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Impact of sleep debt on metabolic and endocrine function

Summary

Background Chronic sleep debt is becoming increasingly __

common and affects millions of people in more-developed
countries. Sleep debt is currently believed to have no
adverse effect on health. We investigated the effect of sleep
debt on metabolic and endocrine functions. '

Methods We assessed carbohydrate metabolism, thyrotropic
function, activity of the hypothalamo-pituitary-adrenal axis,
and sympathovagal balance in 11 young men after time in
bed had been restricted to 4 h per night for 6 nights. We
compared the sleep-debt condition with measurements taken
at the end of a sleep-recovery period when participants were
allowed 12 h in-bed per night for 6 nights.

Findings Glucose tolerance was lower in the sleep-debt
condition than in the fully rested condition (p<0-02), as were
thyrotropin  concentrations  (p<0-01).  Evening__cortisol
concentrations were raised (p=0-0001) and_activity of the

~Sympathetic nervous svstem was increased in the sleep-debt
condition (p<0-02).

Interpretation Sleep debt has a harmful impact on
carbohydrate metabolism and endocrine function. The effects
are similar to those seen in normal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Sleep habits and susceptibility to the common cold.
Arch Intern Med. 2009 Jan 12;169(1):62-7. p P y
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HIGHLIGHTED TOPIC Physiology and Pathophysiology of Sleep Apnea

Sleep loss: a novel risk factor for insulin resistance and Type 2 diabetes

Karine Spiegel,! Kristen Knutson,> Rachel Leproult,> Esra Tasali,” and Eve Van Cauter?
Laboratoire de Physiologie, Centre d’Etude des Rythmes Biologiques (CERB), Université Libre
de Bruxelles, Belgium; and *Department of Medicine, University of Chicago, Chicago, Illinois

Spiegel, Karine, Kristen Knutson, Rachel Leproult, Esra Tasali, and Eve
Van Cauter. Sleep loss: a novel risk factor for insulin resistance and Type 2 diabetes.
J Appl Physiol 99: 2008 -2019, 2005; doi: 10.1152/japplphysiol.00660.2005.—Chronic
sleep loss as a consequence of voluntary bedtime restriction is an endemic
condition in modern society. Although sleep exerts marked modulatory effects on
glucose metabolism, and molecular mechanisms for the interaction between sleep-
ing and feeding have been documented, the potential impact of recurrent sleep
curtailment on the risk for diabetes and obesity has only recently been investigated.
In laboratory studies of healthy young adults submitted to recurrent partial sleep
restriction, marked alterations in glucose metabolism including decreased glucose
tolerance and insulin sensitivity have been demonstrated. The neuroendocrine
regulation of appetite was also affected as the levels of the anorexigenic hormone
leptin were decreased, whereas the levels of the orexigenic factor ghrelin were
increased. Importantly, these neuroendocrine abnormalities were correlated with
increased hunger and appetite, which may lead to overeating and weight gain.
Consistent with these laboratory findings, a growing body of epidemiological
evidence supports an association between short sleep duration and the risk for
obesity and diabetes. Chronic sleep loss may also be the consequence of patholog-
ical conditions such as sleep-disordered breathing. In this increasingly prevalent
syndrome, a feedforward cascade of negative events generated by sleep loss, sleep
fragmentation, and hypoxia are likely to exacerbate the severity of metabolic
disturbances. In conclusion, chronic sleep loss, behavioral or sleep disorder related,
may represent a novel risk factor for weight gain, insulin resistance, and Type 2
diabetes.

obstructive sleep apnea; sympathovagal balance; glucose metabolism; appetite
regulation; obesity
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Taheri S, Lin L, Austin D,
Younqg T, Mignot E.

Short sleep duration is
associated with reduced
leptin, elevated ghrelin,
and increased body mass
index.

PLoS Med. 2004
Dec;1(3):e62.
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Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard errors for 45-min intervals of ave rage nigh rj}r
.v.leep after :udjuument for age and sex. ﬁw_'rage nightl}r 5leep values
pmdicting lowest mean BMI are rtprﬁv.ented h}r the central group.

ﬁw_-r:nge nightl}r ﬂeep values outside the lowest and highe.v.t intervals
are included in those czutegnritv.. Number of visits is indicated below

the standard error bars. Standard errors are adjusted for within-

suhject correlation.
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Michael Phelps (LI A Ewi#xEk TRIAREID85E) told :
"Eat, sleep and swim, that's all | can do.”

(RICTESDEFIEBARTET. ik<&)



RERFET ! 7

FYMEIRITHETT . TCTIVMLBEERMICIEZ SE

YRR =L ASZRICEAGEWNT, BHEICO

HHZE5FINTHE. TITHEDTYFTERMBIZAS
TEALIDIZHYET , TIERETIICIEST=1TEITY,

BEn.EEZOoNTL

\=E

=L7T=,

ECADTIE. AR TEIDERNAIENASEIELI(I
TJ(BEDIAZIVT)IZEDHLE-EZZZNAT. Y
DITEHZaFA—IILLTWWSIEA LMY EL = £

48 H:'l-f FEﬁ (j: _.\:

.IIIn

FEriE R ZRELTIND LD T,



BADFELEIHRAT—EFFEZITHLTLVEL

E1-9 NERNGSEEE E20 L EREEEOER R

o (1] ssr@ak—ystEI® L £ ORK—YS17-F—52002] CEsISsTTY

100 o i
Bh— 89 B9 B8 g o m 7
i | 88 e ) 2 e ] .8 Bon » 4 p 5 - 80
2! - [ |-B = LT, 1 YTy | NS - =T =TT £ . o PN e .
50 T 'lj -iE[ -":!,_ fi | Ba[ fﬂ'l_ '—| B i E l m T2 TE_
[ [_ Ef 5_5 E"'j. B3 &1l | 61 & £ [~ ]
60 M e 1l S * 57 b-sg tud 54 58
“HRE
40 o | 7
o7
20
o HELINININIS @1 B B il HE SN HE 8
* = A X F = 7 ] A S = r 3 i ~ I 5
Yy 1 3232323 2 i B L 22 Rt 2T 0R
i ﬁ P E o - i -_; ¢ | i?l‘- 7 F T ;,; 7 ﬁr S JIE-' FP a2 2 E 1
= = = 7 ’ -3 = =
£ g 2P R YT e A AR - B o it 7 i T2
A A K | F 4 = K

BE2E L £330 LLEIDMREIAN120% #5251 E &l



7 FELOMLIEED - ERER: FELOM L ELBE 2006
ZERIETERTH S, Fo/hFEE (1) OESENOF LWETERIFENLTWS,

R 118 R 1488 178
85 — dEI'I—
64 |- 48 1=
47 |-
& = 46 —
B2 ~ 45 —
61 44 =
I 43 =
o 47 =
84 41
58 = 40 -
57 = 38
56 [~ 38 [=
- 37 -
55 38 -
B3 34
= 33
§2 ap b= =T BT boys
51 = a0 8 &F s
50 s |
o i T TN Y T TN N TN Y TN NN O e T N T T O OO A O O O .- [ [ N O O A A O O~
B4 &7 7O T3 TE M B2 85 BE 91 94 97 B4 BY 70 V3 TE 79 B2 B5 BE 91 594 57 B4 67 A0 V3 76 79 B2 85 B8 91 94 97
RN NN T T I I O
&6 68 F2 TS T8 B1 B4 87 90 93 06 BE BB F2 7S TE B1 B4 &7 90 93 96 G5 B9 V2 ThH VB A1 B4 87 90 53 96

H 1-2-T)-1 AF—vF = MogEits 11/14/17T SO E‘REEHT A P S A 0ERHERE
(SCEA (1997 S48 [ - EEEEHFEEGREE] 1 5)



SHOFELT-LDRNR



2005FFEHLHEICKDE

e 1979F (IR BEIZEIRD
8.1%MEAMSHLUZEL.
10.5% M9 <ITENT=. EFAT=-

« 2000 (CIZCDHFITENEN
53.2%&76.6%IZ_ERFLT=,



INPEEDRKEFRDEAL
—19794E £20024E & D B —
100% ] - I
15% * L
90%
25%
0% ‘
19% 024 198 024 19% 024 195 024 198 024
N M INS NG IN6 /N6 Bmi1 1 h2 2

W OF5 LI

O OB Bl

W 2 285

194 025
h3 3

RARMFERERBHE -REES

HBE LA — 2004-3




—— H & (Fukuda & Ishihara, 1999)
---0--- &% (Gau and Soong, 1995)

—s¢— 7 A1} (Wolfson & Carskadon, 1998) AARIETFEZHLY
bl SNob XEHFR2007.12
—k— Ak K ARFE
—o—Jn%zd4 10} AL (7Fory—)
—l—:za'{d’:-r%
. EEa RENLETBA
e AU HY— ELZARYY
] e RIOBZBEDL
& VDoEYELT,
St F5THADER
o D ESUHIFEL,
% 75 }
B
? -
6.5

11-128% (h Pk 14E) 13-1458 (e bi24ES)  15-168 (b2 Es4EE)
Fin (BREBEEDT—RLESE)

12 BEICE TLBEEHFEHOEEOEMEERER (3—a v
INDT—%A [ETynjala ef af., 1993 L YB|AH) @



—— H & (Fukuda & Ishihara, 1999)
---0--- B (Gau and Soong, 1995)
—x— F A1 (Wolfson & Carskadon, 1998)

"‘x"'&;b# 105 r
—#— 2Ok
—o— Sz 10 F ah__“_
—— AN
———ARIT—TY i
e
...D..,_r\:;ﬁlj_.
—a— S 9 F
—b— A A ST )L
85 r
- S
an i
£ 45} : :
m S
A O\
' 20064
6.5 ] L O P

V128 (PAPERIE)  13-14B (RPE2FE)  15-1688 (hPEIEE)
Fi(BFRLBEEOT—IFE)

K12 FEICHET5BRHFHOEZOEMERRERMN (33— v
SO T—H[XTynjala et al., 1993&Y5IA) @



BEXBPOERERZ1000AIZEZEEL]-,

34 HEEELAEA, fARIABEFTN? —DEITREATEEL,

B *E th =

1) 5% O BFHI 0.8 3.9 1.5
2) 9FAF~10KER 2.8 18. 0 9.4
3) 10@ZF~11HE 12.3 38.3 42. 6
4) 1B F~05E 29. 2 22.0 Jo. 9
5) 0R@F~IFERE 35.6 8.4 1.8
6) 1RAF~ 2HE 16. 2 3.9 1.2
7) Z2FAF~ 6.7 1.4 1.1

IS 0.3 4.1 0.5




3, AR B ICER<RYZEIT M ?
K< HB-FRHB

90

80

10

%

60 I
90
o
o
K R K

NN
(i B & ER

N /NS ING rh 1 tho
—ﬁﬁ%ﬁ% %&nﬁﬂ j

~ ~

EBERRIZERDIRY 20054

b
iy iy

Z

i3

=

Jd
Hp




/\Y== $565% o LERIEAX 20074E11 B30 1785354

DO 522 n65%

WERRA LU :FS LTz S fE

SDIMNRFEENDGS5% M EIRFFEIZE - EFOLI-LVEEZ., 105
IR EYDIENEFEEZH->TNAZES ., RRIOAERAIToI -
FEB-bDOEHAETHMELT =,




Q:BEARRIEEES., Ans:/\A

INSEA (1522 N) 47.3%

the 4 (1497 A) 60.8%

SRE( 928 AN) 68.3% 20065 cEzEmEs @A

EXARDORH

o INEH(720A)
IR (43.8%) , @TLE -ET#4 (39.3%) .
@f3& (26.3%) . AR EDBEAEZIHEL (22.6%) .
GOF-TH (21.9%)

o thEEd (910A)
ADFLE -ET# (44.5%) . @& (32.2%) .
@HEALEELN (31.1%) , @DZA = (25.9%) |
OEEE- A— )L (23.3%)

« B4&E(634N)
OFBEE- A—IL(42.4%) . @TLE-ET#(38.8%) .
@R (27.1%) . @fI5E (23.2%)  ©®F -T2 (21.0%)




P E YRR R £ L’ HEHR A~ T E X B+

o LUT O L 5 B RE 185 4 > SRS EAEREF, ERT
S DRI KSR, | RERAERIR DD (S
. U EESEOERL. g&ﬁaﬁd) BiRZ EHEM
SHHDZE. : :
EF‘HEIGJIL,\E'G),EEJ - BEBEIIEBIEDE EETE
Bl d~ ﬁ. o X - J ==+ .
g H-és I]III.AXs IEA#)O JIJE:I* ﬂgll%a')lﬂ"ij

= i
o« FEYEEM(ELTILO RF, BBESDES, BT
—)bgﬁ Y. L PAREAR AT Z, 5. BT IR, BEE
$OEXRI-RT S, SHENEL, EDFERSH
[CARZHSDONRELHBE

i
e
_{_l
H-
RiP
>k
H-
I-!&-e)*'
S
&
o



T EVGEREE & EiiEFcTErﬂ?eﬁ
. UTOEGLEEHE, - BEFRERRE, EX

L DRI L SFIE. LN #d)f—&)kZE
. BYLBRGEOERE, FERHQBELLOCLH
HEDFEL-BIE,

FEOLEESEISRET S
BERREEE! 2

—_— -y -—— e - — A | 1 v -

Lth'kb?[Ib’Jb\* Ca5B4
£dH5

' uﬂxﬂ%«_(ﬁ%wﬁ*




TT/AK,

RPEAR.
= QO 75 /4 K (BTEE)
ZEAHIED, ® EHAEIZKEC SEEANSREECA
Ji 23 (BETD).
FxaE /\
t o QB (¥) DES
@ @ OEE#E
&R
BEE(ED
T 3 a3 e 5 ®xt3).
T&E g
X\ 1B

[EXRELNHY. LEDXSIGELoMY ELT=EY,



r2oh=2

s BROBMEIGHIRRZESTY., BRZL-0TRILEY



BRARGEHER Y X L (

6 12 (B2

Hl24. SEFMEID A

~AERRILEY

L LR (BERAQHLEERDRR)
*—'-"_'-—__ -

—~/ YL LR (yRYBLT,

=73

H24F[IC) Yk

00 m|:|

EAR - E.EE 12I:,ms 7|'\)lz=E/) DIEE %

{—Lght < Oul

ght On =

BEDHKR)

Frat (3

w nu —Te— —— Light On—'-"-*
|
I i S|
12 1é“ 20 __J'I 4 A 1 .Il'l-
Time Elapsed (hr)

Time Elapsad (hey

17 - Hydroxycorticosteroids in Plasma  ([fij H)

—24hF14{E

0 —24nTiH{E

16 20

JJLFARTAAMRO BRNZEE)
|

4 —40

FAEL. I AICITESLESDRILEY



[ERFULRE]XRICHS

ABEDOEFU X L7ZEIVNO—IL T SEREETE. 188 24 5BER]
DY A7 IVICIEDT VD ZDIHRiDRZR _Eh B, X5

OHEBETRRTHCEILIO>TEARV A LZE 1H24KE (SR
BLTWL,

1BER — o WRE ®ICLDEATH

BER L REE
PHd EFIVZLOE
fEib, BIRCME. 8.

ANELDHRYX Ly B

EICE5 Y3 | NEWSWEEK 1998. 9. 30



_ pg/ml )‘3F:DU)&FEE]@[3535%4§®£5§%(:$%)£1t
Ao 900
oz o B e

HE LR (R, 60D #BAUTHRET S,

PRSI il [ - - EEShESE
waghmmoms 100 g Waldhauser 51988
: 0
)‘3|~_‘ TP YT PCEER BB RE
'-"-!'—'-"'-'l-l'-'r'-l|||||||/-5\‘
5 bIFHT s crebghgo

Late nocturnal sleep onset impairs a melatonin shower

in young children RASMUTASF=V 52 WET

Jun Kohyama
Department of Pediatrcs, Tokyo Medical and Dental University, JAPAN.

Key words: melatonin; late sleeper; sleep deprivation; antioxidant;
melatonin shower

Neuroendocrinology Letters 2002; 23(5/6):385-386  pii: NEL235602L01 Copyright ©Neuroendocrinology Letters www.nel.edu



20044F

D11 Ao BEH 2 HsmEe pe—— I I rasa
SIS B R DOFERE

75 b LE T D Y 35 T HE XS ES 160.6cm

ARFIEEE ;o8 S unFoz= EES 170.1cm

DR TT=x=—0D 7= = 36D 170.5cm

= Gl &l = U A= o 7D I == = Syl -

1 S F s 27 8B il 8 — ¥ 170.9cm

ﬂﬁ@ﬁd\g—%"%’:}‘%ﬁéﬁg'?ﬂ 170.7cm

=t - B2 5 U 2R e BRI D% ARET I A R S B R

e E;.:.%%%EE s e % BE 2o S 449 0 580 SF i 0D HE S

CTEHRZEZ=ED DB D = A3 13M%2.64 A

LS B X AN 22 B IO o 2 6T 428 =]

SEU =S Y S DamzEmES D 125%6.074 B
S ‘b:qﬂbibgﬁ_ﬁ%aaf:? 128%6.55 A
T > 2= 5 %% % i 5 g oD 2L
e XS oT RRE reria 2zl

1= — o 4
7 1 SEmm R S o UN A B e b Do

X ABR AT OO M TR SO TR EAS SR K

------------------------------------- qzig:m“éﬂﬂzﬁbc 1 3E RS D ERE G124

El B Aok 2 ASSEa% 1 4
AE2 . %9 6 JTA4000_A ol Eomﬁﬂﬂmﬂ%ﬁﬂ@@ﬁﬁ?‘

FEIEn T E=EHE U 7oREESE

;
i

IS~ 1 3EEoDsEA xZ 121

B E=JEFLAYEZ = /o5 4 [=] i’-‘E’

D T AL D TG HACE RS 2.
(X111 .97~ —F5~ == =
: %%11.9:.'
. Pq1.8:

HEB-SSFaerEi12. 21 i
G~ WmARCEIA << Tk »
DOFSFAYERL \o BEAERPLFR s o
v 1 B SEE 8 BFESS i +512.1
DODFAEEHI11 8152~ = 120
8 BFRA LI oD EFRx12 2410
- 2072 T EEARES M oD & 18]

KEUNTFHEDTITHTEL Yo | : - ‘

..................................... SEERILL_E




(0]

=N

B
8

]

ASbZ 5

o

AR

=i

\t

A




A=Y
o CCAERBROMNITIMBRIEENE



BEEEERTHAIHER — OV R
O RITNAIZ

HOR=VR: o BEEEHHLTNG
P 0D R E BN D = L (y

HIIEINS O ZADHER

Thalarmus Cingulum

Cingulate
u:

O RDFEHEL
(1T, MHIE. FEIR

= UXSHLGHAER) Lop—smERoEm
’_j__—> ITEIHRDOREEIDREIZHE stat

! ﬁ;u%1t-§—6mma&tub:mmmzna 290

A =
i BB TRBEha b0 bR 1 O OF#IR, 2

DRBHREL LTRSS, BRI/ 3T X (Barry
\}: s Jacobs) DRECHT L. FIOBROTICHEZBHORE
ERLTHY, HoOEBHBLAECERTTT,

— EBETHEMTFHLNN]
— EETHRHNEAFRE
(REBMRE, T REF. [SE

=)

L0 O AL TR
RN 7 BEERAE B bt MR FAY B OREER REEL % L LB



i e L gk tmh_xﬁﬁﬁmiﬁa .mﬁﬁm m~
_%ﬁ%% O HMERoRE WEEOMEN
(T;b-wxm =i ;aéﬁﬁT'zxqjaﬁﬁmﬁm-
i _;_fﬁﬁ%ﬁﬁh$%T$ﬁ  &%%@#%
_Eﬁ%iﬁﬂ% e H:HP'E(t’ Shiy _..-a,aa)ié*;bn FJ;EIC & B HEE
S iET G ST e | O MEDET
vE G }*ﬂD%_/@%@%%LJ§ HEBHDET
e "',ﬁﬁﬁT'~_ . - INaTE |
e e . o =M
BPPAEHIL _“mmtur:pgmﬁT";&%mﬁmﬁﬁ
o e e o IEEMEOHEM
_t$.-'-.=-r§%ﬁmtnr:p*  mgEEM - I
' | TORMBOET T o BDIPSEE
A0 b= BOET  HRTAEE

MAO-A E{EF K38 | IrEEoHE



KoM= fFE{xEE

Aggression, Suicidality, and Serotonin

V. Markku I. Linnoila, M.D., Ph.D., and Matti Virkkunen, M.D.

Studies from several countries, representing diverse cultures, have reported an association be-
tween violent suicide attempts by patients with unipolar depression and personality disorders and
low concentrations of the major serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in the
cercbrospinal fluid (CSF). Related investigations have documented a similar inverse correlation
between impulsive, externally directed aggressive behavior and CSF 5-HIAA in a subgroup of
violent offenders. In these individuals, low CSF 5-HIAA concentrations are also associated with a
predisposition to mild hypoglycemia, a history of early-onset alcohol and substance abuse, a fam-
ily history of type II alcoholism, and disturbances in diurnal activity rhythm. These data are dis-
cussed in the context of a proposed model for the pathophysiology of a postulated “low serotonin
syndrome.” (J Clin Psychiatry 199253710, supplj:46-51)
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