) RIK
BRESEBIIX, A DL ACWISNBZICHE%EIC
Lo THIEREHMRRTHLO0d Lnikwv,




{#775/%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.115

8.0 *

7.0 -

6.0 -
o 50
E
2 40
8

®
3.0
20
Reference
1.0 O T I ?
0
Low- strain Active Passive High-strain

2. RBHGEIOA ML JCQ BET/HMF 72319 oD+ v Xk

Figure 2. Odds ratio of depressive symptoms in the combined models of the

JCQ and the LTPA groups.

Error bars represent 95% confidence intervals.

JCQ; job content questionnaire. LTPA; leisure time physical activity.
O : LTPA > 4 times/month. @ : LTPA < 4 times /month. *P < 0.05.

C. XHIAINZADEE%RZDEHHEDT-
HDEE)

CNETHARTIE, HI2oWEIILDET S %&H
A BT U CORB) IS & OB R WE <

FARZRDO T A KT 4 VIHEB AR I Y
FFoNs 2 Eidhh o705 20124E12K9 DO
PEREDBBEA A BT A4 25 EBE AR
BNz BERE D DM T B R A
PEOPEH & OERT 3w 2 EHIN R ey
ZEVED, TOZEIZEST, AVFLANLR
WM SLDOMEZ TR 2EHFHD R Y F VNIV A
s U CHEBIAFMBMICIEH I NS L)1k D
b L, 72720, SHRP ok EEHEIC
o U CEBIREZ AT ) BRI, BRI
BRLERT ST EVKAIRTH Y, HED LD
RHEMEOREBEEZ T LN OFEET L L
FLV, APy F U TR EORVERTHNI,
ARANBHEEEO LN THEWICERT L2 LD
e b 28, REICHZELAZS 2 CHEHEIZ
DL ENHELEEDNS,

D. &FEMTFMD /DD DBHENT I MHLA

AR, BB oOREFME LT, 77k
T4 =4 ZXLBIOFTLEYTF 4 —Lf ZL~NDHY
LR E-oTWE, 77 YT 4 —4 AL RIR
SIZEBRE), LY YT 4 — A4 XN E

WX BAEEKT2EL, COPWMARTLER
EREDBHNT DL E R D, BITTLEY
TA =4 ZLPRELHLLHLTIAINIT T
FA—AZLEDBERENZEDASOATVSYY,
TVEYT 4 =4 AL ENREZEZDLIZT
HELRERTHDH, HRIGE L OB OB
D TA LY, REREEZETIANEISHRE
2 MLREFEE BN S,

)5, WS BT BRI T 4 TR T
TEIANELT, T - T TR NDE
HanhTwad, 7—27 -2 754 IV 2AbEiZ
MEFEICHET 2RI T 4 7T THRELZZOBIRE
ThY, W), BB REICL->TREOT I
o TUHA VAL NI, WNROWH, Wk,
TN, FFEIEE NS Sz — R R IR Tl 4 <
AEFHTIT & N7z Rl 2D A i) 70 BN & 72
THDIEEHRINTVLEEY ey . ¥
AT X Y bOFCEGEE, RETEREE LA
DITEY 2 RMIATH 2 L3V DBHERShTHY,
R ERIICT—27 « U4 XV FOEWE
BB EEBOFE T —27 - 54 VAV I
HELEVI T URF—N=RRPEL L Z LR
RBENRTWAY, %72, V=2 - V¥4 IR
Y MAEW & BRRRR LA TSR,
FEMIC SR 7263 NA 2 L LTS




(85 B X > 5 )LV AR E LT DEBDMA

NTwaYy, J—27 - 254 VAL MNIHT S
HEE ORI T 2 EROMABHY Y7
SWAS, SEEAA ¥ F VAN AR ITTE
FEFRRREMETIUE, BRI THE
B BT AL TY—2 - UF AL TR
YA RICE L REDEZELZONSE, ThHD
MIZOWTIL, PFEERED 2 VIR0 58
BT B 5 HDOWZEDO Y MLAIZHIFE L 72\,

BhUIZ

B HE DAY Z VANV ARRHO—R TR E L
T, BADX ML AMEE ZED2D, T
DAI 2= —Ya reREITTARBEROE
b2 Bik3 22 LR ENL D5, JATII%E %2 Bl
T5EMFEMA PLAMKLE LTCEBZIEHT 5
CLITIE—EDRRVBIFRFTEL ) THD, AV
FIANVAMFGE L OB THINE, ALy
F 7D XD RARIREE - SR OB 23k - A
b oTEHEIZES>TIRERNERbNS,
JAETIE, REEHDORX U VAL ARG %
7o TRERBEEZ R, EEHORBICHEL R
ASSURE I L2 HAR 3 TR ')k H 23
FoTwd, IDEZLOMNERORFTE 2L
B2 8B 70T A EHEL, TOEBICHT
HREAH 2 REHORROD L THYNGEHNTE
X, PEEB OB DA% S F AN L
THREPFETE 5, 551, HEERME L N
BEOWH D S DEFFIIBZIFH X Y F VANV A
YT 2B OMHICET 57T ZADEK
M- b,

ZEZX®

1) Bakker, A.B., van Emmerik, H., and Euwema, M.C.
(2006) : Crossover of burnout and engagement in work
teams. Work Occup., 33, 464 —489.

2) Brown, H.E., Gilson, N.D., Burton, N.W., and Brown, W.J.
(2011): Does physical activity impact on presenteeism
and other indicators of workplace well-being? Sports
Med., 41, 249 — 262.

3) Chu, A.H., Koh, D., Moy, F.M., and Muller-Riemenschnei-
der, F. (2014): Do workplace physical activity interven-

tions improve mental health outcomes? Occup. Med., 64,

235—245.

4) Craft, L.L. and Perna, FM. (2004) : The benefits of exer-
cise for the clinically depressed. Prim. Care Companion J.
Clin. Psychiatry, 6, 104 — 111.

5) Demerouti, E., Bakker, A.B., Nachreiner, F., and Schaufeli,
W.B. (2001): The job demands-resources model of burn-
out. J. Appl. Psychol., 86,499 —512.

6) Gujar, N., McDonald, S.A., Nishida, M., and Walker, M.
(2009) : Overnight therapy? The role of sleep in emotional
brain processing. Psychol. Bull., 135, 731 —748.

7) Inoue, S., Yorifuji, T., Sugiyama, M., Ohta, T., Ishikawa-
Takata, K., and Doi, H. (2012): Does habitual physical ac-
tivity prevent insomnia? A cross-sectional and longitudinal
study of elderly Japanese. J. Aging Phys. Act., 21, 119 —
139.

8) At (2011) : P23 R R A% H R PIW Ik E 92
TR AR R OB,
http://www.jinji.go.jp/kisya/1303/23tyouki.pdf

9) Kai, Y., Nagamatsu, T., Kitabatake, Y., and Sensui, H.
(2016): Effects of stretching on menopausal and depres-
sive symptoms in middle-aged women: a randomized
controlled trial. Menopause, 23, 827 — 832.

10) FEHT, ARBRRE EREE, BARIET, MMV
M, LY (2009)  WEEMEA P L RIWCHB LR
W2 £ ARG B & 309 D D BIEPE IO W T ORE. )
Wrge, 107,1-10.

11) WEER, ARk, D=4, s 1 (2011) ¢
R AT B K OBEN IR O AT S S 0TS o
AT RIE%E, 109,1-8.

12) % #Hiz, MBPE, ZkREW, =N 3 (2010) ¢
fMRI % v 7[RI o B 5P B & OB FEPE R B) D
BrREr. BEMCEEHE, 4,505 —500.

13) Karasek, R.A. (1979): Job demands, job decision latitude
and mental strain: implications for job redesign. Adm. Sci.
Quart., 24, 285 — 308.

14) BT (2015) © FR7AERICB T B HBR ORI,
https://www.npa.go.jp/safetylife/seianki/jisatsu/H27/H27 _
jisatunojoukyou 01.pdf

15) REVHEER (2016) : REDOEHEE IAA FT v o
—3dE - B X DL YDA R A—,
http://www.meti.go.jp/policy/mono_info_service/health-
care/kenkokeiei-guidebook2804.pdf

16) AL SRR - ACTRERFZERT (2010) @ AR - 92
xR OBEFWAELE (AR - 9 DIT X 2HEMIHLR) D
HEwt
http://www.mhlw.go.jp/stf2/shingi2/2r9852000000sh9m-
att/2r9852000000shd1.pdf

17) JEA55M848 (2016) © S7 i i EPITHEDS S X ML




{#775/%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.115

18)

19)

20)

21)

22)

23)

24)

25)

26)

AF xy 7 HEER~ =27 V.
http://www.mhlw.go.jp/bunya/roudoukijun/anzeneiseil 2/
pdf/150507-1.pdf

JEA G748 (2014) : FR264E BA A OB,
http://www.mhlw.go.jp/toukei/saikin/hw/kanja/14/dl/kanja.
pdf

JEAE 54 (2012) @ SR 244F 5708 2 HLHE IR 0 R AR
ROBELE.
http://www.mhlw.go.jp/toukei/list/dl/h24-46-50_01.pdf
ANMISCE, BIEAT, EIlE—, KRS (2010) -
FEEOE S D, Wy, MR E &R —
99m. Te-ECD SPECT % V7o #iid—. HARBRE - %
RS 58,76 — 82.

Loeppke, R., Taitel, M., Richling, D., Parry, T., Kessler,
R.C., Hymel, P., and Konicki, D. (2007): Health and pro-
ductivity as a business strategy. J. Occup. Environ. Med.,
49,712 —721.

AR, WEMGT (2014)  REDO R MLy FiE
B 23 BE I R 55 2 O IEMR B X V2 b U 2 BUB IS K
TR OONgE, 112,1-7.

Akn ik, WEMT, JoEFd, BUKEE, =4
Al (2008) : A b Ly F 2 HOIAKEREET) 0
2 D FEREAS AR5 OMEIRIC JZ T 5%
RJIWE%E, 106,1-8

AR, deEFM, HUKER (2012) @ RERIE - B
B 2 b Loy FMB A ik, 2 b LA BUE,
BLORTIT BT A%, 110,1-7.

HA D 2#i4x (2012) © HA D DB HT A F
T4 Y. K 2MmPEREE2012 ver.l.
http://www.secretariat.ne.jp/jsmd/mood_disorder/
img/120726.pdf

Paluska, S.A. and Schwenk, T.L. (2000): Physical activity
and mental health: current concepts. Sports Med., 29, 167

IR
A D,

27)

28)

29)

30)

31)

32)

33)

34)

— 180.

Rimer, J., Dwan, K., Lawlor, D.A., Greig, C.A., McMurdo,
M., Morley, W., and Mead, G.E. (2012) : Exercise for de-
pression. Cochrane Database Syst. Rev., 7, CD004366.
Schaufeli, W.B., Salanova, M., Gonzalez-roma, V., and
Bakker, A.B. (2002): The measurement of engagement
and burnout: a two sample confirmatory factor analytic ap-
proach. J. Happiness Studies, 3, 71 —92.

Sensui, H., Nagamatsu, T., Senoo, A., Miyamoto, R., Nori-
uchi, M., Fujimoto, T., and Kikuchi, Y. (2016): The effect
of hip-hop dance training on neural response to emotional
stimuli. AAJJ0F%E, 114,20 -29

BEPIA, LI § (2012) t 7—2 - U H AL TR
Y MCHTAMEDBIIRE SO, EEEFEL
¥a2—, 25 79-97.

Sonnentag, S. (2003): Recovery, work engagement, and
proactive behavior: a new look at the interface between
nonwork and work. J. Appl. Psychol., 88, 518 — 528.

Voss, M.W., Carr, L.J., Clark, R., and Weng, T. (2014):
Revenge of the “sit” II: does lifestyle impact neuronal and
cognitive health through distinct mechanisms associated
with sedentary behavior and physical activity?. Mental
Health and Physical Activity, 7, 9 —24

Yanagisawa, H., Dan, 1., Tsuzuki, D., Kato, M., Okamoto,
M., Kyutoku, Y., and Soya, H. (2010): Acute moderate
exercise elicits increased dorsolateral prefrontal activation
and improves cognitive performance with Stroop test.
Neurolmage, 50, 1702 — 1710.

Yokoyama, E., Kaneita, Y., Saito, Y., Uchiyama, M., Ma-
tsuzaki, Y., Tamaki, T., Munezawa, T., and Ohida, T.
(2010) : Association between depression and insomnia
subtypes: a longitudinal study on the elderly in Japan.
Sleep, 33, 1693 — 1702.




{A738%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE
No.115 pp.8~14 Apr., 2017

BFEHEFICH
Zﬁi’—“/iﬁéﬂ@ﬁﬁ&

/\

2 I_l\

MRS SI—EY WM LREEY R )Y
RO /NDAEARTY  BREIEHED 3 IIERY KRk

Generalized self-eflicacy and related factors in sports
activity characteristics in male adolescents

Takashi Jindo, Kazuhiro Suzukawa, Yuko Kai, Naruki Kitano,
Isao Matsubara, Takayori Ueki, Hirokazu Osanai, Eisuke Ochi,
Kenta Aoyama, and Toshiya Nagamatsu

SUMMARY

Generalized self—eﬁicacy(GSE) is a belief that a person can successfully perform the behavior in question, and a
person who has high GSE will adopt positive coping behavior in a difficult situation. Although a sports activity
might contribute to enhance GSE, there are only a few studies that focused on the association between GSE and
sports activity in adolescents. The purpose of this study was to compare GSE between male adolescents who be-
longed to sports club and those who did not belong to it, and investigate associated factors of GSE in sports activity
characteristics.

The study subjects were 186 junior high and 1169 high school male students in Fukuoka, Japan. We conducted the
investigation in a physical education class using a self-reported questionnaire. We evaluated GSE by using the
generalized self-efficacy scale. Participants were divided into following 2 groups based on whether the subjects
belonged to a school extracurricular sports activity or a community sports club: belong to sports club (junior high
school: n = 143, high school: n = 519)and do not belong to sports club (junior high school: n = 43, high school: n =
650).

We used ANCOVA adjusted for grades to compare the GSE between the two groups. A multiple regression ana-
lysis was used for investigating the associated factors of GSE in the group that belonged to the sports club. The
independent variables were grades, sports activity days, regular player or not, perceived exertion in daily activity,
sports type, and social support. Social support was evaluated by using the athletic social support scale, which assesses
perceived social support from coaches, parents, or peers in sports activity. These analyses were conducted separately
for junior high school and high school subjects.

In both junior high and high school subjects, GSE was significantly higher in the group which belonged to a
sports club than the other group. There was a significant association between GSE and sports activity days ([3 =0.20)

1) AN Wik mEAERERA K580 Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
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and social support ([3 =0.34)in junior high school subjects. As for high school subjects, GSE was significantly associ-
ated with grades (B = - 0.12), regular player(B =0.13), team sports (B =0.14) and social support (B =0.28).

This study indicates that belonging to a sports club contributes to improving GSE in male adolescents. Since

social support showed high standardized partial regression coeflicient for both junior high and high school subjects,

it is important to enhance social support in a sports activity to improve GSE.

Key words: extracurricular activities, physical activity, social support, mental health.
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Table 1. Characteristics of participants in junior high school and high school.

Junior high school (n = 186)

High school (n = 1169)

Variable Not belong to sports ~ Belong to sports club Not belong to sports ~ Belong to sports club
club(n =43) (n=143) club(n =650) (n=519)
Grades'
First year, n 8 50 340 283
Second year, n 3 59 310 236
Third year, n 32 34 — —
Sports activity characteristics
Activity days (days/week) , mean (SD) 4.6(1.6) 6.1(1.7)

1 day, n(%) 3(2.1) 23(4.4)

2 days, n(%) 3(2.1) 30(5.8)

3 days, n(%) 35(24.5) 11(2.1)

4 days, n (%) 47(32.9) 8(1.5)

5 days, n(%) 4(2.8) 16(3.1)

6 days, n(%) 25(17.5) 88(17.0)

7 days, n(%) 26(18.2) 343(66.1)
Regular player/not regular player, n(%) 80(55.9)/63(44.1) 318(61.3)/201(38.7)
Perceived exertion in daily activity (point), mean (SD) 3.2(1.1) 3.6(0.9)
Individual/team sports, n (%) 57(39.9)/86(60.1) 219(42.2)/300(57.8)
Social support (point), mean (SD) 18.7(3.8) 19.1(3.3)

"There was a significant difference between 2 groups in junior high school subjects.

SD; standard deviation.

11



12

(FE) STFHEFICOIIDEHHNECHNRERET D AR—TEE DR

100 P=0.02
90

80
70
60
50
40

30

Generalized self-efficacy (score)

20

Generalized self-efficacy (score)

P<0.01

Not belong to sports club

(n=43 (n=143)

Junior high school

Belong to sports club

Not belong to sports club Belong to sports club
(n=650) (n=519)

High school

P values were adjusted for grades. Error bar indicates standard deviation.
1. HPEB L OERAICE T 2 2 REORHER B ORI & Hek

Figure 1. Comparison of generalized self-efficacy between two groups in junior

high school and high school subjects.
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Table 2. Multiple regression analysis for generalized self-efficacy in the group which belong to sports club.

Junior high school (n=143)

High school (n = 519)

Variable Standardized partial

Standardized partial

Pvalue  VIF' Pvalue  VIF'
regression coefficient (B) regression coefficient (B)

Grades —-0.12 0.15 1.13 —-0.12 0.01 1.01
Activity days 0.20 0.04 1.54 0.06 0.18 1.13
Regular player 0.13 0.10 1.12 0.13 <0.01 1.11
Perceived exertion in daily activity —=0.07 0.40 1.15 —=0.01 0.73 1.08
Team sports 0.07 0.46 1.44 0.14 <0.01 1.06
Social support 0.34 <0.01 1.05 0.28 <0.01 1.06
Adjusted R? 0.177 <0.01 0.123 <0.01

TVIF; variance inflation factor, VIF > 10 indicate a problem of multicollinearity.
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Impact of leisure-time physical activity pattern on subjective
sleep quality in Japanese workers: a 1-year follow-up study

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

SUMMARY

Purpose of this study was to investigate whether the difference in leisure-time physical activity(LTPA) pattern
affects one-year after incident of poor subjective sleep quality (SSQ)in Japanese workers. Study data were obtained
from a health check-up program in Tokyo, Japan in 2013. Participants of the study consisted of 3621 workers who
met the following criteria: 1) not diagnosed with history of mental illness including depression, 2) not using the
hypnotic and 3) not complaining of poor SSQ. LTPA was evaluated using International Physical Activity Question-
naire long version and participants were divided into 4 groups with criteria of = 10 METs-hour/week: 1) not
engaging in LTPA, 2) engaging in LTPA but not meeting the criteria, 3) meeting at < 2 days (weekend warrior) and
4) meeting at = 3 days (regularly active). A question concerning SSQ_in Pittsburgh Sleep Quality Index was used
and participants who answered “fairly bad” or “very bad” were defined as poor SSQ. Logistic regression analysis was
performed adjusting for age, gender, body mass index, economic status, non-working days, alcohol consumption,
smoking status, psychological distress and non-LTPA (model 1). An additional analysis adjusting for the above
confounders and LTPA was performed using data from participants meeting the LTPA criteria (model 2). Partici-
pants who engaged in = 10 METs-h/wk of LTPA at = 3 days significantly reduced incident of poor SSQ_compared
with people with not engaging in LTPA (OR = 0.57, 95%CI = 0.42-0.78) . In model 2, regularly active workers
significantly reduced incident of poor SSQ_compared with weekend warrior (OR = 0.62, 95%CI = 0.41-0.96) . In
Japanese workers, to maintain good SSQ, engaging in LTPA regularly/habitually and obtaining = 10 METs-h/w
would be more effective than practicing like a weekend warrior.

Key words: exercise, physical activity, sleep, worker, weekend warrior.
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Employees who participated in 2013 survey of
Meiji Yasuda Longitudinal study
(n=10326)

Exclusions

Incomplete data (n = 1349)

Diagnosed with history of mental illness
including depression (n = 203)

Hypnotic use (n = 328)

Employees at baseline (n = 8446)

Exclusions

Reporting subjective insufficient sleep
(n=3078)

No follow-up data in 2014 (n = 1747)

A 4

Cases including in analysis (n = 3621)

1. NEFREDOT7 T —

Figure 1. Flow of eligible participants in this survey.
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Table 1. Characteristics of participants by leisure-time physical activity pattern.

LTPA pattern*

No. 1506 1322 279 514

Age, mean(SD), y 46.6(10.7)  48.2(10.6)  47.5(10.4)  51.0(11.1) <0.001

Male 752(49.9) 757(57.3) 190(68.1) 334(65.0) <0.001

Body mass index, mean (SD) , kg/m? 226 (3.4) 230 (33) 230 (32) 230 (3.1) 0.025

Economic status <0.001
Very good/Good 1056(70.1)  1019(77.1) 216(77.4) 402(78.2)

Poor/Very poor 450(29.9) 303(22.9) 63(22.6) 112(21.8)

Weekly non-working days <0.001
<2 days 316(21.0) 231(17.5) 43(15.4) 68(13.2)

2 days 1109(73.6)  1016(76.9) 216(77.4) 369(71.8)

> 3days 81 (5.4) 75 (5.7) 20 (7.2) 77(15.0)

Smoking status <0.001
Never 822(54.6) 713(53.9) 145(52.0) 261(50.8)

Former 311(20.7) 354(26.8) 80(28.7) 186(36.2)

Current 373(24.8) 255(19.3) 54(19.4) 67(13.0)

Daily alcohol consumption <0.001
Never 213(14.1) 143(10.8) 19 (6.8) 46 (8.9)
Low-moderate (< 20.0 g) 957(63.5) 850(64.3) 173(62.0) 326(63.4)

Heavy (>20.0 g) 336(22.3) 329(24.9) 87(31.2) 142 (27 6)
Psychological distress (K6 score > 10) 60 (4.0) 42 (32) 16 (5.7) 0 (1.9) 0.027
Subjective sleep quality 0.005

Very good 267(17.7) 247(18.7) 50(17.9) 127(24.7)

Fairly good 1239(82.3)  1075(81.3) 229(82.1) 387(75.3)

LTPA, mean (SD), METs-h/wk N/A 48 (24) 163 (55  24.8(143) <0.001
No. of sessions, mean (SD), sessions/wk N/A 1.7 (1.1) 1.8 (0.4) 5.0 (2.3) <0.001
Moderate-intensity LTPA, mean (SD), METs-h/wk N/A 4.4 (2.5) 8.5 (82)  14.1(10.8) <0.001
Vigorous-intensity LTPA, mean (SD) , METs-h/wk N/A 0.5 (1.6) 7.8 (9.0) 10.8(14.7) <0.001
Ratio of vigorous-intensity LTPA to total LTPA, % N/A 6.9 45.6 36.3 <0.001

Household PA, mean (SD), METs-h/wk 3.6(10.1) 32 (6.2) 3.9 (8.1) 5.0(11.2) 0.003

Travel PA, mean (SD), METs-h/wk 9.1(13.1)  103(11.0)  11.4(13.2) 124“49 <0.001

Work PA, mean (SD), METs-h/wk 8.2(24.3) 6.7(16.1) 9.2(19.7) 5(18.3) 0.093

Total PA, mean (SD), METs-h/wk 21.0(33.6)  25.0(24.0)  40.8(29.7)  50.7(36.1) <0.001

LTPA; leisure-time physical activity, PA; physical activity, N/A; not applicable.
*Physical activity patterns were defined as follows, insufficiently active: engaging in LTPA less than 10 METs-h/wk, weekend warrior:
engaging in LTPA at least 10 METs-h/wk from 1 or 2 sessions, and regularly active: engaging in LTPA at least 10 METs-h/wk from 3 or

more sessions.
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Table 2. Longitudinal association of leisure-time physical activity pattern with incident subjective insufficient sleep.

Incident Crude Adjusted for age and gender Fully adjusted
« subjective
LTPA pattern insufficient
sleep QOdds ratio QOdds ratio 95%CI QOdds ratio 95%CI
Model 17
Not engaging 1506 283 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Insufficiently active 1322 220 0.86 (0.71-1.05) 0.86 (0.71-1.04) 0.88 (0.72-1.07)
Weekend warrior 279 49 0.92 (0.66-1.29) 0.89 (0.64-1.25) 0.91 (0.65-1.27)
Regularly active 514 59 0.61 (0.40-0.92) 0.56 (0.41-0.99) 0.57 (0.42-0.78)
Model 2%
Weekend warrior 279 49 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Regularly active 514 59 0.56 (0.41-0.76) 0.65 (0.43-0.76) 0.62 (0.41-0.96)

LTPA; leisure-time physical activity. Bold numbers indicate P < 0.05.

*Physical activity patterns were defined as follows, insufficiently active: engaging in LTPA less than 10 METs-h/wk, weekend warrior:

engaging in LTPA at least 10 METs-h/wk from 1 or 2 sessions, and regularly active: engaging in LTPA at least 10 METs-h/wk from 3 or

more sessions.

TAdjusted for age, gender, body mass index, economic status, non-working days, alcohol consumption, smoking status, psychological

distress, non-LTPA.
*Additional adjusted of Model 1 for LTPA.
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Introduction

In recent years, sedentary behavior has been recog-
nized as a major lifestyle-related health risk. Sedentary
behavior is defined as “any waking behavior character-
ized by an energy expenditure < 1.5 metabolic equiva-
lents (METs) while in a sitting or reclining posture” 13)
Sitting for long periods has been reported to increase
the overall risk of mortality, type 2 diabetes, cardi-
ovascular disease, and cancer, independent of en-
gagement in moderate to high-intensity physical
activities?. Furthermore, researchers have found
correlations between sedentary behaviors and mental
health'®. In one international comparative study of 20
countries', Japanese people were found to have the
longest sitting time. This suggests the need for further
data on the influence of sedentary behavior on the
health of Japanese people in particular. However, there

791000 the

are rather few epidemiological studies
influence of sedentary behavior on health outcomes
among Japanese people. One possible reason for this
is that there is no questionnaire for comprehensively
measuring sedentary behavior in the Japanese popula-
tion. Overall sedentary time can be assessed with ei-

ther a single item questionnaire or a questionnaire that

sums time of multiple domains of sedentary behavior.

Such composite questionnaire would be useful for un-
derstanding the health risks of sedentary behavior in
different domains and how these health effects are in-
fluenced by behavior changes. Indeed, such composite
measures of overall sedentary time have been devel-
oped in other countries®>*'>'¥ However, in previous
studies focusing on Japanese individuals, sedentary
behavior was measured via questionnaires focusing on
a single domain, such as screen time” or workplace sit-
ting time”, or using a single item that measured over-
all sedentary time'®. To our knowledge, there have
been no studies conducted to confirm the validity and
reliability of a questionnaire that evaluates overall sed-
entary time as the sum of multiple domains of seden-
tary behavior in Japanese people. Thus, in this study,
we designed the Sedentary Lifestyle Questionnaire for
Japanese (SLQ-J) to provide such a composite measure

of overall sedentary time in the Japanese population,

and examined its validity and reliability.
Methods

A. Participants

We recruited two groups of subjects: adults working
full-time jobs (Adult Group), and elderly people aged
60 years or older (Older Adult Group). The Adult

Group comprised 95 individuals aged 23 years or older

1) Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
2) Wellness Development Office, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
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who were employed by a major urban insurance com-
pany and who had responded to the questionnaire as
well as had their sedentary behavior measured using
an accelerometer. All subjects in this group worked on
weekdays (i.e., 5 days/week) , and did not work on the
weekends (i.e., 2 days/week) . The Older Adult Group
was recruited through a leaflet or word of mouth; a
total of 98 subjects were recruited, all of whom had re-
sponded to the questionnaire and had their sedentary
behavior measured using an accelerometer. Eighty of
these subjects from the Older Adult Group participated
in the second questionnaire administration for measur-
ing the test-retest reliability.

B. Study procedures

1. Reliability

The test-retest reliability was examined. The ques-
tionnaires were mailed to all members of the Older
Adult Group, and were collected approximately 2
weeks later. Then, approximately one month after the
initial collection, we repeated this process of mailing
out and collecting the questionnaires.

2. Validity

We evaluated the criterion validity by measuring
objective sedentary time using an accelerometer. In the
Adult Group, questionnaires and accelerometers were
distributed and collected through the subjects’ com-
pany. In the Older Adult Group, the questionnaires
and accelerometer were mailed and then collected ap-
proximately two weeks later.

C. Measures

1. Sedentary Lifestyle Questionnaire for Japanese
(SLQ-J)

The SLQ-J is an original self-report questionnaire
that measures overall sedentary time as a composite of
multiple domains of sedentary behavior of Japanese
people. The SLQ-J was designed by two exercise epi-
demiologists, who used previous studies as reference
material*®. A prototype of the SLQ-J was initially
prepared, which was then revised and finalized by re-

flecting on the opinions of other physical fitness sci-

ence researchers and experienced nurses and doctors.
The SLQ-J asks about the time spent engaged in sed-
entary behaviors per week in the following six do-
mains: (1) occupation, (2) transportation (car, train,
etc.), (3) TV viewing, (4)computer use other than
work, (5)reading (newspapers, magazines, etc.), and
(6) other sedentary time. For all domains other than
occupation, participants had to give the time separately
for work days and non-work days (i.e., weekends). In
the Adult Group, the total sedentary time per work day
was calculated by summing the times in all domains
and dividing by 5. The total sedentary time per non-
work days was calculated by summing the correspond-
ing sedentary times for all domains other than occupa-
tion and dividing by 2. Then, the times on work days
and non-work days were summed and divided by 7 to
calculate the average total sedentary time per day
(hereafter, “average day”). In the Older Adult Group,
56% of subjects were unemployed and most of the
subjects who were still employed worked less than 5
days per week. These subjects were considered to be
working as less than full-time; thus, instead of distin-
guishing between work days and non-work days, we
calculated only the total time spent on the average day
for the Older Adult Group.

2. Accelerometer

Sedentary behavior was assessed using a triaxial
accelerometer (Active Style Pro HJIA-750C; Omron
Healthcare Co., Ltd., Kyoto, Japan). The Active Style
Pro has been confirmed to have high accuracy through
the Doubly Labeled Water Method'". Subjects were
instructed to wear the accelerometer from waking until
they went to sleep; for study purposes, we deemed
valid days as days on which subjects wore the accel-
erometer for 10 hours or longer. Only subjects with 5
valid weekdays and 2 valid weekends were included
in the analysis. Accelerometers were distributed to 122
people, of whom 97 met the inclusion criteria for
the Adult Group. We also presented accelerometers

to a further 100 people who all met the inclusion cri-
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teria for the Older Adult Group. In both groups, two
individuals were not analyzed because they had in-
complete questionnaires. The mean numbers of valid
days in the Adult and Older Adult Groups were 19.0
and 9.3 days for weekdays and 6.5 and 3.9 days for
weekends, respectively. The average time spent wear-
ing the accelerometer per day was 931.9 £ 100.6 min
and 958.0 £ 94.7 min for subjects in the Adult and
Older Adult Groups, respectively. In this study, seden-
tary behavior was defined as any activity with an
accelerometer-estimated intensity of < 1.5 METs. We
considered each minute wherein the activity intensity
was < 1.5 METs as sedentary time.

D. Statistical analysis

Test-retest reliability was examined using intraclass
correlation coefficients (ICCs) and 95% confidence in-
tervals (95% CIs). Reliability was classified as fol-
lows: “poor,” ICC < 0.40; “moderate,” 0.41-0.60;
“good," 0.61-0.80; or “excellent,” > 0.81. The differ-
ence in scores between test times was examined using
the Wilcoxon signed-rank test. The criterion validity
was verified by calculating Spearman’s correlation co-
efficient between the SLQ-J and sedentary time mea-
sured using the accelerometer. We also calculated the
difference in sedentary time as measured by the SLQ-J
and the accelerometer using the Wilcoxon signed-rank
test. In addition, Bland-Altman plots were used to ex-
amine trends in the underestimation or overestimation
of total sedentary time as measured by the SLQ-J
compared to the accelerometer. For the data analysis,
we used SPSS Statistics 22.0 for Windows. Signifi-
cance was considered to be P < 0.05.

E. Ethical considerations

Subjects were briefed regarding the purpose and
methods of this study, protection of personal informa-
tion protocols, data usage, etc. Subjects who consented
to participation were included in the survey. The
collected survey forms were managed using IDs that
did not individually identify subjects. This study was
conducted after obtaining the approval of the Ethical

Review Committee of the Meiji Yasuda Life Founda-
tion of Health and Welfare (Approval number: 28001,
28004).

Results

A. Subject characteristics

The subject characteristics are displayed in Table 1.
In the Adult Group, there were slightly more females
(66%) , while in the Older Adult Group, the number of
men and women were equal. In both groups, the ma-
jority of subjects were married, had received education
beyond high school levels, and were not obese. Re-
garding economic status, most subjects answered
“good.”

B. Reliability

The results of the reliability assessment are shown
in Table 2. Total sedentary time as measured by the
SLQ-J exhibited good reliability (ICC = 0.71). Seden-
tary time for each of the specific domains also exhibit-
ed acceptable reliability, except for other sedentary

time, which had poor reliability (0.27). Occupation

Table 1. Participant characteristics.

Adults Older adults
n=095 n=098
Age (year) 47.6(9.2) 68.3(5.2)
Gender (%)
Male 34.0 51.0
Female 66.0 49.0
Employment status (%)
Employed 100.0 439
Not employed 0.0 56.1
Marital status (%)
Married 64.9 86.7
Unmarried 34.0 133
Education (year) 15.0(1.8) 15.3(2.1)
Economic status
Very good 7.2 14.3
Good 474 76.5
Poor 36.1 9.2
Very poor 8.2 0.0
Body mass index (kg/m?)  22.5(2.7) 21.8(2.8)

Values are mean (SD) , except for categorical data.
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Table 2. Results of the test-retest reliability for older adults.

Test Retest
n P 1CC(95% CI)
Sitting time (min/day) Median (IQR) Median (IQR)

Total sedentary time 76 312.9(213.6) 322.1(159.6) 0.59 0.71(0.57 - 0.80)
Occupation 79 0.0(68.6) 0.0(85.7) 0.07 0.93(0.89 - 0.95)
Transportation 80 12.9(28.6) 12.9(30.4) 0.27 0.76(0.65 - 0.84)
TV viewing 80 158.6(145.7) 167.1(135.0) 0.10 0.77(0.66 - 0.84)
Computer use 79 42.9(58.6) 40.7(77.1) 0.27 0.85(0.78 - 0.90)
Reading 80 60.0(60.0) 60.0(45.0) 0.83 0.58(0.42-0.71)
Other sedentary time 78 34.3(42.9) 42.9(53.0) 0.36 0.27(0.06 - 0.47)

Ps were for Wilcoxon signed-rank tests. ICC; intraclass correlation coefficient, IQR; interquartile range.

Table 3. Results of the criterion validity testing in adults and older adults.

SLQ-J Accelerometer Spearman
P*
Sitting time (min/day) Median (IQR) Median (IQR) Rho P

Adults

Average day 590.0(196.4) 509.7(112.2) <0.01 0.27 0.02

Work day 660.0(201.0) 546.7(122.9) <0.01 0.33 <0.01

Non-work day 375.0(312.5) 390.6(145.6) 0.78 0.24 0.03
Older adults

Average day 322.9(208.9) 453.9(152.9) <0.01 0.21 0.04

*Ps were for Wilcoxon signed-rank tests. IQR; interquartile range.
A) Adults, Average day B) Adults, Work day
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Figure 1. Bland-Altman plots illustrating agreement in total sedentary time between the

accelerometer and the Sedentary Lifestyle Questionnaire for Japanese (SLQ-J).

26



{#775/%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.115

and computer use both exhibited excellent reliability
(ICC = 0.85-0.93), transportation and TV viewing
exhibited good reliability (ICC = 0.76-0.77), and
reading exhibited moderate reliability (ICC = 0.58) .

C. Validity

The results of the validity assessment are shown in
Table 3. When comparing the absolute value of total
sedentary time between the SLQ-J and the accelerom-
eter, we observed a significant difference between the
average total sedentary time per day and the work day
value in the Adult Group. Specifically, the SLQ-J
showed overestimations for both the average day
(+15.8%) and the work day (+20.7%)in comparison
with the accelerometer. In contrast, the SLQ-J was sig-
nificantly underestimated (—28.9%) for the average
day in the Older Adult Group. Regarding the correla-
tions between the total sedentary time as measured by
the SLQ-J and the accelerometer, a significant correla-
tion was observed for the average day (rho = 0.27),
work day(rho = 0.33), and non-work day (rho =
0.24)in the Adult Group. We also observed a signifi-
cant correlation in the Older Adult Group for the aver-
age day(rho = 0.21). The Bland-Altman plots are
shown in Figure 1. In the Adult Group, we observed
no systematic error for the average day, work day, or
non-work day, but in the Older Adult Group, the total
sedentary time as measured by the SLQ-J tended to be
underestimated when the total sedentary time
measured by the accelerometer was overlong (r =

—-0.45, P<0.01).
Discussion

We designed the SLQ-J and examined its reliability
and validity in Japanese adults and elderly people. The
SLQ-J was found to have moderate-to-excellent reli-
ability for most measurement domains, as well as
acceptable validity. However, we also found that
the SLQ-J tends to overestimate sedentary time by
16-21% in working adults and underestimates by 29%
in the elderly. In elderly people in particular, when the

sedentary times were long, the total sedentary time
obtained by the SLQ-J tended to be underestimated.

According to previous research”verifying the reli-
ability of a questionnaire for sedentary behavior (the
SIT-Q-7d) in elderly subjects, the ICC for total seden-
tary behavior time was 0.68—0.80. Another study using
a different questionnaire, the Sedentary Behavior
Questionnaire, among adults found ICCs of 0.51—
0.93'%. The ICCs observed in this study were similar
to those in these past studies, indicating that the SLQ-J
had comparable reliability to the sedentary behavior
surveys used in other countries. Notably, the ICC of
the other sedentary time domain was only 0.27; this is
perhaps because the test-retest period was 1 month in
this study, whereas they are typically 1 to 2 weeks.
However, in another study of elderly adults® wherein
the test-retest period was 9 days, the ICC was 0.20 or
less depending on the domain; this may reflect the lim-
its of the self-report questionnaire format for elderly
subjects.

In their review, Healy et al.? reported that correla-
tion coefficients between composite measures of sed-
entary time and accelerometer-derived sedentary time
were 0.15-0.32. Similarly, in this study, the correlation
coefficients between the SLQ-J and accelerometer
were 0.21-0.33. Therefore, the validity of the SLQ-J
was deemed acceptable. In addition, Chau et al. exam-
ined the validity of a questionnaire (the Workforce
Sitting Questionnaire; WSQ) developed for working
people‘”. According to their report, the Spearman’s rho
between sedentary times as measured by the WSQ and
an accelerometer was 0.29-0.34 on work days and
0.18-0.23 on non-work days. The results of our study
were somewhat consistent with these past findings.
Chau et al. also indicated that the WSQ’s sitting time
was overestimated in comparison to the accelerometer,
as was the case in our study. Other previous studies
have similarly reported that self-report questionnaires
tend to overestimate sedentary times compared to

accelerometers'® . However, studies featuring older
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adults have reported surveys that underestimated
sitting time®, while other surveys showed overestima-
tions, as with the adults® . These differences might be
explained in part by a bias inherent to self-reported
questionnaires in general: namely, the fact that they
rely on memory, which is naturally weaker in elderly
individuals. Additionally, whether subjects are work-
ing might also have an impact. For instance, the study
with the survey that overestimated sitting time” )did not
include unemployed people. However, the majority of
subjects in study with the underestimating surveyg)
were unemployed. The majority of the elderly people
in our study were unemployed, so it is possible that the
SLQ-J survey underestimated the sedentary times in
comparison to the accelerometer for that reason. Based
on this background, when using the absolute value of
SLQ-J for evaluation, it is necessary to interpret the
results in light of the age of subjects and whether they
are employed. Particular attention is necessary for un-
employed elderly subjects.

We were unable to examine the test-retest reliability
in adults during this study. However, according to a
prior study”examining the reliability in both adults
and elderly, adults tend to show even greater reliability
than the elderly. Given that the test-retest reliability of
the SLQ-J was confirmed in elderly people, it is highly
likely that it will be confirmed in adults as well. Nev-
ertheless, further examination is necessary. Note that
the subjects of this study belonged to a relatively high
socioeconomic status group. Thus, whether the reli-
ability and validity will be verified in lower socioeco-
nomic groups as well should be examined in a future

study.
Conclusion

We confirmed that SLQ-J had generally favorable
reliability and acceptable validity. However, the abso-
lute values for sedentary times were overestimated in
working adults, while they were underestimated

among elderly subjects (especially when the sedentary

time was long), including those who were un-
employed. The SLQ-J can be considered a useful
questionnaire for epidemiological studies targeting
Japanese, so long as the characteristics of survey

targets are carefully considered.
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and plasma concentrations of noradrenalin and cortisol
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Introduction

An enriched environment has been suggested
to enhance exploration, social interaction, cogni-
tive function, and physical exercise, leading to
improvements in depression and anxiety-like
behavior®®>'%¥ _ An enriched environment can also
lead to changes in neuroendocrine regulation®'".
However, in contrast to the abundant evidence for
beneficial effects of an enriched environment on brain
function, little is known about how an enriched
environment affects skeletal muscles and physiological
response. An enriched environment comprises more
complex housing with increased space, enhanced

12 Under an

social interaction, and physical activity
enriched environment, animals are probably exposed
to many physiological stimuli. Hence, in the present
study, we hypothesized that animals housed in an
enriched environment would lead to alterations in
skeletal muscle compared with those housed in a
normal environment. To this end, in the present study,
muscle wet weight was used to assess alterations in
skeletal muscle under an enriched environment. In
addition, blood noradrenalin and cortisol concentra-

tions were measured to assess sympathetic nervous

system activity and physiological and psychological

stress in an enriched environment.

The purpose of the present study was to investigate
whether muscle volumes are greater in animals housed
in an enriched environment compared with those
housed in a standard environment. We also investi-
gated whether sympathetic nervous system activity
and physiological and psychological stress are altered

when animals are housed in an enriched environment.
Materials and Methods

A. Experimental animals and environmental
housing conditions

All animal care and experimental 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. The grouping of the animals in the different
housing conditions was as follows: the standard en-
vironment (SE) group (n = 12) was housed at 2 rats/
cage in standard laboratory cages (length X width X
height: 40 X 25 X 20 cm); the enriched environment

(EE) group (n = 12) was housed at 2 rats/cage in large

1) Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.
2) Department of Mechanical Engineering and Intelligent Systems, University of Electro-Communications, Tokyo, Japan.
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Figure 1. An enriched environment cage (right) and the standard

environment cage (left)in the present study.

cages (60 X 40 X 40 cm) containing a slope, a small
hut, three tunnels, and a running wheel (Figure 1).
These housing supplements were moved to different
locations within the cage every week.

B. Collection of blood and skeletal muscle

samples

At the end of the 6-week exposure in each group,
the animals were anesthetized by isoflurane inhala-
tion (2%) . Blood was withdrawn from the inferior
vena cava in the morning. Briefly, blood (5 ml) was
collected into tubes containing EDTA and kept on ice,
before being centrifuged at 3000 X g for 15 min at 4°C.

The obtained plasma samples were frozen at — 80°C

until analysis.

The tibialis anterior (TA), extensor digitorum
longus (EDL), soleus (Sol), plantaris (Pla) and gastroc
nemius (Gas) muscles were removed and immediately
weighed.

C. Analysis of plasma noradrenalin, dopamine,

and cortisol concentrations

The plasma concentrations of noradrenalin and
dopamine were determined using a high-performance
liquid chromatography system (Shimadzu, Kyoto,
Japan). The plasma cortisol concentrations were ana-
lyzed using an electrochemiluminescence immuno-
assay method (Hitachi, Tokyo, Japan).

D. Statistical analysis

All experimental data were expressed as mean £
standard deviation. Comparisons were performed
using a -test. The level of significance was set at P <

0.05.
Results

A. Body weight

The body weights of the rats on the experimental
day did not differ significantly between the two groups
(SE: 254 + 14 g; EE: 252 = 11 g; P=0.60).

B. Skeletal muscle wet weight

The absolute muscle wet weights and muscle wet

Table 1. Skeletal muscle volume in SE and EE groups.

Skeletal Muscle SE(n=12) EE(n=12) Difference EE vs. SE, % P value
TA, mg 396 £ 21 421 £ 14* 6.37 0.002
TA / BW, mg/g 4.56 = 0.06 1.67 £ 0.05* 7.51 <0.001
EDL, mg 1045 104+6 —-0.72 0.736
EDL / BW, mg/g 0.41 =£0.02 0.41 £0.02 0.24 0.894
Sol, mg 88.0t6 111 £ 9% 2481 <0.001
Sol / BW, mg/g 0.35£0.02 0.44 £0.03* 26.00 <0.001
Pla, mg 2198 239 + 15% 8.99 0.001
Pla/BW, mg/g 0.86 £0.03 0.95 £ 0.04* 10.10 <0.001
Gas, mg 1154 = 60 1212 + 58%* 4.50 0.025
Gas / BW, mg/g 4.55+0.22 4.81 £0.08* 6.00 0.001

Values are expressed as mean = SD. n; no. of animals, SE; standard environment condition, EE; enriched environment
condition, TA; tibialis anterior, EDL; extensor digitorum longus, Sol; soleus, Pla; plantaris, Gas; gastrocnemius, BW; body

weight. * significantly different from SE group.
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Figure 2. Plasma concentrations of noradrenalin(A), dopa-
mine (B), and cortisol (C) in SE and EE groups.
Values are expressed as mean = SD. SE; standard environment

condition, EE; enriched environment condition.

weights normalized by body weight (BW)are pres-
ented in Table 1. The TA, Sol, Pla, and Gas muscle
wet weights per BW were greater in the EE group
compared with the SE group. In particular, the increase
in the Sol muscle wet weight per BW was the greatest
and reached up to 26.0% in the EE group. In contrast,
the EDL muscle wet weight and muscle wet weight
per BW did not differ significantly between the two
groups.

C. Plasma concentrations of noradrenalin,

dopamine, and cortisol

The plasma noradrenalin concentration in the EE
group (568 £ 122 pg/ml) was significantly higher
than that in the SE group (432 * 56.4 pg/ml) by 31.4%
(P = 0.004; Figure 2A). There were no significant

differences between the two groups in the plasma

dopamine concentrations (EE: 78.7 £ 34.1 pg/ml; SE:
56.1 £ 19.2 pg/ml; P = 0.069; Figure 2B)and plasma
cortisol concentrations (EE: 1.00 % 0.33 pg/ml; SE:
0.89 £ 0.40 pg/ml; P = 0.489; Figure 2C).

Discussion

The major findings of the present study were that:
1)the TA, Sol, Pla, and Gas muscle wet weights were
greater in the EE group compared with the SE group,
despite the finding that the body weights did not differ
between the two groups; and 2)the plasma cortisol
concentrations did not differ between the two groups,
while the plasma noradrenalin concentration was
greater in the EE group compared with the SE group.
These findings suggest that the behavior of the rats in
the enriched environment increased their skeletal
muscle volumes without increasing physiological and/
or psychological stress.

Legerlotz et al.¥ examined the effects of voluntary
wheel running with or without progressive resistance
on rat skeletal muscles. They reported that the Sol and
Pla muscles weight increased after resistance wheel
running. In contrast, only the Sol muscle increased
after free-spinning wheel running. These findings
suggest that differences in resistance and muscle
activation patterns during wheel running resulted in
different muscle adaptations. In the present study,
most skeletal muscles showed muscle hypertrophy in
the EE group. It is noteworthy that the Sol muscle
showed the greatest hypertrophy among all the
muscles examined. In the EE group, the rats were
housed in cages that contained a slope, a small hut,
three tunnels, and a running wheel. Thus, the rats in
the EE group probably experienced several physical
activities that involved a variety of muscle activation
patterns. Therefore, the present results suggest that the
behavior in the EE group included muscle activation
patterns that potentially increased muscle volume
through hypertrophy. However, we did not assess

metabolic adaptation associated with an enriched
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environment. Increase in citrate synthase (CS)activity
is known to reflect an improved aerobic metabolism
in mitochondria of skeletal muscle”. CS activity
measurements will help to understand metabolic
adaptation to the present enriched environment.
Peripheral noradrenalin is primarily released from
sympathetic nerve endings, and reflects sympathetic
nervous system activity'>. Cortisol is the primary
hormone responsible for the stress response, which is
regulated by the hypothalamic-pituitary-adrenal axis?.
In the present study, the plasma noradrenalin concen-
tration was greater in the EE group compared with
the SE group. The standard plasma noradrenalin con-

centration is 100-300 pg/ml®’

, and the present results
exceeded this standard range. Under an enriched en-
vironment, it is plausible that rats were exposed to
many physiological stimuli and that their sympathetic
nervous system activity was intermittently enhanced. In
contrast, the plasma cortisol concentrations did
not differ between the EE and SE groups. Cortisol
concentrations were close to those reported under
the normal condition in the previous studies"'?.
Hence, these results may suggest that the sympathetic
nervous system activity was enhanced in the EE group
without increasing physiological and/or psychological
stress. The absence of differences in the cortisol con-
centrations between the two groups may suggest that
the enriched environment employed in the present study
is a suitable model for examining the effects of an
enriched environment on the brain and skeletal muscle
in rats.

In the present study, in the EE group, animals were
housed in the same number as the SE group, which
might lessen the beneficial effects of enriched
environments. Hence, further studies are required to
elucidate how skeletal muscle alters in the EE group
when animals were housed in a greater number
compared with the SE group. Moreover, cortisol was
used to assess stress response in the present study.

Given that the primary glucocorticoid in rodents is

corticosterone, corticosterone should also be further
investigated to assess stress response in the EE and SE
groups. Finally, as noted in the Introduction, it is less
clear how an enriched environment influences skeletal
muscles and physiological response. Hence, it is
important to accumulate empirical evidence to
understand anatomical, metabolic, and circulatory
adaptations in skeletal muscle as well as other organs
after exposure to an enriched environment, which will
provide a new insight into interaction between an

enriched environment and body.
Conclusion

The enriched environment used in the present study
appeared to increase rat skeletal muscle volumes
without increasing physiological and/or psychological

stress.
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Introduction

In older age, regular physical activity plays a crucial
role in the maintenance of cognitive function. Previous
studies have demonstrated that acrobic fitness attenuates
age-related decreases in tissue density throughout the
brain and in the prefrontal cortex (PFC)in particular—
the area primarily responsible for the control of execu-
tive function and mood regulation®” .

Recently, we observed that 10 minutes of low-inten-
sity cycle exercise improved executive task perfor-
mance via task-related increases in prefrontal activa-
tion, and that this effect was modulated by changes in
the level of psychological arousal in young adults®.
Since previous study found that low-intensity exercise
intervention prevented age-related atrophy of the PFC
and improved cognitive function in older adults'®,
similar improvements in executive function may occur
in older adults following participation in an acute bout
of low-intensity exercise.

To apply our findings and hypothesis to real-life sit-
uations for older adults, we focused on the effect of
light rhythmic exercises, as these are the most familiar

and easiest to perform for older adults. Recently, in

collaboration with the Japan Aerobic Federation, we

developed a novel light rhythmic exercise protocol
called “slow aerobic dance.” This exercise program
consists mainly of dynamic upper body stretching (e.g.,
trunk rotation), performed to slow-tempo music. In
the present study, we aimed to clarify the effect of an
acute bout of slow aerobic dance on mood and execu-
tive function in older adults, relative to low intensity

cycle exercise at the same tempo.
Methods

A. Participants

Thirteen older adults (65-74 years old, 6 women)
participated in the current study. All participants were
right-handed native Japanese-speakers. All participants
were cognitively healthy (screened using the Mini-
Mental State Examination, score greater than 23)and
free of psychiatric disorders (screened using the
Geriatric Depression Scale, score less than 10), and
had normal or corrected-to-normal vision. Written
informed consent was obtained from all participants
prior to participation. This study was approved by
the Ethical Review Committee of the Meiji Yasuda
Life Foundation of Health and Welfare (Approval
number: 28003). Patient characteristics are presented

in Table 1.

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

2) Graduate School of Comprehensive Human Science, Doctoral Program in Health and Sport Science, University of Tsukuba, Ibaraki, Japan.

3) Laboratory of Exercise Biochemistry and Neuroendocrinology, Department of Sports Neuroscience, Advanced Research Initiative for Human High
Performance (ARIHHP), Faculty of Health and Sport Sciences, University of Tsukuba, Ibaraki, Japan.
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B. Experimental procedure

The present study consisted of three experimental
conditions conducted on separate days: resting control
(CTL), cycle ergometer exercise (ERGO), and slow
aerobic dance (AERO) (Figure 1A). In the ERGO
and AERO conditions, participants performed the
Stroop task before and 5 min after 10 minutes of cycle
exercise at an intensity of 50% ventilatory threshold
(VT)on an upright cycle ergometer (Corival cpet,
Lode, Netherlands) (ERGO) or slow aerobic dance

(AERO). Participants also completed the Two-
Dimensional Mood Scale (TDMS) before the pre-
Stroop session and after exercise. Both exercise
conditions were performed to the same music at 90
bpm (= 45 rpm for cycle exercise). The music was
composed by the Japan Aerobic Federation (“March
for Tomorrow™ ; 90 bpm; https://www.aerobic.or.jp/
slowaerobic/document/mp3/letstryagain90.mp3) .
Heart rate (HR) was measured during both exercise

sessions, and Borg ratings of perceived exertion

Table 1. Demographic data.

Male Female
n=13(Male = 7, Female = 6) Mean SD Mean SD
Age (years) 69.3 2.8 69.7 2.7
Height (cm) 163.6 4.0 150.8 6.4
Weight (kg) 61.0 52 52.1 5.8
Education (years) 14.9 2.0 12.7 1.6
MMSE (score) 27.3 22 28.0 2.0
GDS (score) 23 1.8 2.5 1.6
VT (ml/kg/min) 14.4 2.7 11.8 1.3
Workload of 50%VT (watt) 32.7 7.2 23.8 3.1

MMSE = Mini-Mental State Examination, GDS = Geriatric Depression Scale, VT =

ventilatory threshold.
(A)
TDMS TDMS
¢ pre-session ¢ post-session
CTL Stroop Rest (music listening) Stroop
(13 min) (15 min) (13 min)
Stroop Cycle ergometer exercise| Rest Stroop
ERGO (13 min) (10 min) (5 min) (13 min)
Stroop Slow aerobic dance Rest Stroop
AERO | (13 min) (10 min) (5min)| (13 min)
cross over randomized design
(B) (C)
Neutral Incongruent
X X X X =)
(YELLOW)
b H &b b
(RED) (RED)

Figure 1. Experimental design.

(A) Procedures of control (CTL), cycle ergometer exercise (ERGO), and slow aerobic dance

(AERO) conditions. (B) Stroop task presentation. Examples of neutral and incongruent trials of color-

word matching Stroop task are illustrated. (C) Position of fNIRS probes.
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(RPE) were evaluated at the end of each session. In
the CTL condition, participants sat in a chair and
rested during the interval between pre- and post-
Stroop sessions instead of performing exercise. During
the resting state in the CTL condition, participants
listened to the same music used in the exercise
sessions for the first 10 minutes and completed the
TDMS.

Prior to the experimental days, participants were
brought to the laboratory and performed graded

exercise tests on the cycle ergometer to determine their

Squat and swing
back arms

Swing forth and raise
arms above head

own VT. Participants also practiced the slow aerobic
dance once and Stroop task twice to familiarize them-
selves with the exercise conditions and cognitive
tasks.

C. Slow aerobic dance

The slow aerobic dance protocol consisted of three
basic movements: A) pull elbow back, B) twist upper
body, C)swing arm and bend body to the side (Figure
2). Participants repeated each movement of the routine
and slightly more complex motions based on these

basic movements while watching a 10-minute tutorial

Pull elbow back

Twist upper body from side to side

Swing and raise arms
to the one side

Swing arms to the
other side

Raise one arm and bend
body to the side

Figure 2. Illustration of the three basic components of the slow aerobic dance routine.
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video.

D. Mood

To evaluate psychological mood states, we used the
TDMS”to evaluate levels of pleasure, arousal, vitality,
and stability.

E. Executive function

We adopted the computer-based color-word match-
ing Stroop task” . The task consisted of 30 neutral and
30 incongruent trials presented in random order
(Figure 1B). Stroop interference time (difference in
correct reaction time between incongruent and neutral
trials) was used as the index of executive function” .

F. Functional near-infrared spectroscopy (fNIRS)

We monitored prefrontal activation during the
Stroop task via multichannel fNIRS (FOIRE3000,
Shimadzu Corporation, Japan). As in previous
studies”, fNIRS probes were set to cover lateral PFC
activation foci (Figure 1C), and neighboring channels
were combined for the dorsolateral PEC (DLPFC),
ventrolateral PFC (VLPFC), and frontopolar area
(FPA) in each hemisphere using virtual registration'".
The difference in task-related oxy-hemoglobin (oxy-
Hb) signal change between incongruent and neutral
trials was calculated as the level of Stroop-interfer-
ence-related brain activation.

G. Statistical analyses

TDMS scores, Stroop task performance, and fNIRS
data were analyzed via repeated measures two-way
ANOVA with condition (CTL/ERGO/AERO) and time
(pre/post) as factors. When significant main effects or
interactions were observed, post hoc analysis of the
simple main effects or degree of change (post — pre)
was performed, with Bonferroni correction. Statistical
analyses were performed using SPSS version 24
(SPSS, Inc., USA). The significance level was set to
P <0.05 for all analyses.

Results

A. Exercise intensity

HR changes from baseline following cycle exercise

and slow aerobic dance were 15.6 = 7.4 bpm (from
64.9 = 6.2 to 80.8 = 9.7)and 17.0 % 6.3 bpm (from
68.6 = 8.9 to 86.0 + 12.4), respectively. RPE at the
end of the cycle exercise and slow aerobic dance
sessions were 11.4 £ 1.5 and 11.1 = 1.3 points,
respectively. These results indicated that exercise
intensity in both conditions was within the range of
very light to light intensity, in accordance with
American College of Sports Medicine (ACSM)
guidelines'). Moreover, we observed no significant
difference in HR change and RPE between the
exercise conditions, suggesting that the intensity of
both conditions was comparable.

B. Mood

Table 2 includes data regarding TDMS scores,
Stroop task performance, and fNIRS measurements.

We observed significant interaction effects between
time and condition with regard to vitality (f(12,2)=
5.868, P < 0.01), stability (f(12,2)=4.708, P < 0.05),
and pleasure levels (f(12,2)= 8.468, P < 0.01), as
calculated based on TDMS scores. Post hoc analyses
revealed that the change in vitality for the AERO
condition was greater than that for the ERGO con-
dition (t(12)=3.51, P <0.05, Bonferroni corrected),
that the change in stability for the CTL condition was
greater than that in ERGO condition (t(12)=3.70, P <
0.05, Bonferroni corrected), and that the change in
pleasure level was greater for the AERO and CTL
conditions than for the ERGO condition (t(12)=3.57,
P < 0.05, Bonferroni corrected). No significant inter-
actions or main effects were observed with regard to
arousal level.

C. Stroop task

No significant interactions or main effects were
observed with regard to Stroop interference time
(Table 2).

D. fNIRS data

No significant interactions or main effects were
observed with regard to Stroop-interference-related

oxy-Hb change for any region (Table 2).
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Table 2. Changes in each variable between the pre- and post-exercise conditions.

Pre-exercise Post-exercise post — pre
Mean (SD) Mean (SD) Mean (SD)
Two-Dimensional Mood Scale
Arousal (points) CTL -3.2(4.9) -3.6(5.2) —0.4(4.1)
ERGO -1.5(2.1) -0.6(2.0) 0.9(3.2)
AERO -1.2(2.9) -0.1(2.3) 1.2(3.0)
Pleasure (points) CTL 8.8(6.5) 10.2(6.0) 15(53)%
ERGO 10.9(5.1) 8.3(5.3) -2.6(3.5)
AERO 9.8(5.3) 13.5(4.0) 3.6(5.5)F
Vitality (points) CTL 2.8(5.1) 3.3(4.7) 0.5(4.2)
ERGO 47(2.8) 3.8(2.8) -0.8(2.2)
AERO 43(3.0) 6.7(2.5) 240Q7)F
Stability (points) CTL 6.0(2.6) 6.9(3.1) 0.9(2.1)F
ERGO 6.2(2.7) 45(2.9) -1.8(2.6)
AERO 5.5(3.0) 6.8(2.2) 12(3.5)
Executive function
Stroop interference time (msec) CTL 288.2(123.6) 257.0(137.1) -31.2(102.2)
ERGO 279.7(102.4) 258.5(132.5) -21.2(76.6)
AERO 294.9(128.7) 272.0(130.1) -22.8(96.8)
fNIRS data (pm*MM)
Left DLPFC CTL 0.55(0.73) 0.22(1.10) -0.34(1.24)
ERGO 0.64(0.91) 0.20(1.13) -0.44(1.68)
AERO 0.19(0.85) 0.20(0.74) 0.01(0.88)
Left VLPFC CTL 0.70(1.25) 0.81(1.76) 0.11(1.81)
ERGO 1.30(1.82) 0.75(1.16) -0.55(2.62)
AERO 1.09(1.23) 0.66(1.16) —0.43(1.35)
Left FPA CTL 1.12(1.51) 0.93(1.58) -0.19(1.85)
ERGO 1.39(1.20) 0.92(1.36) —0.48(2.16)
AERO 0.74(1.39) 0.48(1.70) -0.26(1.39)
Right DLPFC CTL 0.55(0.76) 0.35(1.10) -0.21(1.30)
ERGO 0.68(0.77) 0.23(1.41) —0.45(1.46)
AERO 0.21(0.99) 0.32(0.90) 0.12(0.82)
Right VLPFC CTL 1.08(1.02) 0.90(1.60) -0.18(1.16)
ERGO 1.43(1.12) 1.05(1.44) -0.38(1.99)
AERO 0.74(1.34) 0.42(0.93) -0.32(1.40)
Right FPA CTL 0.89(1.18) 0.79(1.57) -0.10(1.06)
ERGO 1.37(1.25) 0.65(1.96) —0.72(2.44)
AERO 1.08(1.32) 0.68(1.25) —0.40(1.51)

CTL = control condition, ERGO = cycle ergometer exercise condition, AERO = slow aerobic dance condition.
DLPFC = dorsolateral prefrontal cortex, VLPFC = ventrolateral prefrontal cortex, FPA = frontopolar area.
F: P <0.05 vs. ERGO.
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Discussion

In the present study, we compared the effect of an
acute bout of a novel, slow aerobic dance protocol and
low-intensity cycle exercise on mood and executive
function in older adults, when exercise tempo was held
relatively constant. We found that slow aerobic dance
increased vitality and pleasure levels to a greater
extent than low-intensity cycle exercise, suggesting
that slow aerobic dance can be used to improve mood
in older adults. However, neither cycle exercise nor
slow aerobic dance influenced levels of arousal, Stroop
interference time, or Stroop interference-related oxy-
Hb change. These results are inconsistent with those of
our previous study, in which we observed that low-
intensity cycle exercise increased arousal level and
enhanced executive function®. One possible reason
for this inconsistency is the difference in participant
age between the present and previous study3) . That is,
low-intensity exercise may be insufficient to increase
arousal level in older adults.

Moreover, the lack of increase in arousal level ob-
served in the present study may have been associated
with the relatively low tempo of exercise (90 bpm). In
our previous study, participants performed cycle exer-
cise at 120 bpm (= 60 rpm) . As research has indicated
that slow-tempo exercise does not increase arousal
level®, the exercise tempo utilized in the present study
may have been insufficient for increasing levels of
arousal and producing cognitive improvements.

In addition, proficiency in performing the slow
aerobic dance routine may have affected the results.
Although participants practiced the slow aerobic dance
routine once prior to the experimental condition, there
were great differences in skill among participants,
some of whom were unable to perform well. Previous
studies have revealed that individuals with positive
evaluation of their own performance exhibit increases
in positive mood? . Therefore, additional practice

sessions or modifications to simplify the rhythmic

exercise routine may be necessary.

In accordance with these hypotheses, we observed
that participants who exhibited increased arousal fol-
lowing cycle exercise and performed well during the
slow aerobic dance condition tended to exhibit shorter
Stroop interference times (data not shown)..

Furthermore, inadequate control of experimental
conditions may have also masked the effects of exer-
cise. First, habituation effects may have occurred
during the Stroop task. Despite no significant main
effect of time, Stroop interference time and Stroop-in-
terference-related oxy-Hb change tended to decrease
in almost all regions, for all conditions. Second,
participants’ intra individual difference in mood state
before pre-Stroop task existed among the conditions,
which may have influenced our findings.

In summary, our findings indicate that a slow
aerobic dance protocol can significantly improve mood
in older adults when compared with cycle exercise at a
comparable intensity and tempo. However, we were
unable to observe improvements in executive function
following either exercise condition. This may have
been due to several parameters, such as exercise tem-
po, exercise proficiency, and insufficient control of
experimental conditions. Thus, further research is
required to clarify the impact of tempo and exercise
proficiency level on mood and executive function in
older adults under strictly controlled experimental

conditions.
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