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PVT lapses

858 sleepiness score

BL 2 4 &6 8 10 12 14 BL 2 4 &6 88 10 172 14
days of sleep restriction days of sleep restriction
Figure 1—Neurobehavioral responses to varying doses of daily sleep. Four different neurobehavioral assays served to mea-
sure cognitive performance capability and subjective sleepiness. Each panel displays group averages for subjects in the 8 h
(+), 6 h (), and 4 h () chronmic sleep period conditions across 14 days, and in the 0 h (Jll) sleep condition across 3 days.

Subjects were tested every 2 h each day; data points represent the daily average (07:30-23:30) expressed relative to baseline
(BL). Panel A shows psychomotor vigilance task (PVT) performance lapses; panel B shows Stanford Sleepiness Scale (SS5)

Van Dongen HP, Maislin G, Mullington JM, Dinges DF. The cumulative cost of additional wakefulness: dose-response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and total sleep deprivation.
Sleep. 2003 Mar 15;26(2):117-26.
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Figure 1 Scaiter plot and linsar regression of mean
relsthve parformance  lewslz asgainst a, time,
batwean the tanth and twenty-sixth hour of sus-
tained wakefulness =138, P<006 A*=087;
and b, bleod slcohol concentations up to 0013%,
[F 2s=54.4, P<0.06, A*=0.53)
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Figure 1 Scaiter plot and linsar regression of mean
relsthve parformance  lewslz asgainst a, time,
batwean the tanth and twenty-sixth hour of sus-
tmined wakefulness \=1329, P<005 R*=092)
and b, bleod slcohol concentations up to 0013%,
(Fias=5t.4, P< 006, F*=0.58).
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relstive parformance  lewsls sgainst &, time,
batwean the tenth and twenty-sixth hour of sus-
wined wakefulness F.=1329, P<005 A*=092);
and b, blood slkcohol concanrstions up to 013%,
iFi==B.4, P< 006, A*=059)
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Map showing economic costs of insufficient sleep across five OECD
countries
Jess Plumridge/RAND Europe
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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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Convective glymphatic fluxes of CSF and ISF propel the waste products of neuron metabolism into the paravenous space, from
which they are directed into lymphatic vessels and ultimately return to the general circulation for clearance by the kidney and
liver.

Nedergaard M. Science 2013 340 (6140) 1529-30.
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Taheri S, Lin L, Austin D, Young
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 ervors for 45-min intervals of average nightly
sleep after adjustment for age and sex. Average nightly sleep values
predicting lowest mean BMI are represented by the central group.
Average nightly sleep values outside the lowest and highest intervals
are included in those categories. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
subject correlation.
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Greer SM, Goldstein AN, Walker MP. The impact of sleep deprivation on
food desire in the human brain.Nat Commun. 2013 Aug 6;4:2259.
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