SEIE I E E R v ¥ —4EH, 2026, 26, 101-132 45 | R¥ERAET 0 Y= 7 MR

REFEGAT 0V =7 MIBSE - BFFEARCR IS &

W EE - mHE KE (BRLHEY =T —X)

nffEER

g5
BN DA« EAE ST KON 5 DIERIC RIE TR E O i ifF 5T
——%ﬁ%v—*/a AR yF o= A2 RTILRAD 3 FEM

ERERE - HEEF (K&, 2—X)

f@E KE (HROHEY=—2 - LR 2 4) ((WEH)
Ry EmAE (RO 3 — 2 - IR 1)

K FH2B (BROES = — 2 - IR AT 2 45)

F R (BRLET = — X - LR 2 48)

WAREESE (BM. ZERE. BR. SRORELE)

HELBM

D ONFIE, EADERICL EFE ST, FERBK, Y, ¥, #ioEEEKR TR Y,
B RICEHARFEL LIETRMERETH L, IR TIIR 28 EMANRBAL TN
ANREE EOREEREO —o L LTEEST 5 TWS, SDGs @ [T o Al filt
etz LWORAREREZ DL L, THRERUBEOTZDDOIHEE LV LD AR
FRICZITONDMAMAZEET 22 LITRBOBRETH D, AFstiE, EEZHNT
BWBFTCTHITXA2HEM N b —=27 (bodyweight strength training: BWST) 235 H
L, #1952 LBMAER~DOXBEEMILT D,

# 50 LBAMEL D HH

O ODOHEFFITIE, KA L REIEREBRSBEET 2, KB &L, SENHRFICOV
TORBEEETHYE, M5 SOFEEAZIH L Z LRSI TV LB, KBRS 2
CATEEVEAME T L, X A HE O RREELTEE O /N3 A LR < 2 58, ZofER, &
HEDOFFERERELF OIS 2D, BEMBHENTRIEISND &V D EEERDPIE
REND,

RRAETET &k, EE a2 RRE - BRSO L, BEIDE U CRRIE T D — O RR & 497,

EAEIRET O N X103, A E R EB) OBIE L ML T B O Rk L B LU, #15 S O R
WL, BEMZRMETIEE LT, HRFORAELEZE LU CHEOLRICH




TR B X — A 26 5

E0F 5 TTREME W (reappraisal strategy: RS) | &, &0 X HZIM 2 2 [HH 5K
(suppression strategy: SS) | WA RFT SN TWBHP, RSIIHRTT ¢ 7 EE OB, SS
BARYT ¢ TG O & B LU, 5 R EEIT RS DN 72 <SS & RN
ZHTDBMARE SN THDLE, DLEOFE R LY, B ORI & ISR 728 08
WDOMRETEERNIALZ—F Y P Th D,

SAYERTINVIRADEPELERA S

2O LIERBHMER DN AD—2L LT A Y RTZARZAOEHERRE LT
Do AV RTNVFAL, HEOIMAZ®R L TR 2E2EBT 52 E03manT
B, EHEOEHA O F A2 L CUEEREREDNICO RS T 4 7R RE b 6T
AEEMES R SN T A0, —5 T, MMme&md@@mwﬂmwﬂMmm@W
W2 h )V %27 A1 AH720K 455, H6 AOAEMENRG ENTE M,
HENZWVIEGRLREVWEENDZ Lol iGN HEPLETH D,
LML, AZSHTICE D&, REOEMEITHELEED 64%I2 & EF - TR U4, HELEIL
OB FILRENICHES THERY, ZHLea—F I T OMEELHEZDL &, 1)
SORBANER~DEIMEEEL O, A F7 XA LY &EN - MR 5 &M
WO NERLETH D, AR TIEZOMREEMH NG MAL L CEBNCE BT
axs

WO OIEKTHEBHOHRELIRAR

AR R 2 S, AFENICHIRADOH 2TIETHIATE 57280, BANKL
BRRS THD, £, BREHARSCA—N—F L —=0 T DY RTEEFT DL,
FIZH ABHESCRHZMSTIEEDRREE DL L 1EE L, 2RVWEHEETH RN
R cEommtEnd o,

% DA Z NI, HERE S SOBBMICHERTH D Z & & LIS, P E o ERYK
BRNWE SN TV DRI £/, FEEFERICL D H RO LU K8 O K5

SV o LB R L RBENTWVD, S5, s VW o28anrb s, 9o
T 2 BB S AN D OE R (18.1%) NL, DEREIED S OBLEE (19.9%) 20L&
FRRETH O, Mt L TREDOBBEIZ RV LM TE 5,

EEOMEICBE LT, AmBFEES, i hr—=v7, HAREGHOWTI L AL
PERREN D —FHP, B2 ) b L—=0 7 OB ERHAICKE WL T 5% E L FE
T, LL, ZNETOEEMNADOHIRITRE & Mk |ZED CTEB T Tl 2 E
Mg 26 D2 B, KELKH PR EBRMEPEN TE RVRTIISHARETH 5
W) RE FEORRE RO,
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BWST ~D % B

THLEERDOL E, KESCER~OT 72 AHIRL L, BESSATNRL DR
B WTH R i 72 IR A ORGEIZEEERNICERETH L, BAFBIIBT DL AV
KL A L DERAE S )Y AR — b (mental health and psychosocial support: MHPSS) (233
WTh, FERIGEENZIES N7 70 —F OLEMERER STV 524, BWST T4 AR
H, A=A, ALTEETHLEBIRTHY, ITNLOEMFZH VLNV T,
L2L, BWST IZHRE L TH D DR EIIN B A~ O R & BGE L 72 0F 9818, Bl R T
FEAEFELER,

AHFFED B
KRR OBIE, 52U A7 DD - ANERGE L, BWST 238195 D, K4
IS IC G 2 D BAMASNCTHEThHDH, MADEEHEITMT 5720, &
RIEE A £E 5 23 BWST £ 0 b3REDKRNA ~ LUy FREZ RS RS L CRE L7z,
2T, BREE EO@IRNKEZ KT 28A0 b~ A v R VR AREZIRL, SEOEN
T 5,

A&k
WRT A
R, BMEPERILENT-HERD T v X MULBRBR ThH 72, DFV, It
ADRFIESIME IR S e o T,

WERY L FAY A X

BTV A Xk G*¥Power 3.1 THH L7z, 2hH&E =025 o=.05, Wi (1-8)
=.80, MIEMMBE =.50, FFERMMTE e=1.0 Z00F LIofER, B 36 A (R 12 A) »
HEEREES bz,

27 Y —=V TRE

ZN# O CONSORT 7 2 —F v — k% Figure 1 {Z7797,2025 4E 7 A, B ALE(ED 20-49
O AN 229 2B LTRAZ ) —=v VlAEA T4 0 TEMLUE, BAER
Google 7+ — L%V, HADZ I RY—3 7% —EATH D Lancers KA 4E %
WU TN L7z, B OB TR, LRSI, FEro A dE, (8RR RGE,
Pl D FEBR W KB O TREME A B L, FEZ257,

FBEHBIILTOEY Th oD, (a) BAJENE  Flin, MEA, (b) EEVEE  HROES)
BEET 2720, FRIEERELE (Physical Activity Rank Scale-3: PARS-3) 1% /i
Wiz, ZAUEEZE 1R OB OV TR - RER] - B O 3 M A 5 ik T, 5
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Figure 1

CONSORT 7 1 —F ¥ — |

(0=1) Js¥i e &
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WeEMEQ T E G R) Wy
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>

(0=1) 38
0= Y ¥ 2T 4

A
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@ =) GRLAEIYY
O1=1) 3t RY ¥
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Bex (BFfE-1) S CEBREZHHT 2, EHEOFBAN 19 SUTOH GEHHEHR
Dipu) 2 EBOF G & Uiz, (c) HIRTEENEIE : & (KI5 8) i 152 5 (Physical Activity
Readiness Questionnaire: PAR-Q) 9% 7o, ZAvis, BB 4G RTIC AR R 03 20 32
MEINEHET L2 DERMKTH D, THENLRD, NIV - Wiz ) @2 TR
EhRoROT, NI A1 HETH 256 X EE RO EN R+ Ll L, Bk
KIBENHERIN LTz, (d) #1952 AR AR 5 DM RE (The Center for Epidemiologic
Studies Depression Scale: CES-D) P71 ffifj L7-, 20 HH 5720, FHHEIZDW Tl
H 1 HEMORBEEEZ RER»-7 (1 BARR) =0-F > LEC T (5-7 HRERE)
=3] O 4{HETEZEZ KD,

EBRBME

AY ) == THHEORER, PARS-3 A 19 JALLF, PAR-Q &THHZ Wz, 2vo
CES-D 2 FHy i (13.9 51) LL Lo 82 4% FBRxt Gufietli & Uiz, AL L7-#fseE R, =
YV a—H—AROEEERA T, 824 % BWST#E (n=28), A hL v FHE (n=27),
VAV RTARAFE (n=27) IZEEEZIZHID T2, 0%, FFRSINCEE L 47
ZWEBRICBEM LT, KIETIE, ¥ _Cokyar BE) 2% 7 LEBNE LM
Mrot 42 &4 5 per-protocol T 21T > 72, & v ¥ a »EEERN 100% TIERNn->72A b L
v TFRED 2 L ERINL, FEAIIC BWST B 16 4 (B4 8 4, Zetk 8 4 FEHHH
3731, 8D =1728), ALy FH 144 (Bies, kP84 ; FF = 39.43, SD
452), vAV RT7AVXAFELS 4 (B 64, &ME9o% ; FH4E =41.13, SD =5.00)
MR L Uiz, 723, BWSTREE v A 2 R AR ARED MK LRI 0% Th - 7=,

HBRFRE

MAART Y 2—/VE3FALE T, W2RE (A - K) x4 BEOE8 Yy av e Lz,
2025 4F 7 A 55 4 BT pre-test Z# FHME L, FEN SN AEHL LIz, %M HIZ, Lancers
DU —J AR—=AREHTHM Y v 7 Zhifs Lo, EOAFEIL Google 7 4 — A Tl
HORESE, YHOERDEERSGSIXREERR £ TORHE TOERERD, It
ABHtAE D 4 R (8 AZE 3 #) T post-test, X HZZD 4% (9 A 2 )
follow-up % JZJii L 7=, follow-up FhE#IZ#i4 N ihbiT-,

MANE

3HEL HERTHOERL TH H ol Kl 20-224 T, BEHIELREX IV
WEEER O — LT,

BWST &t YouTube TABI &S TWAHK 20 4y BWST Ehilij 2 fvy, 453 TR 5 E)
(G4 A) ZEUS Lz, BME IS ZEOBEICH - Tl 2 B3 Lz, +XCTof
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ECIBWT, | Ao@hmicay (W, B, H, W, B, &b, ke, 55 28R
KHEZ D ENTELEBWEZRINL, MARIIIBEM T V¥ A Tholz, BZME
WX THELVEIERAHLZ E2BEL, HEOIMEICBEN DR &L, B
REIPIZ T & 2R 0 By & W CEMEZ T C< 72w LR LT,

X MUy F#E YouTube TAHIN TS 22 /5D A b Ly FEIH 1 K% 4 8 A3
THWZ, | KOBECRHFZIESTIENTXL2H®EMTHY, &, JF, b, W, B,

DA MLy FTHEINLTND,

<4 Y K7/ AB UCLA Mindful Awareness Research Center®13 A B3 % H AGE
74 K (Complete Meditation Instructions) 22 4y % 4 8 [R|ILiE CH W=, MK, &, &
WK, N7 A%y, BEORMTHBEMIIHELSNATND

5

E R

5> CES-DZMH L, IFMHEEIR (somatic complaints: SC) |, 9 &l (depressed
mood: DM) |, R T ¢ 7l (positive affect: PA) |, [ ABIf% (interpersonal problems:
IP) | @ 4 FALRERNC AT Z R H LB, AR R T 54 R EOEEERRIT
JIEIZ a=.77, .89, .71, .83 TH 1=,

BB XHT 47 RBEREPEZHHA L, T2 07 4 7R XBE (negative
rumination tendency: NRT) | & [ X4 7 4 772K HF D = > b v — )b R A HE %

(uncontrollability of negative rumination: UCL) | @ 2 [Kl¥-, &} 11 JHA THK S5, [H
TEHELRVW=1-HTIEED=6] ® 6 FETHELZRD, & FMREOEGFHGFAEH
H L7z, BEEREIZEN TN a=.95 84 Thoi,

KRB R R R A OREEIRCA AR L7z, THEEEMARE (RS) ) & [ Hn 7w

(88)] 2T, F10HAMNLMKENE, [2<bTETELRV=1-FFFIZH TIX
F5=7] © 7 HETEHEEZRD, & FHUREOEHEAEZEM Li-, FEERKIX
NZEI a=.89,.66 Th oz,

ST IT

T BRI, SR A & #EWr 7 — 2 AT (constrained Longitudinal Data Analysis;
cLDA) DI T—fRALBRIZIRA E T /L (generalized linear mixed model; GLMM) % i
G L7, cLDA X, XR—RA T A (pre) BERORMEZET VN THRIMWICEET LT
ETH D, WERH (Time) 277 2 U &8 E L, EEMRIZIE Time (pre, post, follow-
up) & Group (BWSTvs A hL v vs vA 2 R7/LFA) x Time D AN %A
L, Group DENRIZE DR oTlz, T F LRRETHEREFURFORL L, KERED
FRAMLGHIIEA T A MU & Lz, #EE 11X REML, H IS Satterthwaite #7120 & VY,
% HL# L2 1 Bonferroni 4 1F 4 3 H L 72,
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Ethical considerations

BETOFNIEA~V Y O REF 28 L CEMm Iz, EBRBWKATC, BrY - HiE - T
B - @mhEnEko Al - EAEREEIC OV THEMICHIIL, 2IREZ&7, L
FAMLHEA Y X 7 ITELE L, SBIZ0S U CHFSE =T E o i A 0 B 23 b s 9 2 1 i) &
L7ze SOV ERAY SUG R O R PR D b8 1E, B BN S ¥,
ERIR S 725 1 RN T2 e A S ) O B N[ 9 PN 2P N 2 G RS 2 = 2 0
MBERSOEREZIT TS KR ID : 25-2-022),

R
pre EROBIT L DT —#

Table 1 X7V —TRBIOSINEORME E L Db DO TH D, (L7 (standardized
mean difference: SMD) (%, B4 7 — L U B FE A CEELLEZRECTHY, N—
ATA BT HRYBORE I ZFTLIRT 27 OIZHR Lo, 0 1SEWIE EREHER /N
SWZ L Z&ZRT, Table 1 2662728 512, CES-D TAREMFIZHWT 3 FEHIC
N=2A T A U RBWERFED biiz, B, FMEOTF =M TIE, ZOX—2ATF7 1
R % FAHES H 72D, cLDA OFfHA T GLMM i L T\ 5%,

O O~DEFR

GLMM O 5% Table 2 (278 L7z, SC TiX, Group x Time DX HE/EHANAFE TH - 7=

(F(6,63)=6.74,p <.001,7,°=0.39), FHELEOHHE, BWST FEICE W T pre L Y post
THEENAZITEL (1 (84)=-4.52, p < .001, d =1.49), post £V follow-up THEIZH
2otz (1(84)=3.97,p<.001,d=121), DM T%, Group x Time DA HAEANAEE TH
>7= (F(6,63)=2.84,p=.016,5,°=021), FHRLBOFEE, BWST BB T pre LV
post TEHAMNAEICIEL (£(84) =—-3.40, p = .003,d = 1.09), post XV follow-up TH &
[ hr o7z (¢(84)=2.57, p=.024,d=0.83), PA TiL Group x Time D AAEHIEAE T
2otz (F(6,63)=1.86,p=.102,4,°=0.15), %7, Time D EHR LA E TIER 1o
7= (F (2, 84) = 0.82, p = .446, n,° = 0.02), IP TiX, Group x Time DA HEAEHNAE TH
- 7= (F(6,63)=3.67,p=.003,5,°=0.26), FZLEOMKE, BWST FIZHB T pre LV
post THEENAEREITILL (1 (84) = —2.74, p = .023,d = 0.91), post L ¥ follow-up THE
\Zwnole (1(84)=231,p=.047,d=0.72), KK RIZBIT D SC, DM, IP DAAT D
J B % Z VR Figure 2, Figure 3, Figure 4 (27777,
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Figure 2
BB A2 BT D SC A5
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Figure 3
AR SIS 331 D DM 155
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Figure 4
A R RS 0 D IP A5 A

13 ——BWST
B
1 Stretching
— Mindfulness

0.5

0

pre post fw-up
05 -
Time

KB - BAERE~DOR

W DOZEHTH Group x Time DA HAEMIZAE CTlX/eh o7 (NRT: F(6,63)=1.28,
p=.278,7,°=0.11; UCL: F (6, 63) = 0.60, p = .730, 5,° = 0.05; RS: F (6, 63) = 0.95, p = .470,
n,° =0.08; SS: F (6, 63)=0.27, p= 951, 7,°=0.03), —J7 T, UCL TI%, Time ® EZHE N
HETHoTz (F(2,84)=4.34,p=.016,7,°=0.09), FHILEDOHE, pre XY post I
WTHEENAHE BT > 72 (1(84) =-2.92, p=.013, d = 0.38), post 7» 5 follow-up {2 7>
T, ABTIEHZRN->7H 00 UCL SR OEINRA L7, NRT (F(2,84)=3.09,p
=.051,7,°=0.07), RS (F(2,84)=1.85p=.164,7,°2=0.04), SS (F(2,84)=1.38,p=.257,

7Y =0.03) TlX, Time O ERFITAETIER -7,

=
;5 o>~DFR
BWST #£Cl, SC, DM, IP OFIRIEIZEHB VT, pre 25 post (I THERIE TN
B INTz, ZhiL, M5 >y — RICRAOHEIER (RIR, AL, M4

mE), HORE FELA, BH O L), BAMEICRE L, BWST 2381 CorE s 1
b LBl LarBd 5, TRNETHEZMNWERD v —=0 7 DA MM
RENTEEN, AFZEICL Y, BEAREO BWST 25\ T b M TR o Rtk #
BELNDLZEBRH LN RoT, —HT, Zhb 3 KT ORI post 225 follow-up
NPT TH ER Lz, ZOMEIE 2 SOFAREENLMNRI NS, 10, EHFLLIC

DIER DT TH 5, AT TIHES T Ik 2 HEZOM ) SHERHE S THY
BlLOKMRETHENARTHD 1 5 AMTRBOBRSNELTZLEZOND, ZOHE,
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BWST (33 AMNITH R EBHERENITR BT LT WEEEZ RS LS 25, o
T, PIREMHFSED-OICE, ATTEZEDL LIZEIHOMEC LA A~DBITE W
ST MERFB B O F Z BISHAA T ERN D H, F 212, MAMBEORETHD, 1 &
AEWH BB TIEIROEFICEL > [REERH Y, MAMME 2—3 » A ITIE
BT22LT, BROEEZIMEITE 200 Lt

PAIZOWTIE, REMEH « FRR L BICHEETE o7, Zhix, EHH O BWST
HRTRADT 4 7EIEOm ERNBETH D 2 L 2RmRT 5, FIRIEE L RYT 1 7k
TEICBIT 2 A 253 Hr Tk, HRMEIESEBIME (ventilation threshold: VT) Al oD 18 & 73 8 &
WARYT ¢ TRREERBREZS S 32, VT 2825 EWICRYT 7 RERIERRZ
WD S L AREMER R S LTV 2B, KEBROEBREIL 20 5 CTH Y, —HoOSM
BT 5 TTEEBREN VI 2B T2 &N, RUT 4 TR OF BRI 7R
Doppole—REHEEND, LoL, Mo OOFREBAEHICEHESTS LT R
YOWKITI VT Z B ZBECTHE LR D70, R EMERF OB O I3L 5 TR E
ETTL5XETIEHRY, T, NPT 4 TGO R Z X 51213, EEHRE MR L
20, MOTREMMT2LERND D, Bl2IL, LW AEEROMREZEZBE LB, F
WEEOMFEREZHELE L0, A AEO M L2 X LB, RGO IR &0
BAL~ORSE ZAR T 2L T, WEIEERAZERKRRE L TERST D LW ok HiknE
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Introduction

Depression is a mental disorder that affects both individuals and family relationships,
employment, education, and community productivity. Approximately 280 million people are
affected worldwide,[!! making it a top public health priority. Following the SDG goal of “Good
Health and Well-being,” systems that allow more people to access simple, preventive, and
symptom-reducing supports must be built. This study focuses on bodyweight strength training
(BWST), which can be performed in small spaces without equipment, and examines its effects

on depression and cognitive variables.

Links between depression and cognitive variables

Depression maintenance is closely tied to rumination and emotion regulation. Rumination
is repetitive thinking about negative events!?) and can worsen depression severity.[*/*] Persistent
rumination lowers behavioral activation and can increase avoidance in interpersonal contexts
and narrow daily activities.’] Consequently, it becomes harder to feel fulfillment or

accomplishment, reinforcing negative affect and creating a vicious cycle.

Emotion regulation refers to the sequence of recognizing emotions, assigning meaning,
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and adjusting as needed.!®! Difficulties in emotion regulation are associated with prolonged
negative affect and stronger avoidance!”l and can help sustain depression.[®] Two widely studied
strategies are the reappraisal strategy (RS), which targets emotion generation by reframing
events, and the suppression strategy (SS), which inhibits emotional expressions.’l RS and SS
are linked to greater and reduced positive affect, respectively.['” People with depression use RS
less and rely more on SS.18 These findings highlight the importance of reducing rumination and

promoting adaptive strategies as key intervention targets.

Effectiveness and limitations of mindfulness

Mindfulness is an intervention targeting cognitive variables. It can reduce rumination and
depression through attentional training''! and may improve emotion regulation via reduced
amygdala activation.[') However, the standard Mindfulness-Based Cognitive Therapy (MBCT)

curriculum includes approximately 45 minutes of home practice per day, 6 days per week;!'3!

14 However, a meta-analysis has found that the

more practice is associated with greater benefits.
actual practice averages 64% of the recommended dose,!'* indicating that adherence to
recommendations is difficult. Thus, we need interventions that retain efficacy for depression and
related cognitive variables while imposing a lesser burden than mindfulness. Therefore, in this

study, we focused on exercise.

Effects and limitations of exercise for depression

Exercises generally require no special training and can begin with familiar movements,
making adoption easier. Considering the risks of delayed onset muscle soreness and overtraining,
“more frequent/longer” may not always yield better outcomes.

Numerous meta-analyses show that exercise reduces depressive symptoms!'l with
moderate improvements.!'®! Psychological effects of aerobic exercise, such as increased self-
efficacyl!'”l and reduced rumination!'”1'8] have also been suggested. The dropout rate from
exercise interventions for depression (18.1%)['°! is comparable to that from psychotherapy
(19.9%),29 indicating no special disadvantage in continuity.

Regarding exercise type, aerobic exercise, resistance training, and combined programs are
all effective,?’ with some reports indicating relatively greater effects for resistance training.[??!
However, many previous studies required participants to attend facilities and exercise under
supervision,[?*] limiting implementation when equipment was unavailable (e.g. during disasters

or conflicts).
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Focus on BWST

Testing physical interventions that can be implemented even when equipment and
personnel are limited (e.g. during disasters or restricted access to care) is internationally
important. Mental health and psychosocial support (MHPSS) for emergencies notes the need for
activity-based approaches.[>¥! BWST requires no equipment, little space, and can be self-
directed, meeting these requirements. However, few studies have specifically examined BWST’s

effects on depression and cognitive variables.

Aim of the present study

This study targeted adults at risk of depression and examined BWST’s effects on
depression, rumination, and emotion regulation. To rigorously evaluate the intervention effects,
we set up a stretching group—Ilower in intensity than BWST but still involved movement—as an
active control group. In addition, for more options regarding clinical implementation, we

included a mindfulness group to compare the differences in effects.

Methods
Design and setting
A single-blind randomized controlled trial was performed with blinded participants

unaware of the intervention hypotheses.

Sample size estimation
Using G*Power 3.1, we estimated that 36 participants (12 per group) would be needed,
assuming an effect size of /= 0.25, a 5% significance level, 80% power, a correlation of 0.50

among repeated measures, and a nonsphericity correction set to 1.0.

Screening survey

The CONSORT flowchart of the participants is shown in Figure 1. In July 2025, we
conducted an online screening survey of 229 adults aged 20-49 years, living in Japan using
Google Forms; recruitment was conducted via Lancers Inc., a Japanese crowdsourcing platform.
An on-screen information sheet described the study aims, voluntary participation, freedom to
withdraw, data protection, and the possibility of future contact for experiments. Consent for
publication was obtained online.

The survey items were as follows: (a) Demographics: Age and gender. (b) Exercise Habits:
Assessed using the Physical Activity Rank Scale-3 (PARS-3),2°] which evaluates the intensity,

duration and exercise frequency over the past year on a five-point scale. Exercise volume was
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Figure 1

CONSORT flowchart of the study
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calculated as intensityx(duration — 1)xfrequency. Individuals with a score of < 19 (low exercise
volume) were considered candidates. (¢) Physical Activity Readiness: The Physical Activity
Readiness Questionnaire (PAR-Q)*°! was used to screen for medical risks. Candidates who
answered "yes" to any of the seven items were deemed unfit for exercise initiation and excluded.
(d) Depression: The 20-item Center for Epidemiologic Studies Depression Scale (CES-D)2711281
was used. It assesses symptom frequency over the past week on a 4-point scale (0 = rarely/none

of the time to 3 = most/all of the time).

Participants

From screening, 82 individuals met all criteria: PARS-3 < 19, all PAR-Q items “no,” and
CES-D > the mean score (13.9). An independent researcher used computer-generated random
numbers to assign the participants to the BWST (n = 28), stretching (n = 27), or mindfulness (n
= 27) groups. Forty-seven patients consented to trial participation. We conducted a per-protocol
analysis on only the participants who completed all eight sessions. Two stretching participants
with <100% session completion were excluded. The final analytic sample comprised the BWST
(n =16 (8 men, 8 women), mean age = 37.31, SD = 7.28), stretching (n = 14 (6 men, 8§ women),
mean age = 39.43, SD = 4.52), and mindfulness (n = 15 (6 men, 9 women), mean age = 41.13,
SD = 5.00) groups. The dropout rates were 0% in the BWST and mindfulness groups.

Procedure

All groups followed the same schedule: two sessions per week (Monday and Thursday)
for four weeks (total eight sessions). The pre-test was conducted in the fourth week of July 2025,
and the intervention began in the same week. On each session day, we distributed links to the
materials via Lancer Workspace. Completion was self-reported using Google Forms. If same-
day completion was difficult, the participants could complete the session any day before the next
one. The post-test took place four weeks after the start (third week of August), and the follow-

up occurred four weeks later (second week of September). Honoraria were paid after follow-up.

Intervention

All three interventions were self-administered remotely. Each session lasted 20-22
minutes. The delivery method and timing were standardized across the groups.
BWST group

We used different publicly available approximately 20-minute YouTube BWST videos

each week (four in total). The participants followed the videos twice a week. Each video trained

the entire body (chest, arms, shoulders, legs, gluteus, back, trunk, and abdominals) with varied
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exercise order. To accommodate difficulty, the participants were instructed: “Even if you cannot
keep up with the pace, continue performing the same movements for the duration of the video as
best you can.”
Stretching group

A publicly available 22-minute YouTube stretching video was used for all eight sessions.
The session covered the entire body and included stretches for the neck, shoulders, arms, legs,
glutes, and back.
Mindfulness group

We used the 22-minute Japanese audio guide “Complete Meditation Instructions” from
the UCLA Mindful Awareness Research Center!?’! for all eight sessions. The content included

breathing, sounds, bodily sensations, body scans, and loving-kindness.

Measures
Depression

Using the CES-D, total scores were calculated for four subscales: Somatic Complaints
(SC), Depressed Mood (DM), Positive Affect (PA), and Interpersonal Problems (IP),[**! with
Cronbach’s a at 0.77, 0.89, 0.71, and 0.83, respectively.
Rumination

The Negative Rumination Scalel3'! was used. It comprises 11 items rated on a 6-point scale
(1 =does not apply to 6 = applies) across 2 factors: "Negative Rumination Tendency (NRT)" and
"Uncontrollability of Negative Rumination (UCL)"; Cronbach’s a were 0.95 and 0.84,
respectively.
Emotion regulation

The Japanese version of the Emotion Regulation Scalel*?! was used. It comprises 10 items
rated on a 7-point scale (1 = strongly disagree to 7 = strongly agree) across 2 factors: RS and

SS; Cronbach’s o were 0.89 and 0.66, respectively.

Statistical analysis

We fit generalized linear mixed models (GLMMs) within a constrained longitudinal data
analysis (cLDA) framework, which statistically equates group means at baseline (pre) within the
model. Time (pre, post, follow-up) was treated as a categorical variable. The fixed effects were
Time and the Group (BWST versus stretching versus mindfulness)xtime interactions; the group
main effect was not included. Random intercepts were specified for each participant. The

residual covariance assumed compound symmetry. This estimation uses the REML with

Satterthwaite’s degrees of freedom. Post-hoc comparisons were performed using the Bonferroni
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adjustment.

Ethical considerations

All the procedures complied with the Declaration of Helsinki. Before the experiment, the
participants received detailed information on the aims, methods, voluntary participation, rights
to discontinue participation, and data protection and then provided consent. Clinical
psychologists were available to address the psychological burden or worsening depression.
Participants showing strong reactions or increased distress were promptly withdrawn and
referred to appropriate services. The study was approved by the Research Ethics Committee of

the Graduate School of Education, Tohoku University (Approval ID: 25-2-022).

Results
Baseline characteristics
Table 1 summarizes the participant characteristics by group. We also report the
standardized mean difference, which expresses between-group differences using the pooled SD;
values closer to zero indicate a smaller baseline imbalance. A baseline imbalance was present
across the three groups in the CES-D subscale scores. In our analyses, this imbalance was

adjusted by fitting the GLMMs within the cLDA framework.

Effects on depression

Table 2 shows the results of the GLMMs. For SC, the GroupxTime interaction was
significant (F (6, 63) = 6.74, p < 0.001, 5,° = 0.39). Post-hoc contrasts showed that, in the BWST
group, scores were significantly lower at post than at pre (¢ (84) = —4.52, p < 0.001, d = 1.49)
and significantly higher at follow-up than at post (z (84) = 3.97, p <0.001, d = 1.21). For DM,
the GroupxTime interaction was also significant (F (6, 63) = 2.84, p = 0.016, 5,° = 0.21). In the
BWST group, scores were significantly lower at post than at pre (¢ (84) = 3.40, p = 0.003, d =
1.09) and significantly higher at follow-up than at post (¢ (84) = 2.57, p = 0.024, d = 0.83). For
PA, the GroupxTime interaction was not significant (F (6, 63) = 1.86, p = 0.102, 7,° = 0.15). The
main effect of time was also not significant (F (2, 84) = 0.82, p = 0.446, 5,° = 0.02). For IP, the
Groupxtime interaction was significant (F (6, 63) = 3.67, p = 0.003, 7,° = 0.26). In the BWST
group, scores were significantly lower at post than at pre (¢ (84) = —2.74, p = 0.023, d = 0.91)
and significantly higher at follow-up than at post (z (84) = 2.31, p = 0.047, d = 0.72). The

trajectories of SC, DM, and IP are shown in Figures 2, 3, and 4, respectively.
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Figure 2
Participant's scores on the SC at each assessment point
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Figure 3
Participant's scores on the DM at each assessment point
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Figure 4

Participant's scores on the IP at each assessment point
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Effects on rumination and emotion regulation

No GroupxTime interactions were significant (NRT: F (6, 63) = 1.28, p = 0.278, 5,° =
0.11; UCL: F (6, 63) = 0.60, p = 0.730, ,° = 0.05; RS: F (6, 63) = 0.95, p = 0.470, 5,° = 0.08;
SS: F (6, 63)=0.27, p=0.951, n,° = 0.03). For UCL, the main effect of time was significant (F
(2, 84) =4.34, p = 0.016, 1, = 0.09). Post-hoc contrasts showed that scores were significantly
lower at post than at pre (¢ (84) = —2.92, p = 0.013, d = 0.38). Although not statistically
significant, the UCL scores increased from post to follow-up. For NRT (F (2, 84) = 3.09, p =
0.051, n,?=0.07), RS (F (2, 84) = 1.85, p = 0.164, n,> = 0.04), and SS (F (2, 84) =138, p =

0.257, 1, =0.03), the main effect of Time was not significant.

Discussion

Effects on depression

In the BWST group, SC, DM, and IP decreased significantly from pre to post, suggesting
that BWST could produce short-term improvements in symptoms typical of a depressive episode,
such as somatic symptoms (e.g. insomnia, poor appetite, and concentration problems), DM (e.g.
sadness and gloom), and feelings of alienation. Prior studies have confirmed the benefits of
equipment-based resistance training; our findings indicate that equipment-free BWST can
provide comparable short-term symptom relief. Simultaneously, all three factors increased from
post to follow-up. This finding can have two interpretations. First, one can relapse after stopping

exercise; worsening depression two weeks after exercise cessation has been reported,**! and a

similar rebound likely occurred during the month after our intervention. This pattern suggests
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that BWST is effective in the initiation phase but weakens during maintenance; therefore,
protocols should incorporate maintenance components, such as continuing exercise at a reduced
load or transitioning to a psychological intervention. Second, the intervention period might have
been too brief. A one-month duration may have been insufficient for consolidation; extending
the program to two to three months may reduce the magnitude of the rebound.

For PA, neither the interaction nor the main effect was significant. Short-term BWST alone
may not increase PA. A meta-analysis of physical activity and PA suggests that exercise below
the ventilatory threshold (VT) elicits positive feelings, whereas exercise above the VT may
reduce them.[**] With 20-minute sessions, some participants may have exceeded the VT, which
could have limited gains in PA. However, increases in noradrenaline levels relevant to depressive
pathophysiology are more pronounced above the VT. From a treatment-maintenance perspective,
indiscriminately lowering the intensity may be unwise. To increase PA while maintaining
intensity, other elements should be added, such as social interaction®3] (e.g. exercising with
family) and self-efficacy*®! supports (e.g. progress logs and prompts to notice change) to frame

exercise as an achievement.

Effects on rumination and emotion regulation

For rumination, the UCL showed a significant main effect of time: scores decreased from
pre- to post-intervention across groups. Regular activity over several weeks, regardless of type,
may temporarily ease the difficulty in shifting away from perseverative thinking. The slight
increase at follow-up suggests that a break in routine undermined this gain, and maintaining
frequency and rhythm may be the key to sustaining it.

In contrast, NRT, RS, and SS showed neither an interaction nor a main effect. Thus, four
weeks of BWST alone did not reduce trait-like rumination or reorganize emotion regulation
strategies. Some studies have reported reduced rumination after three weeks of aerobic
exercise;[!'” however, our 4-week BWST did not. Given the evidence that combining home-based
exercise with psychological interventions yields higher remission than exercise alone,l*’!
changing cognitive habits may require additional interventions that directly target meaning-

making and reappraisal.

Comparison with mindfulness

Mindfulness-based approaches are generally effective; however, we did not observe
significant improvements in depression in the mindfulness group. This may reflect limited room
for improvement, as the baseline scores in that group were lower than those in the other groups—

a pattern also noted in studies of antidepressants for mild depression.**! It may also reflect an
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insufficient dose: compared with a standard MBCT program,['3! our protocol—approximately 22
minutes, twice weekly—was likely suboptimal for maximizing effects. However, the 0% dropout
rate suggested that the dose was acceptable and manageable for the participants. In contrast,
BWST produced benefits at the same low frequency, indicating high acceptability for people
struggling to secure time regularly; even twice weekly can yield improvement. The BWST group
also had a 0% dropout rate, and despite having higher baseline depression than the other groups,

participants could continue without undue burden.

Limitations

These findings, however, should be interpreted considering several limitations. First, the
CES-D subscale scores showed a baseline imbalance across groups. Future studies should use
stratified randomization to test reproducibility in groups with equivalent baseline depression.
Second, the 4-week intervention may have been too short to change cognitive habits such as
rumination and emotion regulation; longer durations are required. Whether extending the
intervention reduces the subsequent worsening of depression also remains to be tested. Third,
we did not measure whether the BWST participants continued exercising during the follow-up
period, leaving uncertainty in interpreting symptom rebound. Fourth, only the BWST group
received varied content weekly, which could have influenced the results. Future studies should
also vary the content of the stretching and mindfulness groups to better control these conditions.
Fifth, we did not collect objective intensity indices, such as heart rate or rating of perceived
exertion. Future studies should objectively measure physical activity intensity and examine its

association with VT.

Conclusion

This study shows that BWST can, over a short period, reduce depressive symptoms—SC,
DM, and feelings of alienation/loneliness—and ease difficulty shifting away from repetitive
thinking. The BWST used here has high implementability wherever common communication
devices and internet access exist, including homes, workplaces, low- and middle-income
settings, and temporary shelters. Thus, the study informs the design of physical-activity
programs within MHPSS. However, the durability of the effects and the limited impact on
cognitive variables remain challenging. Future work should test longer-term effects and

combined strategies with psychological interventions to sustain and enhance the benefits.
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