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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



£y
=

o ARHEATA - SEERE

13 EEEEE s 20097 (#s21F) 18238 (&)

p ARCHIVES OF

[&HEH]

O 1: Arch Intern Med. 2008 Jan 12;169(1):62-7. ISTERSAL MEDNCINE Links
/—
BHHE
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
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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)
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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
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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

$19E0T 88138 AmE 12 e 18

JEr 8

R

A = *\
%y ndksva-s-t  HEL
Rt %58 +
%o m T-\
i
Pl 153
B BE5
wit 58
it -
1 5% 8| il - o =
gl wc 28. A
5T =0 ,f & R
=854 ExE
— [ = vy
G2y 7 105
2 i 30 =2 5 A D
§E® %7
ul ) U A
24%
vy D3
: £ 1 =
TS T A e O) 'é XY M
452, 20005F, € - 3 ol
T A S " ﬂg
egdg. EEIRSRILE ) L] o =
L ORUEZn & # ST *—n F R
WA TLmEs L 2E3
.- i
1’E|: = 5
& T A T i 2 = =i
an ok = Bk HI !
1 Bk SE g 58 g
3 M o Eaph =
9 1k D . ® 5 Wi
4 30 2 P‘@?! =R
AL 5 e =
L3 T 1 5
7= A= @3%
anld At 1t A
& 8 ficl v X
T &
L B WC f <
% % N ] R e rﬁ}{v
SlEm® ] E [\Ji.‘.}jlgp i =
i EE Ei e LY 30 L e 5 ]
Lo e s A R 1 W7
S 25 = "ﬂd‘: LT ) ol
e T 4 L Z2EEY & It
%Z‘% =X DOm0 oz
B 35 A% 7 e HOHE4 1 2
Mimzcuog @I{ﬂ RanE
[ o - w1 L £ —
TETET &1 AAMEUD BOhHeIFmm
53En c7 MR Bege sOpeisl [EC
My IR D HR ﬁ_\?)ﬁ%&-b-‘iﬁtﬁ'_f:f..w;,f;;z
B t5ak B ETINILEREEIE2
LHgE-ImE i BT omE T e <2 - HeE
EREETEDT B FIEIRD - R TEEIOF N
mRmL<bmlle li NMEERETIC EESHSEETE
T oR=s Lol 7=y
WE A A WMESTZ IS
J i -~ ﬁl‘ I l ] T
\.I:‘H‘;gg : m micwo  mponm | Taue— | 0§ L
| 6 5 e B TEUGRRESR  ARED B1_I‘1i‘_|:
; S IZ e R ' 1 wos B O
H > B 73 37 4 F$ i 15 18
EEGZ YRS o 228
we TRAGERE ﬁﬁ: Era
& . _‘_?_' - S T
5 8% A A
i L~ =
) & e ﬁ LEmn o —@ 5
248 %80 Bk [obiapiniizsg
p L3 I | SN CEER Tz
r S A ﬁk WA e T =%
3 mss It 2SS HeErRT£n
= ﬁ;fﬂﬁ ‘r’b;f%gm D&
b o = — S o = -
L ﬂ!?;ﬁ a e o ﬁ.: -gf& N
nRcaTEYE T SEEEERCEIssE
DDV EM A ] <EG
e - & st 2 HE = i 2t R B "L
zRUMLY £ 5 WL = ST
{{'"vﬁ{;% <3 S8 . &
? & p P 2 € R
;4 =y 0

T B

2
sRE

e



BEL &
A

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.

ﬁ—
'y ! N
*Eﬁ [ |
§ +;:;u+ T
£
g tsam e -

(623
hd)ﬁu 7:J~b~
- EBE5L0E5
| g

T
\JA& sleep (s

Figure 2. The Relationship between BMI and Average Nightly Sleep
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the standard error bars. Standard errors are adjusted for within-

suhject correlation.
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