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Sleep Duration and Health in Young Adults

Andrew Steptoe, PhD, D5c; Victoria Peacey, M5c; Jane Wardle, PhD

Background: Eoth long and short sleep durations have
been associated with negative health outcomes in middle-
aged and older adults. This study assessed the relation-
ship between sleep duration and self-rated health in voung
adults.

Methods: Using anonymous questionnaires, data were
collected from 17 465 university students aged 17 to 30
vears who were taking non—health-related courses at 27
universities in 24 countries. The response rate was greater
than 90%. Sleep duration was measured by self-report;
the health outcome was self-rated health; and age, sex,
socioeconomic background, smoking, alcohol consump-
tion, body mass index, physical activity, depression (Beck
Depression Inventory), recent use of health services, and
country of origin were included as covariates.

Resvlts: Sixty-three percent of respondents slept for
7 to B hours; 21% were short sleepers (6%, <6 hours;

15%, 6-7 hours); and 16% were long sleepers (10%, 8-10
hours; 6%, =10 hours). Compared with the reference cat-
egory (7-8 hours), the adjusted odds ratio of poor health
was 1.36 (95% confidence interval [CI], 1.22-1.99) for
respondents sleeping 6 to 7 hours and 1.99 (05% CI,1.31-
3.03) for those sleeping less than 6 hours. The same sig-
nificant pattern was seen when the results were ana-
lvzed separately by sex. When respondents from Japan,
Korea, and Thailand (characterized by relatively short
sleep durations) were excluded, the adjusted odds ra-
tios were 1.33 (05% C1 1.03-1.73) and 1.62 (95% CI, 1.06-
2.48) tor those sleeping 6 to 7 hours and less than 6 hours,
respectively. There were no significant associations be-
tween self-rated health and long sleep duration.

Comelwsion: Our data suggest that short sleep may be
more of a concern than long sleep in voung adults.

Arch Intern Med. 2006;166:1689-1692



Table 1. Mean Sleep Duration and Self-rated Health by Country and Sex

Men Women
! Poor : ! Poor
Mean Sleep Self-rated Mean Sleep Self-rated

Country Duration, h (95% CI) No. Health, % Duration, h (95% CI) No. Health, %
Belgium 7.69 (7.54-7.84) 244 7.4 7.90 (7.76-8.04) 261 7.3
Bulgaria 7.81 (7.68-7.93) 336 10.4 8.00 (7.88-8.12) 77 141
Colombia 7.14 (7.02-7.26) 478 4.0 7.24 (7.11-7.37) 325 .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 10.4 7.60 (7.48-7.71) arz 6.5
Greece 7.86 (7.74-7.98) 350 a7 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 1.3 7.67 (7.55-7.80) 329 8.2
Italy 7.58 (7.49-7.67) 641 8.0 7.71 (7.64-7.78) 1092 14.5
Japan 6.20 (6.03-6.38) 172 a8.4 6.09 (5.92-6.26) 186 45.7
Korea 6.80 (6.64-6.96) 208 35.6 .86 (6.75-6.97) 440 2.7
Netharlands 7.79 (7.65-7.92) 275 8.7 7.92 (7.81-8.04) 404 8.9
Poland 7.24 (711-7.37) 3412 45 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) 663 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 7.82 (7.68-7.97) 257 7.4
Taiwan 6.61 (6.43-6.79) 162 18.5 6.51 (6.33-6.68) 171 2.0
Thailand 6.95 (6.82-7.08) 306 25.2 7.08 (6.98-7.18) 520 23.3
United States 7.7 (7.07-7.28) 463 43 7.08 (7.01-7.15) 1069 4.7
Venezuela 7.32 (7.19-7.44) 423 2.8 7.1 (7.18-7.44) 309 2.9
Total 7.45 (7.29-7.60) 7532 10.1 7.49 (7.32-7.65) 9933 13.6

Abbreviation: Cl, confidence interval.



Tahle 2. Sleep Duration and Poor Seli-rated Health
]

Poor Self-rated Model 1: Odds of Poor Model 2: Odds of Poor
Sleep Duration, h Health (%) Self-rated Health* (95% Cl) P Value Self-rated Healtht (95% Cl) P Value
Complete Sample

<6 (1097) 20.3 218(1.41-3.57) 001 1.9911.21-3.03) 003
B6-7 (2599) 17.8 1.72(1.34-2.20) 001 1.56(1.22-1.99) 001
7-8 (10934) 10.5 1.00 1.00

8-10 (1862) 9.7 0.90 (0.66-1.22) Ad 0.89(0.67-1.19) A
=10 (973) 10.3 0.96 (0.71-1.30) 78 0.93 (0.70-1.24) 62

Sample Ex¢luding Japan, Korea, and Talwan

<6 (856) 13.7 1.78(1.13-2.78) 02 1.62(1.06-2.48) 03
B6-7 (2054) 12.9 1.49(1.13-1.98) 008 1.3311.03-1.73) 03
7-8 (9985) 8.6 1.00 1.00

8-10 (1813) 9.3 1.03(0.78-1.35) 81 1.01 (0.78-1.31) 92
=10 (837) 9.5 1.00 (0.74-1.36) 98 0.97 (0.73-1.30) 85

Abbreviation: Cl, confidence interval.

*Model 1 includes country of origin, sleep duration, age, sex, smoking status, physical activity, alcohol consumption, parental education, and body mass index.

tModel 2 includes country of origin, sleep duration, age, sex, smoking status, physical activity, alcohol consumption, parental education, body mass index,
Beck Depression Inventory score, and recent use of health services.
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Men Women

! Poor ! ! Poor

Mean Sleep Seli-rated Mean Sleep Self-rated

Country Duration, h (95% CI) No. Health, % Duration, h (95% CI) No. Health, %
Belgium 7.69 (7.54-7.84) 244 7.4 7.90 (7.76-8.04) 261 7.3
Bulgaria 7.81 (7.658-7.93) A36 10.4 8.00 (7.88-8.12) 377 14.1
Colombia 714 (7.02-7.26) a7a 4.0 724 (711737 325 6.5
England 7.40(7.29-7.52) 372 8.3 7.07 (7.24-7.49) 330 10.0
France 7.55 (7.42-7.68) 312 6.4 7.73 (7.60-7.86) 322 12.4
Germany 7.39 (7.26-7.52) a049 10.4 7.60 (7.48-7.71) a2 6.5
Greece 7.86 (7.74-7.98) 3s0 ar 7.87 (7.75-7.99) ar 7.5
Hungary 7.55 (7.39-7.71) 216 8.8 7.55 (7.42-7.68) 323 124
lceland 7.2 (7.07-7.34) 294 7.1 7.56 (7.43-7.68) 237 6.8
Ireland 7.21 (6.958-7.44) a7 11.3 7.67 (7.55-7.80) 329 8.2
Italy 7.58 (7.49-7.67) G 8.0 7.71(7.64-7.78) 1092 145
Japan .20 (6.03-6.38) 172 284 .09 (5.92-6.25) 186 45,7
Korea 6.80 (6.64-6.98) 208 35,6 6.86 (6.75-6.97) 440 42.7
Netherlands 7.79 (7.65-7.92) 275 B.7 7.92 (7.81-8.04) 404 8.0
Paoland 7.24 (7.141-7.37) 312 4.5 7.42 (7.30-7.53) 290 10.5
Portugal 7.72 (7.61-7.83) 431 10.7 7.84 (7.73-7.95) a1 16.0
Romania B.04 (7.91-8.18) a37 12.8 7.72(7.60-7.84) 385 270
Slovak Republic 7.76 (7.66-7.88) 511 B.6 7.50 (7.50-7.68) BE3 0.8
South Africa T.26 (712-7.40) 268 14.2 7.71(7.57-7.84) 289 12.8
Spain B.02 (7.87-8.18) 215 6.0 7.82 (7.68-7.97) 257 7.4
Taiwan B.61 (6.43-6.79) 162 18.5 6.51 (6.33-6.68) 171 2.0
Thailand B.95 (6.82-7.08) 306 25.2 7.08 (6.98-7.18) 520 233
United States 7A7(7.07-7.28) 463 4.3 7.08(7.01-7.15) 1069 4.7
Venezuela 7.32 (7.19-7.44) 323 2.8 7.0 (7.18-7.44) 209 3.9
Total 7.45 (7.29-7.60) 7532 10.1 7.49 (7.32-7.65) 9933 126

Abbreviation: Cl, confidence interval.

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



How Europeans

spindd their time
Everyday life of

20-74

Lupeamibourg: Odfice fior Official Publications of tha

2000

Eurcpean Communities, 2004

WOmMen and Men Hours and minutes per day
T BE DE EE FR HU s FI SE UK NO
Frea time. unspecified time use B2 553 5:78 4-4F 529 5-34 6:08 524 5:30 6-03
Meals, personal care 2:40 2:33 215 3:01 2:3 213 2:M 211 2:04 1:47
Travel 1:35 1:27 1:17 1:03 1:03 1:00 1:12 1:30 1:30 1:20
Domastic work 2-38 2:21 2:48 2:22 2:34 230 2:16 2:20 2:18 2:22
Gainful work, study 3:30 335 2040 4:03 346 4:07 4:01 4:25 4:18 4:31
Total 29 24 24 29 29 24 24 24 24 24
Hours and minutes per day
BE DE EE FR HU Sl Fl SE UK NO
Free time, unspecifiad time use 4:50 524 4:36 4:08 4-38 4:70 5:29 5:03 5:05 5:52
Meals, parsonal cara 2:43 2:43 2:08 2:02 219 2:08 206 2:28 216 1:58
Trawval 1:149 1:18 1:06 0:54 0:51 1:02 1:07 1.23 1:25 1:11
Domestic work 4:32 411 502 4:30 4:57 4-57 3:56 342 4:15 347
Gainful work, study 2:.07 2:05 2:33 2:31 2:32 2:50 2:49 312 2:23 303
Total 29 249 29 249 249 249 249 24 24 24
2000 N H K DE Germany
EE Estonia
10 FR France
HU  Hungary
4 32 15 S Slovenia
Fi Finland
40 100 25
UK United Kingdom
NO  MNorway
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Behaviour

Awake
Polygraph

EMG
EEG

EOG

Sensation and
perception

Thought

Movement

Wake

NREM sleep

REM sleep

Stages

Armnn N pm AP pa
AWAAAANAASANAAMN

e it e,

e e e e e e

SR e

Vivid
Externally generated

Dull or absent

Vivid
Internally generated

Logical progressive

Logical perseverative

lllogical, bizarre

Continuous voluntary

Episodic involuntary

Commanded but
inhibited

Figure 1| Behavioural states in humans. States
of waking, NREM sleep and REM sleep have
behavioural, polygraphic and psychological
manifestations. In the row labelled behaviour,
changes in position (detectable by time-lapse
photography or video) can occur during
waking and in concert with phase changes of
the sleep cycle. Two different mechanisms
account for sleep imobility. The first is
disfacilitation (during stages I-IV of NREM
sleep). The second is inhibition (during REM
sleep). During dreams, we imagine that we
move, but we do not. Sample tracings of three
variables used to distinguish the state are
shown: an electromyogram (EMG), an
electroencephalogram (EEG) and and electro-
oculogram (EOG). The EMG tracings are
highest during waking, intermediate during
NREM sleep and lowest during REM sleep.
The EEG and EOG are both activated during
waking and inactivated during NREM sleep.
Each sample shown is approximately 20
seconds long. The three bottom rows describe
other subjective and objective state variables.
Modified from ref. 19.
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Take home message 2.



- Sleep and Rest.

in Animalg




Anderson 1968 Kaiser 1988

Tobler 1983 Hendricks 2000
Shaw 2000 Tobler & Stalder
1988

State



FIGURE 6. Wakefulness (4) and sleep behavior (B) in the bee,
observed during the day and night, respectively. Note the lowered
head position and immobile, drooping antennae in the sleeping bee.
In comparison to wakefulness, bees in the sleep posture have higher
arousal thresholds. Reprinted from Kaiser W: Busy bees need rest,

too: behavioural and electromyographical sleep signs in honeybees. ]
Comp Physiol A 163:565-584, 1988; with permission.
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leucophrys gambelii
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PLoS Biol. 2004 Jul;2(7):E212. Epub 2004



FIGURE 5. Schematic depicting the effect of position in the
group on unihemispheric sleep in ducks sleeping in a row. Ducks
at the ends of the row perceive greater risk and therefore spend
more time sleeping unihemispherically with one eye open and
show a preference for directing the open eye away from the other
ducks, as if watching for approaching predators. Adapted from
Rattenborg et al: Half-awake to the risk of predation. Nature
397:397-398, 1999; and Rattenborg et al: Facultative control of

avian unihemispheric sleep under the risk of predation. Behav
Brain Res 105:163-172, 1999.






FIGURE 3. Emperor penguins (Aptenodytes forsteri) displaying
the typical avian head postures associated with wakefulness (right)
and sleep (/eft and middle). Reprinted with permission of Grass-
Telefactor, An Astro-Med, Inc. Product Group.
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prove in the dolphin, the primitive long-nosed echidna and
Dowmesticated sleep e |
A pet car will stay awake during  #EEEE the duck-billed platypus, all mammals share the same

the :.I'rl__r Becatse it is innita ting Ifs
heirran masters. Cats in the wild
hunr at night. The sticated cal
Tras s apped rlythe l_.r-_c|rL"i.'PE-H_tE and
wiaking. But even during the day, a
well-fed car will make the most of i
drawn-out s 1l ring fo w

alternating pattern of slow-wave fast-wave sleep.

owver fo its cat dish or for grooming.
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Jha, et al, 2006
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Do all animals sleep?

Jerome M. Siegel

Department of Psychiatry, School of Medicine, University of California, Los Angeles and Meurobiology Research (151-A3),
VA-GLAHS, North Hills, CA 91343, USA

Box 1. Slease,. bhut ot as wee rnows it

Creapite relatively few detmilsd comparstives astudisess of slessp
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werithim ths marmumea lian limnese. Haman st age < mnon-RER slsasp is linkesd
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Take home message









Take home message 4.

Sleep is of the brain, by the brain
and for the brain

J. Allan Hobson'

Sleep is a widespread biological phenomenon, and its scientific study is proceeding at multiple levels at the
same time. Marked progress is being made in answering three fundamental questions: what is sleep, what are
its mechanisms and what are its functions? The most salient answers to these questions have resulted from
applying new techniques from basic and applied neuroscience research. The study of sleep is also shedding
light on our understanding of consciousness, which undergoes alteration in parallel with sleep-induced

changes in the brain.
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2002

Wolfson  (2003)

Gau 2004 4-8 moodiness
2004 613

Caci 2005 552

Gaina 2006 638

Gau 2007 1o 13 133

Susman 2007 8-13 111
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SCN

ol corticosteroid  wakefulness, feeding
release ARC, arcuate nucleus;
CRH, corticotropin-releasing hormone;
Hypothalamus ( CRH ) Orex'n . )
MCH DMH, dorsomedial nucleus;
0.4mm lateral to midline .
dSPZ, dorsal subparaventricular zone;

sleep o @

thermoregulation

LHA, lateral hypothalamic

area; MCH, melanin-concentrating
ahifamate 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.

Feeding Cues

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

Ghrelin SCAMMELL. J Comp Neurol 493 92-8, 2005
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Late nocturnal sleep onset impairs a melatonin shower
1n young children

Jun Kohyama
Department of Pediatres, Tokyo Medical and Dental University, JAPAN.

Key words: melatonin; late sleeper; sleep deprivation; antioxidant;
melatonin shower

Neuroendocrinology Letters 2002; 23(5/6):385-386  pii: NEL235602L01 Copyright © Neuroendocrinology Letters www.nel.edu
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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-HIA A 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 1992;53{10, suppl]:46-51)
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Exercise: a behavioral
intervention to
enhance brain health
and plasticity

Carl W. Cotman and Nicole C. Berchtolid
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Patients with Alzheimer’s disease have reduced
activities in midlife compared with healthy
control-group members

The control group was more active during midlife than the case
group was for all three activity categories, even after controlling
for age, gender, income adequacy, and education. The odds ratio

for AD in those performing less than the mean value of activities

was 3.85 (95% confidence interval: 2.65-5.58, P < 0.001).
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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-HIA A 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 1992;53{10, suppl]:46-51)
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Patients with Alzheimer’s disease have reduced
activities in midlife compared with healthy
control-group members

The control group was more active during midlife than the case
group was for all three activity categories, even after controlling
for age, gender, income adequacy, and education. The odds ratio

for AD in those performing less than the mean value of activities

was 3.85 (95% confidence interval: 2.65-5.58, P < 0.001).
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Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard errors for 45-min intervals of average nighﬂ}r
sleep after adjustment for age and sex. Average nightly sleep values
pmdicting lowest mean BMI are mprﬂented h}r the central group.

Average nightly sleep values outside the lowest and highest intervals
are included in those categanriﬂ- Mumber of visits is indicated below

the standard error bars. Standard errors are adjuv.ted for within-
subject correlation,
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Short sleep duration is 7 8 9
associated with reduced nightly sieep {frs)
leptin, elevated ghrelin, Figure 2. The Relationship between BMI and Average Nightly Sleep
and increased bOdy mass Mean BMI and standard errors for 45-min intervals of average nighﬂ}r
index. sleep after adjustment for age and sex. Average nightly sleep values
PLoS Med. 2004 predicting lowest mean BMI are represented by the central group.
Dec:1(3):e62. Average nightly sleep values outside the lowest and highest intervals

are included in those categm'itv.. Mumber of visits is indicated below
the standard error bars. Standard errors are adjuv.ted for within-
subject correlation,
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Short Sleep Duration Is Associated
with Reduced Leptin, Elevated Ghrelin,
and Increased Body Mass Index

Background

Sleep duration may be an important requlator of body weight and metabolism. An
association between short habitual sleep time and increased body mass index (BMI) has been
reported in large population samples. The potential role of metabolic hormones in this
association is unknown.

Methods and Findings

Study participants were 1,024 volunteers from the Wisconsin Sleep Cohort Study, a
population-based longitudinal study of sleep disorders. Participants underwent nocturnal
polysomnography and reported on their sleep habits through questionnaires and sleep diaries.
Following polysomnography, morning, fasted blood samples were evaluated for serum leptin
and ghrelin (two key opposing hormones in appetite regulation), adiponectin, insulin, glucose,
and lipid profile. Relationships among these measures, BMI, and sleep duration (habitual and
immediately prior to blood sampling) were examined using multiple variable regressions with
control for confounding factors.

A U-shaped curvilinear association between sleep duration and BMI was observed. In persons
sleeping less than 8 h (74.4% of the sample), increased BMI was proportional to decreased
sleep. Short sleep was associated with low leptin (p for slope = 0.01), with a predicted 15.5%
lower leptin for habitual sleep of 5 h versus 8 h, and high ghrelin (p for slope = 0.008), with a
predicted 14.9% higher ghrelin for nocturnal (polysomnographic) sleep of 5 h versus 8 h,
independent of BMI.

Conclusion

Participants with short sleep had reduced leptin and elevated ghrelin. These differences in
leptin and ghrelin are likely to increase appetite, possibly explaining the increased BMI
observed with short sleep duration. In Western societies, where chronic sleep restriction is
common and food is widely available, changes in appetite requlatory hormones with sleep
curtailment may contribute to obesity.
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Leptin is an adipocyte-derived hormone that suppresses
appetite [10]. Ghrelin is predominantly a stomach-derived
peptide that stimulates appetite [%,11]. Other mediators of
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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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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/applphysiol.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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Table 3 Disinbution of sleep time of school nights and weekends of the study sample (BHS students in 2004) by weight category

Number of
hours of sleep

per mght

School mights

Weekend nights

Normal weight
(BMI percentile
<85%) N=407

Overweight

(BMI percentile
>85%) N=102

All
N=509

P
value

Normal weight
(BMI percentile
<85%) N=406

Overwenght

(BMI percentile
>85%) N=102

All
N=508

value

<5 h
56 h
67 h
7-8 h
=8 h

13 (3.2%)

59 (14.5%)

139 (34.2%)
152 (37.4%)

44 (10.8%)

7 (6.9%)
18 (17.7%)
44 (43.1%)
26 (25.5%)
7 (6.9%)

20 (3.9%)
77 (15.1%)

183 (36.0%)
178 (35.0%)

51 (10.0%)

0.0053

20 (4.9%)
23 (5.7%)
59 (14.5%)
94 (23.1%)

210 (51.7%)

6 (5.9%)

11 (10.8%)
16 (15.7%)
25 (24.5%)
44 (43.1%)

26 (5.1%)
34 (6.7%)
75 (14.7%)
119 (23.4%)
254 (50.0%)

00785

The P values are from the Mantel Haenszel chi-square test. The percentages inside the parenthesis are column percentages.
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ORIGINAL ARTICLE

Association between short sleeping hours and overweight
in adolescents: results from a US Suburban

High School survey

Abstract Insufficient sleep may lead to adverse health
effects, influencing body weight. This study quantified the
prevalence of short sleep and the association between sleep
duration and overweight in a sample of suburban students.
Cross-sectional study was conducted in 2004, involving
529 students from Bay High School, Bay Village, OH,
USA, using self-administered questionnaires assessing
lifestyle and sleep behaviors. Students with a body mass
index Z Score =85th percentile for sex and age were
deemed overweight. Ninety percent of students reported
average sleep time less than 8 h on school nights, with 19%

There are no financial disclosures from any of the authors,

A. Seicean
Department of Public Health, Case School of Medicine,
Cleveland, OH, USA

reported less than 6 h of sleep per night. Twenty percent of
the sample were overweight. Overweight was significantly
associated with the male gender, increased caffeine con-
sumption, and short sleep duration. Compared with students
sleeping =8 h, the age and gender-adjusted odds ratio of
overweight was 8.53 (95% CI: 2.26, 32.14) for those with
<5 h sleep (P=0.0036); 2.79 (1.03, 7.55) for those with 5
6 h sleep; 2.81 (1.14, 6.91) for those with 6-7 h sleep; and
1.29 (0.52, 3.26) for those with 7-8 h sleep. Short sleep
duration was common and associated with overweight with
evidence of a “dose-response” relationship. These results
confirm a high prevalence of short sleep among suburban
high school students and provide additional support
suggesting significant association between short sleeping
hours and overweight.

Keywords Overweight/obese - Sleep duration - Lifestyle
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Rx for Obesity: Eat Less, Exercise More,
and—Maybe—Get More Sleep

Lynne Lamberg

WasHiNGTON, DC—Fondness for su-
per=sized fries and disdain for exercise
have boosted the demand for super-
stzeel wheelchairs, hospital beds, and cas-
kets in the United States. Two thirds of
LIS adults today are at least overweight
(body mass index [BMI]=25). Mearly
one third are obese (BMI1=30), and more
are morbidly obese (BMI=40) than in
years past. Adults of “normal” weight
constitute an ever-slimmer minority ol
the US population. Worldwide, 1 in 4
adults is overweight

While many of these people eat wo
much and exercise too litle, ivis likely
that other [actors also contribute 1o the
nation's expanding waistline. A de-
cline in daily hours of sleep, a trend
concurrent with the nation's surge in
abesity, may play more of a role in pro-
moting overeating and weight gain than
previously thought, according to ex-
perts at a 2-day workshop that ex-
plored this premise here in March. In
2004, about 3 in 10 US adults aged 30
1o 64 years reported they usually slept
& hours or lessa night, up from 2in 10
adults in 1985 (Centers for Disease
Control and Prevention. MMWR Morb
Mortal Whly Rep. 2005,54:933).

‘Sleep loss and obesity may be in-
teracting epidemics,” said Meir Kryger,
MD, professor of medicine at the Uni-
versity of Manitoba, Winnipeg, and
chiefl editor of Principles and Practice of
Sleep Medicine, the sleep lield's pri-
mary text. Kryger i also vice chair of
the Washington, DC-based National
Sleep Foundation, which cospon-

sored the workshop along with the At- ¢

lanta Schoal of Sleep Medicinie and In-
ternational Life Sciences Institute,

i
i
£
g
s
i

Morth America, Takeda Pharmaceuti-
cals, Sepracor Inc, and ResMed Corp
provided unrestricted educational
granis to support the event

Warkshop presenters reporied epi-
demiological, genetic, and endocrine
evidence that supports a sleep-obesity
connection, discussed how obesity im-
pairs sleep, and reviewed current treat-
ments [or obesity. They also an-
nounced a novel federally sponsored
study to determine whether obese
people can learn to sleep longer, and il
those who do also lose weight

MANY PUTATIVE CAUSES OF OBESITY

Since 1980, the prevalence ol obesity
in the United States has doubled in both
adults and children and tripled in ado-
lescents.

“We've never had an epidemic that
we could rack and document as thor-
oughly as this one,” said Laura Kettel
Khan, PhD, deputy chiel of chronie dis-
EAsE nutrion at llll." 1:.\;'.l[IL'lll'.Il Center 1IJI'
Chronic Disease Prevention and Health
Promotion, Atlanta

Discussion ol causes underlying the
obesity epidemic typically focuses on
[ood marketing practices (such as easier
access to fast foods and soft drinks) and
[actors that reduce physical activity (such
as television viewing, car ownership, and
lack of physical education classes in
schools), In wrmn, other likely contribu-
tors get short shrilt, said David Allison,
PhID, professor of biostatistics and direc-
tor ol the clinical nutrition center at the
University of Alabama, Birmingham

For example, he said, the availahil-
ity of uniform home heating and air
conditioning in the past few decades has
reduced human energy expenditure
Moreover, both animals and people
consume more [ood in a thermoneu
tral zone and eat less when too hot or
too cold.

Evidence that this and other [actors
give rise 1o obesity is “[ar [rom conclu-
sive,” Allison said. So is evidence that
reduced sleep plays a role, he eau-
vioned, although the idea is “at least
equally compelling.” A review by Alli-
son and colleagues of plausible con-

Epidemialogical,
Etn:ll:, and
endocrine evidence
supporis a link
between inadequate
amounts of sleep and
obesity.

JAMLA, My 14031, 2006—Vol 193, Moo 20 2341

Epidemiological,

genetic, and endocrine
evidence supports a

link
between
Inadequate

amounts of sleep

and obesity.
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LEADING ARTICLE
Sleep and obesity ADC, 2006 ; 91 881 _4

The link between short sleep duration
and obesity: we should recommend
more sleep fo prevent obesity

S Taheri

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Sleep may affect energy balance. Sleep may not be the only
answer o the obesity pandemic, but its effect should be
considered seriously, as even small changes in the energy balance
are beneficial. Good sleep could be part of the obesity prevention

approach.

Tiredness | —>

Low leptin

Sleep
loss

High ghrelin

Other hormones

Opportunity
o eat

Reduced
activily %

Hunger
*Food
selection
«Energy

expenditure

Increased
energy dense
food intake

%

Figure 1 The potential mechanisms through which short sleep duration could result in obesity.

Short sleep duration can affect both ener

intake and energy expenditure. It results in tiredness

that mclr ﬁumper dphysicql activity, and alters metabolic hormones fo increase appetite and affect

food selection. A

ditionally, extra time awake provides increased opportunity for food intake.

Other potential mechanisms include effects of sleep on basal metabolic rate, thermic effect of food
and non-exercise activity thermogenesis.
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QUESTIONNAIRE SCORE

=T % T - R = A - -]

NT TR PS CcoO
(n=30) (n=24) (n=66) (n=17T7)

Fig 1. Mean (*5D) overall cumulative questionnaire response
score in 177 CO (no SAGEA), 66 P5 (primary or habitual snoring
without SAGEA), 30 NT (untreated SAGEA), and 24 TR (treated
SAGEA) children. Scores in NT and TR were significantly higher
than in PS (# P < .01) or CO (*, P =< .01). PS versus CO; P < .01

3.0 []Ps
2.8

2.6

2.4

SCHOOL GRADE

2.2

| s 1

2.0 - — —
1st grade 2nd grad

Fig 2. Mean (=5EM) school grades in 177 CO (no SAGEA), 66 P5
(primary or habitual snoring without SAGEA), 30 NT (untreated
SAGEA), and 24 TR (treated SAGEA) children during first and
second grade. (%, preadenotonsillectomy versus postadenotonsil-

lectomy; P < .001).
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Young T, Mignot E. .
Short sleep duration is 7 8 9
associated with reduced nightly sieep {frs)
leptin, elevated ghrelin, Figure 2. The Relationship between BMI and Average Nightly Sleep
and increased bOdy mass Mean BMI and standard errors for 45-min intervals of average nighﬂ}r
index. sleep after adjustment for age and sex. Average nightly sleep values
PLoS Med. 2004 predicting lowest mean BMI are represented by the central group.
Dec:1(3):e62. Average nightly sleep values outside the lowest and highest intervals

are included in those categm'itv.. Mumber of visits is indicated below
the standard error bars. Standard errors are adjuv.ted for within-
subject correlation,
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Figure 2. For 480841 men, data comparable to those shown in Figure 1.
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Insomnia Among Japanese Adolescents: A Nationwide Representative Survey
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Study Objectives: Although a number of previous studies have examined
the prevalence of insomnia among adolescents, there have been very few
nationwide studies. The objectives of this nationwide study were to clarify
the prevalence of insomnia, its symptoms, and associated factors among
Japanese adolescents.

Design and Setting: This study was designed as a cross-sectional sam-
pling survey. The targets were junior and senior high schools throughout
Japan. Sample schools were selected by cluster sampling. Self-reported
anonymous questionnaires were sent to schools for all students to fill
out.

Participants: A total of 103,650 adolescents responded, and 102,451
questionnaires were subjected to analysis.

Intervention: N/A

Measurements and Results: The prevalence of difficulty initiating sleep,
difficulty maintaining sleep, and early morning awakening was 14.8%,
11.3%, and 5.5%, respectively. Insomnia was defined as the presence

of one or more of these three symptoms. The prevalence of insomnia
was 23.5%. Multivariate analyses revealed that, among junior high school
students, male sex, poor mental health, skipping breakfast, drinking al-
cohol, smoking, not participating in extracurricular activities, and late
bedtime had significantly higher odds ratios for insomnia. Among senior
high school students, the same characteristics were associated with a
significantly higher odds ratio for insomnia, as was the additional factor of
having no intent to study at university.

Conclusion: Insomnia in Japanese adolescents is common and associ-
ated with multiple factors. The results of this study suggest the need for
comprehensive program to prevent insomnia in Japanese adolescents.
Keywords: Insomnia; adolescents; Japan

Citation: Kaneita Y, Ohida T, Osaki Y et al. Insomnia among Japanese ad-
olescents: a nationwide representative survey. SLEEP 2006:29(12);1543-
1550.
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The international

Classification of
SLEEP DISORDERS

Insomnias

Sleep Related Breathing Disorders

2. BEAR IR EEE
FA 25 1 B AR s AR PR IR E 1 B -
2.2 -4.8%
3. IR0 BIREE
FIiLar i —: 0.03%
18AK : 14.9%

Hypersomnias of Central Origin Not Due to a Circadian Rhythm Sleep 4 m E I ) X‘\ A EE EE

Disorder, Sleep Related Breathing Disorder, or Other Cause of Disturbed
Nocturnal Sleep

EIRfHRBAEER: 0.1-04%

Circadian Rhythm Sleep Disorders 5

IR R

Parasomnias
Sleep Related Movement Disorders

Isolated Symptoms, Apparently Normal Variants, and Unresolved Issues
Other Sleep Disorders

i AR BF /8 FRJE (1 81%) : 1-2%
i fR BoF 5 1S i 1-6%

Second Edition B

Diagnostic & Coding Manual
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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



. . 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 (AR A #wFX TAIAREID8RE) told :
"Eat, sleep and swim, that's all | can do.”
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Late nocturnal sleep onset impairs a melatonin shower

in young children TSMDLTASr=V2ET
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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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Exercise: a behavioral
intervention to
enhance brain health
and plasticity

Carl W. Cotman and Nicole C. Berchtold

(b) Medial septum

(ACH/GABA)
T s | ;:f_'i'.fzfi‘[ !jllgpggafngus " | Genomoreguaton
P T B g
Estogen  ||GF-1 f;{ Other plasticity genes B - i
Glucocorticoids S :
* neuroganasls
S oadbiair bt Locus coeruleus (NE) lmawd neuronal health
Raphe (5-HT)
Peripheral -
ifactors ] 0 I‘—./;F_&
it TRENDS i Neurosclences

IEHEZEE

Patients with Alzheimer’'s disease have reduced

activities in midlife compared with healthy

control-group members
BEILBWETILIYNAIT—IRIZEY DT

The control group was more active during midlife than the case
group was for all three activity categories, even after controlling
for age, gender, income adequacy and education. The odds ratio
for AD in th

was 3.85 (95% confidence interval: 2.65-5.58, P < 0.001).
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