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e corticosteroid ~ wakefulness, feeding
release ARC, arcuate nucleus;

CRH, corticotropin-releasing hormone;

Hypothalamus (CRH) OrEXln DMH d . .

MCH , dorsomedial nucleus;

0.4mm lateral to midline .
- dSPZ, dorsal subparaventricular zone;

sleep LHA, lateral hypothalamic

GABA

area; MCH, melanin-concentrating

aiarnate hormone; MPO, medial preoptic nucleus;

PVH, paraventricular nucleus; SCN,
suprachiasmatic nucleus;
TRH, thyrotropin-releasing hormone;
VLPO, ventrolateral preoptic nucleus;
VMH, ventromedial nucleus; vSPZ,
ventral subparaventricular zone.

thermoregulation

Feeding Cues

Leptin CLIFFORD B. SAPER,* GEORGINA CANO, AND THOMAS E.

Ghrelin SCAMMELL. J Comp Neurol 493:92-8, 2005
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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 pubtiity
. R #E A SN o B Cohen 5 Dovle W], Alper CM, Janicki-Deverts D Turner BE.
ﬁi";ilt-#l~#&'ﬁ‘t’l:‘ﬂ'ﬂl
B S ic@myTT S A OMN VWK
* BESS BRI o= 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%ﬁﬁﬁ H'{.ﬂt_lr"fi‘_‘h\' 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 S 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,
o % ;’_ ﬁ ﬁ — _'I,_-_’ ) :_: f:l E % E socioeconomic status, psychological variables, or health practices. The percentage of days feeling rested was not
£ e . 1 = = |
E F[f - EET :{J; = 'h* 2 ? ] % E associated with colds. CONCLUSION: Poorer sleep efficiency and shorter sleep duration in the weeks preceding
E s oo | b T £ 'L 3
MIEISLECEEBLAET 3 .
L 2% 7 B i3 1= E %D oD ?f Y exposure to a rhinovirus were associated with lower resistance to iliness.
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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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The human emotional brain without sleep — a Py
prefrontal amygdala disconnect Sleep control Sleep deprivation
Yoo et al. Current Biology 17, R77 (2007) :
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The human emotional brain without sleep — a
prefrontal amygdala disconnect

Yoo et al. Current Biology 17, R77 (2007)
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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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Figure 2. For 480841 men, data comparable to those shown in Figure 1.
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Local sleep and learning
Reto Huber', M. Felice Ghilardi-, Marcello Massimini' & Giulio Tononi' %g‘;ﬁmﬂ’]l iﬁﬁﬁ—co) 7 EEE%QJ

USA

ﬁﬁd)ﬂ“'ﬁﬁﬁd)&"éﬂﬁﬁ‘d’é?ﬁﬁ'ﬁiﬁ’&
Lt=.

'Department of Psychiatry, University of Wisconsin, Madison, Wisconsin 53719, éb' %E w&'hﬁh68WAa)E’mm:tE
*Center for Neurobiology and Behavior, Columbia College of Physicians and x ‘j: E fﬁwﬁiﬁmﬁwﬁﬁ&*ﬁ ﬁ L

SHngﬂﬂS, New Yﬂfk,. New York IDDS.E, LIsA NA‘IURE| VoL 43{” 1 JULY 2ﬂﬂ4| -Cb\éh& *) \OT~O

a Hotation

Rotationif &8
EH“’IJf?b\ %
E5:EF)

Rotation/Mo rotation E H\" D _ILJ_ ?J]-:'{ mE ﬁ ;’& hﬁ i%
Al=(BRAKER=?),

———
e




Arm immobilization causes cortical plastic changes
and locally decreases sleep slow wave activity

Reto Huber!, M Felice Ghilardi?, Marcello Massimini!, Fabio Ferrarelli!, Brady A Riedner?,

Michael J Peterson! & Giulio Tononi! NATURE NEUROSCIENCE VOLUME 9 | NUMBER 9 | SEPTEMBER 2006
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Sleeping to Reset Overstimulated Synapses

The purpose of sleep is one of the toughest
puzzlas in biology. Some scientists think ani-
mals slumber primarily to save enerzy. Others
have proposed that sleep has special rele-
vance for learning and memory. A newer
hypothesis borrows from both ideas, suggest-
ing that sleep dials down synapses that have
been cranked up by a day’s worth of neural
activity. Because stronger synapses use more
energy and take up more space, the thinking
gocs, this synaptic cooldown helps conserve
both energy and precious real estate in the
brain. Tt also ensures that synapses don't max

out and lose the ability to grow stronger if

they're called upon to encode
SOME New expenence into mem-
ory the next day,

[n this week's issue, two stud-
ies with fruit flies provide what
some researchers say is the most
compelling evidence to date for
this provocative hypothesis. One
finds that levels of several synap-
tic proteins increase during
wakefulness and decline during
sleep; the other finds a similar
rise and fall in synapse number.
“Together, these findings very
clearly demonstrate that one
major function of sleep is to
reduce, on a structural level,
synaptic connectivity in the
brain,” says Jan Born, a neuro-
scientist who studies sleep at the
University of Lilbeck in Ger-
many and was not involved with
either study.

The so-called synaptic homeo-
stasis hypothesis was first pro-

transimitter release, declined after flies had a
chance to sleep. This pattern held up even
when flies slept at odd hours, confirming that
the proteins fluctuate with the sleep-wake
cvcle, not the time of day.

The second paper, on page 105, describes
changes in synapse number during sleep. But
the experiments weren t conceived as a direct
test of the synaptic homeostasis hypothesis,
says senior author Paul Shaw of Washington
University in St, Louis, Missouri. Instead,
the goal was to investigate how daytime
actvities influence subsequent sleep. Shaws
lab had previously found that flies sleep

Sleepless synapses. After 16 hours without sleep (bottom panel), synaptic pro-
tein levels increase (indicated by warm colors) in the fruit fly brain,

enough to restore increased sleep after
social enrichment.

These findings provide an intriguing link
between two major regulators of sleep, Cirelli
says. The circadian clock tells animals when
to sleep, she explains, but the duration of
sleep depends on how long they've been
awake and what they've done during that
time. The new findings suggest that some of
the same cells and genes involved in regulat-
ing the circadian clock may also be imvolved
in sensing sleep need.

In the same paper, Donlea and colleagues
also report findings that seem to support the
synaptic homeostasis hypothesis;
They found that the same social
experiences that increase the need
for sleep also increase the number
of synapses between lateral ven-
tral neurons and their partners in
the brainstem. After sleep,
synapse numbers had declined.

Together, the two papers pro-
vide compelling evidence for
synaptic downscaling during
sleep, says Robert Stickgold, a
neuroscientist at Harvard Univer-
sity who was initially skeptical of
Tononi and Cirelli's hypothesis.
Even so, Stickgold thinks it’s
unlikely that downscaling hap-
pens only during sleep or that
synaptic strengthening is limited
to waking hours. Human and
rodent studies have suggested, for
example, that sleep may be
important for consolidating
newly formed memories (Science,
9 March 2007, p. 1360), a process
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Restless legs syndrome
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