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The effects of local skeletal muscle contraction on mood states:
comparison with exercise

Mizuki Sudo and Soichi Ando

SUMMARY

Physical activity and regular exercise are known to have beneficial effects on mood state. Similarly, a single bout of
exercise seems to improve mood states. Recent studies suggest that electrical muscle stimulation (EMS) has the
potential to be an alternative method of exercise. However, the effects of EMS on mood states are unclear. The pur-
pose of this study was to test if the effects of EMS on mood states are comparable to voluntary exercise. Twenty-one
participants were recruited in the present study. The participants answered three kinds of questionnaires before and
after the EMS or voluntary exercise for 20 min. The order of EMS and exercise was randomized. We performed
two-way analysis of variance (AVOVA) with time (pre Vvs. post) and condition (EMS vs. voluntary exercise) as within
factors. Two-way ANOVA showed a significant main effect of time on pleasantness. The present results suggest that
physiological and psychological responses to the EMS as well as voluntary exercise have the potential to affect pleas-

antness.
Key words: electrical muscle stimulation, voluntary exercise, mood state.

_ BE LT, HAAIGICHET25HA 2 b LA A4
w8 EEINTWD, HIZ, EAED COVID-19D HFKY
i SO A% B (World Health Organization; WHO) BRMATIZE Y, AERH)DRBEZDIA VS
S B LR Y Z VAV AT H R A R R il VAV A OREEEILTBY?, COVID-190
AW WIZF TR, Bl zlakL, BEOLPIZEHZITA I VANV ADOREZ
HE DAL b LRSI TE, APEN DA% ABANBZVY, LdisT, AV FVALVZAD
AN TE, BICAGDVHR TSI 2274 FEIZ SR OB 2B TPREI, ToIbkz

ICEHBRT X B HRHEAIRE LEgRShTwa Y, x5 ZLRBREOWETHS ),
AR, DO EOLSEEZ AT 5 BE R INETORE K OWTEN S, HIKIGE) RIS
MO—E2/EoTEY, [oMHEENRET HE WE EREHEEIE, A VI VAV R AIER
1) AWM RN WG IR A SRR BE 45T Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo,
2) BRGEAE K FRF BN B T AW 7EFE J(;lf;;late School of Informatics and Engineering, University of Electro-Communications, Tokyo,

Japan.



[FE] BrrOBBHNDEIRHOLTD - RECSADHE | ERESH DR

MEEZD LT IEBMOR TS, HI(Z,
—WEOHBEEH TIARBRELEDATT 4T
R OHFIREANYE LY, SifRon L, HEnk
BOKTE2H725LTwaY, BWEFVEZHV
oG TH, BIEEBAINLHATE 2R LT,
APMLVAMEZEDLIEDBHSNIZHR>TW

59, WIOEER A1, SERAEHZ I LTI,

—WBEDOZX MLy FTDHRS - GO LD AR S
NBZEERLEY, ZhS5DARIEZ, —#tko
BB K OEBFES D - BEICH LT RR
MEZDB2OFTILEERLTVS, —lEoES)

DMAERPEHFHBEICOLRHIL2ER 5L,

1 OB DR - BB 20T EOEF
VARERMTAZLRIRELEENDLEEZD
ns,

L2L, EHE Vo THRBICHDEREITH
CERBELVEAER, HREWICMYMEZ &25T
EhVEAb MR ENG, 22T, EBOFL
LTS Tw 5 b D5~ 0 850 8%
(electrical muscle stimulation; EMS) 233 %, ¥ %*
S OMEITRAAIC L D BRI % B0 B
WEE) L TR R Y, RGO EMS IZE B #iR I
BEAAHZMZ 5 2 812 X ) AR % 5%
REHIENTEL, CRETICDH —H@HED
EMS 23H ¥ COMMAH ZIET L LY, R
e L 72 EMS %% 11 BUBE PR 9 B3 oD 22 IR S A 2
KFEE22 L, [ i R TS oM
Mz PHTAZEIRHMOENTVE, THEDH
H1X EMS 12 X 2 R~ O K& 5 DU 238 3 Tk
RHEMO TR LTRIRTH D L 2R L
T, MAT, BEHNDEMS 5372531
SLE U3 9 R 52 5 e B 2 W Al 2 84 U %2 T
HEXELZEBWHSMTENRTNDEY, LaL,
EMS (Z X % 5 e~ 5 k& 5 Ui A3 500 - &A1
BT RRIZOVTEREF IR TR, LD
FATFge i, —RMofoME - D2 BHL
72A MLy FEBBICBOTABN L ZME)

RPN FR AN L ER LY,

C ORERIE, WA & D BB RS, A&
g - BAE O LICHBL T B W2 /R L Tw

5o

F72, IhFETOMNEDL S RO RS
X 0&G  BIEOYEDSASND Z LD S0
ENTwB™, 22 TAIETIE, EMS IZH%
SN AL, PERES) & RIS - & %
MEsSE2 L) RFE L THRIET 22 L% HIK
& L7zo AWEZEIX, EMS 235450 - EIE D% EIC
U CH 7R R T e %2R 0% BGET %
bOTHY, HRIGEROE T AEHE S h 5B
ZBWT, TOEHRIKEVEEZONS,

B &

A. &%

ZMAEE, RELREERE214TH > 72 (4
W c22.5%1.6 0%, B K :1725%65cm, K HE:
68.4+109kg)o ZMHEREBEZALTB LT,
EMS B X OB 2179 9 2 THEIZ R b o 72,
ZMAE L, FEEROBMEIZIZHEIC 3 HEL LosEs)
BEEZL 0D DOTHo 7,

B. ¥B&70OKMa)

FERZ 4 AT T o 2o EBREIH I
EMS IZHN 5729012, ZMAE T EMS Z R L T
b B ol EMS OREEIZHRAICH L, WEM
WKENTENOBIMEDI R B ENTELRKD
MIEZRE L2, L2dt> T, A% T EMS
DORRFEEIIRTAE ) A LT, ETE T
LNEDONPICE-oTkEST2E VR B, £LTC,
ZDWEETD EMS %175 T 5 B O (heart
rate; HR) B8 X O & 1 1% & Bh 38 B (ratings of per-
ceived exertion; RPE) 9 % iték L72c 2 HHA 5 4
HHIZi&, EMS(EMS 5:fF), EMS R HR & b
ROEBIIF O HR 23— 9 5 X 9 \EBREZ B8
L 725 (HR —34), EMS KO RPE & R
FEBHED RPE 25— 3 5 & ) ICHEBY R E % 3% 8
L7245 RPE —B &) D3 >0&EHET v ¥
LARMEFETIT o7z THIZE D, EMS 550 -
JEABIZ D 72 6 3B 2 DRI RT3 2 DS
[ CBEREE), B L LM L A% FD
7o BB T 550 BEA N URERGES) & L5 %
CEWTE D 3DOOFMTOEBROET, &




{AfR%2 BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.119

K2 H O Z 2Tl o 720 EERIZTE S
FHEREZIA» S L, HiHE Y HIXZR 5L Wk

DAEFRRZ LT 2 L IR L. A,

FEBRET HII 3B 2 ¥z, FEEREIRO 3 KERFTA
SIIAKUNDOHREZIEZ S 2R L. B
HIIERZ\CEE R I05 B OB LHERL, €
DHEBRERIB L 720 K5&MICBIT 5 EMS B X
ORiEERI200 M E L, ZMEEEMS BX
PiEGEB ORI CTEMKICHE L, Ththo
ZAFC HR 3R HFE, EMS B X OBt &8s
W€ % i L 720 RPE IXEBRPIMGIE L EMS B X
OHEEBHOR THEMICHELTH 5ol E
ZHMLT, EHREORMITBR2ED H23EOH
PHCAT - 720

C. AlEEH

SOy - BREOWREITIE, ZRITEOTRE"Y, %
SR ¥ 7 4 7 &4E R BE (Mood Check List-short
form 2; MCL-S.2)'” & —#PE5EB I H W 2 EAE N
Ji£ (Waseda affect scale of exercise and durable activity;
WASEDA)Y @ 3 fli¥i % 72 B IE, K
TR RETIE 8 HH DR NEEITH LT 6 ik
THZE L7z TR &2 BEIE 100 5 10050
W CRF L, FEMEEE & BB IE 200072 52000
WCHEH L 720 MCL-S2TIXHIERNE, VI v 2 R
&, ARED 3 W5 SR S 17z 1231 H ok
WX LT7HETHEL, —R2E2H1R28OMT

AFili L 7zc WASEDA Tlix, —#MoE#ICX 2
BEMENE, "B, HHAE S RE 123 H oM
WS HETHIZEL, 4 825200 O TG L 72,
AWFFETIX EMS B X ORI B 23D 72 532
BOEEOZALZ WRIL Gl % 72912, 3 Hi
DEWME D 550 - B2 dMi L7ze Sh o odf
fili DS ELE & 2 UPEIZ AT X DR S T
WA HR Ol E R, DdAEF(V800, KT —
WALE) # IV CTiT o 720 SOMARHC X 231
DEMYED AT EICE VRS TWEY,

HR X EMS B X OB EGEB) B MG D 3 e d 5
it T ETOTF— 4% %P3 L7, RPE & Borg A
= EHWT, 6552001588 TRNHE N
BE2LTHBo7

D. EX#E (EMS) LPEEEEH

EMS ICIZ B MEE (- b7 v X7 1,

FA—=—AF VW) 2 Hw(®1A). &
SANTE OV 2WE0.253 U, JHPEE 4Hz T,

JEEER - FR - KR - FRRO WP LTI,
TR % MU S 72, BEROEB)I H s
IV T A —% (XL7511, KONAMI #L8) 2 Hwvw T
11o72(K1B)o KEWHENZH VA -HinH L
TA—FIZ X BB OFIEENE, KB - K
WL - AR - PBLRS - KB B R -
BERES - WERES - & 9 AioB H 23 S Tw
5025, KHFRIZHET BREEBIFICE W

B GRS

Figure 1. Pictures showing experimental setup.

A: electrical muscle stimulation, B: voluntary exercise.
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Table 1. HR and RPE before and after EMS or voluntary exercise (n=21).

HR, bpm RPE
Variables
Pre Post Pre vs. Post Pre Post Pre vs. Post
EMS 70(46, 88) 79( 58, 100) P=0.003 6(6, 7) 13( 9, 19) P <0.001
Exercise (HR matched) 71(56, 100) 84( 68, 106)# P <0.001 6(6, 9) 9( 7,16) P <0.001
Exercise (RPE matched)  73(54,102)  131(103, 139) P <0.001 7(6, 10) 13(10, 16) P <0.001

HR; heart rate, RPE; ratings of perceived exertion, EMS; electrical muscle stimulation.

Data are expressed as median (interquartile range) . # P = 0.016, vs. EMS post.
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Effects of different environmental enrichment on locomotor
activity and skeletal muscle volume in rats

Mizuki Sudo"’ and Soichi Ando?’

Key words: enriched environment, wheel running activity, locomotor activity, skeletal muscle.

Introduction

Environmental enrichment (EE) involves housing
conditions that facilitate enhancing sensory, cognitive
and motor stimulation". The housing environment is
enriched with a variety of objects, which include run-
ning wheels, puzzles (mazes, plastic tubes in different
conﬁgurations), and accessories (toys, ropes, ladders,
tunnels, hanging objects, house, ramps, and plat-
forms)to stimulate their attention and engagement in
the environment>”. Previous studies have suggested
that EE can enhance cognition, visual-spatial attention,
spatial memory, motor coordination, and ameliorate
anxiety- and depressive-like behaviors in rodents*®.
Based on these findings, it is widely accepted that EE
conditions including wheel running have neuroprotec-
tive effects on a range of brain functions.

Recent studies have explicitly explored the effects
of exercise (running or endurance exercise) -indepen-
dent EE on brain function”. These studies suggested
that EE has the beneficial effects on brain function
even if wheel running was not included®” . These
findings led us to consider that wheel running in the
EE may not play a key role in beneficial effects on the
brain function in rats.

Skeletal muscles are essential for physical activity

and exercise, and the decline in physical activity with
aging has been shown to be primarily due to age-relat-
ed muscle atrophy. The beneficial effects of EE on
brain functions are thought to be due to increases in
locomotor activity. However, it is still unclear whether
skeletal muscle volumes in EE are affected by locomo-
tor activity. Particularly, the effects of wheel running
on skeletal muscle volumes should be further investi-
gated. To test the effects of wheel running on skeletal
muscle volume, wheel running needs to be isolated in
the EE. Thus, in the present study, we compared the
effects on skeletal muscle volumes among EE, EE
without wheel running, and wheel running only condi-
tions.

The purpose of this study was to examine the effects
of different environmental enrichment on locomotor
activity and skeletal muscle volume. We hypothesized
that locomotor activity and/or motor stimulation in a
variety of environmental enrichment in EE enhance

muscle development.
Materials and Methods

A. Experimental animals and environmental
housing conditions
Male Wistar rats (6 weeks of age; Japan SLC,

Shizuoka, Japan) were housed in a temperature-con-

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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Figure 1. Locomotor activity counts during the dark period.

Values are expressed as mean = SD.

SE: standard environment, EE: environmental enrichment, EE-S: without running

wheel (only slope, tunnel, and hut) group, EE-W: only running wheel (without slope,

tunnel, and hut) group.

trolled room (22 * 2 °C)with a 12:12-h light-dark
cycle, and received standard rat chow and water ad
libitum. The present EE consisted of running wheel,
slope, tunnel, and small hut. Rats were divided into
four different housing groups (standard environment:
SE, only running wheel (without slope, tunnel, and
hut) group: EE-W, without running wheel (only slope,
tunnel, and hut) group: EE-S, and EE, n = 7-8, each).
In the SE group, rats were housed in groups of 2 rats
per cage in standard laboratory cages (length X width
X height: 40 X 25 X 20 cm). In the EE groups, rats
were housed in groups of 2 per cage in large cages (60
X 40 X 40 cm).

B. Measurement of locomotor activity

Locomotor activity in each rat was recorded using a
recently developed three-axis accelerometers (Nano-
Tag: 15 X 14.2 X 7.1 mm, 2.5 g, Kissei Comtec Co.

Ltd., Nagano, Japan)'*!!

). This device is implanted
subcutaneously in the back under anesthesia and
records data individually'®'". The advantage of the
devise is that specialized cages or devices are not
required to measure locomotor activity in free-moving
conditions. This means that activity data can be col-

lected from multiple animals in the same cage, without

constraining the testing location. The accelerometer

counted above the threshold that was determined
based on the preliminary experiments. In this study,
we determined movements during feeding behavior as
the threshold. This allowed to detect all kinds of
movements in the cage as locomotor activity.

C. Soleus muscle volumes measurement

After exposure to each environment for 30 days,
soleus muscle was removed under anesthesia and
immediately weighted.

D. Ethical approvement

All animal cares 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) .

E. Statistics

All experimental data are expressed as mean * stan-
dard deviation. Two-way analysis of variance (ANO-
VA)was performed with Week and Group as factors.
Tukey’s multiple comparisons test was used as a post-
hoc test. Differences were considered statistically

significant when P < 0.05.
Results

A. Locomotor activity

Locomotor activity of rats was measured every day,
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the mean of those data was calculated per week in dur-
ing the dark period (Figure 1). A two-way ANOVA
found the statistically significant main effect of group
(F(3,27)=7.137, P = 0.001). The post-hoc analysis
showed that locomotor activity of the EE group (1wk
25307 = 2590, 2wk 28405 = 2065, 3wk 27682 £
2177, 4wk 26901 = 2534 count/12h) was significantly
higher than the SE group (Iwk 16516 + 2423, 2wk
21601 = 1191, 3wk 21085 + 1730, 4wk 19344 = 1184
count/12h, P = 0.043). The EE-W group (1wk 21693
+ 4798, 2wk 23815 £ 3095, 3wk 23866 * 2541, 4wk
24684 = 2371 count/12h)showed significantly higher
locomotor activity than the EE-S group (1wk 14369 +
3084, 2wk 16419 = 1312, 3wk 16595 £+ 2159, 4wk
15990 £ 1531 count/12h, P = 0.028). Neither main
effect of week nor interaction between group and week
were observed.

B. Soleus muscle volume

Soleus muscle volume per body weight was greater
in the EE-S (0.40 = 0.03 mg/g) and EE-W groups (0.45
+ 0.03 mg/g) compared with the SE group (0.37 *
0.02 mg/g, P =0.014, P < 0.001, respectively). While
the trend was same for the EE group (0.41 % 0.02 mg/
g, P= 0.06), the difference for soleus muscle volume
between the SE group and EE group was not statisti-

cally significant in the post-hoc analysis.
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) locomotor activity was lower in the EE-S
(without running wheel) group as compared with the
EE-W (with running wheel) group; 3) Soleus muscle
volume was greater in the EE-W and the EE-S groups
than the SE group. These results indicate that environ-
mental enrichment condition, including running exer-
cise, led to muscle hypertrophy in rats. The present
findings suggest that locomotor activity and high
frequency of low-intensity motor stimulation in

environmental enrichment enhance muscle develop-

ment in rats.

Locomotor activity reduced in the EE-S group as
compared with the EE-W groups, which suggests that
wheel running plays a key role in increase in locomotor
activity in EE condition. The combination of voluntary
wheel running, rearing, and walking with accessories
may have important role for increasing daily locomotor
activity. Indeed, the combined aerobic and resistance
training circuit is effective for increasing daily activity
in older woman'?. Nevertheless, soleus muscle
volume increased in all EE conditions as compared
with the SE condition. Locomotor activity was compa-
rable between the SE and EE-S groups.

Soleus muscle is vital for running, walking, and
postural control. These results suggest that increased
soleus muscle volume in the EE-S group is not only
due to locomotor activity, but also muscle active
pattern in enriched environment without running
wheel.

A previous study has shown that low load resistance
training led to similar muscle hypertrophy gains to
high load resistance training'”. In the present study,
the EE-S group contained the slope, hut, and tunnels
(not contained running wheel). The results of this
study suggest that high frequency of low-intensity mo-
tor stimulation induced by locomotor activity through
these settings may have led to skeletal muscle hyper-
trophy. However, future studies are needed to clarify
the issue.

In conclusion, wheel running activity and locomotor
activity without wheel running increased soleus mus-

cle volume in the environment enrichment.
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JERT 2 AT B & ) KL 720

Z OMHEIEFT OB GVEIMEE S T 202,
P 52K B R DIFFEE S K - TIEL I & T
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Wb e L 4% TH 52, epoch length & 608
L, BREBRMEEDY 7 by 27 2 CTIGE)R
BE(METs) 2 55l U720 BREF oM AR DL T o
B A3205 LA E ke U 72356 & 5 R ) & 8 36
L, 1 H10W ML LR L2 a 2 657 — 4
ERFLY . 1 HOBEERFR 2240 A 5 I3
BRI 25 WTRD 2o 2 HEL LA R # H
F—2 L 1 HULOHEREHEHT— 5 % O
REDORE R RGN NGE L2, fHohiz
F— %1360 T L2, SB(1.5 METs BLF), KBk
B PA(LPA: 1.6~2.9 METs), ¥ & U¥ MVPA(3.0
METs YL E) 12 & h 772, 2 S o7 EjI
X1 HZEWERSh, HEHETLITTRTOH
MH DT — % 2P U5l Lz,

W MRS Y [0 0 1 R SR A 2 T v, TSR0 Y 70 8 s
H/FEBB HIZB W T, B2 B 72 R IR 1
BXEMBFHETT 2?2 vy BT X &Rl L
7oo HIMTITHENL D, IEHRIRE R 24 IS5 D 2 H)
HTHRIN, K OFBEREEIZ, AT E
L7-BATE R o #4112 L T SB, LPA,
MVPA (ZFREG & 7=,

2. AVINANR

DHIA DU A, BEEMEE ZUESEES T
7= 6 J H i Kessler Psychological Distress Scale (K6) ®
HAGERCY Z HWCEHMEL, AHF T4 T AV F L
NIV ADIREEE LTHW 2, AHErdy s Mk
RLHA L ARECEREFZL, T—2
IUFATAY MR, 3OO TFMEAGE), #
o, RE)»SRLZIPLEN - T—2 VS

£ 94 > FRIED HATHRIE & e CHH L,

RITFATAVEINANZADIE L LTHW =,
COREZNNESERHBRAERBFEIHwC &
PHEEN TS, RIFFETIE, O T
BEHT L3 O0HMHEHZH WY =27 - ¥
A DAY NEFE LT AR 3 DO T
AR B BIRRICH B 720, EHICHET 5
THUMEIERN T =27 VXL VAV b2
KL TW5BEE2 505, FENSFH BT
SHPETH 5 3 RO (AT DEFAIFIEIT BT
% HARNE) 578 O3 YS) a1, 77—

7 IUHA VAV PMECEEH LY,

3. AR

AR 20 2GR 1 LSRR RO F B & BT A28 &
DM ERINL, HER L LTHMIcHl
M L7z0 BARMICIE, 4EHS, 7%, body mass index
(BMD), #HEHH, HSLINE, RMAEDOHE,
WEHEATE) (ARIN RPN ), Wb, EAERE, 1
W OPIRERH O HRE N Wz 7513,
PO EADE- S SR E N Cab (Rl (% S35 a2 N ]
L) »Hatsh BMI 2 &, HdAH
MIRCR AT X DU L 72,

C. IREHEMT

CoDA IZIZMEHHNTY 7 PR DSy r — VT
% % compositions ver.1.40.3* & robCompositions
ver2.1.07 &M L7zo §RTOMNFMIE, &
ATE) % Fl 720 Z812 CoDA % B L 7= 647 W
FAHE - 7210 40H BB 1 & I 0T ¢
L 7ze FRATEE X ¥ & VAV 2 OB E B
9572012, CoDAWCX DUV AT 4 v 7
SF 2 ERML, F v XH(OR) & 95% 15X H
(CD) ZRKDIzo AWIETIX 1 HEWKT S 400
A7 8) (KRR, SB, LPA, MVPA)RiZ 1 DD
M E &S Z72e £ D, pivot coordinate repre-
sentation & FFIXN 2 FIEIT X D, AHMEK % iso-
metric log ratio (ilr) Z# L, %€ 7 WITHA L7,
COEPZEY 3DOOEBMPRONLA, T OB
WO DED, Mo 3 DDf7E) & ik L 72Bo,
H5DH 1 ODOITE DM R Z R T I HIT L7,

4 3 HER
ilr,= [— In : (1)
4 (SB*LPA-MVPA)3
iry= |21 > @
S T e mvea) S
1 LPA
ilry=[—In (3)
2 MVPA

LRt o & #H)TIX, ilr, A8 SB, LPA, MVPA I
W3 BERFEH O E R L T0bH, 4 DDITEID
ZNENDB LR iln D5 I 5 & 5 ITEKE#
ZRYE L2, FIREFTVTIE, LBWA ML
ET— ALYV A Y P ERIBERIC, ilr
B4 U7z AT B IR 2 MO B B R A L 72, £
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TV TREINSDEBDAEKA LT, ET WV
2T, i GEREZR), %O/ M), BMI
GEBZR), BHEFRERER), 5 L&
GEHITE Y, Ew/Rv, JEFICRY), REH
DA (DY /L), BUEEME B RRL L, &
/B ED Y ), KIEEE(ES AW/ EELE
E/EH), WM (EER/ 20D, EHEREGE
fLH/ZNDAY), FRFERR (2L, #%%7% L/H10
IR ) A i/ J8 1OWE R PA 1) %2 J R BIM L 720 1
Ho2KRK2BERAE, BLOYEnirE)e x ~
ZIVANV 2O ICB B A BN, FhEh
TEEME & Wald BRI & O BRET L 7o ABF%E
O, FoM3 ODTEIIHT S, HEH 1D
DOITEIFHOBEEEEZRET T2 L TH 720,
&R, SB, LPA, MVPA D ZFNZFN% ilr, D5 T
L EDHRDAZRL T,

CoDAIZX BTV AT 4 v Z7MIGHHITE - T
fHN72 ORI, THHMTEHEIHET L LD
HEL L, /RO H DX 5[ H27EH1
HWAL (5 /H)BmL72E 2@ OR &AL L LT
Myrli3Ta&hv, X)AEKRLEHREZHS
720, BMOGHEAITo720 Thbb, KA
TEFFEICOWT A ¥ VAV A L ORI
DR T & 72 h, ET IV 212HD VT
CoDA 2 & % isotemporal substitution % 3 fiti L
7220389 Z DaHTTIR, H B2 ODITHIEM %
—ERBE IR TEDOA Y Z VAN ABASRE %
% [ P (predicted probability) @ 2L & % 5 H 3
5T LNTE D, BAMICIE, o2 >0 Bk
B (B IR & LPA) % —EICHR B2 S, 5D
SARITE) (B SB) 2 5 M DATHE) (B - MVPA) &
—EWE I 2 B U7z ABFZETIX105 %] 4T LR
607> £ TITE)IFHDOE SR 2175720 CoDA D
FER B X RS R ORI W T, ATl
Fe23839) B B KNIz

FTRCOMAANT & 75 7 O, HEHANT
¥ 7 I Rver. 3.6.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) {2 & ) FEjii L7z, A RAKHE
X P<0.05& L7

S

A. HREOHE

DUF OHREHEIZRE Y L7 RH I GRS L
7ot DAL IMEERFT — & 3% (n = 394),
2) KR RO BEAED D B (n=28), 3)HEHRSE
ZIRHLTVwS (= 7), 4)5HIHHTSET—
FIZRMDH B (n=118), 5) BHRATET— 71
WA B (B 2 BEARRERI 25 1 RER KRGS, SB %
LPA 250 43/H) (n= 5)o ARWIFED RN 75301
HRIZ1095 N DT H TH - 720 FIHERITZ50.2
£9.5i%, LMEH68.6%, HIEMKD23.4%, KEH
DNEFHIERED EOEHBETH-72(F 1),
MR R LPA X8I B H X 0D S FEBHEHDIZH
BEWHEINAH D, SB R MVPA IZIEEH H D 1F
'7) 7.7%375‘0 720

B. 4BSEDHFITEIE X > ZILAIL ZDORSEM

1 HOAKRK Z2RERAHIEZ, mETFVE HICH
BHOARPOLHPA P VAR =7 - V754D
AV MEEBICHELA(E2, 3), EFNV2T
i, MEIRBFRE A2 W SRV DH A b L R
(OR=0.20, 95% CI=0.10-0.44) R, BT —7 -
T4 YA FOR=041, 95% CI=0.20-
081) LML 7z —Fh, SBHAZ VI LI, LA
A FL A (OR =228, 95% CI = 1.23-4.28) R 1K
WwWJ—27 - T4 Y XY F(OR=2.75 95% CI
=1.55491) LA BICHEL 720 LPADBRWZ &
O H A B L Z(OR =245 95% CI=1.46-
4.17) L DAL TEICHHE L 720 MVPA & X ¥ ¥ )b
NV ARBEOA B RHEEIIRO Ok olz, B
2, FEHHBEHTIIOTROTEHD A ¥ &IV R
B L AR LHERA SN D> 72,

BB HDSB R LPA ZIEMRICEIR T2 2 L3,
DHHA LV ZAORALEEL T (K1, #
Ao BARMICIE, 1 H60% @ SB X LPA % B I
WCEE LA, DEMA PLABEWIREE %
LU REPERZENZEN20.2%, 266%WMPTH LT
Wahiz,

F 72, 60579 SB ZHEMRICE R L 7230561211,
J—2 - ZUHAL T RX Y PR VIRRE & 7% 5 W RE
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K1, FENREFOEARIENE

n=1095
¥ (SD) 4, 502 (1 9.5)
Pk B 344 (31.4)
S 751 (68.6)
-39 (SD) body mass index, kg/m2 228 (3.7)
3y (SD) HEER, 4 14.7 ( 2.0)
HOLIME BW/EEHIZRW 766 (70.0)
EW/IEREITEN 329 (30.0)
BCA% o> A7 41 »HY 740 (67.6)
L 355 (32.4)
BRI 2 LR B 7 L /A v 936 (85.5)
BLHE D 1 159 (14.5)
ST &Rl 210 (19.2)
LELX 614 (56.1)
45 H 271 (24.7)
YA A H 852 (76.3)
Zzh Pt 243 (23.7)
i M 256 (23.4)
Zh Pt 839 (76.6)
BREIE ] RUENSRLMW: 7Y =5 v Akk) 65 (5.9)
B 1M [H] A i 752 (68.7)
JATOREI L L 278 (25.4)
DHEA R LA P (SD) K6, M2 32 (34)
W (5 5 A) 794 (72.5)
Fw (s EDE) 301 (27.5)
J—2 -4 T RX Y (0=1086)  F¥(SD)UWES 35, mi 29 (1.4)
W (3 5 A0 509 (46.9)
W (3 M) 577 (53.1)
I (SD) M BEET RS BB, H 2 H 10.6 ( 4.4)
FFE A 3.6 (22)

¥ (%)° 4T BIREI, 43/ H
#FHH M i 344.4 (23.9)
SB 699.8 (48.6)
LPA 315.0 (21.9)
MVPA 80.8 ( 5.6)
I E H I i 426.8 (29.6)
SB 585.2 (40.6)
LPA 362.2 (25.2)
MVPA 658 ( 4.6)

SB : FEQLATE, LPA : AK5RIE S AIGE), MVPA @ f R B ARTEH), K6 : the 6-item Kessler Psycho-
logical Distress Scale, UWES: L hL b b+ T—2 - T U574 VAV PR

FER 22 SRR A3 VR BUAHIE A B (BIA) 2R T

AR VIFELHEM A P VARENT EEIRT,

O AT B 324 FNTARHE L S M2 TR SR 7ze FEIPIE 1 HICH 0 2 BATEIOEE 2 R T,
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2. 24RO B RATE) & OHEI A b L 2O R (n=1095)

EFIV1? EFN L
95% A5 X 1 95% 15 HHIX [H]
*+ v X d Piie v X Piic
TR - 1B TH- B
)% B O Y RI7E) ©
e IR 0.17 0.08 - 0.34 <0.001 0.20 0.10 - 0.44 <0.001
SB 2.12 1.22-3.70 0.008 2.28 1.23-4.28 0.010
LPA 2.73 1.84 - 4.09 <0.001 2.45 1.46 - 4.17 <0.001
MVPA 1.03 0.70 - 1.52 0.898 0.87 0.56 - 1.35 0.536
EUI <0.001 <0.001
I H o B AKATH) ©
e IR 0.85 0.46 - 1.58 0.605 0.71 0.37-1.38 0.311
SB 1.13 0.72-1.77 0.587 1.22 0.75-1.97 0.427
LPA 1.31 0.87 - 1.98 0.205 1.37 0.87-2.17 0.181
MVPA 0.79 0.64 - 0.99 0.044 0.84 0.66 - 1.08 0.170
A 0.186 0.334

SB: PENZATEY, LPA: GG S ARUGE), MVPA: v o BE L ARG B)

KFATHETAT B 72 Bk % 7R 37 (P < 0.05) 6
AEFINV I 1 HOATEIIRF O M % P Ao

PEFV2IZETF OV LIRS, PE body mass index, ZEHER, FO LM, EMEOLME, SN - BB, WA EH

T8, FRIERER 2B Ao

¢ 1 HOBMATENELZ DMl 3 D DATENIXE S % 3 B ATH O AN 2 W & 7R3 X 9 12 isometric log ratio (ilr) 253t L 720
S v XM ilr 540 L 722 S RATE) 1 BALORINSHIYS %, OO ML AZBHA 7T & L
CRHRATHICHIT S P AL Wald BOEORE, 1| HORKRWZIEBAIHICE T 5 P LEIBOE ORI RE2 RS,

AT 11.4% WP T HETFHIINAZ(K2, £KB)o
zZ =

ARAFFE1%, CoDA & HIV T 1 H® B ARAT IR
3G DM EARLENE & v S R PEIEYNTH L L 729
AT, 9HHEORGKRITHERT T4 T/AH T4
T AL Z VAN ADBHEYEZRE L7290 T O
HTHD. TORNE, HHDSB R LPA 25
MEHRA & R 2 B3 2 2 25, KORWA VS
WANVAEHHET B E V) Pl E2G52 L
T, WHHEDORA VI NANAREHT 57201213
T R IERAEECTH S 2 L &2 L7z,

ARWFZETIE, ¥ HOREIRDZ W 2 & 13w
HPA P LVAREWT =T - Z /54T RXA VM E
BT 2 —HT, SBALZWI LiZIh b DRE
HA R RAE & B U7z ARSI, CoDA %M
WRWREEDIIRICB W T Haicm sz mic
HoHYO, F TAVIO—BRAE LI

CoDA % v CTHiad L7z i OWFgefs R & b —3
LTWwa W, ARFERRIE, FEBHHTIERL,
B HOMERE SBASRA ¥ & VAL ZADERICE
HTHHrILEZRBLTWVAS,

FNA R K Y Pl N7z LPA LOE A b
LA EOBMEICOVWTRIFEAEAMOR TV
Vo LPA S ADLHWA L ADKI LAR
WHELTWA I E 2R LR 1 HFDOATH
D, ZHid CoDA & H WA WEENIIIZE T 54,
fli)5, CoDA Z w7z 2 D ORWiFZETIX, 73
AZTWRELZLPA LREM R XV F VAN
A1) R0 5 DHEIRY DA B BIHYE IE A SR o
RERELTWD, TS 3 D208 HIEIZVT
b, BEEO—REANERET LY TV &AM
HLTHEY, ZMEOFREEIFAETHLEEZZDH
Nbo L7ehoT, BATMIRICBIT 2R ROA—
IO TFREOBEVICL L0 LERINL, %
72, ABFJEIE CoDA % I\ 7206475415 & gt
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#3. UBMOYEKITEE T—2 - UL YA Y b O (n=1086)

EFIV1? EFN Y
95% A5 X ] 95% 15 HHIX [H]
F v X d fiti © Fv XM PAt©
B - R TH- 1B
)% B O Y R47E) ©
e IR 0.33 0.17 - 0.62 <0.001 0.41 0.20 - 0.81 0.011
SB 2.26 1.37-3.75 0.001 2.75 1.55 - 4.91 <0.001
LPA 1.13 0.80 - 1.60 0.478 0.86 0.54-1.37 0.524
MVPA 1.19 0.84 - 1.69 0.332 1.03 0.70 - 1.53 0.864
N 0.002 0.005
I H o B AKATH) ©
M 0.87 0.50 - 1.51 0.611 0.68 0.38-1.22 0.197
SB 1.35 0.91-2.03 0.142 1.36 0.88 - 2.11 0.165
LPA 1.05 0.73 - 1.53 0.784 1.31 0.87-1.98 0.194
MVPA 0.81 0.66 - 0.99 0.043 0.82 0.66 - 1.03 0.088
A 0.063 0.128

SB: MEVATEY, LPA: fIREREE S AIGE), MVPA: Wi om B B A5G B
KFATHRETAT B 72 Bk % R 3 (P < 0.05) 6
AEFN X1 HOTEIRFR O A Z % Ao

JERE, FRIEMEH 2 B Ao
° 1 HOBMEITENEZ DM 3 DOITEII T % D 5 7B OHIR 1 2R BEE % 7R3 & 9 1T isometric log ratio (ilr) 283 L 726
ok v ZH il 9 U7 S ARATH) | HALOBNNCHIY T2, HwT—2 - Y54 VAV bEBRATITY L LT,

K HHRATHIC BT 2 P fitiE Wald BoE DR E,

HAHA R DL

&l

Bk

IDEERIR L R A
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ER~NER SBAE LPANEH#
L
!
| >
L
S S S O S 5" ot N N (N S O L~
P Pl
'8
| — p—
-~ =~ = = -
~la h
= -
= -
~
=
-
~
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60

dicted probability) D ZAL

TEEESHRAHEER (5/8)

KOYIZEST TS — R —-SB --- LPA
1. & BATH)E R 2 I OA7 By I X 40 2 Z2BRIS OB 2 b L 23 IRIBLS 2 5 7T REYE (pre-

B &R 5 2 OO LS OITBREHIZER O PIMTHEE L 720 HHTEET NV 2 1TSS HEHEL

720 DB A b U R & DA E 7 B ASHE

SB: MEA AT, LPA: (K58 IE S RIS

REINTATHDHREROAZHIR L 720

1 HOKR R EFRAICB T 5 PAEIZLELREDOM R 2R T,
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HEIRA~ B

0.14

SBA & 2

0.12

0.10

BHEREMEDEL

0.08

0.06

0.04

0.02

0.00

-0.02

-0.04 —

-0.06

-0.08

-0.10

D=9 TUFA DA RHMELVKEEI
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60

10 20 30 40 50 60

TEBZEESMAHKRE (2/8)

KHYIZESTITE) —BER —-SB

2.
T HEME (predicted probability) D24k

B B AT & WO BIIIC I SR BT — 7 - 274 YA Y R AR % 5

BEHZ 2 2 007 HUNOTERERIZEROFHMECTREE Lize OWIEEF IV 21T EFEL
oo T—=2 ~ YA VAV EOHERBHEMEIMHRINATHORROAZIIR LT,

SB: HERLATEY

SEMOBRMESR L 5720, TS O E R
B—H LiholzbEZbNhb, BITHEDOSI
HIEBE O St ST, S F ST RIS
I H (P BRE R L) OF— B EHFTIT
Wizo L2 L, AR 1 DOMETEBB L8
PLAALFITR T2 HE 205 e LTwb,
AMRIZB VT LPA DA RE X Y VAN R E
BIE L7222 E LT, MG TOLPADICL &%
KHELTED, ToOR, oMo ik
B L7220 B A B L ADBEKIZO A5 5 TV D
CEBREZOLND,

% { OFEFEWIETIX, EB)Z &D MVPA D%
BAA I NANAICBEEZ 70T LRIBEN
T& 72259, CoDA % I\ 72561728 TIdfs s
—EHLTWaW, »5HH%EYTIE, MVPA ICHR
TIH DL VI ERAOI S DRV B EF
Wah, ZoORPEIHHETORBKTH LY,
L»L, A=AV T7ORANENGE LD
WIFETIX, 29 LA BEGBE%ESRD LR
Dotz BETNEIZ, ZhSOETHIEON
SENMZEHHEICHREINZDH DT e d o0
THbo AZTFVIANL, HEKEHO DN
NORRFEHERER XD b IEFRRERDIZ S 29/

EWTTERMEAVRB S hTWw B, ABFEICHEWT
AR AT Z VANV ZADIEHERW 72 L2857 E D
HEE, HARANOBERPY & LT H bk
Tholzl eh b, WRBFOLBRKRBIZILHIEIL
RA TR Lol b #EIN D, AWFJET MVPA
EAYINANADBICABZBEEEDSA O R
Molz—EROER E LT, wHREMDOKHP BN
NOEERHBEZZ NS,

FRICK LT, FEWMBEHOHGERITHE 2 v 5L
ANVADE B HEEZ RS ENTER
Molze TORERIX, T4 ATHRE S NIEE)
BHODSB & A V&L~ AORMYZ K L7z,
JE CoDA 1T & % BT WFJE D 5 2 & B4 12— 3K
LTwb?, 2% WAREATHIE TS 72, A%
BEPEDS AR SN ozl L2 ME LTV,
BN E LT 288 HOfrE) & T, FEEhE
HoORMAME 5 — i3, ZLT—A
OEFHEDBENPTHOHICE > TRELEHTLH S
ERTFHEND, 2D LIEEHEHOL MM
LA, NEAOBEEWN LG HRTH O N
L, SRRSO EEE S WREYND S,
SHOMETIE, ARHIZX > TRELEHDDH
B REAGE S RATE) & 2 ¥ & VAL 2 0 [
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WCRIZTREEZRNET L L RDO LN,
ARIED S, BHHEDRX Y F VAR BT
%9 Z THRMREEM X, SB X LPA ORE[ % IR
WEEMADLIETHDERENTZ, ThEfti
T 57202, EHFREERMZMS LT, {3
BJ#o) SB R LPA ZMA I EH LA TE %0 K
JETIZ, B9 HIE T L ERERa v 2 — i
ZEDSBEWMS LT, MERDZZDOREHZH <
FTILNTED, T2, AWFEOREE, WikT
DAY FZNANVRERE VD JH S50 7 HER
B 2T A2 EAMVPA 21792 LD}
BEEEINIRETHLERBRL TS,

ZDWFRIZIZV L ODPDOMRRA D %o F—IT,

CoDA % W72 BATAFFE I & » T S 7z
FRHIHEOE, HOHEHIZ X ZIEIRNEH & 754
ZCTHE L7z Hrp o B R4 7B IRE ) % Bfd C241R¢ )
WCEHEL L T b 2 &, T8 7 — % ORIEMES
OB oTOBREWED D 5 WIZ, MEEREER
RUJN B BE B CULIBENT. & VAL DR % 52 AT XA
TE W02, AFETIZ—ED SB £ LPA %
OB LT WRENED D 5. IS, ARFZEDR
BEWIEZETH D HMATE & X ¥ F AV Z DR
BRICERTERVWETH D, AWETH SN
A ODIRME & Z Y2 R T 572012, WHET
HIE, 4% CoDA & Hv =MW 78 % F i3
RETH Do £, 34%BDBNNE % 53 H S
NL72ZEIZE BN T AZEHEATY DU REMESD
HBHMTH A, SHOWMIETIE, KMlF—&Ixt
g % 7= DG Z G5 & L WiZsH, wik
2, AT HAOEMBENAEAR, EWEHD
Wiz - —EONER T -y 2L Tw
5729, oM RETXCTOEIFHERIC—
BALTHZ LI TELRVWEEZOLND,

fiam & LT, AWFFEIIENE H O24 18 0 B R4 7
BRI A Y VANV AEHEEICHET LI L %
R L7ze BRI, BERFEEIZREZ X V20
ANV LB L, KHAHZ SB R LPA I AR 7% X
VEHNANNVA LML 2, AWFTER R, SB R
LPA 7 & IEMRICRE ) 2 FEEL /09 % 2 & 4%, LB
WA MLVADBEWSLT—2 « TV 54T X Y bD

M EIZO%MHZ L2RRLTEY, HHHED X
Y F VAN ZEIITR R R R 2R L T b,

A=Y= 7

AR - WEEDE R, Jikim, 7— 2 BB, O,
YA - BRI, TG R, A M- Y-
B L OWRRIE, MRk g, MR-l Ya-BX
OMRIRIE, MR @ A - L2 — 3B X OWRIERIE
MREFE: Tu Yy MEH, PE- L2 —-B IO
KIEo

MERR

ATy L-HHIOREL 5 25 X 9 AR
B SRS A v

# fa3

MYLS Z % 5 4 Of5E 7V — 7 T 5 Wit % B e
By —0RAF v 7IF, ATuvr bOEEER
EBMTEREITH I 2 V20w EI0&#w- LT
T

b= &
AWFZE R IEE (17K13238; 19K11569) DB K % 521 72
LDTHb, MIEEDFHA ¥, F—r Ik, F—F D45

B, R OBEIZIE, WTFhoB &Rtk 3
HLTWwZw,

F - &

AL THAEL 2T = IINER TV r— b Th b7
O, WARBA LT — 5 OB Rz, S
NpnZ EPPREER TV ET,

ZEZX W

1) World Health Organization. Depression and other common
mental disorders: global health estimates. World Health
Organization, Geneva. 2017. Link: https://apps.who.int/
iris/bitstream/handle/10665/254610/WHO-MSD-MER-
2017.2-eng.pdf (Accession date: 2020/08/11).

2) Theorell T, Hammarstrom A, Aronsson G, Traskman Bendz
L, Grape T, Hogstedt C, Marteinsdottir I, Skoog I, Hall C.
A systematic review including meta-analysis of work
environment and depressive symptoms. BMC Public
Health. 2015; 15: 738.

3) Shimazu A, Schaufeli WB, Kamiyama K, Kawakami N.
Workaholism vs. work engagement: the two different
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