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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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O 1: Arch Intern Med. 2008 Jan 12;169(1):62-7. ISTERSAL MEDNCINE Links
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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
. R #E A SN o B Cohen 5 Dovle W], Alper CM, Janicki-Deverts D Turner BE.
ﬁi";ilt-#l~#§'ﬁ‘#’.l:‘ﬂ'ﬂ!
B S ic@myTT S A OMN VWK
EREGE BRI A= A g ML e OB Department of Psychology, Camegie Mellon University, Pittsburgh, PA 15213, USA scohen@cmu.edu
] B R MO0 S e Wi
Pmabacs 280t s IR
L a | o FE ;oo ey = N
ﬂ:ﬁ_ﬁ' {El HEErshs "B eEhE- BACKCROUNIY: Sleep quality is thought to be an important predictor of immunity and, in turm, susceptibility to the
ciE® 1l o M % ~ R | ? ¥ a‘\ common cold. This article examines whether sleep duration and efficiency in the weeks preceding viral exposure are
?F:lég%“ﬁﬁ {aﬂt_lr"f{‘_‘ltm' ed with cold tibility. METHODS: A total of 153 healthy and (age -55 years)
i ko S & U associat cold susc ; : A total of 153 he men and women range. 21
AL EAGEM Ll Eh B ¥ #
7 B8 S_{MLL LD 98 §
SRl &0 |-[[FEEALERL DS 58 E volunteered to participate in the study. For 14 consecutive days. they reported their sleep duration and sleep
2 K& A § 2 W L = H efficiency (percentage of time in bed actually asleep) for the previous night and whether they felt rested. Average
T M - A
W E'Ir H: &3 ﬁ' .-,:% ¥ E ) & 0 -E scores for each sleep variable were calculated over the 14-day baseline. Subsequently, participants were quarantined,
-;,L\. ::: ‘ﬁt % % ﬁ E I_L -}J. ﬁ I& ':’! U administered nasal drops containing a rhinovirus, and monitored for the development of a clindcal cold (infection in
o - W - -
E; s 0 % F[% j] o % E ::; % & % the presence of objective signs of {llness) on the day before and for 5 days after exposure. RESULTS: There was a
- e E ] S
H_ f: E Tk ﬂmﬂ {- % i'lér # E E "KJ graded associztion with average sleep duration: participants with less than 7 hours of sleep were 2.94 times (95%
. b —_ L k F =4
;E-JI- 2 ﬁ I}é % ﬂ; BB A t.:ﬁ i I'.:? confidence interval [CI], 1.18-7.30) more likely to develop a cold than those with 8 hours or more of sleep. The
e e AD W ®WmS a association with sleep efficiency was also graded: participants with less than 52% efficiency were 5.50 times (95% CI,
E E F; ;—:E:}E* < 5 ?'i - E E‘ ::'._: I-i < 2.08-14.48) more likely to develop a cold than those with 98% or more efficiency. These relationships could not be
LJ'.-I.ZI E ﬁ g IE % ff E % % E’ E—E explained by differences in prechallenge virus-specific antibody titers, demographics, season of the year, body mass,
A % ,: ;ﬁ ﬁ — _—I'-__; R :.: f:; E % E socioeconomic status, psychological variables, or health practices. The percentage of days feeling rested was not
F : o= A
E F[f - :‘% il_j -'f :{J; o 'h* :"_E ? j:;! o -}z- & associated with colds. CONCLUSION: Poorer sleep efficiency and shorter sleep duration in the weeks preceding
MTEISLAECEEVWARIrLT S &
L 2% 7 B i3 1= E %D oD ?f Y exposure to a rhinovirus were associated with lower resistance to iliness.
THE |- “FERELESC
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. . J Appl Physiol 99: 2008 -2019, 2005;
Invited Review doi: 10.1152/japplphysiol 00660.2005,

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.”
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HR2ADEDL7THH O30 ETORELE 17465 N ICEERFHEB CHREICLIBEELOBRERE

Men Women
Poor : Poor
Mean Sleep Sell-rated Mean Sleap Self-rated

Country Duration, h {95% CI) No. Health, % Duration, h (95% Cl) No. Health, %
Belgium 7.69 (7.54-7.84) 244 7.4 7.90 (7.76-8.04) 261 7.3
Bulgana 7.81 (7.68-7.93) 336 104 8.00 (7.88-8.12) 377 14.1
Colombia 7.14 (7.02-7.26) 378 4.0 7.24 (7.11-7.37) 325 6.5
England 7.40 (7.29-7.52) 372 8.3 7.37 (7.24-7.49) 330 10.0
France 7.55 (7.42-7.68) 312 6.4 7.73(7.60-7.86) 322 13.4
Germany 7.39 (7.26-7.52) 209 104 7.60 (7.48-7.71) 372 6.5
Greece 7.86 (7.74-7.98) 350 3.7 7.87 (7.75-7.99) 371 7.5
Hungary 7.55(7.39-7.71) 216 8.8 7.55(7.42-7.68) 323 12.4
lceland 7.21 (7.07-7.34) 294 7.1 7.56 (7.43-7.68) 337 6.8
Ireland 7.21 (6.98-7.44) a7 11.3 7.67 (7.55-7.80) 329 g.2
ltaly 7.58 (7.40-7 67) Gidd 8.0 .71 (7.64-7 78] 1042 145
Japan 6.20 (6.03-6.38) 172 38.4 6.09 (5.92-6.26) 186 45.7
Korea 6.80 (6.64-6.96) 208 35.6 6.86 (6.75-6.97) 440 42.7
Netherlands 7.79 (7.65-7.92) 275 8.7 7.92 (7.81-8.04) 404 8.9
Poland 7.24 (7.11-7.37) 312 4.5 7.42 (7.30-7.53) 390 10.5
Portugal 7.72 (7.61-7.83) 431 10.7 7.84 (7.73-7.95) 431 16.0
Romania 8.04 (7.91-8.16) 337 12.8 7.72 (7.60-7.84) 365 27.9
Slovak Republic 7.76 (7.66-7.86) 511 8.6 7.59 (7.50-7.68) G663 9.8
South Africa 7.26 (7.12-7.40) 268 14.2 7.71(7.57-7.84) 289 12.8
Spain 8.02 (7.87-8.18) 215 6.0 7.62 (7.68-7.97) 257 7.4
Taiwan 6.61 (6.43-6.79) 162 18.5 6.51 (6.32-6.68) 171 31.0
Thailand 6.95 (6.82-7.08) 306 25.2 7.08 (6.98-7.18) 520 23.3
United States 7.17 (7.07-7.28) 463 43 7.08 (7.01-7.15) 1069 4.7
Venezuela 7.32 (7.19-7.44) 323 2.8 7.31(7.18-7.44) 309 3.9
Tolal 7.45 (7.29-7.60) 7532 10.1 7.49 (7.32-7 .65) 9933 13.6

Abbreviation: Cl, confidence interval.

Steptoe A, et al. Arch Inter Med 2006 166, 1689-92



—— 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) @



BARD/NPFEDERFFFORE

NS e 4 | N5 - 6 hE A R
2006 SEF[E12447 | TRFEI 144y | 6813143
2004 SEFRI514y | SHEFf464y | THREEI254y | 6FEEI 334y
2000 SEF[1434y | TRFIEIS514y | 6¢fE15443

1996 OFI24> | 8KFlEI514y

1981 ORFfE] 2447 | 8KF[E]564y

1965 ORFf123%y | S8EF[EI374y | THRFIEI504

EH . 2EREHR = (2006), FREFEBFHS (2004) . NHKBUHE STEBFZR AR (2000, 1965) .
HARER RS (1996, 1981) #1158 & FFE 40, 2008, 277



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*




r2oh=2

s BROBMEIGHIRRZESTY., BRZL-0TRILEY



BRAauga") X L (BELE - E.EE 12I:,ms #s)b%/)wffﬁﬁﬂﬂ{%

{—Lght s Oul

ght On =

Lights Ehi —0e—— — gt On —————=3]
= ) R | y
: : |
2
Sl 10.0 B, P £ 1
S0 & S oAt 4 |
; ~ 5 et - ; Lainis 24
NS " B i e AP T o e:-'-'"'” wiie : ( |
8 e =t : |
5.0 = x i  § !’ r P = w |
37.0 AR g I
0 4 8 12 16 20 0 4 A
Time Elapsed (hr)
36.5

12 1 _.ll'l- o] ™ .n'.lq
Time Elapsad (hey
24 (B¥3l) 17 - Hydroxycorticosteroids in Plasma  ([fij H)

—24hF14{E

~AERRILEY
v

L LEEIR (BERGHLEEDAE)
AR T/ YL LER (FYRYBLT

12 18 0 6 12 (B531) SADKE)

—24nhE¥{E

| o Rl ] T — 40
16 20 24 4

#%24- 5 BF D £ KBTS :”w::xj_-nfw)a RED
% B AN245MI=Y vk BAE<. Y BICITIELZHTRILEY




[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



A=
DEE

mBRILIER
(Z1ERrLE,
mAER)

X LR
YE R (§EF%-
AR

TERD7 LR
O N5l

Milatomn (pg/mi)

ﬁj\

Aoh=2
EFHETHZ NS,

- - .
- . e
= ., et
T, -
e o -
e ., o ] 1
. -
= o (| |
gt o, .,
- e, o
- .
5 o
? = -
= 1
- N
oy L
- =
. =
g = %_
.

i ri Fad fi . rr 'l’
iy l i
I
i i i
A1 I,.-';.r" Flaa] / AALLARL, /
F Fi Fid ;
i
LR PR ¥
Firdids FiF [
PR
gad i i !
i ,"F,...‘ FEiad d ¥

B
L) LRFEEa i wir



(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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Earth at Night Astronomy Picture of the Day
More information available at: 2002 August 11
http://antwrp.gsfc.nasa.gov/apod/ap020811.html http://antwrp.gsfc.nasa.gov/apod/astropix.html
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