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BEDG PET Study of Healthy, Sleepeprived Adults, Showing Decreased Metabolism
in the Thalamus, Prefrontal Cortex, and Inferior Parietal Cortex

FDG, fluorodeoxyglucose; PET, positron emission tomography

Thomas M et alJ Sleep Re2000;9:335352.
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The Cumulative Cost of Additional Wakefulness: Dose-Response Effects on ,,
Neurobehavioral Functions and Sleep Physiology From Chronic Sleep Restriction m

and Total Sleep Deprivation
Hanz PA. Van Oongen, PhOY Greg Maisiing M3, MAT Janet M. Mullington, PrO;2 David F Dinges, PRO"

Uit for Expevimental Psychiatry, Division of Sleep and Chronobiclogy, Depavtment of Psychiafry, and Center for Slesp and Respivatory Neurobi-
ology, University of Pennsylvania School of Medicine; *Beth Isvael Deaconess Medical Center and Harvard Medical School

Objectives: To inform the debate over whether human sleep can be
chronically reduced without consegquences, we conducied & coge-
response chronic sleep restriclion experiment in which waking neurobe-
havioral and sleep physiological funciions were monitored and compared
to those for total sieep deprivation.

Design: The chronic sleep restriction experiment involved randomization
to one of three sleep doses (4 h, & h, or 8 h ime in bed per night), which
were maintained for 14 consecutive days. The tofal sleep deprivation
experiment involved 3 nights without sleep (0 h time in bed). Each study
also involved 3 baseline (pre-deprivation) days and 3 recovery days.
Setting: Both experiments were conducted under standardized laborato-
ry conditions with continuous behavioral, physiological and medical mon-
itoring.

Participants: A total of n= 48 healthy adulis (ages 21-38) participated in
the experiments.

Interventions: Nociumal sleep periods were restricted to Bh, 6hord h
per day for 14 days, or to O h for 2 days. All other sleep was prohibited.
Results: Ghronic restriction of sleep periods fo 4 hor 6 h per night over
14 consecutive days resulted in significant cumulative, dose-dependent
deficits in cognitive performance on all tasks. Subjective sleepiness rat-
ings showed an acute response to sleep restriction but only small further
increases on subsequent days, and did not significanily differentiate the @
h and 4 h conditions. Polysomnographic variables and & power in the non-
AEM sleep EEG—a putative marker of sleep homeostasis—coisplayed an
acute response 1o sieep restriction with negligible further changes across
the 14 restricted nights. Comparizon of chronic sleep restriction 1o total
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sleep deprivation showed that the latter resulted in disproportionately
large waking neurobehavioral and sleep & power responses relative to
now much sleep was lost. A statistical mode! revealed that, regardless of
the mode of sleep deprivation, lapses in behavioral alerness were near-
linsarly related o the cumulative duration of wakefulness in excess of
1584 hise 0.73 hi.

Conclusions: Since chronic restriction of sleep to 6 h or less per night
produced cognitive performance deficits eguivalent to up to 2 nights of
total sleep deprivation, it appears that even relatively moderate slesp
resticiion can seriously impair waking neurobehavioral functions in
healthy adults. Sleepiness ratings suggest that subjects wers largely
unaware of these increasing cognitive deficts, which may explain why the
impact of chronic sleep restriction on waking cognitive functions is often
assumed to be benian. Phvsiolooical sleen resoonses 1o chronic restric-
tion cid not miror waking neurolenavioral responses, but cumulative
wakefulness in excess of a 1584 h predicted performance lapses across
all four experimental conditions. This suggests that sleep debt is perhaps
pest understood as resulting in additional wakefulness that has a neuro-
piological “cost” which accumulates over ime.

Key Words: chronic sleep restriction, partial sleep ceprivation, tofal slesp
deprivation, cognitive perommance, subjective sleepiness, cumulative
deficits, sleep debt, wake exiension, core sleep, slesp need

Citation: Van Dongen HPA, Maislin G, Mullington JM, Dinges DF. The
cumulative cost of additional wakefulness: dose-response efiscis on neu-
robenavioral funciions and sleep physiology from chronic sleep restriction
and tofal sleep deprivation. SLEEP 2003:2:117-124.
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Study Objective: To determine whether variation in sleep duration re-
flects variation in sleep need or self-imposed sleep restriction.

Design: After habitual bedrest duration of participants was assessed dur-
ing a 2-week outpatient protocol, volunteers were scheduled fo sleep ac-
cording to this schedule for 1 week prior fo and the first night after admis-
sion to a general clinical research center. The inpatient protocol included
multiple sleep latency testing on the second day and sleep recordings
during a bedrest extension protocol that included 16 hours of sleep oppor-
ﬁunity (12 hours at night and 4 hours at midday) for 3 consecutive days.
Setting: Outpatient monitoring followed by inpatient assessment of
sleep.

Participants: Seventeen healthy volunteers (10 women) aged 18-32
years without clinical sleep disorders.

Interventions: Extension of sleep opportunity.

Measurements and Results: The habitual bedrest duration varied from
6.1 to 10.3 hours. Individuals with shorter habitual bedrest duration fell
asleep more quickly and frequently during the multiple sleep latency test

SLEEP PHYSIOLOGY

Interindividual Variation in Sleep Duration and Its Association With Sleep Debt in
Young Adults

Elizabeth B. Klerman, MD PhD'"; Derk-Jan Dijk, PhO?

‘Division gf Slesp Medicine, Brigham and Women 5 Hospital and Harvard Medical School, Boston, MA; “Surrey Sleep Research Cenire, School of Bio-
medical and Molecular Sciences, University of Surrey, Guildford, UK

than did those with longer habitual bedrest duration. On the first day of ex-
tended sleep opportunity, the total sleep time of all individuals was greater
than their habitual bedrest duration; the average increase in total sleep
time was 4.9 hours (P = 0.001). The increase in total sleep time declined
across the 3 day bedrest-extension protocol (P = 0.003 for trend). Dur-
ing the third day of increased sleep opportunity, the total sleep time was
negatively associated with habitual bedrest duration (P = 0.005); individu-
als with shorter habitual bedrest duration continued to sleep more than
those with longer habitual bedrest duration.

Conclusion: Those individuals with shorter habitual sleep durations carry
a higher sleep debt than do those with longer habitual sleep durafion.
Interindividual variation in sleep duration may primarily reflect variation in
seli-selected sleep restriction or wake extension.

Keywords: Sleep, homeostasis, recovery, sleep duration

Citation: Klerman EB; Dijk DJ. Interindividual varation in sleep duration
and its association with sleep debt in young adults. SLEEP 2005;28(10):
1253-1259.

INTRODUCTION

SELF-REPORTED SLEEP DURATION VARIES CONSIDER-
ABLY BETWEEN INDIVIDUALS. RECENT SURVEY DATA
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covery function, although the timing of recovery 1s modulated
by the biological circadian clock '™ Vanation in sleep duration
may reflect differences in either the sleep homeostatic process
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Mean (+SE) Number of Attentional Failures among the 20 Interns as a Group and Individually
while Working Overnight (11 p.m. to 7 a.m.) during the Traditional Schedule and the
Intervention Schedule

Lockley, S. et al. N Engl J Med 2004;351:1829-1837


















