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Local sleep in awake rats
ean o vo e ars s Sleepy neurons?

A study in rats suggests that individual neurons take a nap when the brain is
forced to stay awake, and that the basic unit of sleep is the electrical activity of
single cortical neurons. SEE ARTICLE P.443

a Awake ¢ Forced awake 28 APRIL 2011 | VOL 472 | NATURE | 427
Sleap prassura low g:;ﬂ:g prassura high )
Paerformancs errors low rmancs errors high Figure 1 |N | . It:r'm ratbrain. a.In

the awake brain, when the pressure to sleep is low,

most neurons in the motor cortex and the parietal

cortex are in the ON state (red), as defined by

their electrical activity. Only a few are in the OFF

- electrical state (blue), which is associated with

sleep. b, In the sleeping brain, the converse is

true. ¢, Vyazovskiy ef al® report that in awake,

- | sleep-deprived rats, the number of cortical neurons

b Asleep n Mor ;o Parleml in the OFF state correlates with the pressure to sleep,

SRS and that the rats make more errors than fully awake
rats in performing a task associated with neurons

in the motor cortex. The presence of neurons in the

OFF state in the motor cortex did not correlate with

the presence of such neurons in the parietal cortex,

suggesting that the observed ‘switching oft” of

individual neurons during sleep deprivation is not

coordinated across the whole brain.




Local sleep in awake rats
SOATEIL BT RO 7R L RATUEE 1A Sleepy neurons?

A study in rats suggests that individual neurons take a nap when the brain is
forced to stay awake, and that the basic unit of sleep is the electrical activity of
single cortical neurons. SEE ARTICLE P.443

427

. a,In
Jowe,
rietal

JFF
n

AUTONS

b o sleep,

awake

rons

in the

te with
the presence of such neurons in the parietal cortex,
suggesting that the observed ‘switching oft” of
individual neurons during sleep deprivation is not
coordinated across the whole brain.

ot




R4 SEREROFLENCRIETERNGLEY Hb SHRRONAROMREDL
20+ 5

ﬁ" 3 P BEAE R
] 161 18
P = 10 A
7)) 7 EAAN
- = / \

B 10 D ,/"‘ "'\\
£ BRSMMEIEE | L,ﬂ""" T~
L~ A rmmmmy & O -
3] . E }/
ﬁ 'D T 1 T 1 T T ¥ T | T |9H|$ﬂﬁEEEg¥ ﬁ

#£ 1 2 3456 7 1 2 3 N _

% KEH OB — T T T T T T T T 1
D (IR 8 1) . EBRE (BREOERBL). BEH r2 1238 45123
2 )}~ B/ - -
(BRRR 8 BT . MisR SRR MHIREINTHNS0.58->T HER|| RS EER
LRETEEN > L (RELL)EAREERY £ IR § F5RY) . SEHREEIR B (IR 4 F5RS). EEE (&

Belenky 2003 &8 F#i) Axelsson 2008



R4 SEREROFLENCRIETERNGLEY Hb SHRRONAROMREDL

20- 15
E‘ 3 Ry BEAREY
] 151 18
& L) 10 71N
) b AN
10" a ..l, \u.
% /)] dr,/ \\
& 5 RERAEEAREY % | L,AF"‘ Y~
L~ L L Tremmmy &£ ° -
% 1 1L | T

IIIII.||||_|_-
1 21 2 3 45 1 2 3

Local sleep in awake human .
T

CIRE

XA (BEER 8 B¥M)) . KERB (BREOEREER). EEH

(BERR 8 B[, bl B ERENRRENTHS0.6/2-T HiEEH s kaRERE H E{&H"
bRIGTEEM > (RFL L) AHERT S D IR 8 F5R0) . SRRl B (EEAR 4 B5R9) . E7H E (EE

Belenky 2003 &8 F#i) Axelsson 2008



Fatigue, alcohol and MATURE | WOL 388 | 17 JULY 1957
performance Impairment  pawsonA, ReidK.  p.235

N _ 4 .
104 ind 1=
108 ]

g ] 100 —

E 100 a J

= ] E 095 -

M a8 ] = '

! T ]

% 0.0 g 082

= : = y

= 84 - D OER -

] ] = -

= oaz i .

= Qa4

o 12 14 18 1B M 22 24 %
OO0 O0F 004 005 008 040 042 o4
Houra of wakefuinees Blood alcohol concartration (@)

Figure 1 Scatter plot and linsar regression of mean
relsthe  parformance  lewsls against &, tme,
batwean the tenth and twenty-sixth hour of sus-
mined waksfulness =128, FP<006 A°=097]
and b, blood slcohol concantrations up to 013%,
[Fiz=b4.4, P< 006, R*=053}



Fatigue, alcohol and MATURE | WOL 388 | 17 JULY 1957
performance Impairment  pawsonA, ReidK.  p.235

It NG N

3 _
E
o
i
-
7 .,
=
ol

Bt Fon™ ™l Tl § "™l 0T e Fo™wi | P Dl P 1§ ™8

Figure 1 Scatter plot and linsar regression of mean
relsthe  parformance  lewsls against &, tme,
batwean the tenth and twenty-sixth hour of sus-
mined waksfulness =128, FP<006 A°=097]
and b, blood slcohol concantrations up to 013%,
[Fiz=b4.4, P< 006, R*=053}



10 3
1999 h

1080 [N
1000
Kohyama 1000
Kohyama 1999 2000 S
2000
]

2010

0% 10% 20% 30% 40% 50% 60%



0% 20%

* P&G Pampers.com

**

(n=493)

(n=500)

(n=490)

(n=500)

(n=521)

6%
36%
33%
26%
51.99 1.39
40% 60% 80% 100%
2004 3-4 0 36
2004 12 0 48



60%

50%

40%

30% -

1Jﬂﬂnhf

20%

10%

0%

2011 10




60

2011 10

50

40

30

20

10

<21

21 <=

22 <=23 <=0 <=



| = #]
>er Lafisu Di #%g YF°

— ®24) ) wmfir TS
%2 %2 %A —| 2e o=2 = Fe

> %= Y=oV —F ‘ NQ=| 7 > F9

F¥%r2F0 %N gAY

% < — &£ ==s
ex™ - Afupra



A
A

J
9

A

) |24 ™= L g,
TM= TM_”“ WE J 2 ‘ A TMo

) < 8 -~ 9 < ¥8Negd 3 A S

| 24

™m= L g9~ m™= TM_”“ We J # ‘ AN TM—



o €<——Lights Out—>- Light On e Lights Ot~ Light On >
=
2
10.0
5.0
\/\ %o 4 8 12 16 20 0 4 8 12 " 20 24
Time Elapsed (hr) Time Elapsed (he)
24 (B¥Z1) 17 - Hydroxycorticosteroids in Plasma
40 -
0 Y
-40
TBERLEY
L ~L LEER (BERLHSSEDAR)
BEER T/ Y LLER (FyRVYEST,
12 18 0 B 12 (B3 SOHR)




i < Lights Out—> Light On E—Lights Out—>€ Uight On——————3
15.

e
£
10.0
5.0
o0 4 8 12 16 20 pl] 4 8 12 16 20 24
Time Elapsed (hr) Time Elapsed (he)
MR S
T A5 k=> 7 - ydrxycorﬂcosteronds o
‘ |
TRERLEY
0
L L LB (BERLHL KO AR) Y
BEER T/ Y LLER (JYRYEST, |
D 10 —40
12 18 0 6 12 (B5Z) SOHR) 8 12 16 20 24 4 8



[ERFLKE]BREICHS

ABOEFEUX LEIVNO—ILT DEAREETE. 188 245
DY A IVICIEDTWND . ZDIdRiDRZR LD B, X5

DOHERE TR I DTEICIOTERVXLZ1H2465E R
BUTL\D.

/TR T FARE
PHd EHRIVZLORE

1St EERRE R .
FILE S DY X L m

EICE5T3 : NEWSWEEK 1998 9 30



Q :

™
—

6

N

.__A_. _...‘

=_V ”"_

ol il

Glt

)

18

L)

Week @

___ =_

__

|

_____

_

r_;_ﬁ__

.—__

il

_t

.
:1

|

e
L

:

)

__;____________

___
=

|
|

il <
___;_

.
i

|

i

5

| i ___
_:_____ I
) ____” ___.______ .__E_

i h__;__ :

S8

__:“: ik

. .__‘

i

ulll

s

3

it
1

___H__:__
~

).

_i

i

®

il

_._

s

2

;ﬁ LT.

.. :— -._

ﬁ
___:_ I

. RERAR UL 20 ety

B
-

¥i

,___ |

o
<

M

ER
FOUTTURDINE patiomn,

f

/\

W

L
(i

N

bl

;ésszar

ﬁﬂiéa

______ ____"ﬂ

|
— __ [ [

3

_____,__ I ___*__,________y_;_ i ___

= ik

il :
_“___E

_____
i

il

_L€
gty

i

::

0

_“_______“M___ ___ ___ ! _

L_

?_ ﬁJ_

il

i

:3_

it

it
._,_ﬂ__. ____

.___

?1 i

i,

s
It ___.

 —

__._u | __ __

=_=

it

rra

——_

__w. _
il

,t;

li

é;é

———
—
p—

iIm —

er

__ w,

_

mw_ .__._ i .___

_
_ __ ________ _ __

s’

é_
" :

N

i :

2m —

i

il

___

i

W____

|

I

|

|

(i ___________

iy

T

|

Gl

|

:: _ﬁhg
__ ___ ___ _
_—___ _
z_t

E:

il

a
>

Ef_:
___
_1

_____

i

___M_

?
____

______@

|
E
o™

_
E
T}

6m —

No.1

Lo

o
Z



f. 18 ST 0675 18 206 A5 18 i1
s TR
3

| mE RO -
N dih svdg.. L}
_ )KL

|
HRIE | mg |

X 1 FickBE FEHY
X LOKABRIS S
H h ORFfH O @R EDE
FMRIGE B Sk
(EEY). REORMBCE
BENXERE 5 &, &EL
FEB L UHERESE X %
(FRER) . BIRDELERIZIF]
RICEREX RS 5 L
AR B £ URIRAE DS 2
5 (FER). '

No10



——py—
Sl
Mar _——— —b"'-' ———
: #-‘
- --."
Jun 1 ™
o
o 2
-
Sep 4 -
.“r‘-.,
Pec __4"2
Mar 4 —— '5- -
= =
o 5
—
Jun 4 .
<
:-_‘-.
- o\
2¢p 1 _"""-.1
A PR, P S Co—— _."#— pr— Cp—
e
D‘.( +
F P> = o |
i - i Thomas Kantermann,' Myriam Juda,' Martha Merrow,?
7.4 /.b /7.8 and Till Roenneberg™*
1Ludwig-Maximilian-University
Goethestrasse 31
: D-80336 Munich
Current Biology 17, 1996-2000, 2007 g, Germany
The Human Circadian Clock’s 2I:I\c:-|::¢=atrt_rm=.-nt of Chronobiology
Seasonal Adjustment Is Disrupted University of Groningen
by Daylight Saving Time 9750AA Haren

The Netherlands



Yokomaku

(2008) 4-6 138
n
2002
Wolfson (2003)
Gau 2004 4-8 moodiness
2004 613
Caci 2005 552
Gaina 2006 638
Gau 2007 12-13 1332
8-13 111

Susman 2007

2006




2100

2200

2300

>2300

12.4

11.9

11.6

11.2



12.4
21002

11.9
22007




Hours

= Predominantly Caucasian = 7960

T t I I t = United States (US), Canada (CA), United
0 a S ee p I I I I e Kingdom (UK), Australia (AU), New

_ _ _ Zealand (N2)
Nighttime sleep + daytime sleep = Predominantly Asian = 20,327

= China (CN), Hong Kong (HK), India (IN),
Indonesia (ID), Japan (JP), Korea (KR),
Malaysia (MY), Philippines (PH), Taiwan

0-36 2007 (TW), Thailand (TL), Vietnam

13.50

13.00 | Jehwonsfohmon
12.50

12.00 -

pai 1] |
11.00 -

IN KR TW HK 5G MY CN ID PH TL CA US UK AU NZ
Country

17


http://www.jnj.co.jp/index.html

5-4 {tFRZEDEEFHARTE DR IR
(B5R8 -53)

I R S fe

10:30
10115
10:00
9:45
9:30
915
9:00
8:45
8:30
8:15
8:00
7:45
7:30
7:15
7:00
6:45
6:30
6:15
6:00

g
C
S
NEK,
us U hPPEFNo éS
USHUK l\ﬁ%
UIQ‘-"S uk NoH A Ag;
G F USUS U K AFFr
J (8:39)*% No 5 AFTyK
J(8:24)* G No G A
G F us
G
C
J (7:25)** g “No
J (7:14)%* us US
BRI K EERETE No
FEhtz9—(CDO) B j EggH:*
WL o ZEEAR SR '
10 11 12 13 14 15 16 17 18 (&%)
i

Olds T, et, al. Sleep. 2010 :33(10):1381-8. & 1) —BfoiE
*+ESREHES [Tl 18FE RE - £HE04EE SERECET 8 LV
W EEEA OFFRFRRS [T 20FE REERORBRE Y — 15 AWERSE] &

AlF—-ALSUF
B : N)bF—

Br: 7SI
C:Hhr+¥e
F:4232R
Fr: 222X

G: FaAY

H: N2HU—
N:Za—3J-FURK
No: /Ibox—
SIAAA

Sp: ANRAY
Sw:ADI—F
UK: AFUZX
US:7XAUAB
J:B&




Total sleep duration [hours]

20
19 -
18 -
17 -
16 -
15 -
14 -
13 1

11 4
10

o =] D w

Total sleep duration

13 6 8 115 2 3 4 &5 & 7 B 9 10 11 12 13 14 15 18
Age [months] I Age [vears)
Sleep Duration From Infancy to Adolescence: Reference Values and
Generational Trends

Ivo Iglowstein, Oskar G. Jenni, Luciano Molinari and Remo H. Largo
Pediatrics 2003;111;302-307

20
19
18
17
16
15
14
13
12
11
10

o =l @



8 —
8

<

b

0

F
H oDl
e Hfi —

8,12
B 8

IA

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 pormal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Science. 2009 Sep 24. [Epub ahead of print] Amyloid-{beta} Dynamics Are Regulated by Orexin and the
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Sleep habits and susceptibility to the common cold.

Arch Intern Med. 2009 Jan 12;169(1):62-7.

é g fL{ Th i - P A ;; \f*): r.; ;’ 2 - Cohen 5, Dovle W], Alper CM, Janicki-Deverts D, Turner RE.
f-lf.:’*}_;' ;&%::Uif‘/k\ﬂ‘!{ _ o
% '&‘ 238 B ik 3 f_' mOhEM¥LAKXKCEBA Department of Psychology, Camegie Mellon University, Pittsburgh, PA 15213, USA scohen®cmu.edu
LAY 13
(L — IR Y : ol & - v X 1
5 gg (rg ;:' z! ['},4 }E ;1)‘ 2: S 5, [ gé ;; 'i 2 ﬁ BACKGROUND: Sleep quality is thought to be an important predictor of immunity and, in turmn, susceptibility to the
— AY 2 v .og 4 J . ¥ - g
% f ;3 ®1 " 2 )_‘ g J’ 0 ;') 3{ l’ {) D 4; common cold. This article examines whether sleep duration and efficiency in the weeks preceding viral exposure are
MAXPEOSR % ] &t %
i YiC%®ES3 NikKICAD | ¥OR associated with cold susceptibility. METHODS: A total of 153 healthy men and women (age range, 21-55 years)
HF AR ZHFEEM YL ED E P ty age rang
7 BRI S MLl L D2, 968 ("
2IIEBHD | [EEALEXL D558 m volunteered to participate in the study. For 14 consecutive days. they reported their sleep duration and sleep
’f‘g _‘tf ;“):r ())‘ ‘/\ g :’\ % L, N m‘ efficiency (percentage of time in bed actually asleep) for the previous night and whether they felt rested. Average
% T by U A E
& % ;7 ‘z;, <9 (;‘\) % (?) Q D -g U scores for each sleep variable were calculated over the 14-day baseline. Subsequently, participants were quarantined,
DYy 2 2 fr_\ T &' g ‘_L fl‘, i‘ " ’; administered nasal drops containing a rhinovirus, and monitored for the development of a clinical cold (infection in
= . x -
-,} 335 5 0 x?{ ‘g j’] g g (x} % £ g the presence of objective signs of {llness) on the day before and for 5 days after exposure. RESULTS: There was a
' 7 ] )
if: 5?) Ef_ E 5 % ‘- 7 & og) g % @ graded association with average sleep duration: participants with less than 7 hours of sleep were 2.94 times (95%
ML > -l : A&
at. 27 5 ﬁ !}C‘ l:é a; B ;_S 5 E.‘.’ confidence interval [CI], 1.18-7.30) more likely to develop a cold than those with 8 hours or more of sleep. The
AH Ve ND g Al sWms A a assoclation with sleep efficlency was also graded: participants with less than 92% efficlency were 5.50 times (35% CI,
/;’ :(: :.7 ‘é ;S_ ﬁ 5} ?’E "_; m g % fC‘ ;’. < 2.08-14.48) more likely to develop a cold than those with 98% or more efficiency. These relationships could not be
> W ~ - ™
{‘f % };‘ f"f f'." ;—l ?C % ‘é &% 5 é explained by differences in prechallenge virus-specific antibody titers, demographics, season of the year, body mass,
g o= = =
ik % f—: ?( g i 2 f *\ ;&_') gg é F socioeconomic status, psychological variables, or health practices. The percentage of days feeling rested was not
< 4 s C ISP L
w ?\;g E !P ERTF ;7: % ';l' 72 ‘;’ ,’-l ;‘7 % LL\ associated with colds. CONCLUSION: Poorer sleep efficiency and shorter sleep duration in the weeks preceding
X N <N v e - X i
; f(f ;C\ %\: 1 .'-.,‘) .’.. £ g (é 5_3) ’,.”: 7‘)j v% :’ 'TJ\ exposure to a rhinovirus were associated with lower resistance to illness.
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Taheri S, Lin L, Austin D,
Younqg T, Mignot E. .
Short sleep duration is 6 T 4 9
associated with reduced Average: nightly sicep {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 pmdicting lowest mean BMI are mprﬂented h}r the central Eroup.
Dec;1(3):e62. Average nightly sleep values outside the lowest and highest intervals

are included in those -L‘Ei[-EEﬂnI‘iEL Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
suhject correlation.
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Early rising children are more active than late
risers

Jun Kohyama

Czparement of Pediatrics, Tokyo Kia
Shakai Hoken Hospital. Tokye, Japan

Background: A low level of physical activity impacts mental as well as physical health. This
study investigated the daily lifestyle habits that affect physical activity in young children.
Methods: The relationship between physical activity, assessed by means of a Mini-Mitter
Actiwatch device, and observed daily lifestyle habits was analyzed for 204 children, aged 12 1o
40 months {average: 226 months), for whom 6-consecutive-day data from both the Actiwatch
and sleep log were obtained.

Results: An older age, male gender, and early waking time showed significant positive cor-
relations with physical activity level. Multiple regression analysis revealed that these three
variables were significant predictors of physical activity.

Conclusion: Promoding an early rising ime is suggested to be an important element of culti-
vating good health in young children.

Keywords: physical activity, children, actigraphy, moming light

Meuropsychiatric Cisease and Treaoment 2007:3(&) 757263

Falling asleep: the determinants of sleep latency

G M Nixon," J M D Thompsen,” DY Han,2 D M O Becroft,” P M Clark,” E Robinson,’
K E Waldie,* C J Wild,® P N Black,® E A MitchelP

ABSTRACT

Background: Difficulty faling asleep (prolonged sleep
latency) is a frequently reported problem in school-aged
children.

Aims: This study aimed to describe the distribution of
sleep latency and factors that influence its duration.
Methods: 871 children of European mothers were
recruited at birth. 591 (67.9%) children took part in the
follow-up at 7 years of age. Sleep and daytime activity
were measured objectively by an actigraph worn for 24 h,
Results: Complete sleep data were available for 519
children (B7.8%) with a mean age of 7.3 years (SD 0.2).
Median sleep latency was 26 minutes {interquartile range
13—42). Higher mean daytime activity counts were
associated with a decrease in sleep latency {—1.2 min-
utes per 10* movement count per minute, p = 0.05).
Time spent in sedentary activity was associated with an
increase in sleep latency (3.1 minutes per hour of
sedentary actwvity, p =0.01).

Conclusions: These findings emphasise the importance
of physical activity for children, not only for fitness,
cardiovascular health and weight control, but also for
promoting good sleep.

What is already known on this topic

» Up to 16% of parents of school-aged children
report that their child has difficulty falling asleep.

» In an experimental situation, acute exercise
reduces sleep latency (the time taken to fall

asleep).

What this study adds

» Ina community sample, higher daytime activity
is associated with shorter sleep latency.

» Longer sleep latency is related to shorter total
sleep duration, which has important implications
for child health.

eligible for inclusion, and from 12 August 1996 to
30 November 1997 babies born in the Auckland
Healthcare region were eligible to participate. All

Arch. Dis. Child. published online 24 Jul 2009,
doi:10.1136/adc.2009.157453
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