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Abstract

The purpose of this study was to investigate the effects of weight-bearing exercise according to chronotype on body
composition, 1 RM muscle strength, physical fitness and sleep condition in middle-aged office workers. Eighteen middle-
aged woman were randomly assighned to the morningness group (MNG, n = 8) and the eveningness group (ENG, n =
8). All subjects engaged in weight-bearing exercsie for 50 minutes, twice a week, for 8 weeks. Body composition (weight,
BMI, MM, BFM,BFP and WHR), 1 RM strength (BPR, LP), physical fitness (3MST, SR, AS, PU, CU, and GS) and sleep
quality (K-PSQI) were measured before, 4 weeks, and 8 weeks after weight-bearing exercise. 1 RM strength (BP, LP) and
Physical fitness (3MST, SR, AS, PU, CU, and GS) were significantly improved in the MNG and ENG (p < 0.05). K-PSQI
was significantly improved in the MGN (p < 0.05). This study indicated that weight-bearing exercise had positive effects on
physical fitness in MNG and ENG. In particular, weight-bearing exercise was more effective on sleep quality in MGN than
in ENG. These results suggest that MNG may benefit from weight-bearing exercise at night for improve sleep quality.

Key words: Middle-aged office workers, Weight-bearing exercsie, Chronotype, Body composition, Physical fitness, Sleep
quality
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. ME

AFRR S0 9] AlAIA A7 Ava BE FR% &
Alo]tHDe Freitas Cardoso et al., 2022; Park, Kim, &
Kim, 2022; So 1t tysik et al., 2017). AFEZA Z#Fele 7}
w2 AA S At F shuolH, AR &3 Sk
Al Aggoltt, @A -2uete] AAEE ks 12,1863
B2(EAA, 2022), AHFAQ Q1= 4,891 AFA|EkAL
omf o] FoME AHRA] TGS 2,532 O HilE
AHEAA, 2022). A2 Z2H oA (middle—aged female
office workers) FAIZE ¢F AN 2 AFE F=3olHA Al
s, 49, 194 9 AR Fol Hash(RIY 3], 1
3] 9 0|44, 2013; Chu et al., 2016), AHF2Q] A7|7t
A 2 vy A, AEYA F7Y, ST A, He] A
AoF & TRt A7 89S STHIA SEAAARC R o]
ojZthal B % 9tiNakashima et al., 2011), 3|, 9]
2 FAT TEFo| HItE= HAEE APk AR, #H7
o g Qe Hefd 7|50l AotEHA &, 7L, 4, Al
9] A5} 9 Al 52 St Uehdth (AR 9 dAS,
2018; Lovejoy, 2009), webs, AHE2] Fd A -
A& 7fo) ule- FoFehe A7e] 9 4k =o)7] ¢
A= 25 5= oo AlE 2 Y AS g4a7r 9l
T} A7

T (sleep) &, &2 Al
T BA1A 9 AR A7) 253t
SckBirchler et al., 2009). 4
< Y25 fadE 71993 g5y AZ|1aL, G, 1E
o 9 HRk 5o IS fditt VI ATHAAR - L =
YA, 2018; Itani, Jike, Watanabe, & Kaneita, 2017;
Taheri, Austin, Young, & Mignot, 2004), &3], $£HE
o438 (morningness)? A¥ ¥ (eveningness) W &3
(chronotype) 22 HREH, ofH32 ofof| Agst 7|40
7hssh, AR 9 AAIA]] =)o) o) St EA o] 9l
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Zroll 201, =2 ARtell 71 s @ old, EFAlR HG
ol oo} degh o S, W2 9| 2ol EAJo|th(F
- 2 29, 2018). ol APAtoA= HFFA Al
24, Blgh, 2AaSke] Ay B skl o m(Fabrega—
Cuadros et al., 2020; Yang et al., 2022), /493 $H
B2 oplyat vlwste] A, A% 2 BMIF #Aglo] 3
gz @ WA A7 o =2 Ae8 HuEthDe
Amicis et al., 2020). AIA|ZH Q] SHAE FAkL 52 9 4]
AA o] Aggo] ol HT} o w2 ZoE HuEr
(Ciorciari et al., 2023). E3F +H2 byt ¥y =1
o] et 322 28], AbF = 9 AR Jl2 5 A
2o] tf2 Ao 7 HuEtHAAAY, 2012; Banack et al.,
2014 Cavallera & Giudici, 2008). Bailey & Heitkemper
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(2001)& 714 A% FE]4(cortisol) B2 AU 3}t vl
alA ool o EA Er|E™, Griefahn(2002)= &
B #8ls A9g} vl o oA oF 3AIE A= W
2A gashs 2oz Biskgly, olof Taillard, Philip, &
Bioulac(1999)= 4=He| A2 opgat vlawalja A ofA
o don PO T4k AYFPo|A f & Ao HuES]
ot olHY ¥ Fu =] Fe e wedo] gloH,
9] A2 NS QA= A, R FHAARE, 92
=3} 71}l AH ] Al AAgs 572 5 5ol dFEAL
QltkDriver & Taylor, 2000; Yang et al., 2012).

52 A A sk SR AoE HuEgiot
(Buman & King, 2019). mjd A7] &% (Tadayon, Abedi,
& Farshadbakhtet, 2016) 2 % 2% (Chen, Fox, Ku, &
Chang, 2016) 549 Y| A& PA7= A=
B35} 91, HR max 60% J&=2] SAka = (Buchanan
et al., 2017)7} 1RM 50% 7+=2] A3-&%=(Herring, Kline,
& O’Connor, 2015)2 $=HA|7Hsleep timing)S T5A]7]
IO S AT Barskelt), =~ /-3 #gt
AgAtolA 17t= e T (High Intensity Interval
Training; HIIT) oPdg 3t AYy =dHe| w2t A9 7]5,
5161 B} WS, o] o) T el (Vitale ot al.
2017), AT fA 52 AYY Fdode +=He A
MWAA7= Aog BIEGTHAES- 2 244, 2018). ©]A
B, TR £50] 4] 28 XA, 2 o] uiei
T O Fol th2rtar Y7igity, wheba] 4A1A - e A%
o] FoRek ARl TS to R 4 3ol et &5
o] o] AS HESH= Ao| Fasirhal Azt

31, A|EH5E(Weight—bearing exercise; WBE)Z
AN Al ol8skes A 2o R, F s 25 5
g 9l AA| Tl whel 2Ash] 41 dRlo] slom, Sl
I} o] Ao Al o] W vt A, 28 4 &
7 T LI Aol FA Aol B QIoh(FF
X W 3k7|& 2014; Kanda et al., 2018; Vinstrup et al.,
2017), sHAEE, SAAEE o R AFHskesS &l Al
O] Bz AwE A7 i REoH (B, i E olgt
. 2019; ¥, e 2 A, 2022), ARHE] FEAA
= o= AleiolesS AAlsto] =1 f-3of mhet AlA=
g, &8, Alg 9 9o n)R= g 4S5t At £53
| ool AlFHskEE

Agolet, olo] o] ATeAE AR

B 1. thAxte] MHE S

Age Height Weight BMI
Group (n) (cm) (ko) (kg/m?)
5137 160.63 62.86 2438
MING (&) +385 +2.02 +9.94 +3.80
50.38 159.13 65.18 25.69
ENG (8) +5.95 +3.39 +13.35 +529
Means+SD



3 50l o] whet ALR|EA, 1 RM 22, H
xfo|7} Uik Holel 7HEE AEsked 1%

A7) e H7E SA A4 DRG] AHF AR
A 230y 162 39tk Horned Ostberg(1976)7}F
Askal 714441 (2012)7F Mket =¥ 53 AEX] MEQ-
K(Morningness—Eveningness Questionnaire)& A&
5t o} (Morningness group; MNG, n=8)} 43
(Eveningness group; ENG, n=8) dtto =z =2 o}‘ﬁl‘/} Al
A Aol tdAte] 17 2 e S Eelsto] ALl 4~
LaﬁﬂyﬂﬂﬂlAﬁﬂJJM]thﬁiﬂﬂ&doﬁ q;
A B o dAA At A H W8-S 50 AT & F
Ol Wigtom A o g Age| hojsiyint, Egt, mHALe
S GRAIZE A 8AIZE, AREA W 244 A= ofy] S A
Y EoR, B o] Yo & Ado] AAE et 1HAe
AAH B4 (& 1)t A,

=

2. AL
BE YA AREAEE, BML 4%, AR, A%
WE, BEAYE), 1 RM 2z, @), A
s|zjael, g4, oola|E, Tasu], sEdesl,
ofe) 2 o] APSQDE AFLHEF A, 4% 2L 85 Fof
247} 245G 0m, AFRIEL 18] 508, F 28] W 8F

44 At

o] gItolA] AlA| AL AAE =747](Inbody 3.0 Biospace,
Inbody, Koera)S AFEsFo] A& (weight), &S (Muscle
mass; MM), A|XH=(Body fat mass; BFM) ¥ H A&
(Body fat percent; BFP)S Z43}511, BMI(kg/m”)Q} Hi

HPE(WHR)O AbEskelnh, B A= e B0 = Hsd
EpE o]gote] Enfeta) dheks ghe & W HM5S A9
‘é'J'—T’—, + A= A F FES 30" A bWl AAlolA A5k
ow A9 eas ﬁﬁ\—ﬂs}ﬂ el S 2417 A AAFE &
=2O] et A AAEES AlgHstaAckLiguori & ACSM,
2020).

2) 1 RM 22
o] e 1 RM 88 ¥z Z#|A(Bench press; BP)

o} #7138 2 (Leg press: LP)E Z733k4c}, @4 1 RM
TS 245] A fALSET B A=A 1083 A
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HSFI2S0| MFE SHHYE2

Akl en], 7hE FARZ 5-10319 ErleE-S A
AL R 57 Ee] A FdolAdel AL areste] ¥
RS- 103] ofstell A Het Sol&d 4 = FAIE ©l
&3] 1 RM HSWS *‘*10P°4 ZAsRlen, 103] °f
e A 3 8 74 = FAE S7HIA ASAsklt

(Earle, 1999).

3) M

o] AtellAl 7]Z2A|2-2 Liguori & ACSM(2020)9] &4
Al 7hol ezl 7|20 uhe} A-HAE(3—Minutes step test:
3MST), #4=Z(Sit and reach; SR), oo]AFHE(Air squat;
AS), &89 7](Push—up; PU), HAEU2717](Sit—up; SU)
2 o} (Grip strength; GS)& 7433t

3MSTE= AHAIFEE S48 e & 1FAH= 30.5cm
O] AgjEkAof A HER s 96H|E xT°1 QEV”‘/P W7k
2 3 AAREAS 5% oo 8&FH XS Fl A
U5 6027F 54518l SR F948= S48k 1 wo]t‘%
AA=A(WL-35, YAGAMI, Japan)& ©]-83ate] A
Aateleh, M@ F5& WAL s 2 A YoM 5=
o g wa oF o] gt W T mj§ate] &rer ol |
= AolA 325 HE $ | A& 7|55t AS= kA
2ATEE S Wlolnl, AR IR o) ol
Hejal A Wi o 15 ZH 27 907HA] w3t dojue

2 sjolm, Fgo] WL WA PEE stk FAIKE lo]

ek mhe 18 A0S S Ssle) PUS A A
THE T gl P 0w B 22

opluiElz A B 90" o) 5 7o) Bgsia7] ol
A e o T8 2 448 120z A2
1R A IS YT, SUS o 2k 5
She Wloln, WEAE e @ oI $8 ozt 0% 5
AT AR F £8 5 TR 05 42 BB 2Rl

A

2 gstel 187 AR S0E s,
Ash= "ol oF A (CAMRY, EH-101,
China)$ AHgStAlch, MGHE o W& VMHIZ A1) B
<o 2o 3=

o] ofEiAE AR, S8} S 2 2 ANFHS

o] A-tollA WO AL w=H1 B 7EA|(Pittsburgh
Sleep Quality Index: PSQI)E Sohn, Kim, Lee, &
Cho(2012)0] gt=pol & RiQkate] Unelol| &g 7hsst Sh=2t
S|2M L SRS ALel), K-PSQI: 4] 3, 4
Hel 7], = AlZE O] 3a4d, H el A A
£ 0 57 7)5 Holel & TSl FEo FAEclglon], 7
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2 XMESFo2s Z2aH

Order Type Intensity Frequency Time
Warm—-up Strethcing 5 min
1 week:
Air squat 15rep x 1set
Wide squat 2~ 4 week:
Lunge 15 rep x 2set
Weight—bearing Back kick 2 / week, 40 min
exercise Side kick 5~8 week: 8—-week
Hip bridge 20 rep x 2set
Crunch Rest:
Push up Between sets: 30s
Between exercise: 1 min
Cool—down Stretching 5 min

s el & 1874¢]
: o7 W=y, F 4
21807, 47t 2845 Y Ho| Wkl Friekoit
(Sohn et al,, 2012). ¥3}, 8 58S 7120 HA H7} A4
7} 8.5% olstd 7§ o] AHgt 4, 8,57 ol A%

Z=Ho| AHsHA] Fat Ae2 BEREcHSohn et al., 2012).
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4. HZFHRS

o] ditofA A3t A|FH35(Weight—bearing
exercise; WBE) ZT232 (3 2)0| A|AE Hie} 2t
WBEw AHFZ] S0l o] LRAIRES aneisto] A1 7419 7
71 SR 22 MajElrfollA Edlojy 178¢] #|&=sto] 1Y
504, = 23] B 8F7to]| AAA MgPstlen, WBE Z=1¢]
2 FHF 5, WBE 408, A2l 5wo& skt
WBEQ] Z=+= 1 RM9] 30%2 153] 1HE, AE 7 FAA17F
2 30%, &5 1P AR 1808 AAsglon, 2~45 =
153] 2HIE, 5~8F+= 203] 2HER HrAor H=s 57t
AFERE 5, 2020).

’

5. X=Xz
o] Aol =35 2=+ SPSS WIN Ver, 20,02 ©]-8-3}

=

5ol oigh Ak 2 A7) 7he] Aoakg aukE HEsh] St
o] o]l WHE=A BARAN(Two—way repeated ANOVA)S
AAsElon, Ao akgo] LRt 739 tiH| S AAlsHIH.
Hal= 33 t— A4S AAsHT 2
FAA 1Y 2 p<0.056= 7G5t

A1z S Meh= (G 3)ofl AlAE Hie Ao ARz
A%, BMI, MM, BFM, BFP % WHRS e 5 AJ7|3bo] &
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ATFH 02 §OI% HEAG b7} ek ggkom, A71%
FoJ2 Kol 7} ke egket.

H 3, MHEYe| Hsl

Variables Group Before 4week 8 week F
1028 B8 EE
19 o i mEwm o
g MNG i%_gé% iﬁy iii.%% (Tifgg?
ot g mm Ee o
e EoEE S0 o
i “ae wn ol 00 s
gem VNG ?6562 ?762% ?761% ?f-ggg
9 g 2o aszE it
o e 4mommoan
I
e MG L0000 soor  O7S

ENG 0.90 0.91 0.91 GXT=247

+0.05 +0.06 +0.06

Mean=SD. BMI: body mass index, MM: muscle mass, BFM: body fat mass,
BFP: body fat percentage, WHR: waist to hip ratio, G: significant main
effect for group, T: significant main effect for period, GXT: significant main
effect for interaction.

2. 1 RM Z22i9| H3}

1 RM 89| Hal= GE Dol AXE vket 2ot 1 RM &
g2 Yok 9 A7t fojet Adeakg aukrt YehA] okt
o, 1 RM 22 BP 9 LP& A7 2k 2to]7F Yret
Wihp<.05), $FE t—7A 23, BP 9 LP= MNG ¥
ENGolA] 25 A3} vjwste] &5 45 9 8F $of 22k -9
aHA S71ekch(p<.05).



H 4.1 RM 239| H3}
Variables Group

Before 4 week 8 week F
14.38 16.25 18.00

MNG 566 +480" 545 _G=009
BP (ko) 1438 1663 1838 24322
ENG 1,05 +545' +pogl COX17078
7438 8113 8525
MNG o870 +2965" + 2889 _G=191
LP (ko) 6225 7688 8238 422809
ENG 0830 +3174' +3016' COX174236

Means=SD. BP: bench press, LP: leg press, G: significant main effect for
group, T: significant main effect for period, GXT: significant main effect for
|nteract|on

p< 05, "p<.05 vs before

3. H|2e| Hs}

Aol #sk= G 5o A viel At A= =
AlZI1Zte o)t e atg Bt LERA] °‘°*°111 XHE’U
3MST, SR, AS, PU, CU ¥ GS&= A|7|7F f2]3t #fo]7} LiE}
Sohp<.05). &332 t—H4 23}, 3MST, AS, PU ¥ CU
= MNG 2 ENGoJlA], SRS MNGo|A &% A7} v ws}o] &

45 9 8 Fof 242t foatA F7kstelen(p<.05), SR
% ENGOM GSE MNG ¥ ENGoJA 543} v]wsle] &
T ol Z¥2t foJatA| F7Fskelth(p <.05).

5, A2 He}

Variables Group Before 4week 8 week F
111,13 96.50 93.13 _
amst  MNG  Lii74 879" +653 T(fgl-g?g*
(bom) g 10413 9188 8613 o riues
+16.99 +914" +804" o
16.06 18.13 19.75 B
SR MNG 569 +253" +173' T9§392230*
(cm) 18.44 18.94 19.63 o
ENG 1440 +4p9 a5l OXTEA807
16.50 29.75 33.38 _
AS MNG 676 +365" +453' T—GS_é()19719*
(rep) Eng 2213 2925 3000 oo qigaig
+503  +4307  +4.417 e
9.38 20.13 23.25 B}
PU MNG 1913 +827' +865' T—G:;éAE)(3112*
(rep) g 575 1918 2075 oo
+417  *762"  +963" o
26.75 34.00 36.75 _
cu MNG 41195 +695' +6.25' T(EES'?)?;’*
(rep) g 1780 2788 3050 o Troang
+11.41  £7.19"  +879' e
28.18 29.01 30.03 B
as MNG 583  +353 +356' ﬁ;-égj*
(ko) Eng 2969 2771 2810 ol roo
+6.51 +552  +525' -

Means=SD. 3MST: 3 minutes step test, SRT: sit and reach test, AS: air
squat, PU: push up, CU: curl up, GS: grip strength, G: significant main
effect for group, T: significant main effect for period, GXT: significant main
effect for interaction.

p<.05, 'p<.05 vs before
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4. 52| Fo| B}
Sete] o) sl GE 6ol AAE uje} 2}, o] Ao
2E W A7) Solat AHEe Tl YRR gigkem,

AZIZE freft Aozt Uebgth(p <.05). et -3 2
I, PSQI= MNGOfA 5 3} BlaLste] @& 45 5l 85 &
of st S7FelHthp <.05).

6. +Ho| & HE

Variables Group Before 4 week 8 week F
10.50 9.50 8.13 _
psal NG i34 43517 164 Tﬁzgg?*
(score) ENG 11.50 10.38 1050 G721 144

+3.55 +2,92 +3.25

Means=SD. G: significant main effect for group, T: significant main effect
for perlod GXT: significant main effect for interaction.
"0<.05, "p<.05 vs before

=0

o] Aol =¥ F ol e WBEo] ARFE] Fd o4 <]
AAZAG, 1 RM 29, A" 9 W9 Ao njA]= 932 4
E3l 23} WBES o}z]aﬂ 2 Hys AFRZA 2H6jA 9] 1 RM
-8 9 A WA o, ollE AHRA] S0l
o] A& NAAITH= A ERlskGlT), dvbdos 52
29 AAIEES olUA| angS F7HA BMI 9 55
I 22 AR 2ol Gk vIAlE Ae® A Lot Wills
et al,, 2012), AlF3Fe] tigh A2 vjulsirtal By
Ith(Westerterp, Meijer, Janssen, Saris, & Ten, 1992).
King, Hopkins, Caudwell, Stubbs, & Blundell(2009)2
AAS tF e &2 1257 3 53] 52 AXFE o Ale
Zro] Vrehgrtial Haskglch E3 107197 3 53]9] 258

A ke b o, 37jETke] 52 AAES] g}
7} Uehx] o= Ao 2 H1E It Donnelly et al., 2013).
olo]l Wadden, Butryn, & Wilson(2007)2 A A% 749} 7+
2 AA 2L W3 F17] QoAM= 5Eet ofe} Ao] A
S ")l Aol aytAolgty B sy th(Imayama et
al., 2011), o] A-tol|A] AlA| 22 Alo] Agke] 7S] f1gl
7] wxzoll Mskrb UepubA] ohgtekar Azt 3 o] 49
WBEE 851t 5= 23] AAISF7] wzoll A717ol AA 5=
AAIRE A Aot g AARA Y] Halrt vefu=d] A7
Uckal BZHET, WBE= A9s o024 &8, A9, #
A48 2 AHAEE e 571 224 9 AR —:!'-71E FE A
71=d aapzoln &% i, Wk SFHLIPAE E £
ol wet a7t EA epdthal H A %E}(Bernard,
Giacomoni, Gavarry, Seymat, & Falgairette, 1997).
Blazer et al, (2021)2 A5 & 552 ol H
o A¥Fo] o ANt H F3 ol b= f2gt Ao
7F JeA] ekt ar B skl om| Zarrouk et al, (2012)=

HSEH2S0] AFRA] SHA Y MM, 1 RV 23, X2 2 4219| Hoj| 0|xl= E& 59



AmRE A ofEAERe] 2ea 2n e o a4y Azt
o) 25 ol ol 2fol} glrkit MLsec, of ATl
WBES ZE 4 $30] 28, An7e, 8 9 24
Zolo] FHHE S Fol ofA W AU ALY ol
4] 1 RM 22 9 A2lo] S7at Aoz Azbc
UL oY L AUYOR 2, 1 o
ueh 95 ) A 71RAb 9 Sol gk whgol 2tk o}
27 UrEPr_H:h_ BUEAHAdan et al,, 2012; Lastella,
Roach, Halson, & Sargent, 2016). %J‘E’_PZJ. O =2 oL A
Y AZbol| H27} obx|ar, Zejo] Hopxirial H i E gl o
(Hill & Chtourou, 2020), Jankowaski & Zajenkowski
(2016)+= H= 9 &9 59 7 oREE A9EE
T, AYEL oRlEs & g4 R HalEHrh HuE gl
Vitale et al, (2017)& 17}%= <lEH EHHigh Intensity
Interval Training)2 o} &% & 1’43‘— E}ol Hl-S-0] o}3]
ey A ROl A epsten] olo] 25 2
0%(1999)& AULEL FHA F7pol ApHoleti .
J_o].o:loui _Flrﬂx%o] 3_71'5 o] 0}4 _,_E,‘: %-15]0:]/\‘]4
o] A& M7l axpoletar Harskgith(Yang, HO,
Chen, & Chien, 2012). 3, #-2-4 5(2019)2 WBE= A
T2 A TEAA 44 D 2EHAE Al B
Skelt}, o] Atol A WBE+ /\}”X‘ FHoldo AEH A A
of FFe Foltkar Azsh, 53], WBEE AYe] AAlste]
ORI E AHEA] S A9 7]—#‘“:413} AEY 2o FAHZAQI
T Fon, FUE] WBES AA|51%7] wjo] SHAZE
7ol FaFe ol U As AR T AL Az, wet
A S7=0 WBEE ZEE 42| 9 7]/ deieF ool qlrkar
A7 e, of Y AMEA] S]] o] AE AT
A o|efal A2

V. Z2E Y HA

o) Aol 8 0] W2 AFpIEFOl 49 7
dolo] AAIZA, 1 RM 2], A1 3 el ol Bl 3
$o ARG 23}, AFHeeEl % w Aol g A}
54 Fdelie] 1RM 722 Ul A2 AAROw, ol &
delie] Sue AL A A0 Uehgeh, A, of
AN AZTFEES ARA Sl A 7]
FOR AY SFS UASNI] R S Pt &5 Al
of that AAZE Glom, AT AR 2R} 3 Lo 23t
wo] ARA) Fdlelio) 2o, Ale u So) Ao o faby
2 Quiskshg] AL ek G ATIAE S f3e] o
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