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Miller. 

1984

fat adaptation
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× fat adaptation
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Sato, 1995
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Volek. 2016
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±
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SCN

Clock Bmal1 Per Cry

  n

00

	 00 P AED :

) )
5

AED

) ) 3
O

AED

( ( AED

) ) 6 6

) )

6 6 6 AED

H H H 1 8
AED

) )
4

6H 6 6

( (
H - 8

AED

CD

2 (

2



 9 

-

1 RNA

 

(Chiba. 1998) ( 2)  

 

24 μ

6

μ  

 

μ 6

μ

 

 

 

 



 10 

 

1. (King. 2000, Arendt. 2010 ) 

 

 

 

2.  

 

3−2.  

rapid eye movement: REM REM

non-rapid eye movement: NREM

wake 3 (Koike. 2010) ±

NREM ( ± 1,2) NREM ( ± 3
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) 90 REM NREM

REM 90 120 ( )

3 5 NREM

NREM REM

NREM-REM

μ  

 

3 3.  

Per

Cermakian. 2001 Per CLOCK/BMAL1

PER/CRY ±

- Clock

NREM REM

Naylor. 2000

Yamazaki. 2002, Hofman. 2006

2

Czeisler. 1992

Tozawa. 2003
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Lack. 2008

-

 

 

3−4.  

Brainard. 2001, Shapiro. 1981, Fontvieille. 1994

 

α ± 2

56:22:22

22:22:56

22:56:22

15:35:50

Lindseth. 2013 90%

1

4 (Afaghi. 2007)  

Phillips 1975

 ( 10:77:13) (

10:10:80) REM

Phillips. 1975 Afaghi

15.5:12.5:72  (
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38:61:1) Afaghi. 2008  

-

16:27:57 (

10:45:35)

Kohsaka. 2007

− NREM

Sartorius. 2012

14

Period2 4 8

Oishi. 2009

 

2

Phillips. 1975, Afaghi. 2008 Phillips ±

Afaghi

Spinweber. 1983
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4.  

10 6

±

Mah. 2011

6

8

Cook. 2012

30

± Oliver. 2009

Fullagar. 2015  

Ako. 2003
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- Endo. 1998

Takahashi. 1968

Goto. 

2008

Yoshida. 1998

 

 

5.  

±

Katayose. 2009 ±

REM

REM

REM

(Kayaba. 2017)

Dewasmes. 1984

2-3 MacFadyen. 

1973
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1.  

 

Phillips. 1975

Afaghi. 2008

Mah. 2011

2

Chaput. 2011, Hsieh. 2011, 

Chandola. 2010

 

±

Katayose. 2009, Kayaba. 2017
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Phillips. 1975, Afaghi. 2008, Kohsaka. 2007, Sartorius. 2012

 

 

2.  

2-1.  

10

μ  2   

 

2. μ  

 

 

 

cm  

 

kg  

 

(%) 

BMI 

kg/m2  

24.6 ± 0.7 173.8 ± 1.0 68.3 ± 2.5 17.2 ± 1.4 22.8 ± 0.7 

 ±  

2-2.  
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3 10

 

 

2-2-1.  

21 00

0

00 α 8 00 α

α α

 

 

2-2-2.  

Day1 Day2 Day3 Day1 23 00

± ( ZP ) 0 00 1 00 7 00

8 00 Day2 8 00 9 00 12 00 13

00 Day2

19 30 (

) 20 00

21 30
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23 40 15 0

00 α Day3 8 00 α (0:00 8:00 8 )

α α

8 05 15

8 35

2

( 3  4)  

3. Day2  

 (kcal) g  g  g  

 842.8 ± 124.0 28.8 ± 4.9 17.9 ± 5.6 130.5 ± 15.3 

 842.8 ± 118.9 32.4 ± 3.8 21.9 ± 23.6 126.2 ± 7.0 

 ±  

4. Day2  

   

 

 

 

 

 

  

 

 

 

 

 (kcal) (g) (g) (g) (kcal) (g) (g) (g) 

 453 6.3 1.2 104.1     

 158 4.8 2.2 29.8 163 5.1 9.3 14.7 

 98 1.9 0.6 21.3     

     30 0.8 1.3 3.6 

 88 6.2 5.0 4.3 577 13.5 56.1 4.4 

 798 19.2 9.0 159.5 770 19.4 66.7 22.7 

         

PFC (%)  10 10 80  10 78 12 
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2-3.   

2-3-1.  

( FHC-15S) 2.00 

	 3.45 	 2.10 m

±

μ

24 μ  

(VO2) (VCO2) (N)

25°C  55%

 

Deconvolution (Tokuyama. 2009) 1 VO2 VCO2

VO2 VCO2 (N)

(Ferrannini. 1988)   

 

(kcal/min) = 4.55 × VCO2 (l/min) – 3.21 × VO2 (l/min) – 2.87 × 

N(g/min) × 3.74 



 24 

(kcal/min) = 1.67 × VO2 (l/min) – 1.67 × VCO2 (l/min) – 1.92 × N (g/min) × 

9.5 

(kcal/min) = N (g/min) × 25.625 

(kcal) (kcal/min) + (kcal/min) + 

(kcal/min) 

 

2-3-2.  

4 (  1 CO2: 5.11%, 13CO2: 0.0573%, Ar: 

balance  2 O2: 15.03%, CO2: 5.10%, Ar: 1.004%, 13CO2: 0.0572%, N2: balance

 3 O2: 21.05%, CO2: 0.0329%, Ar: 0.932%, N2: balance  4 He)

( :99.5% :0.02%  )

1mol

 

 

 

(C2H5OH + 3O2 → 2CO2 + 3H2O) 1mol
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3mol 2mol

46 1mol 22.4L

 

 :  × 0.995/46 × 3mol × 22.4L : 

 × 0.995/46 × 2mol × 22.4L 

 

 

(2CH3OH + 3O2 → 2CO2 + 4H2O) 1mol

1.5mol 1mol

32 1mol 22.4L

 

 :  × 0.0002/32 × 1.5mol × 22.4 L 

:  × 0.0002/32 × 1mol × 22.4 L 

Henning

( /  × 100)

98~102%  

 

2-3-3.  

(PSG)

(REM: rapid eye movement) REM NREM NREM

stage 1 stage 2 stage 3 R&K (Rechtschaffen. 1968)
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 (Hori. 2001) stage 1

(low voltage mixed frequency: LVMF)

3  1 (30 ) 50% stage 1

Stage 2 LVMF K

 μ

(C3/A2, C4/A1, O1/A2, O2/A1)

Alice5 (Philips Respironics, Tokyo, Japan)

R&K 

5

0.2Hz

30 (Zhang. 2008)

(0.75-4.00Hz) 2

μ . 1991
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3. ± . 2008  

2-3-4.  

(FUKUDA )

(FUKUDA )

± Mem Calc/Tawara( )  

LF HF LF

0.004 0.15Hz

LF 1/1000 2 

HF 0.15 4Hz

HF 1/1000 2

LF/HF LF HF
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2 3 5.  

Day1 Day3

 

 

2-4.   

μ ± (Mean ± SEM)  

SPSS(SPSS Ver19 )

α 0:00 α 8:00 0:00 8:00 480

 

t

( ) ( )

(Two-way analysis of variation; ANOVA) ×

ANOVA

Bonferroni 5%

 

 

3.  

3−1. ±  

± 4

463kcal/480

463kcal/480
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μ ±

REM

35.5

35.0  

 

 

4. ±  
 

 

 

3−2.  

5 2
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6
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kc
al
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2 /
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P<0.05 5

 

410569  48059 V2 553152  75790 V2 P<0.05

 

 

5.  
 ( ) ( ) Pvalue 

 480   480    

 454.4 ± 2.1 447.3 ± 5.8 0.155 

Wake 20.1 ± 1.9 29.8 ± 8.7 0.314 

REM 81.3 ± 8.9 87.2 ± 5.6 0.545 

±  61.3 ± 5.8 74.4 ± 24.7 0.607 

±  290.5 ± 8.3 261.4 ± 29.9 0.265 

±  20.4 ± 5.7 17.3 ± 6.7 0.450 

 5.1 ± 0.9 11.7 ± 5.5 0.236 

(%) 94.6 ± 0.4 93.3 ± 1.4 0.142 
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5. REM  

* P<0.05  

 

3−3.  

6

265  20 kcal/480 167  22 kcal/480 P<0.05

158  22 kcal/480

269  13 kcal/480 P<0.05 2

514  18 kcal/480 522 

 21 kcal/480 NS  

7  

 

 

0

5

10

15

20

25

�First cycle �Second cycle �Third cycle

�

P<0.05

0

10

20

30

40

�First cycle �Second cycle�Third cycle

�



�
�
�
�

����� ���

��	� ��	� ��	� ��	� ��	� ��	�
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6.  
 

 

 

 

 

7.  
* P<0.05 ** P<0.01 *** P<0.001  

 

3−4.  

 2.92 ± 0.34 2.75 ± 0.24 /480 N.S

h

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0
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0000 0100 0200 0300 0400 0500 0600 0700
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al
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Fat oxidation Energy
oxidation

Carbohydrate
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Carbohydrate
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Fat oxidation Energy
oxidation

Carbohydrate
oxidation

Fat oxidation

First cycle Second cycle Third cycle Fourth cycle

kc
al
/(

P<0.001
��� P<0.05

�
P<0.01
��

P<0.001
���
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 850 

± 159 896 ± 188 /480 N.S

 

 

3−5.  

Day1 Day2

 440.5 ± 16.0 428.5 ± 16.0 N.S Day2

6:00 24:00  157.0 ± 12.2 counts/

155.2 ± 8.6 counts/ N.S  

12.3 ± 2.4 counts/ 11.2 ± 1.5 counts/ N.S

 

 

4.  

 

Phillips  ( =10:77:13)

( =10:10:80)

1975 Phillips. 1975
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±

Katayose. 2009, Kayaba. 2017 REM ±

±

=15.5:12.5:72

1 ( =38:61:1)

Afaghi. 2008

Jenkins

Jenkins. 2006

Dewasmes. 1984

Chikahisa. 2008
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Mah. 2011, Cook. 2012, Oliver. 2009, 

Fullagar. 2015

 

 

5.  
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2−1 

1.  

1

 

Burke. 2015, Miller. 1984

fat adaptation ×

Volek. 2016, Hawley. 2011

 

2

Gillingham. 2011, Simopoulos. 2016, 

Hashimoto. 2017

−

NREM

Sartorius. 2012

 

Fat adaptation
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μ

2−1

 

 

2.  

2−1.  

10

μ 6   

 

6. μ  

 cm  kg  (%) BMI kg/m2  

25.3 ± 1.0 171.7 ± 1.6 67.2 ± 3.6 16.3 ± 1.7 22.7 ± 0.9 

 ±  

2-2.  

Day1 Day2 Day3 Day1

7:00 8:00 ( ZP ) 21 00

( )
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22:00

22:40 23:00 α Day2 7:00 α

8:00 12:30 19:00 22:45

23:00 α Day3 7:00 α 7:30

Day3 7:30 Day2 7:00 Day3 7:00

24

  

 

2−3.  

Day1 Day2 Day1 Day2

2015

Day1 1.75 Day2 1.30

Day1 2625 

± 132 kcal/Day 15%

24% 64%  

Day2

8g (11g)

3g 8g 180 25

8 μ

Day2 2085 ± 101 kcal/day
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15% 42% 43% Day2

7  

 

 

 

8.  
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7. Day2  

   

(% )   

 15 15 

 42 42 

 43 43 

(g/100g) 

  

 37.6 7.8 

 41.6 57.6 

 12.5 19.9 

±  4.9 2.9 

α-  0.7 8.7 

 1.0 0.2 

 0.5 0.5 

 0.0 0.0 

 0.1 0.1 

 0.2 0.2 

%    

 44.3 11.7 

 42.3 59.3 

 13.4 29.0 

 

2−4.  

2−4−1.  

(  FHC-15S)

Deconvolution (Tokuyama. 2009) 1 VO2

VCO2

1  



 41 

2-4-2.  

1 Deconvolution (Tokuyama. 2009)

( /

× 100)  98~102% 

 

 

2-4-3.  

(FUKUDA )

  

 

2-4-4.  

CorTempTM ± HQInc.

Day1

 

 

2-4-5.  

Day1 Day3
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2−5.  

μ  ±  (Mean ± SEM)

n=7

SPSS(SPSS Ver 21 ) 24

t 4

( ) (after breakfast after lunch

after dinner) (Two-way analysis of variation; ANOVA)

× ANOVA

Bonferroni

after breakfast after lunch

after dinner One-way ANOVA

5%  

 

3.  

3−1.  

24

24

P<0.05  

24 after breakfast after lunch after dinner

4

× P<0.05
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after breakfast P<0.05

after lunch P<0.05 9

After dinner

 

after breakfast after lunch after dinner 4

after breakfast 23 ± 7 kcal/4h after lunch 12 ± 6 kcal/4h after dinner 12 

± 9 kcal/4h 10 After lunch after breakfast 2

P<0.05  

 

8. 24  

 ± * P<0.05 

 

   Pvalue 

(kcal/24h) 39 ± 126 26 ± 12 NS 

(kcal/24h)  2046 ± 275 2059 ± 264 NS 

(/ ) 0.866 ± 0.013 0.859 ± 0.020 0.046  

(kcal/24h)  1057 ± 172 1020 ± 175 NS 

(kcal/24h)  703 ± 158 779 ± 202 0.047  

( / ) 62 ± 7 60 ± 8 0.057 

(ms2/ ) 935 ± 476 1040 ± 512 0.015  

(/ ) 2.7 ± 1.6 2.8 ± 1.7 NS 

( / ) 36.8 ± 0.02 36.7 ± 0.01 NS 
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9. 24  
 

* P<0.05 vs.  : P<0.05 vs. after breakfast  

 

0

3

6

9

12

15

7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00

0

4

8

12

16

0

8

16

24 After lunch After dinner Sleep

(
)
1

0

Breakfast Lunch Dinner

86 � 10
109 � 12*

126 � 10†
138 � 12*†

130 � 12†
142 � 14†

373 � 15
383 � 17

388 � 19
383 � 17

393 � 20
391 � 20

246 � 14
237 � 14

218 � 12
207 � 12

212 � 10
202 � 11

After breakfast

/
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10. 4 * P<0.05 

 

3−2.  

24

P<0.05 after breakfast after lunch after dinner 4

11 ×

P<0.05 after dinner 4

P<0.05 P<0.05 11  

 

0

10

20

30

40

After breakfast After lunch After dinner

�
)

/
(
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11. 24  
* P<0.05  

 

3−3.  

24  ( 8) 24

12

 

 

0.0

3.0

6.0

9.0

7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00

0

1000

2000

3000
40

55

70

85

)
(

/
/

2

Time

68 � 3
65 � 3*

619 � 98
759 � 151*

After lunch After dinner Sleep

Lunch DinnerBreakfast

67 � 3
65 � 4

65 � 3
64 � 3

680 � 116
680 � 127

732 � 107
765 � 156

3.7 � 0.6
4.0 � 0.6

3.3 � 0.5
3.7 � 0.6

3.4 � 0.6
3.3 � 0.5

After breakfast
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12. 24  
 

 

9.  

  P value  P value 

 0.38 ± 0.13 0.59 16.2 ± 1.9 0.30 

 0.36 ± 0.11  15.5 ± 0.9  

 ±  

 

3−4.  

Day1 7:00 24:00 100.6 ± 14.8

99.4 ± 8.0 N.S Day2 7:00 23:00

69.2 ± 18.8 65.1 ± 4.3 N.S

 

 

35.5

36.5

37.5

7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00

Breakfast Lunch Dinner

After breakfast After lunch After dinner Sleep

(
)
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4.  

24

76kcal 10%

Casas-Agustench. 2009, Piers. 2002, Flint. 2003, Soares. 2004

μ

 

24

Mekki. 2002

Bergouignan. 2009

β

Richieri. 2000 Peroxisome 

proliferator-activated receptor alpha (PPARα)

β

Forman. 1997 In vitro

PPARα Mandard. 2004
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CoA

Liao. 2010, Awad. 1986

 

VO VCO2

N Ferrannini Ferrannini. 

1988 food quotient FQ 0.705

palmitoyl-oleoyl-stearoyl-triglyceride

1

FQ tripalmitin  triolein  trilinolein trilinolenin FQ

0.703 0.713 0.726 0.740 10

10  A-E 1 mole tripalmitin(807.34g) 1624 L

1142.4 L A

804.3 g tripalmitin

(99.6 %) 1 mole triolein 885.432 

g 1792 L 1276.8 L

A 860.4 g

triolein (97.2 %)

trilinolein trilinolenin 91.5 %

85.7 % A
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limitation

24 8.3 g

 

fat adaptation

24 10%

24 μ

Vandewalle. 2007 fat adaptation

 

n

Ishihara. 1986

μ

±
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� 10. ��
�
�
�����������	���� 

�
�
�
� ���� FQ 
���	���� 

(kcal/g) 
��������(g) 

Palmitoyl-oleoyl-stearoyl- 

triglyceride 
C55H104O6 0.705 9.50 �Ferrannini. 1988� (A) 1.67 VO2–1.67 VCO2 −1.92 N 

Tripalmitin C51H98O6 0.703 9.36(a)  (B) 1.68 VO2–1.68 VCO2 −1.93 N 

Triolein C57H104O6 0.713 9.47 (b) (C) 1.72 VO2–1.72 VCO2 −1.98 N 

Trilinolein C57H98O6 0.726 9.39 (c) (D) 1.83 VO2–1.83 VCO2 −2.10 N 

Trilinolenin C57H92O6 0.740 9.33 (d) (E) 1.95 VO2–1.95 VCO2 −2.55 N 

 

a: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C555442&Units=SI&Mask=2#Thermo-Condensed. 

b: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C122327&Units=SI&Mask=2#Thermo-Condensed. 

c: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C537406&Units=SI&Mask=2#Thermo-Condensed. 

d: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C14465680&Units=SI&Mask=2#Thermo-Condensed.
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24 10%
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2−2 

 

1.  

2−1

Bmal1 Shimba. 2005 Clock

Clock

Eckel-Mahan. 

2012 Rev-erb	 PPAR	

 P450 (POR)

Cho. 2012  

Kohsaka. 2007

Fick. 2011

α - NREMα

Sartorius. 2012

 

24
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Yamajuku. 2012

López. 2008

 

2−1

12

Campbell. 1998

α

2−2

α  

 

2.  

2−1.  

10

11  



 55 

 

 

11.  

 cm  kg  (%) BMI kg/m2  

22.3 ± 0.3 172.5 ± 1.9 67.1 ± 1.9 15.1 ± 1.5 22.6 ± 0.6 

 ±  

2−2.  

2-2-1.  

21 00

α

α

23 00 7 00

±

α

α  

 

2-2-2.  

13 Day1 Day4 7:00 

± 1 23:00 ± 1 Day5

7:00 8:00 ( ZP )

21 00 (
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)

22:00 22:40

23:00 Day6 7:00

8:00 12:30 19:00 21:00

α 22:45 23:00

Day7 7:00 7:30 Day7 7:30

Day6 7:00 Day7 7:00 24

Day6 7:00 9:00 12:00 15:00 18:00 21:00 23:00 Day7 7:00

 

 

 

13.  

 

2−3.  

Day5 Day6 Day5 Day6
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2015

± Day5 1.70 Day6 1.30

Day5 2666 

± 39 kcal/day 14%

24% 61%  

Day6

2−1

Day6 2075 ± 61kcal/day

11% 46% 43%

Day6 12  
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12. Day6  

   

(% )   

 11 11 

 46 46 

 43 43 

(g/100g) 

  

 37.6 7.8 

 41.6 57.6 

 12.5 19.9 

 4.9 2.9 

α-  0.7 8.7 

 1.0 0.2 

 0.5 0.5 

 0.0 0.0 

 0.1 0.1 

 0.2 0.2 

%    

 44.3 11.7 

 42.3 59.3 

 13.4 29.0 

 

2−4.  

2−4−1.  

(  FHC-15S)

Deconvolution (Tokuyama. 2009) 1 VO2

VCO2

1  
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2 4 2.  

1 Deconvolution (Tokuyama. 2009)

( /

× 100)  98~102% 

 

 

2−4−3. α  
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3.  

3−1.  

14

13 14

P<0.05 13 α 8

P<0.05 13 15

 

13. 24  

   Pvalue 

(kcal/14h) 1346 ± 35 1365 ± 32 0.395 

(/ ) 0.876 ± 0.008 0.864 ± 0.006 0.139 

(kcal/14h) 704 ± 44 713 ± 29 0.799 

(kcal/14h) 458 ± 39 516 ± 37 0.027  

(kcal/sleep) 538 ± 14 554 ± 12 0.199 

(/ ) 0.830 ± 0.008 0.820 ± 0.006 0.045  

(kcal/sleep) 205 ± 15 195 ± 11 0.315 

(kcal/sleep) 260 ± 20 294 ± 17 0.027  

( / ) 60 ± 3 59 ± 3 0.022  

(ms2/ ) 857 ± 224 1388 ± 402 0.033  

/ ) 2.5 ± 0.4 2.3 ± 0.4 0.164 

/  36.7 ± 0.02 36.6 ± 0.02 0.430 

 ± * P<0.05 
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17. 24  
 

 

14.  

  P value  P value 

 0.44 ± 0.01 0.23 16.2 ± 0.2 0.03  

 0.49 ± 0.01  15.4 ± 0.1  

 ± * P<0.05 

 

3−4. α  

α 15 α

α

× α

36.0

36.5

37.0

37.5

7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00

Breakfast Lunch Dinner

After breakfast After lunch After dinner Sleep

�
�
�
�
�
℃
/3
0�
	

�� (h)



 66 

P<0.05

α P<0.05 18 α α

 

 

15. α  

   

 

  

 ( )     ) Pvalue 

 480   480    

α  458.3 ± 3.4 462.6 ± 1.0 0.19 

Wake 21.7 ± 3.4 17.0 ± 1.2 0.15 

REM 97.7 ± 7.5 100.9 ± 4.5 0.63 

 48.1 ± 5.7 47.1 ± 4.8 0.64 

 220.0 ± 6.3 225.4 ± 7.5 0.34 

 92.6 ± 7.5 89.3 ± 7.6 0.57 

α  15.9 ± 3.4 12.9 ± 2.3 0.21 

α (%) 95.5 ± 0.4 96.4 ± 1.4 0.50 
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4.  
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Pivovarova. 2016 Bmal1 Clock Rev-erb	 Rev-erb

Shimba. 2005, ckel-Mahan. 2012, Cho. 2012 2−1 2−2
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Oishi. 2005, Canaple. 2006

PPARα Clock/Bmal1 E-box

Clock/Bmal1 PPARα

Oishi. 2005 PPARα
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Chikahisa. 2008 PPARα fibroblast growth factor 21 

(FGF21) FGF21

Inagaki. 2007 PPARα FGF21

Chikahisa. 2008

β PPARα
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24

Yamajuku. 2012 GI

GI

24 Hirao. 2009
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