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Effects of morning or evening endurance exercise on glucose metabolism and
biological rhythms
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The purpose of this study was to examine the effects of short-term (1 week)
morning or evening endurance exercise on 24-hour glucose variability in healthy young men. The
results showed milder 24-hour blood glucose fluctuations after evening endurance exercise compared
to morning endurance exercise. The area under the curve of blood glucose variability after each meal

also showed lower values in the evening trial compared to the morning trial, and significantly
lower values in the evening trial compared to the morning trial for breakfast and dinner.
These results suggest that evening endurance exercise may be more effective than morning endurance
exercise in controlling blood glucose levels during the day.



B X C—19,. F—19—1. Zz—19 (@)

1. BrFERRsRSFIOE &K

BEPRIFBE L, BARTET TR<FEEICB W THAELEML TR Y | At E 72> T
W5, ARITTEE R - RBREWEIC L D EPRFATR b T D AL BERIFNESE
TERWVAZTAELIAER, HEFEZ LIS EOHRIGML TR Y, BLZ 2200 T AITH
EAADRT L2 EUPERFOAREEDNGETE N EHfEL TS, v 2, FERIZ 2h5%
N T Bl - BEED T DD TR EMLT 5 Z LITBBTH 5,

TR LR OHERF - HHECHER IR TIHICA R Ch D, EMR 2 ETNTA > R Y A K
#L, PERFZ TBS - 9% (Hawley JAetal., Acta Physiol. 2008) , & D 7=, FEIRIFE O T D
72O D& ITEEN T A R T4 U AURENTWSD (William LH et al., Med Sci Sports Exerc. 2007) ,
L)L, IN6DO=I P A XHA KT A BN THER SN D EEE, EihikmERs I
TWLH b0, EEFERRRTHOS LIRS TR0,

b MZBTOHEMEBIIANLEHZ R L TREY, FICHEKR L THYITE T LTS Z &0y
SN TW5 (Stenvers DJ et al., Nat Rev Endocrinol. 2019), £7-. MBFREDIK FIZHFE 5 EA &
BEZONDA LAY VL NV a—RZxT D B IO KSET, BRI T R
WCBW TR T LTWD Z ERRITHFSEIC L o TORETW D  (Van Cauter EPK et al., Endocr Rev.
1997), =072, BEMBMEIZEHEZICHE L TYBBRICEL 20TV, B ST, b
PRIF & IR B OPSE U 7= fERRIR T T 5 728, ZEREIRE MUBHIE D 7 72 & 32014 & Mg A 3
THZELEETHD, INOEHEZD & EENOX A I 7281 5 MBHE~DO BT e
DA[REMEN B B,

2. MFEDEM

IR ARt ¢ Sy ] k=R AN -2 [F AL N A E I - A a5 = D (e B Wl s N ) B < O
W OB N2 EBEFRIEDOTZOICEHETH D EEZbND, £ T, AWFFETIIFI E A D72 % 5#
Bl St R [ L 2 35 1 2 R APESE BN N B O B NEENC I T B O W THRETT 5 Z & & H
B & L7,

3. WFEDFHIE

Kt E

KIGEFITEM A2 E T E IE O I W72 B 12 4 L Le (FFlin @ 21.8 £ 0.2 5%, BMI :
21.3+0.9kg/m*>, means+SE), FEERIZEVLH | MIRERBITAMNFTEOME L LOLZEMITONT
+oy e i A R 2, EEICE VBMOREZ57-, 2B, AFFRITERHE KO N %55 L
T BRI T DM EE S DAGE (Approval no. 2018-136 (1)) %45 T3k L 7=,

EB e han

ARERRIL, 2 DR DEESRM GERITBLOYRIT) o0, T RTOMNREICKL 2
AITEEE L, EEE, FRYT 1 BB B, 1 BRI 3B (HER, KER, &ER),
BRPEEERERFD 60% DA T 60 DDy a X VEdT v =0 724 o 72, 238 471%
AE A b s & L, D7e< &b 2 MU EORIREZ &1 T30E L7z, 857 Tl 9:00~
10:00, 4 55847 TIL 16:00~17:00 (Z3EB) 2 Blh L 7o, HEEhTEE O EILAMBILE2 S 10 23 DfH
WChLy RINOEEAZFESTHZ LIk 0B o7, ERSBINMRI L, 3 BhEEH 45k
ETHEIHR LT, 72— R EHWTIN AR St A% OGRS R U A 217
STz, HIETITS OEBHGE B O 24 W] i E A B3 L ONEBE A 00 24 REfE 24 B) 4
P2 729, FRibERIE SR (continuous glucose monitoring ; CGM) % FWCHIE L 7=,

MAEEEBORIE

TRTOSMEFIL, W, LS 2509 572912, CGM (FreeStyle Libre Pro;
Abbott Laboratories, Chicago, IL, US) Z#EH T2 L2k bz, —EEET NI, 14 B,
15 o3 fill@ CIbEE 2 H CHIET 2 Z &N TE S, madfTE b, 24 FEE O mbEEZE 83 L O h
BT (AUC) %R, MR 28 e -7, 24 FERIMBEEATNIZ. 2 H O 00:00 h 7>5
24:00 h £ Tirhivie, BEFEO 7NV a—AEEI, fldk SN BERBFRFRIZESW TR 4 FFf
£ THE L7,

4. R
T RNVF—EFRER X ORERA



xF G ORFFEHIF AT 31 D = 3L F — 8 HtRds L O A O R LI s Tt
TTHICHEREVTRD ootz

SR EE
MRRAT & & A EEET H OB L O SR AR B 2B W Tl T TR E R E VI
PO B2 T,

Z T OEBIT A O.OFE
BB AR OB, WERATH THERIEWVIZR R o T,

24 RFE O I EEE B

gl LA OEBRITRNCIBNT, SMABRITR O 24 R EZE BN A EZEWVIT R S e )
ST AMIRIR O 24 FRRIMBEEZEY O AUC I2BWTIE, 387 TR TIC Hle LT < 72
STEM, MEBICABEREWVTR N ho T, —JF, KEBEATOI AL D 24 REE o E 2
B ClX, YRITRHIRITICHE L TR Hh L@ 2R L, AUC IZBWCIEHEEITEVENR RS
iz (P<0.01, K1), B, EFITOMNAEZDO 1 HIZ LD AUC ZH M L THRE L7oRER,
ARITINAZIZE T DKM H O AUC BEIRITON AR THEREIEWZ E3REh (P
<0.05, X2),

[mg/dl] [mg/dl1*24h]
120 - 2400 -
*%
110 A 2300 -
100 2200 4
.
90 - 2100 -
=0@=-Morning
80 . 2000 -
=@—Evening
70 Q T T %I T T “I T T “I T T T T T T T T T T T T T 1 1900
o Y WY G \T’Q% \‘:'-Q% \‘S-Q% '}\&Q [h] Morning Evening

1. §E 72138 OFFAMEEN T AR I T 5 24 FE BB A B E X OWh#R Fifg (AUC)
* P<0.05vs AT (paired t-test), Morning: HFX1T, Evening: % 31T

P=0.08
2400 -
$
2300 - 1 1 i r l [
=
& 2200 - :I- :|.
*
§ 2100
=) -
)
2000 - O Morning
| | | | | ] Evening
1900
Sat Sun Mon Tue Wed Thu

2. FAITOEBNAKICE TS 1 B Z L Ofhi# FEfE (AUC)
$P<0.05vs 31T (Wilcoxon), Morning: 8ifT. Evening: % #&1T



BB OMEEEES)

BRATIZR T DB AR OBRIMPEHED LB T, 3 &L HIBITHRHFITICHRT
BNZ EDVRENTZ, 6T, FR% EAEBKRO AUC 1Z, FRITICHE L THYRITTARIZIE
WZ EAURENTZ (P<0.05,P<0.01, [X3).

A 140 - 600 -
130 A
_ 120 E 500 4 *
= *
= 110 - =
g T 400 { — )
= 100 - =
90 1 300 -
80 A
70 200
0 30 60 90 120 150 180 210 240 Morning  Evening
min
B - 600 -
140 -
130 4
500 A
= 120 1 E N
~ s
2 104 S 400 |
= 100 - g
90 - 300 -
80 1
70 200
0 30 60 90 120 150 180 210 240 Morning Evening
[min]
C 140 - 600 - "
130 - 500
_ 120 A E -~ N
T 110 - #
3 = 400
£ 100 4 B
- £
90 1 300
80 1 =0-Morning =@—Evening
70 200
0 30 60 90 120 150 180 210 240 Morning Evening
[min]

X 3. FRATOEBNARICI T D REMPEHEZLS) R KO FiifE (AUC)
* P<0.05,** P<0.01 vs #FAT (paired t-test), Morning: ¥AF1T, Evening: ¥ #/T

AWFFEIE. §E 72134 OB (1 8M) FAMEEE S MBHE D B NZEENC KIETHEIZ O
TR EIT IR o T2, T ORER, &4 OFFAMEEEI % 2B W THI O AMEER % & bl L TR 72
24 B O MPHEZ BN R SN2, £72, FREOMBEEAENICH O T HEIRITICH N TY T
TEMEZ R L, AUC IZBW IR & A& THIRITICHEE L T RIT THEICIRWEN R S L
Too BT, EEINMAK LEMO 1 B Z Lo 24 FEEIMBEEZ S O #ifR FiEfg (AUC) Z2HH L
THETL7ZRER, EHENMARD 4 HE L 6 HBIZBWTY ORFAMIEE) CHl O FRAMEE) 2 b
NRTEVMEA B L OFEBIEVWVEREO DLz, 2L ORERNG . & ORAMER)NT, #OFr
DAESEENC AT HPOMPBE= > b e —/Z LV FE LWL B 2 5 afREMED R STz,



13 13 6 4

Takahashi Masaki Mineshita Yui Yamagami Jumpei Wang Chunyi Fujihira Kyoko Tahara Yu Kim 77
Hyeon-Ki Nakaoka Takashi Shibata Shigenobu
Effects of the timing of acute mulberry leaf extract intake on postprandial glucose metabolism 2023
in healthy adults: a randomised, placebo-controlled, double-blind study
European Journal of Clinical Nutrition 468 473
DOl
10.1038/s41430-023-01259-x
Kim Hyeon-Ki Radak Zsolt Takahashi Masaki Inami Takayuki Shibata Shigenobu 5
Chrono-exercise: Time-of-day-dependent physiological responses to exercise 2023
Sports Medicine and Health Science 50 58
DOl
10.1016/j .smhs.2022.11.003
Kuwahara Mai Kim Hyeon-Ki Furutani Akiko Mineshita Yui Nakaoka Takashi Shibata Shigenobu 19
Effect of lunch with different calorie and nutrient balances on dinner-induced postprandial 2022
glucose variability
Nutrition & Metabolism 65
DOl
10.1186/s12986-022-00704-1
Kim Hyeon-Ki Furuhashi Shota Takahashi Masaki Chijiki Hanako Nanba Takuya Inami Takayuki 13
Radak Zsolt Sakamoto Shizuo Shibata Shigenobu
Late-afternoon endurance exercise is more effective than morning endurance exercise at 2022
improving 24-h glucose and blood lipid levels
Frontiers in Endocrinology 957239

DOl
10.3389/fendo.2022.957239




Yui Mineshita, Hiroyuki Sasaki, Hyeon-Ki Kim, Shigenobu Shibata

12

Relationship between Fasting and Postprandial Glucose Levels and the Gut Microbiota 2022
Metabolites 669
DOl
INAMI Takayuki YAMAGUCHI Shota KIM Hyeon-Ki MURAYAMA Mitsuyoshi 63
Localized-bioelectrical impedance vector analysis on mechanical property changes after muscle 2023
injury and damage
The Journal of Sports Medicine and Physical Fitness 509~510
DOl
10.23736/S0022-4707 .22 .14416-6
30
2022
148-156
DOl
Kim Hyeon-Ki Chijiki Hanako Fukazawa Mayuko Okubo Jin 0Ozaki Mamiho Nanba Takuya Higashi 8
Seiichirou Shioyama Miho Takahashi Masaki Nakaoka Takashi Shibata Shigenobu
Supplementation of Protein at Breakfast Rather Than at Dinner and Lunch Is Effective on 2021
Skeletal Muscle Mass in Older Adults
797004

Frontiers in Nutrition

DOl
10.3389/fnut.2021.797004




Mineshita Yui Kim Hyeon-Ki Shinto Takae Kuwahara Mai Shibata Shigenobu

18

Attending a Sports Club Can Help Prevent Visual Impairment Caused by Cram School in Elementary
School Children in Japan

2021

International Journal of Environmental Research and Public Health

12440 12440

DOl
10.3390/i jerph182312440

Aoyama Shinya Kim Hyeon-Ki Hirooka Rina Tanaka Mizuho Shimoda Takeru Chijiki Hanako 36
Kojima Shuichi Sasaki Keisuke Takahashi Kengo Makino Saneyuki Takizawa Miku Takahashi

Masaki Tahara Yu Shimba Shigeki Shinohara Kazuyuki Shibata Shigenobu

Distribution of dietary protein intake in daily meals influences skeletal muscle hypertrophy 2021

via the muscle clock

Cell Reports

109336 109336

DOl
10.1016/j .celrep.2021.109336

49
2021
747-756
DOl
Mineshita Yui Kim Hyeon-Ki Chijiki Hanako Nanba Takuya Shinto Takae Furuhashi Shota Oneda 21
Satoshi Kuwahara Mai Suwama Anzu Shibata Shigenobu
Screen Time Duration and Timing: Effects on Obesity, Physical Activity, Dry Eyes, and Learning 2020
Ability in Elementary School Children
BMC public health 422 422

DOl
10.21203/rs.3.rs-80923/v1




Kim Hyeon-Ki Chijiki Hanako Nanba Takuya Ozaki Mamiho Sasaki Hiroyuki Takahashi Masaki 12

Shibata Shigenobu

Ingestion of Helianthus tuberosus at Breakfast Rather Than at Dinner is More Effective for 2020

Suppressing Glucose Levels and Improving the Intestinal Microbiota in Older Adults

Nutrients 3035 3035
DOl

10.3390/nu12103035

10 0 5

2022

76

2022

40. , , , , , , ,

76

2022




24

2021

2021

2021

2021




2021

2020

2020







